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Università di Trieste 

Scuola di Dottorato di Ricerca in Fisica 

Relazione scientifica sull’attività 2012. 

 

1. Situazione globale della Scuola nel 2012. 

L’obiettivo della Scuola è quello di preparare i propri dottorandi alla ricerca in fisica 

fondamentale ed applicata formando delle figure professionali in grado di operare nel campo 

della ricerca scientifica avanzata  presso enti di ricerca, università e nel mondo produttivo. 

L'attivita' di formazione e di ricerca scientifica, svolta  nell'ambito di progetti di frontiera nel 

panorama della fisica internazionale, puntano allo sviluppo di competenze, capacità e 

conoscenze atte a condurre  in modo autonomo e con originalità progetti  di ricerca scientifica. 

Inoltre, grazie all'abitudine al rigore metodologico, all'approccio autonomo alla soluzione dei 

problemi, al lavoro in progetti di punta spesso in collaborazioni internazionali, i ricercatori così 

formati trovano frequentemente collocazione in ambiti lavorativi anche diversi da quello della 

ricerca in fisica. 

 I cinque ambiti di ricerca previsti (Astrofisica, Fisica della Materia,Fisica Medica,Fisica 

Nucleare e Subnucleare e Fisica Teorica) coprono un campo molto esteso della fisica moderna. 

In almeno tre di essi la ricerca è essenzialmente di tipo fondamentale, mentre negli altri due  

(Fisica della Materia e Fisica Medica) e' anche o prevalentemente applicata. 

 Quest’ampia offerta di tematiche di ricerca e’ possibile anche grazie all’apporto di Enti di 

Ricerca pubblici e privati convenzionati con l’Università’ di Trieste.  I dottorandi, oltre alle 

attrezzature messe  a disposizione dall’Università di Trieste, hanno così accesso alle 

infrastrutture ed attrezzature d’avanguardia  degli enti indicati nella seguente tabella: 

1 Sincrotrone Trieste S.C.p.A. Ente Privato  

2 Laboratorio Nazionale TASC-IOM CNR Ente Pubblico 

3 Istituto Nazionale di fisica Nucleare – Sezione di Trieste Ente Pubblico 

4 Istituto Nazionale di Astrofisica - Osservatorio astronomico Trieste Ente Pubblico 
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Il lavoro di ricerca presso strutture di ricerca ed università anche straniere e’ un fattore di 

grande rilievo  nella formazione del dottorando: nell’ambito della propria attività di ricerca i 

dottorandi svolgono frequentemente stage all’estero ed in Italia. Si  indicano qui sotto alcune 

strutture ove si sono effettuati stage  nel 2012: 

Tata Institute of Fundamental Research, Mumbai (India) 

Laboratorio CERN (Ginevra, CH) 

UC Davis, University of California, Davis Calif. (USA) 

Paul Scherrer Institute, Villigen (CH) 

ESO di Monaco di Baviera 

DIPC, San Sebastian (Spagna) 

Japan Synchrotron Radiation Research Institute, Giappone 

Columbia Laboratory for unconventional electronics, Columbia University, N.Y. (USA) 

 

 

 

 

Qui di seguito si elencano alcuni dati rilevanti relativi all’anno 2012. 

 

 A dicembre 2012 risultano iscritti 34 studenti (11 per il XXV ciclo, 11 per il XXVI e 

11  il XXVII, 1 Prorogato dai cicli precedenti). 

 

 A marzo ed aprile 2012 si sono svolti gli esami finali dei dottorandi del XXIV ciclo 

su 2 commissioni (Fisica della Materia e Fisica Teorica, Fisica Nucleare e 

Subnucleare). Tutti i 7 dottorandi hanno superato l’esame. 

 

 9 studenti del XXV ciclo e prorogati sono stati ammessi all’esame finale (6 di 

area Nucleare-Subnucleare e Fisica Medica, 3 di Area Fisica della Materia). Sono 

stati assegnati a ciascun candidato dei referee esterni indipendenti. 3 studenti 

hanno ottenuto una proroga per motivi scientifici. 

 

  XXVI ciclo: 11dottorandi hanno completato con successo le attivita previste per 

il 2012;  

5 Laboratorio Nazionale TASC-IOM CNR Ente Pubblico 

6 Democritos National Simulation Center / INFM Ente Pubblico 
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 XXVII ciclo: 11dottorandi hanno completato con successo le attivita previste per 

il 2012; 

 

 Il ciclo XXVIII e’ stato attivato con 11 borse (5 UniTS, 2 Sincrotrone,2 INFN, 1 

INAF, 1 Fondo Sociale Europeo). Tutte le borse sono state assegnate.  

 

 

 No componenti Collegio dei Docenti: 21 

 

 Maggio 2012: Pubblicazione risultati valutazione del Nucleo dell’Universita’ di 

Trieste: risultato A+. 

 

 

2.  Attivita’ formativa e di ricerca dei dottorandi. 

 

La formazione, oltre all’impegno principale, cioe’ il training in uno specifico campo di 

ricerca sotto la guida di un supervisore, include, a seconda dei casi, corsi istituzionali, 

lezioni specialistiche curricolari organizzati anche in sede. Il piano di studi proposto 

dallo studente viene vagliato ed approvato dalla Commissione didattica dopo le 

eventuali opportune modifiche.  

La parte di offerta formativa specificatamente organizzata dalla Scuola per il 2012 e’ 

indicata nella tabella sottostante: 

 

TIPO 

ATTIVITA' 

DIDATTICA 

TITOLO ATTIVITA' DIDATTICA ANNO ORE DOCENTE NOTE 

Corsi di 

insegnamento 
Rivelatori al Silicio ed elettronica di 

lettura 
1 16 BONVICINI 

VALTER 
 

Corsi di 

insegnamento 
 Fisica astroparticellare: raggi 

cosmici e astrofisica gamma 
1 16 BOEZIO MIRKO  

Corsi di 

insegnamento 
Chemical evolution of galaxies 1 10 MATTEUCCI 

MARIA 

FRANCESCA 

 

Corsi di 

insegnamento 
Cosmic Structure Formation 1 16 BORGANI 

STEFANO 
 

Corsi di 

insegnamento 
Test sperimentali del Modello 

Standard 
1 16 COSSUTTI FABIO  

Corsi di 

insegnamento 
Flavour e violazione di CP 1 16 LANCERI LIVIO  

Corsi di 

insegnamento 
QDC structure of the nucleon 1 24 BRADAMANTE 

FRANCO 
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Corsi di 

insegnamento 
Fisica sperimentalie con Kaoni di 

bassa energia 
1 12 CAMERINI Paolo  

Corsi di 

insegnamento 
Rivelatori a gas di particelle 

ionizzanti e rivelatori RICH 
1 15 DALLA TORRE 

SILVIA 
 

Corsi di 

insegnamento 
Metodi di fit e Filtro di Kalman 1 10 SCHIAVON PAOLO  

Corsi di 

insegnamento 
Introduzione ai metodi Bayesiani 1 16 MILOTTI 

EDOARDO 
 

Corsi di 

insegnamento 
Molecular self-assembling  and 

nanostructures 
1 20 MORGANTE 

ALBERTO 
 

Corsi di 

insegnamento 
Rudimenti di MonteCarlo quantistico 1 25 SENATORE 

GAETANO 
 

Corsi di 

insegnamento 
fisica delle interazioni  Spazio-

Geospazio 
1 20 MESSEROTTI 

MAURO 
 

Corsi di 

insegnamento 
Simulazione delle interazioni 

radiazione-materia con Geant4 
1 8 LONGO 

FRANCESCO 
 

Corsi di 

insegnamento 
Galaxy formation 1 10 MONACO Pierluigi  

 

Le altre attivita’ formative seguite dai dottorandi si possono evincere dalle schede piu’ 

sotto allegate. 

 

 

 

3. Attivita’ scientifica 

 

a. Elenco dottorandi, supervisori e titoli ricerca 

Nella tabella sottostante sono elencati i dottorandi dei cicli  attivi con i rispettivi 

supervisori e titoli delle ricerche. 
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b. Attivita’ dei dottorandi nel 2012 

 

Nell’allegato No 1. Sono riportate le  schede di attivita’ di formazione e 

ricerca dei dottorandi relative all’anno 2012.. 

 

 

N DOTTORANDO Supervisor Titolo ricerca

1 SCHIZZI Andrea FIS/04 Della Ricca XXVII

Study of Z boson and hadronic jets associated production in pp collision with 

the CMS detector

2 LA LICATA Chiara FIS/04 Della Ricca XXVII

Characterization of W production in proton-proton collisions with the CMS 

detector

3 PANIZZO Giancarlo FIS/04 Verzegnassi/Cobal(cosup) XXVII

Produzione associata di quark bottom e bosoni Z ad LHC come possibile 

segnale di nuova fisica

4

COSTANZI ALUNNO CERBOLINI 

Matteo FIS/05 Borgani XXVII

Studio della fisica dei neutrini tramite l'analisi della struttura su grande scala 

dell'Universo

5 DI FRAIA Michele FIS/03 M.Coreno (Elettra) /Parmigiani XXVII

Rivelazione risolta in tempo e per immagini della struttura elettronica di 

molecole e clusters

6 CAFARO Costantino FIS/01 Giovani(Arpa)/Budinich XXVII

ANALYSIS OF RADON PRONE AREAS IN FRIULI VENEZIA GIULIA AND 

CONTAMINATION IMPACT ON POPULATION

7 POMANTE Emanuele FIS/05 Cristiani/Matteucci XXVII

STUDIO DEL MEZZO INTERGALATTICO CON SPETTROSCOPIA AD ALTA 

RISOLUZIONE DI QUASARS

8 DOGO Federico FIS/01 Milotti XXVII

9 FILIASI Mario FIS/03 Vesselli/Peressi XXVII Studio di modelli fisico-matematici per la valutazione del rischio finanziario

10 CUMANI Paolo FIS/04 A.Gregorio XXVII La missione spaziale Gamma-400: ottimizzazione dell'apparato 

11

TITIMBO CHAPARRO Kelvin 

Ruben FIS/02 F.Benatti XXVII Decoherence, Entanglement and Memory Effects in Many-Body Systems 

12 GRIECO Valentina Luciana FIS/05 Matteucci/Longo XXVI Connection between supernovae and  ray bursts

13 Salvini Simona FIS/04 Treleani XXVI Multiple Parton Interactions in collisions of protons with light nuclei

14 CANDELISE Vieri FIS/04 Della Ricca XXVI

Measurement of the W+jets and Z+jets production in proton-proton 

collisions at sqrt(s)=7 TeV

15
ORLANDO Fabrizio

FIS/03 Baraldi XXVI

PROPRIETA' FISICHE E FUNZIONALIZZAZIONE DI MATERIALI A 

BASSA DIMENSIONALITA'

16 BIANCO Raffaello FIS/03 R. Resta XXVI Struttura elettronica di isolanti topologici

17
FORMATO Valerio

FIS/04 Boezio/Gregorio XXVI

Study of cosmic-ray propagation in the Galaxy and in the heliosphere with 

the PAMELA experiment.

18
DONADI Sandro

FIS/02 A. Bassi XXVI

Modelli di collasso spontaneo della funzione d’onda: analisi matematica e 

fenomenologica

19

BATTISTONI Andrea
FIS/03

Bencivenga/Parmig

iani XXVI Spettroscopia acustica ad ampio spettro in sistemi disordinati

20
MUNARI Emiliano

FIS/05 Biviano/Borgani XXVI

Dinamica ed evoluzione delle galassie in ammassi: analisi e confronto di 

dati ottenuti da simulazioni ed osservazioni

21
GIANGRISOSTOMI Erika

FIS/03

Masciovecchio / 

Parmigiani XXVI

Studio della materia in condizioni termodinamiche estreme

attraverso esperimenti di tipo pump&probe

22

TAVAGNACCO Daniele

FIS/05 Gregorio XXVI

Analisi e Caratterizzazione di Effetti Sistematici per lo Studio delle 

Anisotropie del Fondo Cosmico a Microonde con lo Strumento Planck LFI 

23 OLIVIERI Giorgia FIS/03
Morgante

XXV

Organic Electronic Devices: Investigation of the Electronic Transport Properties 

at the Molecular Level

24 Capogrosso Valentina FIS/03
Parmigiani

XXV

Dimensionality and ordering effects on the electronic structure of low 

dimensional strongly correlated electron transition metal oxides.

25 Novelli Fabio FIS/03

Parmigiani

XXV

In search of selective  excitations for studying out-of-equilibrium properties in 

strongly correlated electron systems and high temperature superconductors

26 Contini Emanuele FIS/05

Borgani/De Lucia

XXV

Galaxies through the cosmic ages: the role of primordial conditions and 

environmental effects” finanziato dallo European Research Council

come starting Independent Research Grant” – responsabile del progetto 

dott.ssa Gabriella De Lucia

27 LOPEZ Francs Caroline FIS/07
Longo Renata

XXV
Single photon counting system for mammography with synchrotron radiation

28 DORIGO Mirco FIS/04
Zanetti/Vitale 

XXV

Search for New Physics in the B0_s--> J/Psi phi    and B0_s-->phi phi   Decays 

at CDF

29 MONTANINO Damiana FIS/04
Cossutti/Della ricca

XXV

Study of the associated production of a Z boson and jets in pp collisions at 

sqrt(s) = 7 TeV at CMS

30 GIACOBBE Paolo FIS/05
Lattanzi (TO)/Matteucci

XXV

Survey fotometrica di nane M per la ricerca di pianeti extrasolari rocciosi ed 

abitabili

31 LEA Ramona FIS/04
Camerini

XXV

Study of hypernuclei production in Pb-Pb collisions at √sNN = 2.76 TeV with 

the ALICE experiment at the LHC

32 MOHAMMADI Sara FIS/03
Tromba/Parmigiani

XXV

Bio-medical X-ray imaging with Synchrotron Radiation: study and 

implementation of algorithms related to phase sensitive techniques

33 ARGENTIERI Giuseppe FIS/02 Benatti XXV Fluttuazioni ed entanglement in sistemi quantistici mesoscopici

34 VATTAKUNNEL SHAJI FIS/05
Matteucci

XXIV

The cosmic star formation rate: Observational measures and modelization
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4. Sistema di Valutazione della scuola. 

Svariati momenti di verifica si sono succeduti nel corso del 2012 per valutare l’attivita’ 

di ricerca dei dottorandi e piu’ in generale quella della scuola: 

-Valutazione da parte del Collegio docenti e del Consiglio Scientifico dell’attivita’ di 

ricerca e di formazione dei dottorandi di tutti i cicli mediante analisi delle relazioni e 

seminari degli studenti sull’attivita’ svolta durante l’anno.  

Il giudizio tanto del Collegio docenti quanto del Consiglio scientifico si posiziona 

mediamente tra il buono e l’ottimo. 

-Valutazione da parte di  referee esterni del lavoro di tesi di dottorato degli studenti 

dell’ultimo ciclo. Tutti i referaggi sono ampiamente positivi con dei picchi di eccellenza  

- Valutazione da parte del Consiglio Scientifico dell’attivita’ dei dottorandi, del livello 

scientifico del Collegio docente e dei supervisori, basata su una disamina di documenti 

forniti dal direttore e sulla partecipazione del Consiglio ai seminari di fine anno. Su tutti 

i punti menzionati il giudizio e’ risultato ampiamente positivo. 

- Valutazione interna da parte del Nucleo di Valutazione dell’attivita’ della Scuola 

Il giudizio e’ risultato  di eccellenza. 

5. Risorse finanziarie 
 

 Risorse finanziarie a disposizione per il funzionamento del dottorato (borse 

escluse) per il 2012:  euro 224.000 

 

6. Pubblicazioni dei dottorandi 

Il monitoraggio e la valutazione della produttivita’ scientifica dei dottorandi mediante 

pubblicazione su riviste con referee sono considerate elementi fondamentali di 

valutazione della qualità del lavoro di ricerca svolto . Viene pertanto chiesto a ciascun 

dottorando di indicare nelle relazioni di fine ciclo le pubblicazioni prodotte nel corso del 

lavoro di dottorato assieme alle eventuali relazioni a conferenze. L’analisi delle relazioni 

di fine ciclo dei dottorandi del XXV ciclo (vedi Schede Dottorandi Allegato 1) mostra una  

buona attivita’ di pubblicazione di articoli su riviste  con referee  e di svariati contributi 

a conferenze e workshop. Durante i 3 anni di dottorato gli studenti del XXV ciclo hanno 

firmato o cofirmato circa 300 pubblicazioni. 
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7. Composizione collegio docenti 
 

 

Composizione Collegio Docenti 
 

n.  Cognome     Nome  Ateneo/Struttura  Dipartimento  Ruolo  Settore  Provenienza 

  

1.  SENATORE   Gaetano   TRIESTE   Dip. FISICA   PO   FIS/03   STESSA STRUTTURA     

2.  ARFELLI    Fulvia   TRIESTE   Dip. FISICA   RU   FIS/07   STESSA STRUTTURA     

3.  BENATTI    Fabio   TRIESTE   Dip. FISICA   RU   FIS/02   STESSA STRUTTURA     

4.  BORGANI    Stefano   TRIESTE   Dip. FISICA   PA   FIS/05   STESSA STRUTTURA     

5.  BOSISIO    Luciano   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

6.  CAMERINI    Paolo   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

7.  CANTATORE Giovanni   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

8.  DELLA RICCA   Giuseppe   TRIESTE   Dip. FISICA   RU   FIS/01   STESSA STRUTTURA     

9.  FRANCIOSI   Alfonso   TRIESTE   Dip. FISICA   PO   FIS/01   STESSA STRUTTURA    

10.  GIRARDI    Marisa   TRIESTE   Dip. FISICA   RU   FIS/05   STESSA STRUTTURA     

11.  GREGORIO   Anna   TRIESTE   Dip. FISICA   RU   FIS/05   STESSA STRUTTURA     

12.  LANCERI    Livio   TRIESTE   Dip. FISICA   PO   FIS/01   STESSA STRUTTURA     

13.  LONGO    Renata   TRIESTE   Dip. FISICA   PA   FIS/07   STESSA STRUTTURA     

14.  MARDIROSSIAN   Fabio   TRIESTE   Dip. FISICA   PO   FIS/05   STESSA STRUTTURA     

15.  MARTIN    Anna   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

16.  MATTEUCCI   M. Francesca  TRIESTE  Dip. FISICA   PO   FIS/05   STESSA STRUTTURA     

17.  MILOTTI    Edoardo   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

18.  MODESTI    Silvio   TRIESTE   Dip. FISICA   PO   FIS/03   STESSA STRUTTURA     

19.  PARMIGIANI   Fulvio   TRIESTE   Dip. FISICA   PO   FIS/03   STESSA STRUTTURA     

20.  PERESSI    Maria   TRIESTE   Dip. FISICA   PA   FIS/03   STESSA STRUTTURA     

21.  RUI    Rinaldo   TRIESTE   Dip. FISICA   PO   FIS/01   STESSA STRUTTURA     

 

 

 

8. Internazionalizzazione 

 
Lo sforzo di internazionalizzazione e’ continuato nel 2012. Tuttavia, nonostante 

l’intenso lavoro e l’emissione di bandi dedicati, nessuno studente 

extracomunitario e’ riuscito ad ottenere una borsa di dottorato, vuoi per non 

aver superato la soglia di ammissione vuoi per non aver ottemperato a tutti gli 

obblighi richiesti nel bando. Uno sforzo verso la semplificazione ed incentivi per 

gli studenti stranieri appaiono una via obbligata per una politica efficace. 

 

  

 

9. Collocazione lavorativa dei dottorandi 

Continua il lavoro di monitoraggio della collocazione lavorativa post diploma dei 

dottorandi: esso indica delle percentuali elevatissime di occupazione( ~95%) con un 

percentuale di oltre il 85% di  inserimenti in campi connessi al titolo. 
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10. Produzione Scientifica Collegio docenti. 

 

L’attivita’ di pubblicazione del collegio docenti risulta ampia e posizionata 

perlopiu’ su riviste di elevata qualita’ a livello internazionale. Essa e’ 

riportata nell’ Allegato 2. 

11. Risultati valutazione per ciclo XXVII da parte 
nucleo di Ateneo.  

Valutazione di idoneità espressa dal Nucleo di Valutazione   Positiva  

Sul requisito relativo alla composizione del collegio dei docenti  OTTIMO  

Sul requisito relativo alla adeguatezza delle risorse e strutture  OTTIMO  

Sul requisito relativo alla collaborazione per svolgimento  

esperienza in contesto di attività lavorative     POSITIVO  

Sul requisito relativo ai percorsi formativi     ADEGUATA  

Sul sistema di valutazione       ADEGUATO 

Vautazione globale       A+ 

 
 

12. Assegnazione referee esterni per studenti ciclo 
XXV.  

I seguenti referee sono stati assegnati agli studenti che si presenteranno all’esame 
finale del XXV ciclo. 

  

N DOTTORANDO Supervisor   Referee 1 Referee2 Titolo ricerca 

1 
OLIVIERI 
Giorgia 

Morgante 

XXV 

Prof. Maurizio Canepa 
Dipartimento di Fisica 
Università di Genova 

canepa@fisica.unige.it 
(disponibile anche a essere 
membro di commissione) 

Prof. Gvido Bratina 
Vice rector for 
research, University 
of Nova Gorica, 
Gvido.Bratina@ung
.si 

Organic Electronic Devices: 
Investigation of the 
Electronic Transport 
Properties at the Molecular 
Level 

2 
Capogrosso 
Valentina  

Parmigiani 

XXV 
Andrea Damascelli   

 damascelli@physics.ubc.ca 

Mario Cuoco         
 mario.cuoco@spin.
cnr.it 

Dimensionality and ordering 
effects on the electronic 
structure of low dimensional 
strongly correlated electron 
transition metal oxides. 
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13. Considerazioni finali 

Il 2012 e’ stato caratterizzato da attivita’ , finanziamenti e numeri globali 

sostanzialmente in linea con l’anno precedente. La Scuola ha continuato a perseguire il 

suo sforzo di mantenimento del suo standard di qualita’, considerato obiettivo 

prioritario. A questo scopo un monitoraggio continuo della qualita’ scientifica del 

lavoro dei dottorandi mediante analisi delle relazioni, delle pubblicazioni e dei seminari 

di fine anno viene condotto annualmente. E’ andato a regime l’uso di 2 referee esterni 

per giudicare il lavoro di tesi. 

Tutti gli indicatori  (giudizi da parte di diversi organi interni ed esterni, giudizi dei 

referee, giudizi delle commissioni d’esame finale, etc…) sono positivi; resta invece 

scarso il successo nell’attirare candidati di qualita’ da paesi extraeuropei. Si ritiene che 

per una politica di maggior successo si debba poter utilizzare nuovi e piu’ efficaci mezzi. 

Il Direttore 

3 Novelli Fabio 

Parmigiani/F
austi 

XXV 
Dr Adolfo Avella: 
avella@sa.infn.it 

-
Dr. Ra'anan I.Tobe: 
r.i.tobey@rug.nl 

In search of selective  
excitations for studying out-
of-equilibrium properties in 
strongly correlated electron 
systems and high 
temperature 
superconductors 

4 
MOHAMMADI 
Sara 

Tromba/Par
migiani 

XXV 

Prof. Josef Kaiser 
Brno University of Technology 

- Faculty of Mechanical 
Engineering - Institute of 

Physical Engineering 
Technicka, 2896/2, BRNO 

(CZECH REPUBLIC) 
Email: kaiser@fme.vutbr.cz 

Dr.ssa Alessia 
Cedola 
CNR - Istituto di 
Fotonica e 
Nanotecnologie - 
Sede di Roma 
Via Cineto Romano 
42, 00156 ROMA 
Email: 
cedola@ifn.cnr.it 

Bio-medical X-ray imaging 
with Synchrotron Radiation: 
study and implementation of 
algorithms related to phase 
sensitive techniques 

5 
LOPEZ Frances 
Caroline 

Longo 
Renata 

XXV 

Roberto Bellotti (Bari)  
Roberto Bellotti 

<Roberto.Bellotti@ba.infn.it> 

Roberto Cirio (to), 
<cirio@to.infn.it> 

Single photon counting 
system for mammography 
with synchrotron radiation 

6 DORIGO Mirco 

Zanetti/Vitale  

XXV 
  Pierluigi Campana        LNF       
Pierluigi.Campana@lnf.infn.it 

 Franco Simonetto     
Univ.Padova   
franco.simonetto@p
d.infn.it 

Search for New Physics in 
the B0_s--> J/Psi phi    and 
B0_s-->phi phi   Decays at 
CDF 

7 
MONTANINO 
Damiana 

Cossutti/Dell
a ricca 

XXV 

Prof. Attilio Andreazza 
(Universita` degli Studi di 

Milano and INFN, Sezione di 
Milano); 

Attilio.Andreazza@cern.ch 

Dr. Maarten 
Boonekamp 
(IRFU/CEA Saclay, 
France)  
Maarten.Boonekam
p@cern.ch 

Study of the associated 
production of a Z boson and 
jets in pp collisions at sqrt(s) 
= 7 TeV at CMS 

8 LEA Ramona 

Camerini, 
Piano 

XXV 

Josef Pochodzalla Institut fuer 
Kernphysik    

Universitaet Mainz 
        pochodza@kph.uni-

mainz.de 

Prof. Dr. Laura 
Fabbietti   Physik 
Department E12,    
Techn. Univ. 
Muenchen;  
Laura.Fabbietti@ph
.tum.de 

Study of hypernuclei 
production in Pb-Pb 
collisions at √sNN = 2.76 
TeV with the ALICE 
experiment at the LHC 

9 
VATTAKUNNEL 
SHAJI 

Matteucci 

XXIV 

 Massimo Persic  
<massimo.persic@gmail.com

> 

Marcella Brusa 
<marcella@mpe.m

pg.de> 

The cosmic star formation 
rate: Observational 
measures and modelization 
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ALLEGATO 1 

 
SCHEDE ATTIVITA’ DOTTORANDI 

 

End-of-cycle Report 
 

Candidate: Mirco Dorigo 
 

Advisors: Dr. Anna Maria Zanetti, Dr. Marco Rescigno 
 

University supervisor:  Dr. Lorenzo Vitale 
 

Doctoral School of Physics of the University of Trieste 
 

XXV  Entrance, 2010–2012 
 
 
 
 

Research activity 
 

 
My research activity during the PhD course has been conducted entirely with the INFN 

group of Trieste working in the Collider Detector at Fermilab (CDF) experiment, under 

the supervision of Dr.  Anna Maria Zanetti (INFN  Trieste) and Dr.  Marco Rescigno 

(INFN Roma I). The CDF experiment is a collaboration of about 600 physicists from 

more than 50 institutions  in 12 countries.  The detector is a large, multipurpose 

solenoidal magnetic spectrometer surrounded by 4π projective calorimeters and fine- 

grained muon detectors that ended operations in September 2011. It measured energy, 

momentum and mass of a broad range of final-state particles produced in 1.96 TeV 

proton-antiproton collisions provided by the Tevatron collider. 

Over the course of the first year, I have continued the work on the B0→ φφ decay 

started the year before with my Master degree’s project on the first measurement of the 

polarization amplitudes of this decay mode. The B0→ φφ decay belongs to the class of 

decays of pseudoscalar mesons into two vector particles. They feature a rich dynamics 

that involves three different decay amplitudes corresponding to the polarization states 

allowed by angular momentum conservation. In the standard model, the quark-level 

b → s penguin process, which is a higher-order flavor-changing transition, dominates 

the amplitude. This provides an opportunity to indirectly access new physics  through 

this channel, if exchange of new virtual massive particles occurs. Some deviations  from 

theory expectations were indeed observed in similar channels. Explanations involving 

either new physics models or improved calculations within  the standard model were 

proposed. Additional experimental information in B0  penguin-dominated decays help 
 

distinguishing the various solutions. 
 

The core of the polarization measurement is a simultaneous fit  to the mass and 

the angular distributions of the final state particles from a signal of about 300 events. 

In the finalization of the measurement I have evaluated the biases in the measurement 
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due to the sculpting of the decay-time distribution induced by the trigger and carried 

out the calculation of all the systematic uncertainties of the measurement. I gave 

the first public presentation of the results (Moriond QCD 2010 [A5]) which include 

the best measurement of the B0 → φφ branching ratio, and the first measurement of 

the B0 → φφ polarization amplitude, showing a significantly suppressed longitudinal 

polarization.   I reported them also at the CKM  workshop 2010 [A4] and directly 

contributed to the corresponding Letter in Physical Review [1]. 

The B0 → φφ decay is predicted to exhibit tiny,  if any CP violation.  A measure- 

ment of nonzero CP -violating asymmetries would indicate physics beyond the standard 

model. After the completion of the polarization measurement, I’ve devised an orig- 

inal method to measure CP -violating asymmetries with  our small signal sample of 

s → φφ decays. In close collaboration with phenomenologists (Prof. J. Rosner, Prof. 

D.  London, Dr. A. Datta) I’ve constructed new observables that make CP violation 

accessible in B0→ φφ decays even with small samples and have now been adopted also 

by LHCb in their B0 → φφ analysis. I have included the new observables in a maxi- 

mum likelihood fit and measured them for the first time, obtaining no evidence for CP 

violation. The analysis was approved in March 2011 and I presented the results at the 

2011 BEAUTY  conference [A3]. These are published in Physical Reviews Letters [1]. 

While completing the B0→ φφ measurement, in the second year of my PhD course 

I’ve gradually moved my research interests toward the final CDF measurement of CP 

violation in B0  mixing using the B0 → J/ψφ decays. Particle-antiparticle oscillations s  s 

of the B0
 meson proceed through loop transitions where possible new particles or 

 

couplings can compete with the standard model ones yielding observable contributions. 

The CP -violating  phase of the B0 –B̄ 0 
 

mixing amplitude is particularly  promising 
s  s 

since it is predicted to be very small in the standard model. A non-standard model 

enhancement of the phase also decreases the decay width difference between the light 

and heavy mass eigenstates of the B0  meson, ∆Γs .  The time-evolution of the B0 → 
s  s 

J/ψφ decays where the flavor of the bottom-strange meson is identified at production 

is the most effective probe of the phase and of the width difference. 

In 2010, CDF had just released the measurement  based on a subsample of the 

available data. I’ve joined the small group that aimed at conducting the final update 

of the measurement using the whole data set. The crux of the measurement is a multi- 

variate likelihood fit to the time-evolution of B0→ J/ψφ decays that exploits advanced 

techniques for statistically separating the signal from backgrounds and distinguishing 

the B meson’s flavor at production (neural networks, particle identification, flavor tag- 
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ging techniques, etc.). Along with another student I was the reference person in CDF 

for this analysis and I had control on each individual step of the work, from selection 

of the data and control samples, to generation of simulated samples, to development 

of the fit and the study of its features, to the final extraction of the results with their 

systematic uncertainties. We extended the previously-finalized analysis to a sample 

doubled in size and we introduced several improvements in the analysis technique, 

such as a new calibration of the tagging, and an original, accurate determination of 

previously-neglected physics background that mimic signal. 

One of my specific tasks was the development of a previously-unavailable realistic 

simulation of the B0  → J/ψK + K − decays complete with the whole resonant substruc- 

ture.  This built  confidence in the determination of the contamination from S-wave 

decays in the main analysis, which is important since discrepancies among experiments 

are observed for this quantity.  Similarly, another specific responsibility I had was an 

auxiliary simultaneous fit of the K + K − and J/ψK + K − mass distributions to inde- 

pendently determine the S-wave fraction and check the main fit’s result. In this study 

the full resonance structure of the B0  → J/ψK π decays is included for the first time 

and it contribute with a sizable background due to mis-identification of the pion as 

a kaon. The contamination from mis-identified B0  decays is found to be significantly 

larger than typically derived assuming only P -wave B0  decays and, if neglected, could 

mimic a larger K + K − S-wave component than present. 

During this analysis, I was co-supervisor of the master student Lucia Grillo, who 

was in charge of validating the quality of the new data, studying the sample composi- 

tion in terms of trigger selections and doing some control checks of the main fit result 

with the measurement of the ∆Γs assuming no CP violation. 

I presented the preliminary results, approved in early 2012, at the 2012 Moriond 

QCD conference and at the 2012 ICHEP  conference [A2, A1].  The results feature 

improved confidence intervals for the B0  mixing phase that  are second in precision 

only to LHCb and agree with  the standard model expectation.  The measurements 

of the B0  lifetime, width difference, and polarization amplitudes are among the most 

precise available to date and show consistency with expectations and determinations 

from other experiments. A Letter documenting  these results is published by Physical 

Review Letters [2]. 

During my PhD, I’ve  served in CDF operations for a total  of forty-five  8-hours 

shifts in the three-people crew of the control room directly responsible for the data 

acquisitions process and monitoring of the detector stability. 

 
 

3 



 

14 
 

s 

s 

s 

 

 

Teaching experience 
 

 
May–Oct 2011  Co-supervisor of student Lucia Grillo (University of Trieste) on the 

master’s degree thesis “Measurement of B0  lifetime, decay width difference and 

polarization amplitudes of the B0  → J/ψφ decays at CDF”. 

 

Jul–Aug  2010  Tutor  of Fermilab summer student  Gabriele Bertoli  (University  of 
 

Trieste) within the DOE/INFN Summer Exchange Program at Fermilab (USA). 
 

 
 

Attended schools 
 

 
XXI giornate di studio sui rivelatori May 10–13, 2011, Villa Gualino, Torino; 

 
69th  Scottish Universities  Summer School in Physics Aug 19 – Sept 1, 2012, 

St. Andrews (United Kingdom). 

 
 

Plan  of studies 
 

 
Introduzione ai metodi Bayesiani  (Prof. E. Milotti), 16 hours; 

 
Test sperimentali  del Modello  Standard  (Dr.  F. Cossutti), 16 hours; 

 
Electroweack  and Strong Interactions  (Prof. S. Petcov and Prof. G. Martinelli, 

SISSA), 50 hours. 

 
 

Conference talks 
 

 
36th  International Conference on High  Energy  Physics talk on CDF results on 

 

CP violation in hadronic B decays, Jul 4–11, 2012, Melbourne (Australia); 

 
47th  Rencontres de Moriond, QCD  and High  Energy Interactions  talk on Re- 

cent heavy flavor results from the Tevatron, Mar 10–17, 2012, La Thuile (Italy); 

 

13th  International Conference on B-Physics at Hadron  Machines  talk on Sup- 

pressed B0  decays at CDF, Apr 4–8, 2011, Amsterdam (The Netherlands); 

 

6th  International Workshop  on the CKM Unitarity Triangle talk on Charm- 

less and Penguin Decays at CDF, Sept 6–10, 2010, University of Warwick (United 

Kingdom); 
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45th  Rencontres de Moriond, QCD  and High  Energy Interactions  talk on Mea- 

surements of the masses, lifetimes and decay modes of hadrons at Tevatron, Mar 

13–20, 2010, La Thuile (Italy). 
 

 
 

Publications 
 

 
As a member of the CDF Collaboration’s default authors list I am co-author of about 

 

90 papers (see http://inspirehep.net/search?p=author%3AM.Dorigo.1 for com- 

plete list).  In the following, I list the ones for which I actively participated giving a 

direct contribution – public papers have been inserted in the U-GOV catalogue. 

 

 
 
 

Journals Paper 
 

 
[1] T. Aaltonen et al. (CDF Collaboration), Measurement of Polarization and Search 

for  CP Violation  in  B0  → φφ Decays, Phys. Rev. Lett.  107,  261802 (2011) 

[arXiv:1107.4999 (hep-ex)]. 

 

[2] T. Aaltonen et al. (CDF Collaboration), Measurement of the Bottom-Strange Me- 

son Mixing Phase in the Ful l CDF Data Set, Phys. Rev. Lett. 109, 171802 (2012) 

[arXiv:1208.2967 (hep-ex)]. 

 

 
 
 
 

Conference Proceedings 
 

 
[A1] M. Dorigo (for the CDF Collaboration), CDF results on CP violation in hadronic 

B decays, (2012), in preparation, for the 36th  International Conference on High 

Energy Physics. 

 

[A2] M. Dorigo (for the CDF and D0 Collaborations), Recent heavy flavor results 

from the Tevatron, (2012) [arXiv:1205.3899 (hep-ex)], for the 47th  Rencontres de 

Moriond, QCD and High Energy Interactions. 

 

[A3] M. Dorigo (for the CDF Collaboration), Suppressed B0  Decays at CDF, (2011) 

[arXiv:1105.4437 (hep-ex)], for the 13th  International Conference on B-Physics 

at Hadron Machines. 
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[A4] M. Dorigo (for the CDF Collaboration), Charmless and Penguin Decays at CDF, 

(2010) [arXiv:1012.4738 (hep-ex)], for the  6th   International  Workshop on the 

CKM Unitarity Triangle. 

 

[A5] M. Dorigo (for the CDF and D0 Collaborations), Measurements of the masses, 

lifetimes and decay modes of hadrons at Tevatron, (2010) [arXiv:1005.2564 (hep- 

ex)], for the 45th  Rencontres de Moriond, QCD and High Energy Interactions. 

 

 
 
 
 

CDF Public  Note 
 

 
[B1] M. Dorigo et al., Measurement of B0  Mixing Phase in B0 → J/ψφ Decays Using 

s  s 

the Ful l Run II Data Sample, CDF Note 10778 (2012). 
 

[B2] M. Dorigo et al., Measurement of Triple Products Asymmetries of the B0 → φφ 
 

Decay, CDF Note 10424 (2011). 

 
[B3] M. Dorigo et al., Measurement of the Polarization Amplitudes of the B0 → φφ 

 

Decay, CDF Note 10120 (2010). 
 
 
 
 
 

CDF Internal Note 
 

 
[C1] M. Dorigo et al., An  Updated Measurement of the CP -Violating  Phase βs  in 

9.6 fb−1  of Data, CDF Internal Note 10722 (2012). 

 
[C2] M. Dorigo et al., Study of Triple Products in the B0 → φφ Decay, CDF Internal 

 

Note 10416 (2011). 

 
[C3] M. Dorigo et al., Measurement of the Polarization Amplitudes of the B0 → φφ 

 

Decay, CDF Internal Note 10073 (2010). 

Trieste, November 8, 2012 
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Ph.D. student: Damiana Montanino 

 

 

Ph.D. School of Physics  XXV Cycle (IV School Cycle) 

End-of-cycle report 
 
 
 
 
 

 
The research activity carried out during these years covers different sectors.  Dur- 

ing the first year it was focused on the characterization of minijets and minijet pairs 

as pattern of Multiple Parton Interactions (MPIs) in proton-proton collisions at LHC 

with the CMS detector.  This process is believed to be of fundamental importance 

for the description of the hadron interactions and in particular for the comprehension 

of the Underlying Event, that describes the part of the event that cannot be directly 

attributed to the hardest parton-parton interaction. The parton level cross section pre- 

dicts the maximum for transverse momenta tend to zero, therefore these phenomena 

are observed principally at low energy scale, where it is not possible to use the pertur- 

bative QCD in order to formulate theoretical predictions. Phenomenological models 

are needed for the description of these processes, which must be compared to the data 

in order to be checked and improved. 

This study used the 900 GeV data collected by the CMS experiment in the 2010 and 

a part of those at 7 TeV, exploiting minijets (jets with very low transverse momenta) 

obtained by tracks, chosen due to the optimum resolution of the tracking system of 

CMS. A set of observables complementary  to the ones used by the traditional analysis 

of the Underlying Event was studied, following analyses performed in the past by the 

UA1 Collaboration. The results obtained from the data were compared with different 

Monte Carlo samples in order to reject some models and understand which of them 

describe better the analysed events. 

 
From the second year the doctoral activity was related to the study carried out 

in the thesis, the characterization of the associated production of a Z boson and jets 

(Z+jets) in proton-proton collisions at LHC with the CMS detector. 

Initially  a study of the calibration of the electromagnetic calorimeter (ECAL)  of 

CMS was performed,  as part of the activities to understand in detail the detector re- 

sponse. The problem taken into account was the energy containment. Given a photon 

that hits the calorimeter, the energy associated to the object is the one measured in 

a particular cluster (3×3 crystals). The fraction of energy not contained in the range 

was studied as a function of the energy and pseudo-rapidity of the photon in order 

to construct functions that could correct the results for this effect. This study was 

performed considering neutral pions (π0) decaying in two photons and comparing the 

reconstructed  energy with information from the Monte Carlo truth.   Finally the ob- 

tained results were tested exploiting the reconstructed invariant  mass of the boson 

pairs and comparing the variation of the peak of the distribution with the expected 
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value of π0  mass. 
 

 

A dedicated study regarding electrons was then carried on, in preparation for their 

use as signature  for the Z boson selection. In the framework of the CMS analysis 

it is possible to use different  algorithms to reconstruct the electrons, optimized in 

particular scenarios. Hence a point of particular interest was the choice of the electron 

reconstruction algorithm to consider. 

The standard method gives origin to the set called GSF Electrons, and starts from 

the production of calorimeter deposits followed by the Gaussian Sum Filter  (GSF) 

algorithm, a specialized reconstruction  for tracks with sizable energy losses. The alter- 

native method is based on Particle Flow algorithm, a global event description which 

uses the combined information provided by all CMS sub-detectors,  as ECAL energy 

deposits or track segments, for an optimal determination of the direction, energy and 

type  of all the stable particles in the event, as electrons,  muons, photons,  charged 

hadrons and neutral hadrons. 

The results obtained with the two methods were analysed in order to evaluate the 

best procedure for the Z boson reconstruction. The electrons resulting with the dif- 

ferent algorithm and with the Monte Carlo truth  were compared. Also the Z boson 

obtained by the two kinds of electrons was taken into account, observing how the in- 

variant mass varied in different conditions. 

 
The remaining part of the doctoral activity was focused on the characterization of 

Z+jets events reconstructed in CMS; this analysis is part of a more general publication 

in course of preparation. This study provides an important Standard Model (SM) test, 

a detector commissioning ground through physics, and last but not least a powerful 

probe for new phenomena. 

In the context of the SM, the study of jets produced in association with Z allows 

for tests of perturbative QCD (pQCD) calculations. The leading order (LO) and next- 

to-leading order (NLO) predictions are in good agreement with data, but the latter, 

available for Z+n jets, with n up to 4, are only known with a precision varying from 

10% up to 30%, due to uncertainties on the parton distribution functions and on the 

perturbative nature of the calculations. 

The Z+jets production is an important background in searches on supersymmetry, 

in Higgs and Dark Matter signatures, and for studies of the top quark. Many extensions 

of the SM predict new particles with electroweak couplings that decay into SM gauge 

bosons accompanied by jets. 

This study used the 7 TeV data collected by the CMS experiment in the 2011 using 
jets and vector bosons detected through their decays into electron-positron pairs. The 

corresponding total integrated luminosity was estimated to be about 4.89 fb−1. 

The strategy for the selection of the events was to first look for a Z boson. The 
presence of a pair of well-identified and isolated high energy electrons was required  as 
signature of the boson decay. In the analysis, several different observables were con- 
sidered. The differential jet rate cross section  was measured, as well as the transverse 
momentum pT  and pseudo-rapidity η distributions for the four highest transverse mo- 

mentum jets.  The distribution of the scalar sum of jet transverse momenta HT   was 

also measured  as a function of the jet multiplicity. 

Hence the jet reconstruction had a main role in the definition of the results. The 
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jets considered in the study were reconstructed using a sequential clustering algorithm. 

Quality cuts were applied to reduce the contamination from the underlying events and 

to provide good jet identification and good noise jet rejection. 

The final distributions were obtained applying efficiency corrections and deconvolv- 

ing the detector effects from the physics ones by means of the unfolding procedure. The 

associated systematic uncertainties  represented an important aspect to deal with, and 

involved in particular the definition and the counting of jets.  The dominant experi- 

mental uncertainties  were caused by the jets energy corrections that could modify the 

measured number of these hadronic objects. Other important sources of systematics 

effects were given by the unfolding method, the evaluation of the efficiencies, the con- 

tribution from the pile-up and the background subtraction. The results were compared 

with pQCD theoretical predictions at leading order, extracted from two different mod- 

els, Madgraph plus Pythia6 and Sherpa. An overall good agreement was globally found 

on all the analysed observables, considering the large uncertainties on the predictions 

due to the choice of the parton density functions and the scale of the interaction. 

 
List of publications: 

 

• “Search for supersymmetry in final states with missing transverse en- 

ergy and 0, 1, 2, or at least 3 b-quark jets in 7 TeV pp collisions using 

the variable alphaT” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.8115 [hep-ex] 
 

• “Search for a non-standard-model Higgs boson decaying to a pair of 

new light bosons in four-muon final states” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.7619 [hep-ex] 
 

 
• “Measurement  of the sum  of W W and W Z  production with  W +dijet 

events in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.7544 [hep-ex] 
 

• “Search for heavy quarks decaying into  a top  quark  and a W  or Z 

boson using lepton + jets events in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.7471 [hep-ex] 

• “Measurement  of the inelastic proton-proton  cross section  at 
√

s = 7 

TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.6718 [hep-ex] 
 

 
• “Search for pair  production of third-generation  leptoquarks and top 

squarks in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.5629 [hep-ex] 
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• “Search for third-generation  leptoquarks and scalar bottom quarks in 

pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.5627 [hep-ex] 
 

• “Observation  of long-range near-side angular correlations in proton- 

lead collisions at the LHC” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.5482 [nucl-ex] 
 

• “Observation  of Z decays to four leptons with  the CMS  detector at 

the LHC” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.3844 [hep-ex] 

• “Search for excited leptons in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.2422 [hep-ex] 
 

• “Search for heavy neutrinos and W bosons with right-handed couplings 

in a left-right symmetric model in pp collisions at 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.2402 [hep-ex] 

• “Search for fractionally  charged particles in  pp collisions at  
√

s  = 7 

TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.2311 [hep-ex] 
 

 
• “Search for supersymmetry in events with  photons and low missing 

transverse energy in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.2052 [hep-ex] 
 

• “Search for heavy lepton partners of neutrinos in proton-proton  colli- 

sions in the context of the type III seesaw mechanism” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.1797 [hep-ex] 
 

 
• “Measurement  of the relative  prompt  production rate of chi(c2)  and 

chi(c1) in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.0875 [hep-ex] 
 

 
• “Search for anomalous production of highly boosted Z bosons decaying 

to dimuons in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1210.0867 [hep-ex] 
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• “Search for electroweak production of charginos and neutralinos using 

leptonic final states in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.6620 [hep-ex] 
 

• “Measurement  of the  single-top-quark  t-channel  cross section in  pp 

collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.4533 [hep-ex] 

 
• “Search for resonant tt̄  production in lepton+jets  events in pp collisions 

at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.4397 [hep-ex] 
 

 
• “Search for the standard model Higgs boson produced in association 

with W and Z bosons in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.3937 [hep-ex] 
 

• “Search for a narrow spin-2 resonance decaying to a pair of Z vector 

bosons in the semileptonic final state” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.3807 [hep-ex] 
 

• “Evidence for associated production of a single top quark and W boson 

in pp collisions at 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.3489 [hep-ex] 
 

 
• “Measurement of the Y1S, Y2S and Y3S polarizations in pp collisions 

at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.2922 [hep-ex] 

 
• “Measurement  of the top-quark  mass in tt̄  events with  dilepton final 

states in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.2393 [hep-ex] 

 
• “Measurement of the top-quark mass in tt̄  events with lepton+jets  final 

states in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.2319 [hep-ex] 
 

 
• “Observation of a diffractive contribution to dijet production in proton- 

proton collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.1805 [hep-ex] 
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• “Search for exclusive or semi-exclusive photon  pair  production  and 

observation of exclusive and semi-exclusive electron pair  production 

in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.1666 [hep-ex] 
 

• “Combined search for the quarks of a sequential fourth generation” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.1062 [hep-ex] 
 

 
• “Search for pair produced fourth-generation up-type quarks in pp col- 

lisions at 
√

s = 7 TeV with a lepton in the final state” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1209.0471 [hep-ex] 
 

• “Search for supersymmetry in events with  b-quark  jets and missing 

transverse energy in pp collisions at 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.4859 [hep-ex] 

• “Study  of the dijet  mass spectrum in pp → W + jets events at 
√

s = 7 

TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.3477 [hep-ex] 
 

• “Search for three-jet  resonances in pp collisions at sqrt(s) = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.2931 [hep-ex] 
 

• “Observation of sequential Upsilon suppression in PbPb  collisions” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.2826 [nucl-ex] 
 

• “Measurement of the t t-bar  production cross section in the dilepton 

channel in pp collisions at sqrt(s)=7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.2671 [hep-ex] 
 

• “Measurement  of the azimuthal  anisotropy of neutral  pions in PbPb 

collisions at sqrt(s(NN)) = 2.76 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.2470 [nucl-ex] 
 

• “Search for flavor changing neutral currents in top quark decays in pp 

collisions at 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.0957 [hep-ex] 
 

• “Search for a W’  boson decaying to a bottom quark and a top quark 

in pp collisions at sqrt(s) = 7 TeV” 
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S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1208.0956 [hep-ex] 
 

• “Observation  of a new boson at  a mass of 125 GeV  with  the  CMS 

experiment at the LHC” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1207.7235 [hep-ex] 

10.1016/j.physletb.2012.08.021 

Phys. Lett. B 716, 30 (2012) 
 

• “Search for heavy Majorana  neutrinos in  µ+µ+[µ−µ−] and e+e+[e−e−] 

events in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1207.6079 [hep-ex] 

10.1016/j.physletb.2012.09.012 

Phys. Lett. B 717, 109 (2012) 
 

 
• “Search for pair production of first- and second-generation scalar lep- 

toquarks in pp collisions at 
√

s = 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1207.5406 [hep-ex] 

10.1103/PhysRevD.86.052013 

Phys. Rev. D 86, 052013 (2012) 
 

• “Study of the inclusive production of charged pions, kaons, and protons 

in pp collisions at sqrt(s) = 0.9, 2.76, and 7 TeV” 

S. Chatrchyan et al. [CMS Collaboration]. 

arXiv:1207.4724 [hep-ex] 
 

 
• “Forward-backward asymmetry  of Drell-Yan lepton pairs in pp colli- 
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During my PhD I’ve  worked within  the  Trieste  group of the  ALICE experiment.  ALICE (A 

Large  Ion  Collider  Experiment)  is  an experiment  presently  being  performed  at  LHC  (Large 

Hadron Collider)  at  CERN which studies  a wide  range  of physics  topics  by colliding ultra 

relativistic heavy ions as well as protons. 

The  topic  of my thesis  is  the  study  of the  production  of light  hypernuclei  in ultra-relativistic 

heavy-ion collisions at √sNN  = 2.76 TeV. 

Ultra  relativistic  heavy-ion  collisions  offer  a unique  opportunity  for understanding  the  strong 

interaction  of strange  hadrons.  In the  collision  a huge number  of strange  hadrons is  produced 

and the s quark created during the collision carries information of the initial system. 

In this context hyperons interactions are key to understand the phase structure of QCD at large 

densities and the interior of compact stars. 

In the heavy-ion collision hyperon-baryon bound systems, called hypernuclei, can be produced. 

Hypernuclear physics offers a direct experimental way to study hyperon-nucleon (YN) and 

hyperon-hyperon (YY) interactions. 

It is  possible  to  discriminate  two  distinct  mechanisms  for hypercluster  formation  in heavy ion 

collisions. First, the absorption of hyperons in the spectator fragments of non central heavy ion 

collisions; alternatively, they can emerge from the hot and dense fireball region of the reaction. 

In this scenario the cluster is formed at, or shortly after,the (chemical-)freeze out of the system. 

According to thermal and coalescence models,   (anti)(hyper)nuclei production scales with A, so 

systems  with  A=3  are  predicted  to  be the  most  probable  to  be produced  in ultra  relativistic 

heavy-ion collisions. 

The hypertriton, 3  H, is the lightest known hypernucleus and is formed by a proton, a neutron 

and a ¤. 3  H decays mesonically into the following channels: 

(1)                                                 3  H→3He + ¼-
 

(2)                                                 3  H→3H  + ¼0
 

(3)                                                 3  H→ d  + p + ¼-
 

(4)                                                 3  H→ d  + n + ¼0
 

 

The  study of the production  of 3  H(3  H) detected  via its decay 3  H→3He + ¼-  (3  H→3He + ¼+)
 

¤  ¤  ¤  ¤ 

using ALICE is the main topic presented in my thesis. 
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The study presented in the thesis is based on the statistics collected by the ALICE experiment 

during 2010 and 2011 data  taking.  The  2010 statistics  is  composed  of about  14 millions  of 
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¤ 

minimum-bias1  events, while  the 2011 statistics is composed by 22 million of central 2, 20 million 

of semi-central3  and about 1.5 million on minimum bias events. 

The main detector used in the analysis is the Time Projection Chamber (TPC) of ALICE. The 

ALICE TPC is the main detector used for global tracking and allows the particle identification 

via the specific energy loss (dE/dx). 

First  of all, I have studied  the  particle  identification  using  the  specific  energy  loss  (d E/dx). 

Both  daughter  tracks  of 3  H(3  H) (i.e.,  pion and helium-3),  can be clearly  identified  using  the 
¤  ¤ 

TPC.  Once  the  daughter  tracks  have been  identified,  it was  possible  to  reconstruct  the 

hypertriton signal candidates by identifying secondary vertices. 

Signal  extraction  is  based on the  study  of the  invariant  mass spectrum  of ( 3He,¼-)(3He,¼+).  In 

the  analysis  two  types  of background have been  studied.  The  first  one  is  the  }like  - sign" 

method  which consists  in the  combination  of two  tracks  with  the  same sign  (i.e.  [3He + ¼+]or 

[3He + ¼-]),  and the  second  is  the  combined  fit (third degree  polynomial function  for  the 

background and a Gaussian for the signal) of the invariant mass spectrum. From the invariant 

mass spectrum fit it is possible to  extract  mean ¹,  width  ¾, raw yield  and significance  of the 

signal. 

The efficiency evaluation is based on the study of Monte Carlo productions  }anchored" to the 

data by using Hjiing ( a heavy-ion simulator ) with hypertriton signal injected. 

I have been responsible of the introduction of hypernuclei in the AliRoot framework, and I took 

care of the quality checks of those Monte Carlo simulations. 

I have studied the (anti)hypertrion efficiency estimation as a function of several variables, like 

the transverse momentum, the proper lifetime, the momentum of the daughters tracks and the 

pseudorapidity of the (3  H)3  H, and I made several systematics studies. ¤  ¤ 

To extract  the  2010 and 2011 yield  I have studied  two  different  procedures.  2010 statistics 

allows to extract only an integrated  pT  yield: the method used to extract the corrected yield is 

based on two  2-d histograms  (Invariant  Mass vs pT) for Signal+Background  (3He + ¼ -)(S+B) 

and Background (3He + ¼+,  Like-Sign  background)(B). By  their  subtraction  ((S+B)-B)  is 

possible to get the Signal (S). Correcting the S histogram for pT efficiency will provide the 

integrated yield. 

2011 statistics allow to divide the 3  H invariant mass spectrum in 3 pT bins ([2-4],[4-6] and [6-10] 

GeV/c) and the acceptance correction analysis can be performed directly on the signal. 

Each pT  bin is  corrected  for the  corresponding  efficiency  so  it has  been  possible  to  obtain  a 

spectrum vs pT. 

The same analysis have be performed separating  3  H from 3  H. The two spectra show a similar ¤  ¤ 

yield for  3  H and 3 H. ¤  ¤ 
 

 

1 Minimum-bias events have a centrality between 0 and 100 % 
2 Central events have a centrality between 0 and 10 % 
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3 Semi-central events have a centrality between 10 and 70 % 
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¤ 

¤ 

To evaluate the strangeness population factor [S3=(3  H + 3  H)/(3He+ 3He ) / (¤/p) ], which is a 
¤  ¤ 

good representation of the local correlation between baryon number and strangeness, the study 

of the 3He (3He ) yield is needed. I have evaluate the corrected yield by using the 2011 data and 

I studied the related systematic errors. 

 

Using the 2011 data set has also been possible to extract the lifetime of 3  H. The total invariant 

mass spectrum has been divided into 3 c¿ bins and an estimation on the  3  H mean lifetime has 

been provided. 
 
 
I have reported  regularly  the  results  of my work during the  Physics  Analysis  Group (PAG) 

meeting  dedicated  to  Strangeness  held  every  week at  CERN, and during Physics  Working 

Group (PWG)  meeting,  held  every month  at  CERN. Results  have also  being  reported  during 

the ALICE Physics Week held in Jyvaskyla, (Finland, 29th  August – 2nd September 2011). 

In addition, the results have been reported in three international conferences: 
 

 
 

•  Strangeness in Quark Matter (SMQ2011) – Cracow, Poland, 18th  -24th  September 2011; 
 

•  2nd European Nuclear  Physics  Conference  (EunPC)  - Bucharest,  Romania , 17th   -21th
 

September 2012; 
 

•  XI International Conference on Hypernuclear - Barcelona, Spain, 1st – 5th October, 2012 ; 
 

 
and at the 

 

•  XCVII Congress of the Italian Society of Physics (SIF) - L’Aquila (26th  – 29th  September 

2011). 
 
 
During the 2011 Pb-Pb data taking, I joined the ITS QA Task Force, a special group of analysis 

formed to check in “real time” reconstructed data and I’ve written some tasks useful for Quality 

Assurance (QA) analysis. I have took several QA shift, reporting the results during the weekly 

ALICE-QA meetings. 
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Plan  of studies 
 

Attended Courses: 
 

•  F. Cossutti (INFN), Test sperimentali del Modello Standard, 16 ore 

•  P. Camerini, Fisica sperimentale con Kaoni di bassa energia, 12 ore 

•  S. Dalla Torre (INFN), Rivelatori a gas di particelle ionizzanti e rivelatori RICH, 15 ore 

•  V. Bonvicini (INFN), Rivelatori al silicio ed elettronica di lettura, 16 ore. 

•  E. Milotti, Introduzioni ai metodi Bayesiani, 16 ore 

•  P. Schiavon, Metodi di fit e filtro di Kalman, 10 ore. 
 

Passed Exams: 
 

 
•  S. Dalla Torre (INFN), Rivelatori a gas di particelle ionizzanti e rivelatori RICH (Oral 

exam); 

•  A. Milotti, Introduzione ai metodi Bayesiani (Seminar); 

•  P. Camerini, Fisica sperimentale con Kaoni di bassa energia (Seminar and oral exam); 

•  F. Cossutti (INFN), Test sperimentali del Modello Standard (Seminar and oral exam); 

•  V. Bonvicini (INFN), Rivelatori al silicio ed elettronica di lettura (Seminar and oral 
exam); 

•  P. Schiavon, Metodi di fit e filtro di Kalman (Oral exam). 
 

Attended PhD  Schools: 
 

•  XX Giornate di studio sui rivelatori, Centro congressi di Villa Gualino, Torino, 23-26 
February 2010; 

•  VII Seminario sul Software per la fisica Nucleare, Subnucleare e Applicata, Alghero, 31 
May - 4 June 2010; 

•  4th Summer School on Physics of LHC School: Theoretical and Experimental Aspects, 
Martignano (Lecce), 14-19 June 2010; 

•  IV scuola per utenti INFN della GRID, INFN-CNAF Bologna 21-24 February 2011. 
 

Attended conferences 
 

•  Strangeness in Quark Matter, 18-24 September 2011 Polish Academy of Arts and 
Sciences, Cracow, Poland; 

•  XCVII Congresso Nazionale Società Italiana di Fisica, L’Aquila 26-30 Settembre 2011; 

•  2nd European Nuclear  Physics  Conference  (EunPC)  - Bucharest,  Romania , 17th   -21th
 

September 2012; 

•  XI International Conference on Hypernuclear - Barcelona, Spain, 1st – 5th October, 2012 ; 
 
 
 
 
 
 
 
 
 

Publications 
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•  Hypernuclei Production in Pb–Pb  Collisions at √sNN=2.76 TeV with ALICE 
at LHC. 
Ramona Lea for the ALICE Collaboration. 
Proceedings of the conference HYP2012, Barcelona Spain. 

 
•  Light Hypernuclei Production in Pb–Pb  Collisions at √sNN=2.76 TeV with 

ALICE at LHC. 
Ramona Lea for the ALICE Collaboration. 
Proceedings of the conference SQM2011, Cracow, Poland. 
Acta Physica Polonica B Proceedings Supplement vol. 5 (2012) page 599 

 
•  Neutral pion  and ´ meson production in proton-proton collisions at √s = 0.9 

TeV and 7 TeV. 
ALICE Collaboration, Physics Letters B717 (2012), pp. 162-172. 

 

 
•  Harmonic decomposition of two-particle angular correlations in Pb-Pb 

collisions at √sNN = 2.76 TeV. 
ALICE Collaboration, Physics Letters B708 (2012), pp. 249-264. 

 

 
•  Underlying Event measurements in pp collisions at √s = 0.9 and 7 TeV with 

the ALICE experiment at the LHC. 
ALICE Collaboration,  JHEP 1207 (2012), pp. 116. 

 
•  Light vector meson production in pp collisions at √s = 7 TeV. 

ALICE Collaboration, Physics Letters B710 (2012), pp. 557-568. 
 

 
•  Particle-yield modification in jet-like azimuthal di-hadron correlations in Pb- 

Pb collisions at √sNN  = 2.76 TeV. 
ALICE Collaboration, Physics Review Letters 108, 092301 (2012). 

 
•  J/psi polarization in pp collisions at √s=7  TeV. 

ALICE Collaboration, Physics Review Letters 108 (2012) 082001. 
 

 
•  Measurement of charm  production at central rapidity in proton-proton 

collisions at √s = 7 TeV. 
ALICE Collaboration, JHEP 01 (2012) 128. 

 
•  Femtoscopy of pp collisions at √s=0.9 and 7 TeV at the LHC with two-pion 

Bose-Einstein correlations. 
ALICE Collaboration, Physics Review D 84, 112004 (2011). 

 

 
•  Transverse  sphericity of primary charged  particles in minimum bias proton- 

proton collisions at √s=0.9, 2.76 and 7 TeV. 
ALICE Collaboration, Eur. Phys. J. C (2012) 72:2124. 

 
•  K0s-K0s correlations in 7 TeV pp collisions from the LHC ALICE experiment. 

ALICE Collaboration, Physics Letters B 717 (2012) pp. 151-161 
 

 
•  Measurement of charm  production at central rapidity in proton - proton 

collisions at √s = 2.76 TeV. 
ALICE Collaboration, JHEP 01 (2012) 128. 



 

52 
 

•  Production of muons  from  heavy  flavour decays at forward rapidity in pp 
and Pb-Pb collisions at √sNN = 2.76 TeV. 
ALICE Collaboration, Physics Review Letters 109, 112301 (2012). 

 

 
•  Suppression  of high  transverse momentum prompt D mesons in central Pb- 

Pb collisions at √sNN = 2.76 TeV. 
ALICE Collaboration, JHEP 9 (2012) 112. 

 
•  Multi-strange baryon production in pp collisions at √s = 7 TeV with ALICE. 

ALICE Collaboration, Physics Letters B 712 (2012) 309. 
 
•  J/psi Production as a Function of Charged  Particle Multiplicity in pp 

Collisions at √s = 7 TeV. 
ALICE Collaboration, Physics Letters B712 (2012) 165-175. 

 
•  J/psi suppression  at forward rapidity in Pb-Pb collisions at √sNN  = 2.76 TeV. 

ALICE Collaboration, Physics Letters 109, 072301 (2012). 
 
•  Measurement of Event Background Fluctuations for Charged  Particle Jet 

Reconstruction in Pb-Pb collisions at √sNN  = 2.76 TeV. 
ALICE Collaboration, JHEP 03 (2012) 053. 

 

 
•  Heavy  flavour decay muon  production at forward rapidity in proton-proton 

collisions at √s = 7 TeV. 
ALICE Collaboration, Physics Letters B 708 (2012) 265. 

 
•  Production of pions,  kaons and protons in pp collisions at √s = 900 GeV with 

ALICE at the LHC. 
ALICE Collaboration, Eur.Phys.J.C 71(6): 1655, 2011 

 

 
•  Higher harmonic anisotropic flow measurements of charged  particles in Pb- 

Pb collisions at 2.76 TeV. 
ALICE Collaboration, Physics Review Letters 107, 032301 (2011). 

 
•  Strange  particle production in proton-proton collisions at √s = 0.9 TeV with 

ALICE at the LHC. 
ALICE Collaboration, Eur. Phys. J. C 71 (3), 1594 (2011). 

 
•  Two-pion Bose-Einstein correlations in central Pb-Pb collisions at √sNN  = 

2.76 TeV. 
ALICE Collaboration, Physics Letters B696 (4): 328-337, 2011. 

 

 
•  Centrality dependence of the charged-particle multiplicity density at mid- 

rapidity in Pb-Pb collisions at √sNN  = 2.76 TeV. 
ALICE Collaboration, Phys. Rev. Lett. 106, 032301 (2011). 

 
•  Elliptic flow of charged  particles in Pb-Pb collisions at 2.76 TeV. 

ALICE Collaboration, Phys. Rev. Lett. 105, 252302 (2010). 
 

 
•  Suppression  of Charged  Particle Production at Large  Transverse Momentum 

in Central Pb-Pb Collisions at √sNN  = 2.76 TeV. 
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ALICE Collaboration, Phys. Lett. B 696 (2011) 30-39 
 

 
•  Charged-particle multiplicity density at mid-rapidity in central Pb-Pb 

collisions at √sNN  = 2.76 TeV. 
ALICE Collaboration, Phys. Rev. Lett. 105, 252301 (2010). 

 

 
 
 
 

Trieste, 09/12/12 
 
 
Il dottorando 

Ramona Lea 
 
 

Il Responsabile 

Prof. Paolo Camerini 
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Student : LOPEZ, Frances Caroline M. 

CYCLE : XXV 

Supervisor     :        Prof. Longo, Renata 
 
 
 
In the period of the PhD program, the student was involved with the development of a new read-out 

system  of  the  PICASSO  (Phase  Imaging  for  Clinical  Application  with  Silicon  detector  and 

Synchrotron radiatiOn) in collaboration with SYRMEP group coming from the University of Trieste, 

Instituto Nazionale di Fisica Nucleare sez di Trieste and the detector group of the Swiss Light 

Source of Paul Scherrer Institut. One of the aims of the project is to supply an in-house detector 

development needed by the on-going clinical mammography research at the SYRMEP beamline at 

ELETTRA. 
 

 

PICASSO is a digital detector that comprises a linear array of microstrip sensors that are oriented 

oriented “edge-on”, ie it's strips are aligned in parallel to the incoming beam. It is coupled with 

MYTHEN II ASICs operating in single photon counting mode. Its active area of the system 

developed during this thesis encompasses the whole height and width of the beam at the clinical station 

of the SYRMEP beamline where phase-contrast may be carried out. The clinical mammographic 

program at the SYRMEP beamline demands that the the read-out is fast , keeping in mind the huge 

amount of data that has to transferred and processed in real-time. With this task, the student was 

involved with the detector upgrade that includes the change of controllers of the detector capable of 

meeting the constraints in speed for clinical studies. 
 

 

In year 1, the student attended  in-house courses offered by the Physics Department of the university. 

These includes courses in detectors, medical imaging and synchrotron applications. Also in this period,  

the student was also introduced to the current demands with the new controllers  of the detectors that 

were under development. Computer languages necessary to program its operation and architecture were 

learned. These includes C, C++, Root, VHDL – hardware description language, Linux and 

Microcontroller operating systems.  In this year, a two month stay was carried out with the Detector 

Group of Paul Scherrer Institut to understand the operations of the MYTHEN detector system and to 

perform preliminary tests on the new controller under development. 
 

 

In the second year,   the new software architecture and firmware was completed for a single 

PICASSO controller . Tests were carried out on its front end electronics, analog as well as digital 

components and the overall performance of the electronics.  Collaborative work remained with the 

Detector Group of the Swiss Light Source in this year. Two visits to their laboratory to perform further 

tests with the PICASSO detector were done. Also, initial results with the new PICASSO architecture 

were communicated to the detector community as an oral presentation at the 13th International 

Workshop on Radiation Imaging Detectors at ETH Zurich, Switzerland. 
 

 

The PICASSO detector was brought to the SYRMEP beamline to test its imaging capabilities. 

Images were taken to  the experimental and clinical stations of SYRMEP. In these runs, the signal- to 

noise-ratio, contrast and spatial resolution  were evaluated together with the dose delivered to 
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standard mammographic phantoms, simulating image acquisition with patients. Further, the student and 

the detector under development was involved in imaging studies where novel techniques on coded-

apertures were used. 
 

 

PICASSO detector, in its final configuration is composed of four layers grouped in two pairs, each 

controlled by separate controllers. Effort was given on the synchronization of the two controllers of the 

detector this year, concurrent with the testing with the fourth and last layer of PICASSO. The whole 

assembly will be tested at the beamline on 16-20 November. The planarity of all the layers will be 

evaluated. The alignment of the four layers may be adjusted by using the screws on the lateral 

sides of the detector frames. The gaps among sensors will also be checked. Ideally, minimal or zero 

gap should exist between the top sensor of both detector couples. The same should be true for the 

bottom sensors.  Synchronization of the two controllers of the detector will be tested with the beam 

concurrent with image reconstruction putting into consideration the inherent time delay between the 

two. 
 
 
 
Publications 

Munro PRT*, Rigon L, Ignatyev K, Lopez FC, Dreossi D, Speller RD and Olivo A. A quantitative 

non-interferometric x-ray phase contrast imaging technique Optics Express (in press, 2012) 
 

 

Lopez, FC*, Rigon L, Longo R, Arfelli F, Bergamaschi A, Chen RC, Dreossi D, Schmitt, B, Vallaza 

E, Castelli E 2011  Development of a fast read-out system of a single photon counting detector for 

mammography with synchrotron JINST 6 C12031 doi:10.1088/1748-0221/6/12/C12031 *inserted in  

UGOV 
 
 
 

Oral Presentation 

Lopez, FC*, Rigon L, Longo R, Arfelli F, Bergamaschi A, Chen RC, Dreossi D, Schmitt, B, Vallaza E, 

Castelli E  2011  Development of a fast read-out system of a single photon counting detector for 

mammography with synchrotron 13th International Workshop of Radiation Imaging Detectors 

 
Longo, R

*
, Arfelli F, Dreossi D, Lopez FC, Quai E, Quaia E, Tromba G, Castelli E (2011)  Misura in 

vivo del coefficiente di attenuazione lineare della mammella VII Congresso Nazionale 

Assosazione Fisica Medica 13-16 Settembre 2011 Catanzo, Italy 
 
 
 
Poster Presentation 

Lopez FC*, Rigon L, Arfelli F, Bergamaschi A, Chen RC, Dreossi D, Longo M, Schmitt B, Vallazza 
E, Castelli E and Longo R “The PICASSO detector at the clinical mammography facility of the 

SYRMEP beamline: preliminary results” 7th Medical Applications of Synchrotron Radiation 

Workshop 17-20 October 2012 Shanghai, China 
 

 

Longo R*, Arfellli F, Dreossi D, Lopez FC, Quai E, Quaia E, and Tromba G “In vivo measurements of 

the breast linear attenuation coefficient” 7th Medical Applications of Synchrotron Radiation 

Workshop 17-20 October 2012 Shanghai, China 

http://dx.doi.org/10.1088/1748-0221/6/12/C12031
http://dx.doi.org/10.1088/1748-0221/6/12/C12031
http://dx.doi.org/10.1088/1748-0221/6/12/C12031
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Longo M*, Rigon L, Arfelli F, Chen RC, Lopez FC, Olivo A, Munro P, and Longo R “A quantitative 

study of coded-aperture based X-ray phase contrast imaging with synchrotron radiation” V 

Alpe-Adria Medical Physics Meeting 3-5 May 2012 Trieste Italy 

 
Lopez,FC* , Rigon L, Longo R, Arfelli F, Bergamaschi A, Chen RC, Dreossi D, Schmitt, B, Vallaza E, 

Castelli E. (2011) “PICASSO: En route to digital detection for mammography with synchrotron 

radiation” Secondo Convegno Conguinto SILS-SISN, XIX Convegno Nazionale  SILS, XXII 

Convegno Nazionale SISN Trieste, Italy 1-3 September 2011 (One of the winners : Best poster, 

Young Researcher's Award) 
 
 
 

International / National Schools: 

1)  School on Synchrotron and Free-Electron-Laser Sources and their Multidisciplinary 

Applications (International Center for Theoretical Physics Trieste 26 April – 7 May 2010) 

2)  International School of Trigger and Data Acquisition (La Sapenza, Rome 9-16 February 

2011) 

3)  Rivelatori ed Elettronica per Fisica delle Alte Energie, Astrofisica, Applicazioni Spaziali e 

Fisica Medica (INFN Laboratori Nazionali di Legnaro, 12-13 April 2011) 

4)  Joint ICTP-IAEA Advanced Courcse in Mammography (International Center for Theoretical 

Physics 3-7 October 2011 ) 

5)  Monte Carlo Radiation Transport and Associated Needs for Medical Applications (International 

Atomic Energy Agency/ICTP 17-28 October 2011) 

 
Periods outside Italy for collaborative work 

1)  Paul Scherrer Institute Villigen, Switzerland. Worked on PICASSO detector readout system in 

collaboration with Swiss Light Source Detector Group. (October – November 2010) 

2)  Paul Scherrer Institut, Villigen, Switzerland. Worked on PICASSO detector readout system in 

collaboration with Swiss Light Source Detector Group. (11 July – 15 July 2011) 

3)  Paul Scherrer Institut  Villigen, Switzerland. Worked on PICASSO detector readout system in 

collaboration with Swiss Light Source Detector Group. (04 December – 10 December 2011) 
 

 

In-house courses (120 hours/80 hours) 

1)  Caratteristiche generali dei rivelatori - 72 hours 

2)  Metodi in Immagine in Fisica Medica – 48 hours 
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2012 end of cycle report of Fabio Novelli, Ph.D. student XXV cycle 
 

Supervisor Prof. Fulvio Parmigiani 
 

Co-Supervisor Dr. Daniele Fausti 
 

 
 

May 2010 – December 2010 
 

Time-resolved studies of topological insulators by Angle Resolved Photo-Emission Spectroscopy 

(ARPES). 
 

Topological insulators are a class of crystals which are electrical insulators in the bulk but their 

surface is metallic and allows a flow of electrons with definite spin. The first material of this type 

has been measured in 2006 (Zhang et al., Science 314, 1757-1761) in a quantum well system 

realized at the interface between the semiconductors HgTe and  CdTe. Recently the research 

activity concentrated on the growth of Bi2Se3 and Bi2Te3, which are semiconductors with a gap of 

few hundreds meV and a simple band structure. 
 

In the first few months of my Ph.D. I studied Bi2Se3 crystals with different doping by means of 
 

• Time-resolved ARPES, equipped with both an hemispherical electron analyzer and a two- 

dimensional Time-of-Flight (ToF) electron analyzer and uses either a helium source (21.2 

eV) or a pulsed laser source 

• Spin-resolved ARPES, equipped with a Mott-ToF in order to resolve the spin components 
 
 
 
 

2011 
 

Ultra-fast time-resolved spectroscopy of strongly correlated materials. 
 

I developed a tabletop TeraHertz pump – broadband optical probe setup to study and possibly 

drive (D.Fausti et al., Science 331, 189, 2011) photo-induced phase transformations in high 

temperature superconductors. 
 

In order to produce a broadband optical probe we used super-continuum white light generation 

in a sapphire crystal. We performed a 800 nm pump & broadband probe temperature-study of 

YVO3 to test the acquisition electronics and develop a suitable procedure for data analysis. 
 

YVO3 is a case-study among transition metal oxides, since it shows an interesting variety of phase- 

transitions upon cooling. Its optical bands are directly related to the orbital, magnetic and 

electronic degrees of freedom but their interpretation is controversial. Performing reflectivity 

measurements in the time and frequency domains, we demonstrated that the two lowest lying 

optical transitions (at hν=1.8 eV and hν=2.4 eV) belong to the same band, while the lower binding 

energy one is interpreted as a Hubbard exciton, i.e. a nearly bound state stabilized by a kinetic 

energy drop that we are able to quantify. Moreover, we rationalize the non-thermal long-living (> 
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1 ns) metastable phase as spin disorder, and suggest that the material can be used as an ultrafast 

magnetic switch (F.Novelli et al., PRB 86, 165135, 2012). 
 

The most efficient way to produce TeraHertz pump pulses in a tabletop setup is the “tilted 

wavefront generation”(J.Hebling et al., J. Opt. Soc. Am. B 25, B6, 2008). At first I get accustomed 

with THz spectroscopy by realizing a “TeraHertz time-domain” (THz-TDS) setup to study the optical 

properties of  a  material at  very  low  energies  (1  THz  ≈  4  meV).  Afterwards we measure the 

evolution of the TeraHertz transmission of silicon after pumping with ultra-short 800 nm pulses 

with a “Time-Resolved TeraHertz” (TRTS) setup. At this stage both optical rectification in a ZnTe 

crystal and four wave mixing in plasma were used to generate “weak” THz pulses from a Ti:Sa laser 

source. We performed a series of optical/THz pump – THz probe measurements on CuGeO3 , the 

only non-organic Spin-Peierls system known so far, both in-house and at the FEL of Dresden. Then 

we collect reflection and transmission spectra of a Pnictide superconductor. Through all these 

experiences  I  acquired  the  skills  needed  to  realize  a  setup    based  on  the  novel  generation 

technique of tilted wave front in LiNbO3 . This technique reaches efficiencies exceeding 10-4  and 

THz pulses with more than 100 nJ of energy corresponding to a fluence higher than 10 µJ/cm2
 

were obtained. With this setup we studied the optical response of GaAs. 
 

In the Franz-Keldysh effect an electric field perturbs the optical properties of a semiconductor in 

an energy region across the gap. By pumping with ultrashort single-cycle pulses of THz radiation 

we detected the dynamical Franz-Keldysh effect in GaAs and, moreover, a novel saturation regime 

for strong THz field is revealed (in preparation). 
 

 
 
 

2012 
 

In  search  of  selective  excitations  for  studying  out-of-equilibrium  properties  in  strongly 

correlated electron systems and high temperature superconductors. 
 

In transition metal oxides the electronic, magnetic and lattice correlations are responsible for 

exotic and intriguing physical properties such as colossal magneto-resistance and high- 

temperature superconductivity. Time-domain spectroscopy offers a unique tool to disentangle the 

different players in the game. Furthermore, it can be used to induce non-thermal transitions in 

condensed  matter.  In  particular,  by  tailoring  of  the  pump  pulses,  it  is  possible  to  drive  a 

condensate into the desired physical state by a selective excitation. 
 

During my PhD we developed an ultrafast laser-based pump-probe spectroscopic tool which 

combines broad-band optical probes in the 1-3 eV range and ultra-short pulses with high intensity 

either at optical or THz frequencies (1 THz is about 4 meV). 
 

In 2012 I performed broadband-probe optical-pump time-domain reflectivity measurements on 

the Mott-insulator La2 CuO4  and on optimally doped thin films of superconducting YBa2 Cu3 O7-δ . 

Moreover, THz-pump experiments on YBa2 Cu3 O7-δ . 
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In  order  to  address  the  pump-wavelength  dependence  of  the  frequency  and  time-domain 

response of cuprates we studied the parent compound La2 CuO4 . Here, I demonstrated that the 

pump effect cannot be treated as a simple perturbation of the system, as completely different 

dynamics are revealed when the pump pulses are at lower or higher energies with respect to the 

charge-transfer gap at 2 eV. This evidence forces to review all the interpretations on time-resolved 

data on HTSC (in preparation). 
 

I studied thin films of optimally doped YBa2 Cu3 O7-δ with 800nm-pump and 400-1200nm probe and 

revealed an anomalous enhancement of a Ba vibrational mode upon entering the superconducting 

state. I demonstrate that the spectral distribution of the coherent phonon detected in the time- 

domain is heavily affected when the condensate melts non-adiabatically as a consequence of high 

fluence excitation. The details of the mechanism leading to such an effect are under investigation, 

but oscillations of the superconducting gap or structural deformations seems suitable candidates 

(in preparation). 
 

I performed preliminary measurements on YBa2 Cu3 O7-δ  and show that pumping above or below 

the superconducting gap results in a different optical response of the material in the time-domain. 

This can be rationalized if the optical response is associated to quasi-particles piled up in antinodal 

points of the superconducting gap. 
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Fabio Novelli’s plan of studies, Ph.D. student XXV cycle 

 
 
 
 

Classes: 
 

• Corso estivo "Energia per il domani: fonti rinnovabili, idrogeno e risparmio energetico", 

Giugno-Luglio 2010, Sesto - Prof. Fermeglia, 25 hours 

• Advanced Imaging and Spectromicroscopy methods for chemical and structural 

characterization of micro- and nano-materials - Prof. Kiskinova, 15 hours 

• Noisy Channels and Quantum Communication - Prof. Romano, 20 hours 

• Molecular self-assembling and nanostructures - Prof. Morgante, 20 hours 
 
 
 

Schools and workshops: 
 

• XV Training Course in the Physics of Strongly Correlated Systems (Vietri sul Mare, Italy), 

4/10/2010-15/10/2010 

• The  new  generation  in  strongly  correlated  electron  systems  NGSCES  2012  (Portoroz, 

Slovenia), 25/6/2012-29/6/2012 

Oral presentation: ”THz pump white light probe time domain spectroscopy” 

• Innovations in Strongly correlated Electronic Systems: School and Workshop (Trieste, Italy) 

6/8/2012-17/8/2012 

Poster:”Hubbard exciton revealed by time-domain optical spectroscopy” 
 
 
 

Papers: 
 

• “Ultrafast  optical  spectroscopy of  the  lowest  energy excitations  in  the  Mott  insulator 

compound YVO3 : Evidence for Hubbard-type excitons” 

F. Novelli, et al. PHYSICAL REVIEW B 86, 165135 (2012) (in U-GOV as of 07/11/2012) 

• “Quantum  memory  effects  in  bulk  GaAs  detected  by  pump-probe  THz  spectroscopy” 

F.Novelli, et al. in preparation 

• “Disentangling the charge transfer dynamics in La2 CuO4 by selective excitations” 

F.Novelli, et al. in preparation 

• “Resonant and activated phonons detected by superconductivity quenching in optimally 

doped YBa2 Cu3 O7-δ ” 

D.Fausti, F.Novelli, et al. in preparation 
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Summary of the PhD activities 

Student: Giorgia Olivieri 
 

 

BEAMTIMES AT ELETTRA SYNCHROTRON (Trieste) 
 

 

•  August 2010- “Analysis of C60-based ball and socket semiconductors interfaces” 

at ALOISA beamline 

Achievements: Organic solar cells have depended heavily of C60 and related 

derivatives for electron transporting and donating functionalities. A new family of 

contorted electron donating materials which form a socket that demonstrates a 

bulk co-crystal with C60, have been synthesized. The hypothesis that this 

contortion enhances device performance has been tested using XPS, NEXAFS 

and RPES. 

•  November 2010- “Study of the electronic levels of an organic semiconducting 

crystal” at ALOISA beamline 

Achievements- 4-hydroxycyanobenezene (4HCB) is a dipolar conjugated molecule 

which is the base constituent of very interesting semiconducting single crystals. 

4HCB films have been successfully deposited Au(110) surface. Both the 

monolayer and the thick film have been characterized by means of XPS, NEXAFS 

and RPES. In the monolayer the molecules are adsorbed on the surface with one 

preferential geometry, while in the multilayer the molecular orientation does not 

have preferential directions. In both phases a molecule-molecule interaction has 

been observed. 

•  June 2011- “Exciton dissociation at the interface between C60/C70 and highly 

contorted hexabenzocoronene derivatives for solar cell applications” at ALOISA 

beamline 

Achievements: Following the first set of experiments on the ball and socket 

system, new interfaces comprising highly contorted hexabenzocoronene materials 

and both C60 and C70  have been tested to examine their electronic interaction. 

•  August 2011- “Molecular spectroscopy of 4-hydroxycyanobenzene” at GasPhase 

beamline 

Achievements- The electronic structure of 4HCB molecule in its gas phase has 

been fully characterized. 

•  March 2012- “Study of the electronic levels of organic semiconducting single 

crystals” at ALOISA beamline 

Achievements- 4HCB single crystals growth in solution have been inserted in the 

measuring chamber and both XPS and NEXAFS have been successfully 

performed on it. Due to beam damaging the RPES could not have been measured. 
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EXTERNAL COLLABORATIONS 
 

 

•  October-December 2011- Joint programme in the context of the CEI (Central European 

Initiative) University Network: Advanced Materials and nanosystems for ICT. (Dept. of 

Physics, University of Ljubljana, Slovenia) 

Project- Analysis of the ResPES and NEXAFS data taken on the c-HBC/C60 ball- 

and-socket system. 
 

 

•  June-October 2012- Visiting student at CLUE (Columbia Laboratory for 

Unconventional Electronics) laboratory, Columbia University, New York. 

Project- Realization and optimization of organic tandem solar cells with graphene 

used as recombination layer. 
 

 

LIST OF ATTENDED SCHOOLS 
 

 

•  “HERCULES 2011”, Grenoble from 02/27/2011 to 03/30/2011 

•  “Summer school on atomistic simulation techniques for material science, 

nanotechnology and biophysics”, SISSA, Trieste from 07/11/2011 to 07/29/2011 
 

 

LIST OF ATTENDED CLASSES 
 

 

•  “Advanced imaging and spectromicroscopy methods for chemical and structural 

characterization of micro- and nano-materials” M. Kiskinova (15 h) 

•  “Applicazioni chimiche della simmetria molecolare” P. Decleva (32 h) 

•  “Molecular  self-assembling  and  nanostructures” A.  Morgante,  L.  Casalis,  L. 

Pasquato (20 h) 

•  “Spettroscopie di fotoemissione e spettromicroscopie” A. Baraldi (25 h) 
 

 

CONFERENCES AND WORKSHOPS 
 

 

•  IOM-CNR Workshop, Trieste, Italy 30/09/2010-01/10/2010 

•  SINFO (Surfaces, Interfaces and Functionalization Preocesses in Organic 

Compounds and Applications) Workshop, June 2012, Parma, Italy 

Poster: “Investigation of 4HCB molecule by synchrotron based techniques” 

•  XX SILS (Italian Synchrotron Radiation Society) Conference, July 2012, 

Cosenza, Italy 

Poster: “Investigation of 4HCB molecule by synchrotron based techniques” 

•  SPIE Optics + Photonics, San Diego, USA, 12-16/08/2012 
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PUBLICATIONS 
 

 

•  “Donor-acceptor shape matching drives performance in photovoltaic”, Schiros T., 

Kladnik G., Prezzi D., Ferretti A., Olivieri G., Cossaro A., Floreano L., Verdini A., 

Schenck C., Cox M., Gorodetsky A., Plunkett K., Delongchamp D., Nuckolls C., 

Morgante A., Cvetko D., Kymissis I. 

Submitted 

•  “Investigation of 4HCB molecule by synchrotron based techniques” Olivieri G. et 

al. 

In preparation 
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Dottorato di Ricerca in Fisica 

presso  INAF – Osservatorio Astronomico di Trieste 

Relazione di fine  A.A. 2011/2012 (Quarto Anno) 
 

The  cosmic star  formation rate:  Observational measures and  modelization 

Ph.D  Thesis, Sha ji Vattakunnel 
 

 
Ph.D. Student: Sha ji Vattakunnel 

Supervisors: Francesca Matteucci (DAUT), Paolo Tozzi (INAF-OA Trieste) 
 

 
Scientific Activity Star  formation is one of the key element for understanding 

galaxy  composition and evolution.   My  Ph.D. Thesis is devoted to the study of the 
cosmic star formation history and star forming galaxies, both from an observational 
and from a theoretical point of view. 

A  multiwavelength approach to the identification of star forming galaxies at high 
redshift is crucial to obtain a bias-free measure of the star formation rate. Instantaneous 
star formation in a given galaxy can be estimated through the measure of a tracer related 
to the emission of young, massive, short-lived stars. However, most of the star formation 
tracers are affected by strong uncertainties.  It  must be stressed that  it is possible to 
identify star forming regions only in local galaxies due to the limited angular resolution, 
while for distant  galaxies we must rely on the total  galaxy  emission.  My  scientific 
work is then mainly focused on two bands not affected by absorption, the X-ray  and 
radio bands. The X-ray emission is mostly associated to the High-Mass X-ray binaries, 
promptly formed with the high mass stellar population, while the radio emission is 
due to the thermal bremsstrahlung  emission from HII clouds associated to star forming 
regions. However, these two observable have their own observational complexities. X- 
ray emission can be contributed also by Low-Mass X-ray Binaries, which is proportional 
to  the  integrated star formation history rather than  the  instantaneous one,  by  the 
presence of hot gas and, most important, by the presence of a central Active Galactic 
Nuclei (AGN). Radio emission can be contaminated as well by the presence of a radio 
AGN. Disentangling the signature of star formation from other contributions at high 
redshift is difficult due to the limited angular resolution in both bands (which can be 
at best 1 arcsec). It is not possible to identify star forming regions in distant galaxies, 
so that the instantaneous star formation rate must be derived from a unique measure 
for the entire galaxy. 

To  address this issue I  am using the deepest data  available,  in one of the most 
observed region of the sky,  the Chandra  Deep Field South (CDFS). The  radio VLA 
survey of the Extended Chandra Deep Field South, along with the deep and medium- 
deep X-ray coverage, allow me to explore the capability of tracing the past cosmic star 
formation history using the combination of the deepest X-ray and radio data. 

During the first  year  of my PhD,  my scientific work was mainly focused on data 
reduction and analysis in the X-ray and radio bands. Then I cross-correlated the X-ray 
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sources with the sources detected in the radio band, in order to find all radio ob jects with 
an X-ray  counterpart. The positional match was then refined with a visual inspection 
of the optical counterpart of each source. Therefore I obtained three source samples: 
one of ob jects detected in both X-ray  and radio bands, and two of sources detected 
only in radio or X-ray band. 

In the second year of my PhD,  I updated the X-ray with the newest 4Ms Chandra 
observation of the CDFS, and updated the calibration of the 250 ks exposure of the E- 
CDFs  area (flanking the deepest CDFS field). A full spectral analysis of the identified 
X-ray counterparts of the VLA sources, supported by optical measure of the redshift for 
the ma jority of them, allowed me to characterize their X-ray properties, and to provide 
a robust classification in terms of AGN and star forming galaxies. 

In the third  year  of my PhD,  I updated the X-ray with the newest CDFS catalog 
and calibration, and improved the spectral analysis and classification. The identification 
of the sources dominated by emission associated to star forming processes  was done 
through many criteria based both on radio and X-ray emission: low unabsorbed X-ray 
luminosity in hard band LX (2-10 keV), low intrinsic absorption NH , no evidence of Fe 

emission line, no X-ray timing variability at 97% level of confidence, low X-ray to optical 
ratio Log(FX /Fopt ),  low radio power L1.4GH z , no radio variability at a 3 σ confidence 

level, high radio slope αR , measured between 1.4 GHz  and 5 GHz,  no evidence in radio 

image of FR  I or FR  II morphology.  It can be noticed that X-ray criteria alone are able 
to screen almost the 98% of AGNs, unlike radio criteria which barely select the 43% of 
them.  Therefore we can use with confidence the same criteria on the ob jects detected 
only in X-ray  band, while we expect an higher AGN contamination in the radio-only 
sample. 

After having identified the sources dominated by emission associated to star form- 
ing processes, we are able to  evaluate the radio-X-ray  correlation and estimate the 
instantaneous star formation rate for all of them. 

Our results are summarized as follows: 
• Among the 268 sources with both radio and X–ray  detections, 43 (∼16%) are 

consistent with being powered by star formation  processes in both bands. Among 
the sources detected only in the X-ray  or the radio band, we select 70 and 111 
star forming candidates, respectively; 

 
• We find that for the sources detected in both bands the LX − LR relation is well 

fitted with a slope close to 1:  Log(L2−10keV ) = (1.04 ± 0.05) × Log(L1.4GH z ) + 
(17.68 ± 1.15). The fit which includes X-ray  upper limits, treated with censored 
data analysis, is consistent with the previous relation; 

• Assuming a linear slope in the LX − LR relation and splitting our sample in low 
and high redshift bins, we find no evolution in redshift; 

• We  find that  the  LX − LR  relation shows a  significant scatter.    We  estimate 
its intrinsic component to be 0.4 dex,  possibly due to a contribution to X-ray 
luminosity unrelated to the instantaneous SFR; 
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• Finally we compute relation between SFR  and X-ray  luminosity in the 2-10 keV 
40

 

band:  SF R  = (1.40 ± 0.32) × L2−10keV   10−
 M⊙/yr.   The comparison of these 

data with models of chemical evolution allows us to explore the nature of the SFG 
galaxies. The SFRs  we measure in our deep narrow survey span a wide range from 
normal spirals like the Milky  Way  or M31, to starburst like M82, up to strong 
starburst typical of bulges and spheroids in formation. 

 
The strong correlation of SFR  with the hard X-ray luminosity in our high-z galaxy 

sample shows that X-ray surveys can provide a powerful and independent tool in mea- 
suring the instantaneous SFR  in distant galaxies. However, our data also indicates that 
the complex physics behind the X-ray and radio emission associated to star formation, 
may introduce significant scatter between LX  and SFR. 

In the fourth   year  of my PhD,  I modelled starburst-like galaxies making use of 
chemical evolution models. The model consists of a one-zone model where the galaxy 
is formed by infall of primordial gas (no metals).  The gas forms stars, which in turn 
pollute the interstellar medium (ISM) with newly created elements the interstellar. We 
assume that  the new elements are mixed instantaneously but  we do not adopt the 
instantaneous recycling approximation. Supernovae (SNe) release part of their energy 
in the ISM  and, if the thermal energy of the gas so heated is higher than the binding 
energy of the gas, winds develop expelling mostly metals. I varied four parameters (infall 
mass, star formation efficiency (ν ), number of bursts and wind efficiency) and the initial 
mass function (IMF),  and constrained them with observational data.  Comparison with 
SFR, SNrate and metallicity from both local galaxies (M82) and high redshift galaxies, 
leads to the following results: 

 

• The  high z starbursts are only massive galaxies.   Low mass starbursts can be 
observed only in the local universe; 

 

• A  bursting scenario with short and highly efficient SF  is more conceivable in 
reproducing the observed SFR  and chemical abundances; 

 

• Winds are produced only with high SF  efficiencies  (ν  >  10 Gyr−1)  due to the 
potential well of the galaxy; 

 
• The comparison of the models with the local starburst M82 shows that the galaxy 

is in a high efficient and short bursting phase (ν > 1 Gyr−1 ) and that  an IMF 
different from Salpeter better reproduces the data; 

• Only bursting models with strong efficiency reach the high star formation observed 
in high z starburst galaxies. This suggests the we observe only the short bursting 
phases of the galaxies, being the quiescent period below the flux limit,  but for 
local galaxies. 
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Corsi  (first  year): 
 

1.  Cosmic Structure Formation (16 hours) (passed) Prof.  

Stefano Borgani 

2.  X-ray Astronomy (8 hours) (passed) Prof.  

Paolo Tozzi 

3.  Stellar Nucleosynthesis and Chemical Evolution (10 hours) (passed) 

Prof.ssa Maria Francesca Matteucci 

4.  Stellar feedback and galaxy evolution (10 hours) (passed) Dott.  

Simone Recchi (Universita’ Statale di Vienna) 

5.  Evoluzione chimica e fotometrica delle galassie (40 hours) (passed) 

Prof.ssa Maria Francesca Matteucci 
 

Schools: 

First year: 
 

Summer School Novicosmo 2009: Highlights in Astrophysics. 
 

Second year: 
 

National PhD  School of Astrophysics Francesco Lucchin 2010: The Infrared Universe: 

the Herschel and Alma eras. 
 

Talks: 

First year: 
 

Student talk in the Summer School Novicosmo 2009: Faint and Extragalactic  Sources: Star 

Formation  and Nuclear Activity. 
 

Report of Summer School Novicosmo 2009. 
 

End of the first year seminar: Star Formation  and Nuclear Activity at high redshift. 
 

Second year: 
 

Journal Club OATS: Star Formation and Nuclear Activity of Faint and Extragalactic 

Sources. 
 

Talk  in the National Congress AGN9  2010: The  VLA  Survey  of the  Chandra  Deep 

Field South:  X-ray Properties of Radio Sources. Third 

year: 
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Journal Club  OATS: Report  of PhD School ”Francesco Lucchin” 2010: IR Surveys  - from 

the dust to the galaxy populations. 
 

Fourth year: 
 

Talk in the National Congress AGN10  2012: Results  from the VLA-E–CDFS Survey: X-ray 

Properties of Radio Sources. 
 

Publications: 
 

Vattakunnel  et al.   2011: The  Radio - X–ray  relation as a star formation  indicator: Results  

from the VLA–E-CDFS Survey. 
 

Bonzini et al.  2012: The  sub-mJy  radio population  of the E-CDFS: Optical and IR 

Counterpart  Identification. 
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PhD Progress Report for Sara Mohammadi 
 

Contact details:  sara.mohammadi@elettra.trieste.it 

XXV-cycle, Physics Department, Trieste University 

Supervisors: Giuliana Tromba, Fulvio Parmigiani 

 

Bio-medical X-ray imaging with Synchrotron Radiation: study and 

implementation of algorithms related to phase-sensitive techniques 
 

This report summarizes my Ph.D. research progress from January 2010 to November 2012. As stated in 

my previous reports, the goal of my Ph.D. research is to optimize the application of phase retrieval 

methods for different phase-contrast imaging situations. 

My research methodology consists of three phases. The first part concerned experimental activity carried 

out at the SYRMEP beamline of Elettra and focused on using phase contrast imaging for different 

purposes of research in the life science. The second phase was dedicated to the study and implementation 

of algorithms related to phase-sensitive techniques. During the third and final phase, I analyzed the two 

most-applied single-distance phase-retrieval approaches and outlined derivations, approximations and 

assumptions of each one. The details of these steps, in chronological order, are summarized below. 

 
Motivation 

Since the discovery of X-rays, absorption has been the dominant principle of image formation in X-ray 

Radiography.  However,  a  wide  range  of  bio-medical  samples  demonstrates  very  weak  absorption 

contrasts [Momose et al., 2001]. Phase contrast imaging increases the sensitivity in the hard X-ray region 

and provides substantially enhanced contrast, especially for low-Z samples [Schmahl et al., 1998, Sayre et 

al., 1995, Nugent et al., 1996]. Phase contrast imaging helps to reduce the radiation dose delivered to the 

sample under investigation: this is a very important issue for in vivo studies [Arfelli et al., 1998]. 

Whilst a majority of the experimental research on X-ray phase contrast imaging is ongoing we now know 

that phase contrast imaging has an important role to play in areas such as medical diagnostic imaging 

[Bravin et al., 2002; Lewis, 2004] and materials characterization [Schenk et al., 2005; Mayo et al., 

2002a]. The motivation of this thesis is to optimize the application of phase retrieval algorithms for 

different phase-contrast imaging situations considering their applicability for different studies. Retrieving 

phase information from intensity distribution enables us to obtain important qualitative information 

directly from the phase retrieved images, as well as quantitative data about the internal composition of the 

sample [Momose et al., 1996]. 

 

First Year 

For my PhD thesis I had the opportunity to work at the SYRMEP beam line of Elettra, where novel phase 

contrast imaging techniques are used for many research fields of life and material science [Abrami et al., 

2004]. Due to my participation to several experiments at the SYRMEP beam line, I gained some 

knowledge in computed micro-tomography (mCT), micro-radiography and practical experimental skill in 

using the different imaging set-ups, from sample preparation to data reconstruction and analysis. 

I concentrated on the in-line X-ray phase contrast imaging, also known as “propagation-based technique”. 

Its set-up is identical to the one for the conventional absorption-based imaging except that we increase the 

sample-to-detector distance and also the X-ray source is sufficiently spatially coherent [Matsuo et al. 

mailto:sara.mohammadi@elettra.trieste.it
mailto:sara.mohammadi@elettra.trieste.it
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2004]. For data treatment and quantitative analysis, I worked with some commercial software packages, 

such as ImageJ [ImageJ 2012], Image Pro Plus [Image Pro Plus 2012] and VGStudio [VGStudio 2012]. I 

got some skills also  working with programs for computed tomography reconstructions based on filtered 

back projection algorithms (SYRMEP-Tomo-Project (STP)). I also proposed some improvements for 

handling the reconstructions of large number of samples. I learnt to use CT program, an improvement of 

STP including single distance phase retrieval algorithms developed by R.Chen [Chen et al. 2012]. 

 

Second year 

In the second year, I made a thorough field-study over the phase-sensitive imaging techniques with the 

classification and comparison of the different approaches. My study focused on the implementations of 

these algorithms to microCT studies in biomedical research. 

In particular, I started considering the CT program which uses the non-iterative phase-retrieval algorithm 

based on Born approximation proposed by Gureyev et al. [2004], designed for low-Z and homogeneous 

materials. Recently this code has been developed for being applied also to quasi-homogeneous objects 

[Chen et al., 2012]. The second approach I used was the so–called “ANKAphase” [Weitkamp et al., 2011] 

that processes phase contrast radiographs by utilizing the single-distance non-iterative phase-retrieval 

algorithm proposed by Paganin et al. [2002]. 

I applied these algorithms to different case studies varying the experimental conditions and image 

parameters, then I compared the results with the ones obtained using the conventional standard back 

projection approach. 

I showed that, for low absorption samples, the application of phase retrieval methods brought to a great 

enhancement in the contrast between the different sample phases, and I also achieved more accurate 

quantitative analysis. As expected, the results for high absorption samples were not satisfying. In these 

cases the images after phase retrieval were blurred and missing the tiniest details information. After these 

results, we decided to focus mainly on low absorption samples and improve the images and methods. 

As analysis skills, I learnt the basics of IDL-programming-language and some knowledge about 

quantitative analysis by using Pore3d [Brun et. al, 2010], a dedicated software developed for mCT dataset 

analysis. Furthermore I started to work with XTRACT [XTRACT, 2012], an image analysis and 

processing software toolkit developed by CSIRO that includes various phase retrieval algorithms. 

 
Third year 

I analyzed three different phase-retrieval methods to evaluate their effectiveness and applicability limits 

for different imaging situations and improve them. In particular I applied the non-iterative phase-retrieval 

algorithm based on Born approximation [Chen et al., 2012] and the “transport-of-intensity (TIE) 

algorithm” [Paganin et al., 2002] on single-distance mCT data of multi-material objects included in 

XTRACT package. Then a double-distance algorithm based on TIE equation, called TIE2R, [XTRACT, 

2012] has compared with the single-distance algorithms. 
 

 
We implemented the single-distance algorithms on different samples, such as lung tissue, foams, seeds, 

scaffolds, renal stones and defined test objects. We evaluated the contrast-to-noise ratio (CNR) and 

signal-to-noise ratio (SNR) for area and edge signals, respectively. In all cases the CNR values are 

significantly improved by applying these algorithms. We were also able to reduce the scattering 

contributions and achieve higher CNR values by increasing the sample-to-detector distances. We showed 

that both algorithms extremely increase the edge SNR values by decreasing the positive and negative 
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peaks across the edges. We proved that the edge noises are lower for longer sample-to-detector distances 

due to a smoothing effect of the reconstruction. Using phase retrieval algorithms, the edges tiny details 

are less defined than in the original phase contrast image because of blurring, but, on the final analysis, 

this is not significant since data are rendered and segmented more efficiently. Among all the studied 

cases, the best result regards the phase retrieval imaging of an asthmatic mice model, where we obtained 

high resolution images showing both morphological and functional information at the same time. 

 
In order to analyze the TIE double-distance algorithm (TIE2R), we scanned a multi-material object at two 

different sample-to-detector distances. We obtained results were not satisfying. Indeed the main drawback 

of this approach concerns the high-accuracy requirements for the experimental set-up and the beam 

stability. These conditions were not satisfied in our experimental set-up. 

 
Publications: 

 

 
Sara Mohammadi, Rongchang Chen, Christian Dullin, Marjana Regvar, Giuliana Tromba, “Application of 

phase-sensitive techniques to Biological samples with different absorption levels”, 4
th 

ITSR Workshop on 

Imaging Techniques with Synchrotron Radiation, Bordeaux, France, September 2011 (Oral Presentation). 

 
Stefano Pesaro, Kevin Prince, Giuliana Tromba, Sara Mohammadi, Renato Ceccherelli, Giacomo Rossi, 

“Study of  dystrophic versus physiological wing  feathers of  the  common swift using phase contrast 

imaging and histological evaluation”, 1st International Conference on Avian, Herpetological, 

Herpetological and Exotic Mammal Medicine, Wiesbaden, Germany, April 2013 (Abstract accepted). 

 
Christian Dullin, Simeone dal Monego, Emanuel Larsson, Sara Mohammadi, Andrea Lorenzon, Chiara 

Garrovo, Stefania Biffi, Giuliana Tromba, “Functional phase contrast CT imaging in an asthma mouse 

model,  utilizing  barium  labeled  alveolar  macrophages”,  Second  International  Symposium  on  Bio- 

Medical Applications of X-Ray Phase Contrast Imaging, Garmisch-Partenkirchen, Germany, Jan 2013 

(Abstract accepted). 

 
Andre P Almeida, Doctoral Student; Liebert P Nogueira; Regina C Barroso; Marcos Colaço; Andrea 

Mantuano; Delson Braz; Sara Mohammadi; Giuliana Tromba; Simone C Cardoso; Eloi S Garcia; Marcelo 

S Gonzalez; Patricia Azambuja, “Phase contrast Micro-computed tomography for comparison of 

reconstructed slices of Rhodnius prolixus with and without phase retrieval technique”, J. Radiation 

Physics and Chemistry, September 2012 (Submitted). 

 
“SR µ-tomography reconstructions of wheat (Triticum aestivum) seeds reveal X-ray translucent vacuoles 

within aleurone cells and specific reticulate networks of seed coats”, M. Regvar, et al. (in preparation) 

 
“Evaluation of phase retrieval techniques to improve x-ray phase contrast imaging in pre-clinical lung 

disease models”, J. Synchrotron Rad (in preparation). 

 
“Three dimensional detection and staging of morphological alterations in different pre-clinical asthma 

mouse models utilizing phase contrast x-ray lung imaging” (in preparation). 
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Schools, Workshops and Advanced courses: 
 

1.   School on Synchrotron and Free-Electron Laser sources and their Multidisciplinary Applications, 

International Centre for Theoretical Physics (ICTP), Trieste, Italy, 26 April to 7 May 2010. 

2.   XVIIIth European Synchrotron Radiation Light Source Workshop, Elettra, Trieste, Italy, 25 and 

26 November 2010. 

3.   Santaló's Summer School on Mathematical Models in Image Processing and Computer Vision, 

Santander, Spain, 8 to 12 August 2011. 

4.   4
th 

ITSR Workshop on Imaging Techniques with Synchrotron Radiation, Bordeaux, France, 24 to 

27 September 2011. 

 
5.   Courses taken: 

 
Course Title Teacher Status Hours 

Metodi in Immagine in Fisica Medica R. Longo Exam passed 48 

Metodi di trattamento delle immagini M. Messerotti Exam passed 72 

Applicazioni della radiazione di sincrotrone G. Paolucci Exam is missed* 72 

* This course was out of PhD program. However, in order to be familiar with the subject and improve my background, I attended it as optional course. 

 
 
 

Chapter and Section outline of my dissertation 
 

 
Chapter 1: Introduction 

 

 
Phase sensitive imaging 

Phase retrieval 
 

 
Chapter 2: Phase contrast imaging 

 

 
Properties of X-ray 

Absorption coefficient and refractive index 

Intensity and phase distribution 

Propagation-based imaging 

Mathematical basis for propagation-based phase contrast 

Phase retrieval method 

Single-distance algorithm 

Phase retrieval in TIE approach 

Phase retrieval in Born approximation approach 

Multi-distance algorithm 
 

 
Chapter 3: Experimental implementation and methods 

 

 
X-ray sources 

X-ray tubes 

Synchrotron radiation facilities 

The SYRMEP beamline at Elettra 
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Experimental setup 

Image acquisition 

Image processing 

Slices reconstruction 

Pore3d software 

Contrast-to-noise and Signal-to-noise ratio 
 

 
Chapter 4: Quantitative analysis of Propagation-based phase contrast imaging 

 

 
Experimental methods Test 

phantom Biological 

samples 

 
Chapter 5: Comparison of the phase retrieval algorithms 

 

 
Absorption and phase-shift cross-sections 

SNR_area and SNR_edge 

Conclusion 
 

 

Postgraduate Research Proposal 
 

 
As my postgraduate research, I applied for TRIL (Training and Research in Italian Laboratories) program 

at ICTP, Trieste, Italy. The activity during this program will be mainly concentrated in two directions: i) 

study and application of double distance phase retrieval algorithms for multi elemental samples; ii) new 

applications of single distance phase retrieval algorithms to new scientific cases. 
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Candidate: Valentina Capogrosso       

XXV Ph.D. cycle   

Supervisor Prof. F. Parmigiani, Co-supervisor: Marco Malvestuto   
 

                                                   End-‐of-‐cycle report  
 

During the three years of Ph.D., my research activity focused on a particular class of 
strongly correlated-electron materials, whose dimensionality is the most defining 
material parameter. With my Ph.D. project I deepened into some physical properties of 
these  materials  by  means  of  core-levels   spectroscopies  such  as  resonant  x  ray 
emission (RXES) and static and time-‐resolved x ray absorption (XAS). Most part of 
the measurements have been carried out at the beamline BACH (Beamline for Advanced 
diCHroism) and at the Time-Resolved X-ray spectroscopy (T-ReX) laboratory at the 
Elettra light source facility in Trieste. Part of my Ph.D. has been also dedicated to the 
modelling of these systems by means of ab-‐initio LDA+U calculations (WIEN2k code).   
  
The first experimental activity has been the exploit of the capabilities of the newly 
developed experimental setup for time-resolved  XAS experiments available at BACH. 
The apparatus, which was under commissioning during the first year of my Ph.D. activity, 
is based on a variable repetition rate Ti:sapphire laser (pump pulse) synchronized with  
the  ∼  500  MHz  X-ray  photon  pulses  (probe  pulses).  The  surface  semiconductor-metal  
transition   in   crystalline   germanium   has   been   photoinduced.   The   main   results   are  
reported in Rev. Sci. Instrum. 82, 123109 (2011).   
  
The following experimental activities focused on two case-study systems: the layered 
Srn+1RunO3n+1 (n=1,2,3) family and the single layered half-doped Pr0.5Ca1.5MnO4 (hd- 
PCMO). Both these systems exhibit fascinating phenomena intimately related to a 
complicated interplay between the crystal lattice, spin, charge, and orbital degrees of 
freedom, where crystal dimensionality plays a crucial role.   
  
The layered  Srn+1RunO3n+1 (n=1,2,3) have emerged as an important family of perovskites  
because of the unexpected and unprecedented evolution from anisotropic ferro- or 
metamagnetic behavior of Sr4Ru3O10  (n=3) dependent on the direction of the magnetic 
field, enhanced Pauli paramagnetism close to magnetic order of Sr3Ru2O7   (n=2) and, 
finally, to low-temperature superconductivity in Sr2RuO4  (n=1).   
Although  numerous  studies  have  been  reported  on  the  structural  and  magnetic 
properties of these compounds, the evolution of the occupied and unoccupied electronic 
structures were not investigated in detail. Thus, the dependence of electronic structures 
and the hybridization of O 2p states have been investigated by combining polarization 
dependent O K (2p-1s transition) XAS and RXES spectroscopies.   
A parallel activity has been the participation to an experiment carried out at the Soleil 
synchrotron at the DEIMOS beamline. In this experiment we measured the magnetic 
circular  and  linear  dichroism  (XMCD  and  XMLD)  on  the  magnetic  phases  of 
Sr4Ru3O10. The data analysis is still going on.   
  
hd-PCMO exhibits a charge-orbital ordering (CO-O) transition at a remarkably high TCO, 
slightly   above   room   temperature,   accompanied   by   an   orthorhombic   structural 
distortion,  where  the  strongly  correlated  Mn  eg  charge  carriers  order  onto  separate  

 



 

76 
 

crystallographic sub-lattices (charge-ordered state) with a specific orbital character 
(orbital ordered state).   Furthermore, hd-PCMO also displays an anomalous lattice 
response at temperatures 20K above the Neél temperature TN, which is associated to an 
unexpected spin-lattice coupling. 
Since  a  study  of  the  PCMO  unoccupied  electronic  states  was  lacking,  temperature 
dependence measurements by XAS linear dichroism (XLD) have been performed at 
the O-K  and Mn-L3   thresholds in order to elucidate the role of Mn 3d -     O 2p orbital 
topology. The  experimental  data,  supported  by  ab-‐initio  LDA+U,  shed  light  on  the 
charge  redistribution and  p-DOS  changes  at  the  CO-O  and  antiferromagnetic (AFM) 
transitions. The results obtained show that the competitive interplay between the local 
atomic   distortion,   necessary   for   accomodating  the   CO-ordering,   and   the   charge 
dynamics of the hopping mechanism regulates the orbital state of the charge carriers. 
Furthermore, on the basis of theoretical studies that predict the formation of transient 
“hidden”  orbital  and  structural  phases  by  optical  stimulation,  we  have  studied  the 
unoccupied DOS of the optically induced metastable state in PCMO by means of time 
resolved XAS, which offers a unique tool to measure site and symmetry projected DOS of 
metastable states in matter. 
Tr-XAS measurements at the O-K edge have been carried out by means of the novel 
experimental apparatus. The time evolution of the XAS lineshapes across the optically 
photoinduced CO-O transition results different respect to the adiabatic XAS 
measurements, demonstrating the existence of a photoinduced “hidden phase” in PCMO, 
whose nature is still unknown. 

 

 
 
 

Exams: 
 
 

-   “Spectroscopies” by Prof. Parmigiani and Prof. Baldereschi; 
 

-   “Photoemission Spectroscopy and Spectromicroscopy” by Prof. Baraldi; 
 

-   “Advanced Imaging and Spectromicroscopy methods for chemical and structural 
characterization of micro- and nano-materials” by Prof.ssa Kiskinova. 

 
-   “Condensed Matter 1” by Prof.ssa Peressi *. 

 
All the exams of the approved study plan have been successfully taken. 

 
*Since during my under graduate studies my curriculum was focused on nuclear physics 
course, I attended this course on Condensed Matter, but I did not take the exam. 

 
 

 
List of attended schools & conferences: 

 
 

-        “Workshop  dell’Istituto  Officina  dei  Materiali  (CNR-‐IOM)”,   September  30th- 
October  1st  2010,  Area  Science  Park  Campus  Padriciano, Trieste.  Presentation of  a 
poster entitled: “Time Resolved and Surface-Science X-ray absorption magnetic circular 
dichroism (XMCD) experiments @ beamline BACH and T-Rex  lab: present and future 
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st
at
us
”; 

 
-   “National Seminar on Innovative Detectors”, October 18-22th 2010, Area 
Science 
Park Campus Padriciano, 
Trieste; 

 
-   Participation to the “Joint US-‐CERN-‐Japan-‐Russia School on Synchrotron 
Radiation 

 

& Free Electron Lasers”, April 2011, Erice, 
Italy. 

 

 

-    Participation to the “Workshop MagDyn2011: Magnetization dynamics using 

pulsed X rays techniques around SOLEIL and X-‐FEL’s”, 28th-29th June 2011, 

Soleil synchrotron, Saint Aubin (France). Presentation during the poster session 

of a poster entitled: “Time Resolved Soft x-‐ray Absorption Spectroscopy @ 

Elettra in multi-‐ bunch mode”. 

 

-     Participation to the "School on Synchrotron Radiation: Fundamentals, 

Methods and Applications", 5th-15th  September 2011, Duino Castle (Trieste). 

 

-   Participation to the Workshop “Mama: multifunctional materials and 

nanoscale phenomena probe and theory”, March 2012, Vietri sul Mare 

(Salerno). Presentation during the poster  session of a poster entitled: “ Static 

and dynamical XAS study of 

electronic and structural phase transitions in 
Pr0.5Ca1.5MnO4”. 

 
 
 
 
 

Publications: 
 

 

-   L. Stebel, M. Malvestuto, V. Capogrosso et al., “Time-‐resolved soft x-‐ray 

absorption setup using multi-‐bunch  operation modes at synchrotrons”, Rev. 

Sci. Instrum.  82, 

123109 (2011); doi: 10.1063/1.3669787, inserted in the U-GOV catalogue. 
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-   V. Capogrosso, M. Malvestuto, et al., “Effects of charge-‐orbital order-‐disorder 

phenomena on the unoccupied electronic states in the single layered half 

doped Pr0.5Ca1.5MnO4”, to be submitted to Phys. Rev. B. 

 

-   M. Malvestuto, V. Capogrosso, et al., “Resonant X-‐ray emission study of 
the Srn+1RunO3n+1 (n=1,2,3) family: role of the apical and planar oxygen 
sites”, in preparation. 
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2012 report 
 
 
 
 
Vieri  Candelise 

 
Universita’  degli Studi di Trieste 

 
November 2012 

 

 

Research activity performed in 2012 
 
During my second year as a PhD student, I focused my work on the study of the 

Z+jets analysis with 2011 data at 7 TeV in proton-proton collisions.  For this analy- 

sis, I have dedicated my attention to the development of code needed to perform the 

unfolding procedure for the Z+jets observables measured with the CMS experiment. 

Unfolding is an essential tool when a measured distribution has to be compared wi- 

th theoretical predictions.  It is used to statistically deconvolve an experimental 

distribution for the smearing effects induced by the detector response, in order to 

have a consistent comparison between measured data and theoretical models. First 

of all, I performed a series of tests to validate the procedure by using Monte Car- 

lo distributions, then I used the validated procedure to calculate the effect of the 

unfolding in the most relevant distribution of the analysis, such as the differential 
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cross section of the inclusive Z+jets events as a function of the kinematic variables 

of the jet produced by the QCD radiation.  The comparison between data and the 

pQCD predictions  is  made using  a series  of different  Monte  Carlo event  genera- 

tors.  Also the calculation of the systematic effect induced by the different tuning 

of the generators is performed by varying the QCD parameter inside the different 

generators, like different models of parton density functions (PDFs) and the QCD 

renormalization scale.  The measured and unfolded Z+jets differential cross sections 

are compared with the MadGraph and Sherpa predictions with different tuning.  In 

late 2012 I started working on a possible evolution of the Z+jets analysis, studying 

the characteristics of the b-tagging tecnique, in order to have a preliminary plan 

for a Z + b quark analysis to start in the end of 2012. This work will lead to a 
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long term analysis, aimed to have as a final result the measure of the polarization 

asymmetry of the b quark, a crucial Standard Model parameter never measured in 

hadronic colliders. 

 
 

Plan of studies and exams 
 

• Flavour e violazione di CP (course attended and exam done) 
 

• Fisica adronica al Tevatron (course attended and exam done) 
 

• Rivelatori al silicio ed elettronica di lettura (course attended and exam done) 
 

• Test Sperimentali del Modello Standard (course attended and exam done) 
 

 
 

Schools and conferences 
 

• Corfu’ Summer Institute 2011 : “ Unification at the LHC era” 
 

• XCVII SIF Conference, L’Aquila, 26-30 September 2011. Presented talk title: 

“ Study of the W/Z inclusive cross section in CMS” 
 

• 2012 European School of High Energy Physics (ESHEP), Anjou, France 
 

• 2012 MCnet - LPCC Summer School on Monte Carlo Event Generators for 

LHC 
 

 
 

Teaching activity 
 

• Teaching  assistance  position  for the  “ Experimental  Physics  III” (Geometric 

and Phy- sics Optics Laboratory) lectures held by Dr.  Giuseppe Della Ricca 

for Physicists, Universita’ di Trieste, A.A. 2011/2012 

 
 

Relevant pubblications 
 

• V. Candelise et al., (9 authors);  Measurement of the jet rate production in 

association to a Z boson, [CMS AN AN-11-451]. 
 

• V.Candelise et al., (9 authors); Comparison of GSF and Particle Flow electron 

reconstruction performance, [CMS AN AN-11-474]. 
 

• V. Candelise et al., (9 authors); Characterization of the final state radiation 

in Z boson decay to electrons, [CMS AN AN-12-204]. 
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PhD  School of Physics XXVI Ciclo - 2012 
report 

 

Università degli studi di Trieste 
 

November 21, 2012 
 

Student: 

Valerio Formato 

 
Supervisors: 

Mirko Boezio 

Anna Gregorio 
 

 

2012 Research activity 
 
My second year as a Ph.D. student has been focused on the analysis of PAMELA data within the framework 

of three distinct topics, all related to the study of the propagation of cosmic rays in the galaxy and inside 

the solar system. 
 

1. I have been continuing the work aimed to the evaluation of the absolute fluxes of different hydrogen 

and helium isotopes, 1 H, 2 H, 3 He, 4 He, which started in 2011. This information is a powerful tool 

in constraining cosmic ray propagation models within  the galaxy, since 2 H and 3 He are secondary 

isotopes which are not present in cosmic rays sources and are created by the interaction of primary 

cosmic rays (mainly protons and 4 He) with the interstellar medium. The last phases of this work 
consisted in optimizing the event selections and the fit procedure developed in 2011, preparing an 
accurate procedure to account for the time-dependent conditions of PAMELA tracking system in the 

Montecarlo simulation, and studying all the systematic uncertainties of the measurement. 

This work has been approved  by the PAMELA collaboration and a paper has been submitted to the 

Astrophysical Journal. 
 

2. I also worked on the measurement of time-dependent electron and positron spectra which were the 

topic of Dr.   Riccardo Munini’s Master Thesis, for which I have been co-supervisor,  focusing on 

all the details of the Montecarlo simulation given also the experience gathered from the hydrogen 

and helium isotopes analysis.  This analysis led to a preliminary result for Dr.  Munini’s thesis and 

it’s been re-examined  in these last months to refine all the selections and to increase the statistics 

in order to lead to the most accurate determination possible of positron and electron fluxes at low 

energies. 
 

3. Recently I moved to the measurement of cosmic-rays boron and carbon fluxes. This is probably one 

of the most useful measurement for cosmic-rays propagation in the galaxy.  Performing this mea- 

surement with a satellite-borne experiment, such as PAMELA, reduces significantly the systematic 

uncertainties that come from the presence of the residual atmosphere above the instrument. 

I am currently working on the evaluation of the tracking system efficiency with Montecarlo simu- 

lations, given  the experience  gathered so far on this subject,  on the optimization of some of the 

selections involving the spectrometer, on cross-checking the particle losses due to hadronic interac- 

tions taking place above the apparatus,  and on the evaluation of the number of boron secondary 

events coming from carbon spallation in the detectors above the spectrometer.  The current goal for 

this analysis is to have the first results on boron and carbon spectra by the end of the year. 
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Plan  of studies 
 

  E. Milotti - Introduzione ai Metodi Bayesiani (course attended and exam done) 
 

  F. Longo - Gamma-ray Bursts (course attended and exam done) 
 

  S. dalla Torre - Rivelatori a gas di particelle ionizzanti e rivelatori RICH (course attended and exam 

done) 
 

  M. Boezio and F. Longo - Fisica astroparticellare: raggi cosmici e astrofisica gamma (course attended 

and exam done) 
 

  F. Cossutti - Test sperimentali del model standard (course attended and exam done) 
 

  V. Bonvicini - Rivelatori al silicio ed elettronica di lettura (course attended and exam done) 
 

  A. Gregorio - Laboratorio di astrofisica spaziale (exam to be done as soon as possible) 
 

 

Schools and conferences 
 

  International School of Cosmic Ray Astrophysics, Erice, 4-10 July 2012 
 

  SLAC Summer Institute 2012, Stanford, 23 July - 4 August 2012 



 

 

Dottoranda (XXVI ciclo della Scuola di Dottorato in Fisica di Trieste): Erika Giangrisostomi 

Supervisore (afferente all'ente finanziatore): P h.D. C laudio Masciovecchio Referente presso 

il collegio di dottorato: Prof. F ulvio Parmigiani 

Tipologia di borsa: finalizzata al Progetto “Attività sperimentale con luce di S incrotrone” 
 

su fondi S incrotrone Trieste S.C.p.A. 
 

Titolo del progetto di ricerca: Studio della materia in condensata in condizioni termodinamiche estreme 

attraverso esperimenti di tipo pump-probe 
 
 
 
 

COR SI FREQUENTATI 
 

•“Advanced Imaging and Spectromicroscopy methods for chemical and structural characterization of micro- 

and nano-materials”, tenuto dalla P h.D. Maya K iskinova; 
 

esame sostenuto in data 24 giugno 2011 
 

•"Applicazioni della radiazione di sincrotrone", tenuto dal Prof. Giorgio Paolucci; 
 

esame sostenuto in data 7 dicembre 2011 
 
 
 

SCUOLE FREQUENTATE 
 

•“HERCULES2012, Higher European research course for users of large experimental systems” 
 

tenutasi dal 4 marxo al 4 aprile 2012 a Grenoble, Francia 
 

•“XFEL2012, X-ray free electron laser school” 
 

tenutasi dal 4 all'8 giugno 2012 ad Annecy, Francia 



 

 

 

 

BREVE RESOCONTO DELL’ATTIVITA’ DI RICERCA SVOLTA NELL’ANNO 2012 
 

Nel corso del suo secondo anno di dottorato, la dottoranda ha svolto attività di ricerca sui seguenti fronti. 
 
 

 
i) 

 

a)Ultimazione dell'allestimento, presso il laboratorio laser del gruppo IUVS-EIS ad Elettra, di un apparato 

pump-probe su tavolo ottico, da lei stessa progettato, per misure spettroscopiche di trasmissione e 

riflessione risolte in tempo al femtosecondo; 
 

b)sua ottimizzazio ne in funzione del coniugare ampiezza e risoluzione spettrale, qualità del rapporto 

segnale-rumore e durata della misura; 
 

c)messa a punto, in collaborazione con un team di informatici di Elettra, di un programma di acquisizione 

dati che, in quanto realizzato su piattaforma TANGO (il sistema di controllo distribuito sviluppato da un 

consorzio di facilities di sincrotrone ed adottato presso Fermi@ Elettra) garantirà la piena integrabilità presso 

la beamline TIMEX che, con l' imminente installazione di un laser utenti e di una linea di ritardo, si 

appresterà ad effettuare analoghi esperimenti di tipo pump-probe. 
 
 

 
i) 

 

a)Partecipazione all'allestimento di TIMEX, la beamline di Fermi@ Elettra dedicata a studi risolti in tempo 

della materia in condizioni estreme e/o metastabili, il cui layout è stato rivisto sostanzialmente a seguito 

della rinuncia, comunicata lo scorso gennaio dalla ditta da due anni assegnataria della commissione, alla 

realizzazione dello specchio ellissoidale di focalizzazione del fascio in camera sperimentale; 
 

b)partecipazione allo sviluppo del software di acquisizione dati per la beamline 

c)realizzazione di un software per l'analisi real-time dei dati acquisiti sulla beamline 

d)partecipazione ai turni di commissing della beamline svoltisi durante i run 10 (marzo), 12 (luglio ed 

agosto) e 14 (novembre) della macchina Fermi@ Elattra. 
 
 

 
i) 

 

Analisi dei dati raccolti durante le suddette campagne di misura, i cui principali risultati sono 

stati: 
 

a)individuazione di condizioni critiche di opera tività della macchina e degli strumenti di diagnostica delle 

caratteristiche del fascio FEL 
 

b)individuazione delle tipologie di detector più idonee per la rilevazione dell' intensità del fascio F EL in 

camera sperimentale 



 

 

c)determinazione della soglia M 
4/5 

del Ge, primo esempio assoluto di spettro di assorbimento da luce FEL 

(pubblicato in New Journal of Physics 14, 113009 (2012)); 
 

d)determinazione della soglia M 
2/3 

 

del Ti che, differenziandosi per alcune caratteristiche dallo spettro di 

assorbimento collezionato presso la beamline di un normale sincrotrone di terza generazione (BEAR ad 

Elettra), apre la strada ad esperimenti XAN ES con una risoluzione temporale senza precedenti grazie alla 

quale è possibile monitorare modificazioni della struttura elettronica in materiali che l' intensissima luce FEL 

conduce in condizioni di eccitazione non altrimenti raggiungibili né sondabili. 

 
 
 
 

Trieste, venerdì 23 novembre 2012 
 

la Dottoranda 
 

Erika Giangrisostomi 
 

 
 
 

il S upervisore 
 

Claudio Masciovecchio 



 

 

Dottorato in Fisica – Università di Trieste 

XXVI ciclo 

Emiliano Munari 
 
 

End year report   2012 
 
 
 
 
 

Galaxy clusters are complex  systems, the study of which allows us to get information on the 

evolution and structure of the Universe. They are the subject of my research activity. 

In this second year of my PhD activity, I have completed  the study started in the first year. 

Through cosmological Nbody and hydrodynamical simulations I have studied the statistical properties 

of galaxy clusters, such as density profile, radial distribution of substructures and galaxies, as well as 

dynamical properties such  as velocity distributions of dark matter (DM) particles, DM substructures 

and galaxies, anisotropy of orbits and tidal disruption phenomena. The aim of this work is finding the 

link between the kinematics of objects in a galaxy cluster and the mass of the cluster itself. The mass is 

a fundamental property to put constraints on the cosmological models. The main problem is that the 

mass is not a directly observable quantity, so we need an observational “proxy” to infer it. The results of 

this work are presented in a paper submitted to the journal Monthly Notices of the Royal Astronomical 

Society (MNRAS). 

Along with the aforementioned work on numerical simulations, I have also worked on real data 

coming from observations of galaxies in clusters. As explained above, mass is a fundamental quantity 

but is not directly observable. Therefore I have used different techniques to recover the mass profile of a 

real  nearby  cluster,  A2142, from direct observables,  namely  the spatial  and  line of sight  velocity 

distributions  of  the  galaxies  belonging to  that cluster.  The different  techniques  rely  on some 

assumptions about the geometry of the system, usually considered spherically symmetric, and on the 

shape of the galaxy velocity distribution. Before these techniques are applied to the observational data, 

these must  be treated in such  a way  as to get rid of observational  biases,  such  as the removal  of 

contaminant galaxies along the line of sight that appear in the cluster region only because of projection. 

The cluster mass profile determinations obtained via the different techniques are compared and found 

to be consistent. My own determinations are then compared with independent determinations from the 

literature,  based  on the hydrostatic  equilibrium  condition of the intracluster  hot gas,  and  on the 

gravitational  distortion  of background  galaxies  induced  by light path deformation  by the cluster 



 

 

potential ('weak lensing' technique). Combining the results from different methods is crucial to reduce 

the possible systematics  as much  as possible. I thus established the mass profile for A2142 in a very 

robust way. I have then used this mass profile to obtain information about the anisotropy of the orbits of 

galaxies,  which is  an  important  information  to understand  the formation  process  of this  type of 

structures,  and  to derive  constraints  on the hierarchical  model of  structure  formation  (a direct 

consequence of the standard cosmological model). The results of this work will be presented in a paper 

to be submitted to Astronomy and Astrophysics in early 2013. 

Along with the work I have just described, I have just started a new project that will presumably 

last for the third year. I am using a catalog of galaxies built from simulations, that can be adapted to 

mimic real observational survey, in particular, the planned ESA space survey 'Euclid'. The target of this 

project is to understand how observational effects (such as projection, limiting flux sensitivity, incorrect 

and incomplete identification of cluster members, etc.) can alter or even limit our determination of the 

mass of galaxy clusters. This work is meant to be a link between the other two works,  as it makes use of 

simulated data, but treated as real observed data, and it is aimed to provide  a helpful tool for observers 

in view of the scientific exploitation of Euclid data. 

 
 
 

 
Below I report the list of the exams: 

 

F. Longo                                    Gammaray bursts                                                       6 ore 
 

F. Matteucci Nucleosynthesis and chemical evolution of 
 

14 ore 
 

galaxies 
 

S. Borgani  Formation of cosmic structures  16 ore 

G. Granato – P. Monaco Galaxy formation 10 ore 

S. Leach  Scientifing computing in astronomy  10 ore 

S. Leach  Statistics in astrophysics 6 ore 

G. Ghirlanda Data analysis and statistical methods  6 ore 

G. De Zotti Extragalactic astrophysics 16 ore 
 

 
 

List of shools I have attended: 
 

Scuola di Astrofisica “Francesco Lucchin”, XI ciclo, III corso, held in Bertinoro, 813 May 2011. 

Summer School on Cosmology – ICTP 1627 July 2012 



 

 

 
 
 
 

 
Raffaello Bianco:  Year-End Report 2012 

 

 
 
 

Report 
 

 
 

In the  first  year we started  investigating  an innovative  and promising ap- proach to 

topological order.  In this first work we addressed the Chern num- ber  of a two-dimensional  

insulator  and we showed  that  the  corresponding topological order can be mapped by 

means of a topological marker, defined in coordinate  space,  and which may vary in 

different  regions  of the  same sample. This work has been published by Phys.Rev.  B as a 

Rapid Commu- nication [1]. 

 
In this second year we have adopted the same local approach to study the magnetization  

effects  in insulators  at zero  temperature.   We found a local formula for the bulk 

magnetization.  This formula, if applied to a crystal in thermodynamic limit, returns the 

well known results obtained working in the reciprocal space with Periodic Boundary 

Conditions.  But thanks to its local nature our formula can be also used in a more general 

context (disordered materials and heterojunctions) irrispective of the Boundary Conditions 

used (either Open or Periodic Boundary Conditions).  This work is currently under PRL’s 

referees review [2]. 

 
In all our works, besides the analytical formulations, we have tested our findings providing 

many simulations over a model Hamiltonian. 

 
[1] R. Bianco and R. Resta, Mapping topological order in coordinate space, Phys.  Rev.  B, 

84,241106 

 
[2] R. Bianco and R. Resta, Are polarization and magnetization really bulk properties?, 

Submitted to Phys.  Rev.  Letters 
 

 
 
 

Schools and Workshops attended in 2012 
 

 
 

• CECAM-HQ-EPFL, Topological Insulators and Non-Perturbative Spin- Orbit Coupling, 

Lausanne, January 9, 2012 - January 11, 2012 



 

 

RELAZIONE SULL’ATTIVITA’ DIDATTICA E DI RICERCA SVOLTA DURANTE IL 

SECONDO ANNO DI DOTTORATO 
 

SUPERVISORE: ANGELO BASSI                 DOTTORANDO: DONADI SANDRO (CICLO XXVI) 
 
 
 
 

Durante il secondo anno di dottorato ho svolto attività di tipo didattico e di ricerca, sotto la supervisione 

del Dr. Angelo Bassi. Le attività didattiche sono state: 
 

-  Una  missione  dal  15/02/2012  al  29/02/2012,  finanziata  dalla  COST  Action  MP1006  (Fundamental 

Problems in Quantum Physics),al “Tata Institute of Fundamental Research”, Mumbai (India), per una 

collaborazione di ricercacol Prof. Tejinder Singhed il Dott. Kinjalk Lochan. Quest’esperienza mi è stata utile 

per  approfondire  le  mie  conoscenze  riguardo  le  implicazioni  cosmologiche  dei  modelli  di  riduzione 

dinamica. 
 

- Partecipazione, dal 24/04/2012 al 27/04/2012, alla conferenza “Quantum Malta 2012: Fundamental 

Problems in Quantum Physics” tenutasi a Malta e organizzata dal Dott. Angelo Bassi, il Prof. Detlef Dürr ed 

il Dott. Jackson Said in collaborazione con la COST Action “Fundamental Problems in Quantum Physics”. In 

quest’occasione ho presentato un poster riguardante il mio lavoro di ricerca sull’emissione di radiazione nei 

modelli di riduzione dinamica. 
 

- Partecipazione, dal 20/06/2012 al 22/06/2012, al workshop “Open Problems in Quantum Mechanics” 

tenutosi a Frascati (Roma) e organizzato dalla Prof.ssa Catalina Curceanu, dal Prof. Nino Zanghi, dal Dott. 

Angelo Bassi e dal Dott. Bassano Vacchini. In tale occasione ho potuto esporre i risultati ottenuti negli ultimi 

due anni a proposito dell’oscillazione delle particelle nei modelli di riduzione dinamica. 
 

- Una missione dal 29/09/2012 al 24/12/2012, tramite fondi INFN, al Dipartimento di Matematica della 

University of California - Davis, per proseguire la mia attività di ricerca con la collaborazione del Dott. Dirk - 

André Deckert. Quest’esperienza si sta rivelando molto utile sia dal punto di vista della ricerca in sé sia 

perché è un’ottima occasione per migliorare il mio inglese. Inoltre il 29/11/2012 avrò l’occasione di fare un 

seminario all’università sui modelli di riduzione dinamica. 
 

Riguardo eventuali corsi da seguire e relativi esami, quest’anno non ne ho seguito alcuno in quanto, già con 

i corsi dell’anno scorso, avevo svolto più delle 80 ore di lezione richieste dalla scuola. 
 

L’attività di ricerca svolta quest’anno è stata il naturale proseguimento di quella svolta durante il primo 

anno di dottorato. Essa ha coinvolto principalmente due argomenti: lo studio di una formula consistente 

riguardo l’emissione di radiazione nei modelli di riduzione dinamica (noti anche col nome di modelli di 

collasso) e quello del fenomeno dell’oscillazione delle particelle in questi modelli. 
 

Entrambe queste linee di ricerca hanno l’obiettivo di cercare fenomeni in cui sia possibile testare i modelli 

di riduzione dinamica. Infatti tali modelli, al fine di risolvere il problema della misura, ipotizzano una 

dinamica differente da quella della meccanica quantistica. Più precisamente essi assumono l’esistenza di un 

noise che interagisce con ogni sistema fisico e che tende a indurre il collasso della funzione d’onda per tale 

sistema. Questa differente evoluzione dei sistemi fisici si riflette in differenti predizioni rispetto a quelle 

date dalla meccanica quantistica e quindi i modelli di riduzione dinamica sono, almeno in linea di principio, 

verificabili sperimentalmente. 



 

 

Tra i possibili fenomeni finora proposti per testare i modelli uno dei più promettenti è quello dello studio 

dell’emissione di radiazione elettromagnetica. L’idea fondamentale è che una conseguenza (indiretta) 

dell’azione del noise su sistemi fisici costituiti da particelle dotate di carica elettrica, è di far si che questi 

sistemi emettano radiazione. In particolare, dal momento che il noise agisce su qualunque sistema fisico, i 

modelli di collasso predicono emissione di radiazione anche per sistemi che, nella meccanica quantistica 

standard, non irradiano. In questi due anni ci siamo concentrati nello studio della particella libera e quello 

di una particella immersa in un potenziale armonico. Lo scopo è quello di trovare una formula per il rate di 

emissione per grandi tempi. Tale calcolo era già stato fatto in diversi lavori presenti nella letteratura, ma 

essi ottenevano risultati differenti. Il principale risultato del lavoro dell’anno scorso è stato quello di fare 

luce sull’origine di queste differenze: in particolare si è capito come mai, quando si calcola il rate per grandi 

tempi, il conto perturbativo dove si trattano il campo elettromagnetico (in seguito campo EM) ed il noise al 

prim’ordine  dia un risultato differente da quanto si ottiene facendo un calcolo esatto e prendendo solo alla 

fine il risultato al prim’ordine. Chiarire questo è fondamentale perché il nostro obiettivo finale è calcolare il 

rate di emissione utilizzando il modello CSL (Continuous Spontaneous Localization), il quale permette solo 

di fare calcoli approssimati. 
 

Osservando la formula esatta per il rate di emissione a tempi finiti è possibile individuare due termini: uno 

costante, che è presente anche nel limite per grandi tempi ed uno transiente, che va a zero per grandi 

tempi. Questo termine transiente contiene un esponenziale decrescente il cui esponente è diverso da zero 

solo quando il campo elettromagnetico viene calcolato al second’ordine o superiori. Quindi se ci si limita a 

fare un calcolo perturbativo in cui si considera il campo EM solo al prim’ordine, questo esponenziale 

diventa semplicemente 1 e, anche nel limite grandi tempi, il termine transiente sopravvive. Ciò significa che 

è necessario fare calcoli perturbativi trattando il campo EM ad ordini superiori al primo. Questo è stato il 

tema del mio lavoro di ricerca di quest’anno sull’emissione di radiazione. E’ risultato fin da subito evidente 

che un calcolo perturbativo diretto di tutti i contributi fino al second’ordine è, da un punto di vista pratico, 

ingestibile: vanno considerati all’incirca una sessantina di diagrammi di Feynman differenti. Abbiamo allora 

provato a studiare il problema usando una doppia picture d’interazione, in modo da provare a trattare 

separatamente l’interazione EM dal noise, ma anche questo approccio comporta il calcolo di un numero 

notevole di contributi. Un tentativo differente è stato fatto, provando ad introdurre una massa crescente 

nel tempo nell’Hamiltoniana e facendo i calcoli al prim’ordine con tale Hamiltoniana. L’idea era quella di 

simulare lo smorzamento nel moto della particella dovuto alla reazione di radiazione (che è un effetto 

dell’interazione della particella col campo EM visibile solo ad ordini superiori al primo) introducendo questa 

massa crescente nel tempo. Comunque nemmeno questo tentativo è andato a buon fine. Infine abbiamo 

provato a fare calcoli perturbativi utilizzando la matrice densità. Questo approccio ha principalmente due 

vantaggi: da un lato si hanno equazioni col noise già mediato, dall’altro in queste equazioni compaiono 

molti commutatori, cosa  che aiuta a semplificare il calcolo. In un primo momento abbiamo usato questa 

tecnica trattando sia il campo EM che il noise perturbativamente, ma in tal caso se si vuole andare almeno 

al second’ordine col campo EM il calcolo è ancora troppo complicato per essere portato a termine. 

Successivamenteabbiamo provato a usare questa tecnica trattando quasi esattamente il campo EM (infatti, 

utilizzando solo l’approssimazione di dipolo, è possibile, nella QED non relativistica, risolvere esattamente 

le equazioni di Heisenberg per gli operatori) e perturbativamente il noise. E, sorprendentemente, il calcolo 

è stato relativamente semplice ed è risultato consistente col risultato esatto (per grandi tempi i termini 

transienti vanno a zero). Quindi finalmente abbiamo trovato una tecnica che permetta di fare calcoli 

perturbativi in accordo coi risultati esatti. Il passo successivo sarà di applicare questa tecnica di calcolo al 

modello CSL. 
 

L’altra linea di ricerca su cui mi sono concentrato riguarda l’oscillazione delle particelle nei modelli di 

riduzione dinamica. Avevamo già svolto questo calcolo l’anno scorso per i neutrini ed era risultato che, 



 

 

rispetto alla formula prevista dalla meccanica quantistica, nei modelli di collasso il termine oscillante viene 

soppresso esponenzialmente. Si era anche trovato però che tale soppressione è così debole da non poter 

essere osservata sperimentalmente. Quest’anno abbiamo esteso il calcolo anche per i kaoni ed abbiamo 

generalizzato il nostro studio anche al caso di kaoni in stato entangled. In entrambi i casi abbiamo trovato 

che l’effetto dei modelli di collasso è di sopprimere il termine oscillante, in modo più forte di quanto non 

avvenga per i neutrini,ma ancora troppo piccolo per poter essere osservato in alcun esperimento. 
 

Infine, dal momento che anche la decoerenza tende a sopprimere l’oscillazione delle particelle,  abbiamo 

cercato di capire come quantificare tale effetto per confrontarlo con quello ottenuto dai modelli di collasso 

senza però, per ora, riuscirci. La principale difficoltà sta nel fatto che non vi sono, nella letteratura, molti 

lavori in cui viene data una stima della decoerenza: nella gran parte dei lavori si suppone solo che essa sia 

presente,  che  sia  quantificata  da  uno  o  più  parametri  e  se  ne  studiano  gli  effetti  in  funzione  di  tali 

parametri, che però non è chiaro come calcolare. In più, nei pochi lavori in cui questi parametri vengono 

effettivamente calcolati, questo viene fatto per mezzo di passaggi matematici che non ci risultano ancora 

chiari. 
 

LISTA DEI LAVORI IN PUBBLICAZIONE 
 

Il lavoro di ricerca svolto quest’anno sull’oscillazione dei neutrini e dei kaoni è stato esposto in tre differenti 

pubblicazioni. Tali pubblicazioni sono ancora al vaglio dei referee ma i preprint possono essere trovati sul 

sito  http://arxiv.org/. Nel seguito riporto la lista di tali pubblicazioni: 
 

1)   Titolo: “The effect of spontaneous collapses on neutrino oscillations” 
Autori:“S. Donadi, A. Bassi, C. Curceanu, L. Ferialdi” 
Rivista dove è stato inviato il lavoro e riferimento su arxiv: Physical Review D, arXiv:1207.5997; 

 
2)   Titolo: “Are Collapse Models Testable via Flavor Oscillations?” 

Autori: “S. Donadi, A. Bassi, C. Curceanu, A. Di Domenico, B. C. Hiesmayr” 

Rivista dove è stato inviato il lavoro e riferimento su arxiv: Physical Review D, arXiv:1207.6000; 
 

 
3)   Titolo: “Testing Collapse Models with Neutrinos, Mesons and Chiral Molecules” 

Autori: “M. Bahrami,S. Donadi, L. Ferialdi, A. Bassi, C. Curceanu, A. Di Domenico, B. C. Hiesmayr” 

Rivista dove è stato inviato il lavoro: Physical Review Letters. 

LISTA DEI TALK: 

Nel seguito la lista dei talk che ho fatto quest’anno: 
 

1)   Titolo: “Particle oscillations in collapse models” 

Luogo e Data: Frascati (Roma) il 21/06/2012 durante il workshop “Open Problems in Quantum 

Mechanics”; 
 

 
2)   Titolo: “Is Quantum Theory Exact? An introduction to Collapse Models and their new predictions 

which differ from standard Quantum Mechanics.” 

Luogo e Data: Davis (California) il 29/11/2012. 
 

 
 

Davis, California 23/11/2012                                                                                                         Sandro  Donadi 

http://arxiv.org/
http://arxiv.org/find/quant-ph/1/au%3A%2BDonadi_S/0/1/0/all/0/1
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http://mail.yahoo.com/
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Candidate: Fabrizio ORLANDO 
 

 
Thesis title:  "Physical properties and functionalization of low-dimensional materials" 

Supervisor: Alessandro BARALDI 

Co-supervisor:  Silvana LIZZIT 
 

 

Report on the research activity  of the 2nd  year 
 

 
During this second year my research activity  was focused on the characterization of the electronic and 

structural properties of epitaxial graphene (GR) grown on transition  metal surfaces and, in particular, on 

the possibility of tailoring the electronic properties of GR through intercalation of atomic species. 

The mass-production of GR-based electronic devices requires the synthesis of high-quality, i.e. with  low 

defects concentration,and large-area carbon layers. This can be achieved by different routes,among which 

the epitaxial growth on transition metal surfaces is one of the most promising ones. However, this method 

has the  disadvantage of a conductive substrate, rendering the  conduction through  GR irrelevant. The 

problem can be solved by transferring the GR layer on an insulating substrate, such as silicon oxide (Si0 2). 

However, the transfer process itself, although possible, introduces a large amount of defects in the GR 

lattice,inevitably leading to a strong decrease in  carrier mobility. During the first part of this year I've been 

involved with  the development  of a novel method  to electrically decouple epitaxial GR from  its metal 

substrate. In particular, we demonstrated  that is possible to insulate electrically GR from the metal, a 

Ru(0001) crystal surface in the specific case, without  the need to transfer the GR layer [1]. This has been 

achieved by growing  an insulating Si02   layer  directly at the interface  between GR and the  metal. The 

procedure consists of three distinct phases. In the first step, epitaxial GR is grown on the clean Ru(0001) 

surface through adsorption and successive dissociation of ethylene (C2H4)  at high temperature. The sample 

is then exposed to silicon, that intercalates below GRand forms a binary compound- a so-called silicide  

with the metal substrate. In the last step, the system is exposed to molecular oxygen that also intercalates 

below GR leading to the progressive oxidation of the silicide, that converts into a Si0 2  layer. Each step of 

the   reaction  has  been  followed   by  high-energy-resolution   X-ray   photoelectron   spectroscopy  with 

synchrotron radiation. The electrical insulation was verified by performing lateral transport measurements 

at different  locations of the GR layer. These measurements showed resistance values typical of a  two 

dimensional system, meaning that  the transport  is dominated by GR and not  by the underlying metal. 

These results have been commented on the Research Highlights of Nature Nanotechnology in a paper titled 

"Graphene: Silica in between"  (Nature Nanotech. 7, 613 (2012)). 

Epitaxial GR frequently exhibits a strong interaction with the substrate. In some cases,this interaction can 

be sufficiently strong to prevent the typical electronic properties of GR from being established. This issue, 

of obvious relevance for future GR-base electronic devices, was the second main object of investigation 

during this year. In particular, we concentrated on the decoupling of epitaxial GR  grown on the lr(111) 

surface,obtained through intercalation of molecular oxygen [2]. The choice fell on lr (111) because on this 

surface large-scale GR layers with low defects concentration can be grown. Therefore, it follows that the 

decoupling of this system allows us to obtain a high structural quality GR layer that is weakly interacting 

with the metal substrate. The experimental results indicate that an efficient intercalation of oxygen takes 

place around  500 K, but  only  at  a  relatively  high  oxygen pressure (5  x 10" 3   mbar). After  complete 

intercalation, the narrow GR component of C ls core level spectrum shifts towards lower binding energies, 

corresponding to a charge transfer from GR to oxygen. In addition, the valence band structure  loses the 

characteristic features of the GR-Ir interaction  while the linear dispersion with a single Dirac cone typical of 

quasi-freestanding GR is restored. The process is partly reversible: oxygen can be removed by heating the 



 

 

 

system to a temperature of 600 K. The GR-metal interaction is then re-established but, in parallel, a small 

amount of carbon is lost suggesting the creation of defects in the GR layer. In conclusion, these results 

demonstrate that intercalation of oxygen is an effective method to decouple an extended GR layer from its 

metal substrate. 

The realization of the above-mentioned experiments,conducted mainly at the SuperESCA beamline of the 

synchrotron light source Elettra, took advantage of the international collaboration with the research group 

headed by Prof. Ph. Hofmann {Aarhus, Denmark). 

I'm also involved in the ongoing experimental investigation on other GR-related systems,e.g. intercalation 

of GR/Ir{111) and GR/Ru{0001) with Zr atoms,and study of epitaxial GR growth on the Ni 3AI{111) surface. 

 
 

 
Publications: 

 
[1] S. Lizzit, R. Larciprete,P. Lacovig, M. Dalmiglio,F. Orlando, A. Baraldi, L. Gammelgaard, L. Barreto, M. 

Bianchi, E. Perkins,and P. Hofmann,"Transfer-Free Electrical Insulation of Epitaxial Graphene from  its Metal 

Substrate", Nano Letters 12,4503 {2012). 

 
[2] R. Larciprete, S. Ulstrup, P. Lacovig, M. Dalmiglio, M. Bianchi, F. Mazzola, L. Hornek<Er, F. Orlando, A. 

Baraldi, P. Hofmann, and S. Lizzit, "Oxygen Switching of the Epitaxial Graphene-Metallnteraction", ACS 

Nano 6, 9551{2012). 

 
[3]  F. Orlando,  R. Larciprete, P.  Lacovig, I.  Boscarato, A. Baraldi, and S.  Lizzit, "Epitaxial  Growth  of 

Hexagonal Boron Nitride on lr(111)", The Journal of Physical Chemistry C 116, 157 {2012). 
 
 

Plano of studies: 

 
• "Critical Phenomena" {G. Pastore) 48 hours 

• "Advanced Imaging and Spectromicroscopy methods for chemical 

and structural characterization of micro- and nano-materials" {M.Kiskinova) 12 hours 

• "Molecular self-assembling and nanostructures" {A.Morgante) 20 hours 

 
for  a  total of 80 hours of educational training. The results of the exams can be found  in my personal 

Transcript of Record {in attachment). The exam of "Critical Phenomena" was held on the second academic 

year because at the end ofthe first year the course was still in progress. 

 
Attended schools: 

 
"Quantum  phenomena in graphene, other  low-dimensional materials and optical lattices"  organized by 

CNR-DMD in Erice {TP), 26 July - 3 August 2011. Poster entitled: "Epitaxial Growth of Hexagonal Boron 

Nitride on lr(111}" . 
 

 
 
 
Trieste,20/11/2012 

 
Approved by: Alessandro Baraldi 
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Report 2012 
 

 

Simona Salvini 
 

 
 
 
 

Research activities 
 
During the first part of the year I attended the courses listed below and I took the rela- 

tive exams. 

I have worked on my reasearch project under the supervision of Prof. Daniele Treleani. 

The topic of my project is in the framework of the phenomenology of the multipartonic 

interactions (MPI) in hadron-hadron collisions.  In particular, I focused on new theoreti- 

cal aspects of MPIs and related phenomenological issues, as for example the Genearalized 

Parton Distributions, which are off-diagonal partonic distributions, and the jets produc- 

tion at hadronic colliders.  Moreover I have been working on a numerical implementation 

of our theoretical model for MPIs in order to be able to simulate it.  For this reason I 

learnt how to use the MonteCarlo integration routine VEGAS and MADGRAPH. 

VEGAS evaluates multidimensional integrals (in my case, 10-dimensional integrals). 

Since it is based on MonteCarlo methods, it generates a large number of configurations 

which might be used to obtain other distributions, related to different observables.  My 

codes exploit VEGAS to estimate some integrated cross sections in regions of the phase 

space similar to that one defined by one of the calorimeters of the LHC. 

MADGRAPH  is a generator of partonic matrix elements. 

After some preliminary tests on VEGAS, I wrote a code that evaluates the differential 

cross section in the transverse momentum for the dijet production in order to understand 

how to interface the output generated by MADGRAPH.  What I obtained is in agree- 

ment with the experimental data from Tevatron.  Then I wrote a code evaluating the 

integrated cross section for the production of 4 jets at the LHC. In this case the multi- 

parton interactions are implemented.  All these codes are written in C++ programming 

language. 
 
 

Courses 
 

Electroweak and Strong Interactions, Prof. S. Petcov, Prof. G. Martinelli (60h) 

- grade:  27/30 
 

Beyond the Standard Model, Prof. A. Romanino (60h) 

- grade:  “buono” (good) 
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Schools 
 
I attended the XVIth LNF Spring School Bruno Touschek at the “Laboratori Nazionali 

INFN di Frascati” (7-11 May 2012). I gave a talk at the “Young Researchers Workshop” 

related to the School. 

Next year I will partecipate in another summer school. 



 

 

Università degli Studi di Trieste 
Dottorato di ricerca in Fisica – ciclo XXVI 

 

 
 

Relazione dell’attività svolta da Daniele Tavagnacco 
durante il secondo anno di dottorato (2012) 

 
 

Analisi e Caratterizzazione di Effetti Sistematici per lo Studio delle Anisotropie del 
Fondo Cosmico a Microonde con lo Strumento Planck LFI 

 
Supervisore: dott.ssa Anna Gregorio 

 
Il lavoro di dottorato del dottorando Daniele Tavagnacco si colloca nell’ambito dell’analisi dei dati di 

Planck LFI (Low Frequency Instrument). PLANCK è la terza missione medium–sized (M3) del 

programma scientifico dell’ESA (European Space Agency, www.esa.int/Planck)   “Horizons 2000”. 

Con il suo telescopio da 1.5 metri di diametro e con i due strumenti a bordo (LFI a responsabilità 

italiana e HFI a responsabilità francese) osserva simultaneamente il cielo in nove bande di frequenza 

tra 30 e 857 GHz con una sensibilità, risoluzione angolare e copertura in frequenza mai ottenuta in 

precedenza. 
 

Il satellite, lanciato il 14 maggio2009, dopo una prima fase di calibrazione, da agosto è posizionato in 

un’orbita di Lissajou attorno al punto L2 del sistema Terra - Sole per osservare volte l’intera sfera 

celeste in circa tre anni di osservazioni continue. Attualmente Planck sta svolgendo la settima survey 

del cielo. Le mappe del cielo a microonde che saranno prodotte da LFI e da Planck in generale 

rappresentano un progresso scientifico cruciale nella determinazione di tutti i parametri cosmologici 

principali, non-degeneri rispetto alla CMBA (Cosmic Microwave Background Anisotropy). 
 

 
 

L’atività svolta consiste nell’analisi di due dei passi che costituiscono la pipeline di riduzione dei dati 

scientifici dello strumento LFI: la rimozione del segnale di spikes elettroniche e la calibrazione 

fotometrica. 
 

Le spikes elettroniche rappresentano un effetto sistematico per lo strumento LFI dato dal cross-talk tra 

le linee di acquisizione di housekeeping e quelle del segnale scientifico. Questo effetto si manifesta 

come un segnale di onda quadra sincrono con il tempo di bordo del satellite, puramente additivo, che 

influenza in modo uniforme tutte le linee di acquisizione dello strumento LFI. Questo segnale, deve 

necessariamente essere caratterizzato e rimosso via software precedentemente alla produzione delle 

mappe del cielo. Il lavoro svolto consiste nel verificare la stabilità temporale durante l’intera missione 

del template di onda quadra rimosso dai dati. Sono state controllate variazioni di fase che di ampiezza 

del segnale. In questo modo è possibile verificare la stabilità di funzionamento dello strumento in 

generale e stimare un possibile residuo segnale di spikes nei dati scentifici successivo alla rimozione 

del template. Dalla stima del segnale residuo nei dati scientifici è possibile valutare quanto l’effetto 

sistematico delle spikes elettroniche incida sul risultato finale dei dati di LFI. 
 

La calibrazione fotometrica rappresenta la conversione dei dati da voltaggi a temperatura osservata. La 

calibrazione per Planck segue una procedura simile a quella utilizzata da WMAP: la modulazione di 

dipolo della temperatura osservata nel CMB data dallo spostamento del sistema solare rispetto al 

sistema di riferimento del CMB è confrontata con la modulazione del segnale misurato dallo strumento. 

http://www.esa.int/Planck)


 

 

Dal rapporto tra le ampiezze si ottiene il fattore di “calibrazione relativa” dello strumento per lo 

specifico puntamento. Due limitazioni di questo metodo sono date dall’incertezza associata alla 

direzione e intensità del dipolo e dai puntamenti dello strumento che coinvolgono zone in cui il dipolo 

è minimo. La calibrazione assoluta dello strumento sarà ottenuta successivamente applicando lo stesso 

metodo alla modulazione annuale del CMB data dall’orbita della Terra attorno al Sole e quindi legata 

solo a costanti fondamentali. L’obiettivo è quello di raggiungere una calibrazione assoluta migliore 

dell’1%. 
 

La verifica del funzionamento del metodo di calibrazione relativa consiste nel ripetere la stessa 

procedura utilizzando quantità interne allo strumento. In particolare il fattore di calibrazione è calcolato 

confrontando le variazioni della tensione del canale che si occupa della misura della temperatura del 

corpo nero di riferimento all’interno di PLANCK con le fluttuazioni in temperatura del corpo nero di 

riferimento tramite i termometri a bordo dello strumento. Dal confronto tra le curve di calibrazione 

ottenute con questi due metodi è possibile studiare la stabilità del funzionamento dello strumento. 

Inoltre è possibile calcolare la temperatura di rumore dello strumento in volo che, confrontata con la 

temperatura di rumore otenuta durante i test a terra precedenti il lancio della missione, fornisce un’altra 

indicazione sulla stabilità di funzionamento dello strumento. 



 

 

Schools: 

 
Second Sardinian Summer School in Astrophysics – Technology in radio astronomy and space science, 

2012 
 

Conferences: 

 
Astrophysics from the radio to the sub-millimeter. Planck and other experiments in temperature and 

polarization, Bologna, 2012 



 

 

Cicle: XXVI 
 

Dottorando: Battistoni Andrea 

Supervisor: Dr. Bencivenga Filippo 

Object: year-end report 

 

 
During the first part of this second year Andrea has contributed to complete the data analysis concerning the 

characterization of a new high-resolution UV interferometer device (results published in Review of Scientific 

Instrument 83, 103102 (2012)). Andrea has also improved the methodology, based on the exploitation of special 

spatial filters conceived by himself, for acquiring inelastic (Brillouin) light scattering at any scattering angle without 

artefacts due to the finite numerical aperture of collection optics. 

 
Andea also learned the time resolved (pump-probe) experimental technique usually referred to as “transient grating”. 

In particular, exploiting two different experimental configurations it has been possible to collect both low resolution 

(0.1 nanosecond) wide range (> microsecond) and high resolution (0.1 picosecond) short range (a few nanoseconds) 

measurements, in order to determine the time dependence of the spectrum in 7-8 decades in time. In summary, the 

combination of the transient grating method and inelastic (UV-Visible) Brillouin ligth scattering at variable scattering 

angle permitted to carry out an effective broadband acoustic spectroscopy in a wide wavevector and time/frequency 

range. 

 
Andrea has also designed and tested a device, compatible with the severe geometrical constraints of the 

aforementioned experimental techniques, able to control the sample temperature in the 200-400 K range. 

 
During the second part of the year Andrea has employed the acquired skills to start a set of measurements on two 

prototype liquids: glycerol and acetonytrile. The former is usually considered as an archetype of “simple liquid”, being 

virtually free from intramolecular degrees of freedom, while the latter shows molecular degrees of freedom of both 

vibrational and orientational nature. While the interplay between intramolecular vibrations and acoustic dynamics in 

acetonitryle has been already discussed in litterature, possible effects of molecular orientations on acoustic properties 

has not yet been studied. Andrea is currently using the broad acoustic spectroscopy to investigate on the effects of 

the molecular dipole (essentially related to orientational dynamics) on the structural relaxation process, which is 

instead  associated  to  the  translationa  (intermolecular)  degrees  of  freedom  and  drives  the  dynamic  transitions 

between the liquid phase and the glassy or gaseous ones. Complementary inelastic scattering measurements on this 

sample  have  been  carried  out  both  at  the  IUVS  beamline  (Sincrotrone  Trieste)  and  at  the  GHOST  laboratory 

(Universita' di Perugia). If compliant with the schedule of the PhD course, such kind of study will be systematically 

extended to other samples characterized by different values on molecular dipole. 

 
Additionally,  Andrea  actively  participated  at  the  first  commissioning  experiments  of  the  EIS-TIMEX  end  station, 

recently installed at the FERMI@Elettra free electron laser facility (results published in New Journal of Physics 14, 

113009 (2012)), while in the near future he will participate at the commissioning of the EIS-TIMER end station, which 

is the first experimental facility able to provide transient grating measurements at nanometer scale. 

 
In this second year of the PhD course Andrea participated at the following international schools: 

 
– Synchrotron radiation and FEL based methods and their multidisciplinary applications (ICTP, Trieste, Italy) 

 
– X-FEL school 2012 (Annency, France) 

 
Best regards, 

Filippo Bencivenga 



 

 

End of the year report (2012) 
 
PhD student: Valentina Luciana Grieco 
Supervisor: Professor Francesca 
Matteucci Co-Supervisor: Doctor  
Francesco Longo 

 

 
 

Supernovae Ib/c are  likely to be associated to long GRBs, therefore it is important to 
compare the SN rate  in galaxies with  the GRB  rate. 
Since the Type  Ib/c SN rates study is based on the star  formation rates we need  to 
compute the star  formation history of different morphological type  of galaxies 
(ellipticals, spirals, irregulars). 
In particular, ellipticals should  have suffered an intense and short  star  formation 
episode whereas spirals and irregulars should  have had milder star  formation rates 
(SFR) and are  still  forming stars now. 

 
While  in the first  year of PhD, we focused on computing the chemical evolution of 
irregular and spiral galaxies and on the calculation of the SNIb/c rate  in relation to 
the GRB  rate  (the results of this work  are  now published on MNRAS), during  the 
second year of PhD we worked on spheroidal galaxies and in particular on the Milky 
Way  bulge  taken as a typical spheroidal galaxy. Our final  aim is to reproduce the 
caractheristics of the stellar populations observed in the bulge  and to predict the 
Type  Ib/c SN rate  for a typical spheroidal in order  to compare with  the GRB  rate  at 
high redshift. 
The recent although controversial discovery of two main  stellar populations in the 
Galactic bulge, one metal-poor with a spheroid kinematics and the other  metal-rich 
with a bar-like kinematics, suggests a revision of the classical model  for bulge 
formation. 
We computed in detail the chemical evolution of the Galactic bulge  in order  to 
explain the existence of the two main  stellar populations. We also   explored the 
possible existence of spatial abundance gradients inside the bulge. 
To do that, we adopted a chemical evolution model  that  follows the evolution of 
several chemical species (from H to Ba) and took into account both infall  and 

outflow  of gas. We assumed that  the metal-poor population formed first  and on a 
short  timescale, in agreement with  previous models, while  the metal-rich population 
formed later and out of the enriched gas either left from the formation of the previous 
one or originating from the inner  disk. We predicted the stellar distribution functions 
for Fe and Mg, the mean ⟨[Fe/H]⟩ and ⟨[Mg/H]⟩ as well  as the [Mg/Fe] vs. [Fe/H] 
relations in the two stellar populations. Then, we considered the case in 
which the metal-poor population could be the result of sub-populations formed with 
different chemical enrichment rates. In particular, the population close  to the 
Galactic center could  have evolved very fast, while  the more  external population 
could have evolved more  slowly, in agreement with the dissipational gravitational 
collapse scenario. 
When  compared with observations, our results confirm that  the old more  metal-poor 
stellar population formed very fast  (on a timescale of 0.1–0.3 Gyr) by means of an 
intense burst  of star  formation coupled with an initial mass function flatter than  in 



 

 

the solar  vicinity, but not as flat as suggested in previous works. The metal-rich 
population, instead, should  have formed on a longer  timescale (~3 Gyr). We 
predicted differences in the mean abundances of the two populations that  can  be 
interpreted as a metallicity gradient. We also predicted possible gradients for Fe, O, 
Mg, Si, S, and Ba between sub-populations inside the metal-poor population itself. 

 
In order  to investigate the correlation between SNIb/c and GRB  in a typical spheroid 
we computed  the Type  Ib/c SN rate  in the Milky Way  bulge  starting from the star 
formation history predicted from our chemical evolution model. We  adopted both 
single Wolf-Rayet stars (namely stars which have lost most  of their  H and He 
envelope) and massive binaries as SNIb/c progenitors and  considered a 
dependence of the progenitors on the initial metallicity. In fact, the mass loss in 
massive stars (M > 10 Msun) increases with the initial metallicity in a way  that  the 
progenitors mass decreases with increasing metallicity. 

We found that  the SNI b/c rate  has  a maximum at 0.06 Gyr  corresponding to z=7. 
 

 
 

•  PhD School: 
 
National PhD School of Astrophysics “F.Lucchin” 
XI Cyrcle 4th  Course – E.Maiorana Centre, Erice (Italy) 
Title: The transition from low-mass stars to planets galaxy bulges 
September 4-9, 2011 

 
PhD School: 
I NAT Lectures On Astrophysics – San  Paolo (Brazil) 
Title: Collapsing or Collading Systems: solving the galactic puzzle 

 

 
 

•  Papers published: 
 
Grieco, V. et al. 2012, A&A,548, A60 
Title: Chemical evolution of the Galactic bulge: different stellar populations and 
possible gradients 

 
Grieco, V. et al. 2012, MNRAS, 423, 3049 
Title: Metallicity effects on cosmic Type  Ib/c supernovae and gamma-ray burst  rates 

 

 
 

•  Conferences 2012 
 
- 07.05.2012 - 11.05.2012, Fermi/Swift GRB  conference, poster session 
Title: Metallicity effects on cosmic Type  Ib/c SN and GRB  rates 
- 29.05.2012 - 31.05.2012, Bologna, GREAT ESF-sponsored WORKSHOP 
Title: Chemical evolution of the Galactic bulge: different stellar populations and 
possible gradients 

PIANO DI STUDI 



 

 

F. Matteucci Nucleosynthesis and chemical evolution of 14 ore Fatto 
 

galaxies 
 

G. Granato – P. Monaco  Galaxy formation 10 ore Fatto 
 

S. Leach  Scientifing computing in astronomy  10 ore Fatto 
 

 
 

S. Leach   Statistics in astrophysics  6 ore  Fatto 

G. Ghirlanda   Data analysis, statistics  6 ore  Fatto 

G. De Zotti Extragalactic astrophysics 16 ore  Fatto 

A. Bressan     First stars   4 ore Fatto 
 

A.Gregorio – 
 

M.Messerotti 

 

Fisica delle Interazioni Spazio Geospazio 20 ore Fissato per il 
 

6 dic 2012 
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1  Brief Research Activity Report  - 2012 
 
The main research topics of 2012 has been two:  Z polarisation asymmetry in bZ associate 

production at LHC (Apol ) and b g → b H 0 associate production in MSSM at LHC. 
 

Z  We  have performed for the first time[1] a Leading Order complete study of the 

Polarisation Asymmetry of the Z boson in bZ associate production 
 
 

A
pol σ (ZR) − σ (ZL) 

.
 

Z    ≡ 
σ (ZR) + σ (ZL) 

 

In that we have shown its deep connection  to another asymmetry parameter, Ab
 

 
 
 

, the 

only measured observable  still in some contradiction with its SM prediction.  With  the 

calculation of Apol at LHC, we have proved the fundamental role this observable can take: it 

would provide the possibility of an independent verification of the possible SM discrepancy 

one should find imposing consistency with previous measurements of Ab
 (that can reach 

the relative percent size). In this contest, we have shown that its definition endows it with 

strong stability  under theoretical uncertainties (Parton Distribution  Function set, scale 

variations), highly increased respect to simple cross section-like observables. 
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Study of MSSM b g → b  H 0 at LHC    After the discovery of a SM-like Higgs Boson 

at LHC (hereafter h), the subsequent fundamental question is connected with its nature. 

Besides the direct study of its physical properties, new light on the theoretical framework 

embedding it can be shed by the potential discovery of new particles.  In the Minimal 

Supersymmetric SM there are other two neutral Higgs Bosons (H ,A0), that can be light 

enough to be detected at LHC. The complete electroweak MSSM calculation at one loop 

of the cross section for b g → b H 0 (here H 0 stands generically for a neutral Higgs Boson 

in MSSM) at LHC has already been performed previously[2]  by our working group. But 

the hunt of new particles at colliders need theoretical  results to be inserted in Monte Carlo 

simulation programs, and consequently  to be higly simplified in term of computational 

costs. So we have studied the impact of the 1 loop contribution when a bottom quark is 

produced together with a Neutral Higgs Boson other than the one just discovered, assuming 

the latter to be identical to the SM one, in MSSM scenarios compatible  with its measured 

mass. After a big number of simulations probing different parameter  space points (both 

compatible with the recent discovery and accessible to LHC reach), whe have proved that, 

in the contest of production of a bottom quark in association with H , A0 at LHC, it is 

completely safe to simplify the entire 1 loop electroweak calculation retaining only the 

simple Born approximation, expecially in view of the experimental accuracy foreseen. 
 
 

2    Approved  plan of studies 
 
Here the approved plan of studies. The courses already taken of course has been already 

 
 

Professor Title of the course Period 
Hours 

amount 
 
 

L. Lanceri Flavour e violazione  di CP 
17-21th decem- 

ber 2012 
 

M. Bertolini  Supersymmetry 
jan 30th - april 
6th 2012 

 

A. Romanino Beyond the Standard Model 
jan 30th - april 
6th 2012 

 

12 h 
 
 
50 h 
 
 
56 h 

 
 

followed, per a total amount of 106 h. The exam of ‘Supersymmetry ’ has been taken on May 

5th 2012. The exam of ‘Beyond the Standard Model ’ will be taken at the very beginning of 

2013, simply for the natural time needed for its preparation, taking into account both the 

variety of its topics and the research activity commitments. The course on CP violation, 

though exceeding the 80 hours requested, has been added to fullfill the requirement of one 

in a different area from that being subject of research. 
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ACTIVITIES OF THE FIRST YEAR 

PHD SCHOOL OF PHYSICS AT UNIVERSITY OF TRIESTE 

PHD STUDENT: COSTANTINO CAFARO 

 
PRIMARY TOPIC: ANALYSIS OF RADON PRONE AREAS IN FRIULI VENEZIA 

GIULIA AND CONTAMINATION IMPACT ON POPULATION 
 
 
 
 
Internal Supervisor: Marco Budinich 

External Supervisor: Concettina Giovani 
 

 
 

Academic duties: 

The candidate attended the following phd schools (certificates in attachment): 

International School on Physics of Complex Systems (SISSA); 

CIRGEO school on geostatistics (University of Padua). 

 
The classes attended are: 

Geophysical Fluid Dynamics (48 hours); 

Bayesian Methods (16 hours); 

Fit Methods and Kalman Filters (10 hours); 

Geographic Information Systems (72 hours,  reduced exam) 

Geology I (no exam). 

 
Research duties: 

 
A selected studied bibliography can be found at the end of the report. 

 
The candidate built up a complete GeoDataBase of the measurements gathered by 

ARPA in the time-span of 2 years. 

He performed a merging study between the data gathered from high school students 

and the above-quoted ARPA DB. The measurements had been collected using CR-39 

detector (passive nuclear track detectors) and read (the tracks were counted) by 

students visually, using microscopes. On the other hand, ARPA uses an electronic 

device (including a microscope) with internal tools able to discern tracks from 

impurities and count them. 

The study consisted in a complete statistical analysis of data and a check of 

compatibility between the two procedures (few detectors have been re-read using 

ARPA instrumentation). Even though the two statistical distribution were consistent as 

a whole, the check yielded negative results. Each reading made by students was 

strongly biased and differed substantially with the result produced by ARPA. 

It has been decided to re-read all detectors in order to improve the DB with these new 

data. 

 
For the next spring it has been scheduled a new campaign of measurement. This time 

the main scientific purpose will be to study the variation of indoor radon 



 

 

concentration at different floors of dwellings. Subsequently it will be possible to 

theoretically esteem the radiation dose absorbed by FVG inhabitants. 

The candidate has contributed to the definition of the sampling, developing a criterion 

of interest based on radon (kriging-)average in each municipality, population density 

and floors distribution. 

 
With respect CCDX project, after slightly changing the purposes of the experiment, it 

has been chosen to conduct two different trial: a diode-based detector and a low-cost 

camera-based detector. The project is on hold because some materials have to be 

purchased. 

 
The candidate has reported in Naples, during the annual Envirad-Splash reunion, the 

studies on radiations performed by Trieste Dept. of Physics in the last year (Radon 

indoor, Caesium in countryside, Iodine on water bodies). 
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End year report - 2012 
 

 

The study of the large-scale structure (LSS) of the Universe provides a powerful tool to 
constrain cosmological parameters. 
In the decade, thanks to next generation LSS surveys (e.g. SDSS-III, PanSTARSS, EUCLID, 
LSST), the large amount and the high precision of available cosmological data will constrain 
these parameters with great accuracy. 
In the first year of my PhD, I focused on the possibility of using future data on galaxy clusters 
(GCs) from a Euclid-like survey to constrain the neutrino properties, such as mass and 
number of species. 
Euclid is an ESA medium class mission selected for launch in 2020 in the Cosmic Vision 
2015-2025 programme. Estimates indicate that Euclid will find of order 60.000 clusters 
between redshift 0.2 and 2.0, using photometric data. 
Galaxy clusters are the most massive bound objects in the Universe, and their population 
bears the imprints of the statistical distribution of initial fluctuations, their subsequent growth 
and the dynamics of the collapse if dark matter halos. 
Since massive neutrinos affects the growth of structures the statistical properties of these 
objects, such as number counts and power spectrum of their distribution, are very sensitive to 
the neutrino masses and their mass spectra, as been proved in previous works (e.g. Mantz et 
al. 2010a). 
With this aim, in collaboration with my supervisors (S. Borgani M. Viel), B. Sartoris and J.Q. 
Xia, I developed a code, implemented in the public Monte Carlo Markov Chains sampler 
software CosmoMC (Lewis & Bridle, 2002), to obtain forecast errors on many cosmological 
parameters and in particular on neutrino masses and effective number of neutrino species. 
More specifically, using this code I estimated the constraints expected from a Euclid-like 
survey through the analysis of the cluster power spectrum and cluster number counts. 
Because of parameters degeneracy the forecast errors depend on the assumptions made on 
the cosmological model. To assess this effects I performed a large number of tests varying 
cosmological  model,  and  in  particular treating  both  the  neutrino  mass  and  the  effective 
number of neutrino species as free parameters. 
Constraints on cosmological parameters are significantly tightened when Euclid 
measurements are combined with other survey. As soon as the data from the Planck satellite 
on cosmic microwave background anisotropies will be released, I will also perform an analysis 
combining a Euclid-like GC survey with a Plank-like survey. 
These results have been recently presented at the Ringberg Workshop on galaxy clusters 
(Münich, 19-23 November 2012) and they will be presented in a paper to be submitted to an 
international refereed journal in early 2013. 
For the next two years I am planning to extend the aforementioned analysis taking in to 
account more general cosmological model (e.g. dark energy model, non-flat Universe) and 
improving the code in order to use information from other observables (e.g. redshift space 
distortion) as well as from different survey (e.g. galaxy survey). Finally, the analysis tools that I 
developed will be applied to observational data to determine the tightness of constraints on 
neutrino properties from already available data. 



 

 

 

Below I report the approved plan of studies with the indication of the followed courses and 
taken exams: 

 
 
 
 

Prof. Title of the course hours Followed 
courses 

Taken 
exams 

F. Longo Gamma Ray Bursts 6 ● ● 

F. Matteucci Nucleosynthesis and chemical 
evolution of galaxies 

16 ● ● 

S. Borgani Formation of Cosmic Structures 16 ●  

P. Monaco Galaxy Formation 10 ● ● 

M. Viel Structure Formation 8 ●  

S. Leach Scientific computing in astronomy 12 ● ● 

G. De Zotti Extragalactic Astrophysics 16 ● ● 
 

List of shools I have attended: 
 

Summer School on Cosmology – 16 July 2012 - 27 July 2012, ICTP Trieste. 
 

XI School of Cosmology: Gravitational Lenses, their impact in the study of galaxies and 
cosmology – 17 - 21 September 2012 at the Institut d'Études Scientifiques de Cargèse 
(Corsica). 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Report of the first year of PhD School of Physics-XXVII 

Ciclo 
 

 
 
 

Student: Paolo Cumani 
 
 

Supervisors: Anna Gregorio 

Francesco Longo 
 

 

November 30, 2012 



1 

 

 

Research Activity 
 
This first year of PhD was focused mainly on the development of track reconstruction and trigger 

algorithms. 

The project for the GAMMA-400 mission foresees  a tracker composed  by multiple planes of 

tungsten and single-sided silicon, two layers with orthogonal strips per plane, in order to detect 

the incident gamma-rays.  The impinging gamma-ray  creates an electron/positron pair which is 

subsequently detected by the silicon layers.  By reconstructing the tracks of the pair it is possible 

to know the direction of the incident gamma-ray. The reconstruction  code is based on a Kalman 

filter, similar to the one used by the AGILE collaboration. After reading the hits simulated by 

mean of the Geant4 toolkit,  the code finds out which are the best four tracks, one per every 

particle and every view, among all the possibility. It then estimates the energy of each particle 

using the information on the multiple scattering. This estimation is used to combine the tracks 

in the different views in order to deduce the direction of the incoming photon and an estimate of 

its energy. 

Along the planned orbit  for GAMMA-400, the expected number of incident  protons is much 

higher than the number of gamma-rays, of the order of 1 gamma-ray every 105 proton. It is very 

important to define an efficient trigger in order to be able to discriminate between hits created 

by cosmic-rays and events related to the interaction of a gamma-ray. Moreover the trigger could 

help to reduce the amount of data that has to be transmitted to ground. A preliminary version of 

the trigger was implemented  in the framework of the collaboration. The results from simulations 

of the predicted background rate, obtained by using the model CREME96,  were analysed looking 

for different conditions in every detector. The incoming particle is identified as a gamma-ray if: 
 

• there are no hit in the anticoincidence 
 

• at least three subequent planes are hit in the tracker 
 

• the information from the time-of-flight are compatible with particles coming from above 
 

These past few weeks were dedicated  to the implementation of a segmentation of the anticoin- 

cidence. The segmentation will help to discriminate  between hits created by primary charged 

particle and hits created by backsplashed particles related to the interaction of a gamma-ray. 
 
 

Plan of studies 
 

• E. Milotti  - Introduzione ai Metodi Bayesiani (16h - course attended and exam done) 
 

• P. Schiavon - Metodi di Fit e Filtro di Kalman (10h - course attended) 
 

• V. Bonvicini and R. Longo - Rivelatori al silicio ed elettronica di lettura (20h - course 

attended) 
 

• M.Boezio and F. Longo - Fisica astroparticellare:  raggi cosmici e raggi gamma (16h - course 

attended) 
 

• F. Cossutti - Test sperimentali del Modello Standard (16h - course to be attended in De- 

cember) 
 

• A. Zanetti - Fisica adronica al Tevatron e a LHC (6h - course to be attended in January) 
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Attended  School 
 

• International School of Astroparticle Physics: Multi-Messenger Approach in High Energy 

Astrophysics (Paris, 2-13 July 2012) 



 

 

 
 

 

UNIVERSITA DEGLI STUDI Dl TRIESTE 

SCUOLA Dl DOTTORATO Dl RICERCA IN FISICA 

XXVII CICLO 

Fellowship:"Experiments with synchrotron radiation  11
 

 
 
 
 

Year-end report: 
 
 

Time-Resolved and Imaging Techniques 

for  Photoionization Studies 

of Atoms,Molecules and Clusters 
 

 
 
 
 

Scientific sector Fis/03 
 
 
 
 
 

DOCTORAL STUDENT 

MICHELE Dl FRAIA 
 

 

SUPERVISOR, at Elettra-Sincrotrone Trieste 

Dr. MARCELLO CORENO 
 

THESIS SUPERVISOR,at University of Trieste 

Prof.FULVIO PARMIGIANI 



 

 

A.A. 2011/2012 
 

Approved course of study: 

 
Caratteristiche generali dei rivelatori {60 hours) 

Fisico Atomica e molecolare {42 hours) 

 
Courses attended: 

 
Caratteristiche  generali dei rivelatori 

 

 
Present attendance: 

 
Fisico Atomica e Molecolare 

 
Examinations taken: 

 
Caratteristiche  generali dei rivelatori, on Sep 9, 2012. Mark: BUONO. 

(A scan of my personal Transcript of Records is attached). 

 
Examinations remaining: 

 
Fisica Atomica e Molecolare 

 
Note: The course Fisico Atomica  e Molecolare could  not  be attended  earlier, since it is a first 

semester  course (started  Sep 2012),  whereas  the  doctoral  school started  only in January 2012. 

Examination will be taken in February 2013. 

 
Attended International Schools: 

 
School on Synchrotron  and FEL Based Methods  and their Multi-Disciplinary Applications  {ICTP, 

Trieste, 19-30   March  2012).  Certificate  achieved  and  deposited  at the  Secretariat  of  the 

Physics Department. 

 
International School planned for 2013: 

 
Excellence in Detector and Instrumentation Technologies EDIT 2013 (Japan,12-22 March 2013) 

Status: Approved by Prof. L. Lanceri, Prof. P. Camerini,Prof. F. Parmigiani,Dr. M. Coreno. 

Awaiting selection of participants (due end of December 2012). 

 
Attended conferences: 

 

 
-  Synchrotron  Radiation  Instrumentation 2012  (Lyon, France, 9-13 July 2012). Presented a poster: 

"X-Ray Beam Position Monitor Based on a Single Crystal Diamond  Performing  Bunch by Bunch 

Detection" . 



 

 

Year-end report 2012 
 

The research project  aims at studying the electronic  structure  of isolated species in the gas phase 

by means of  photoionization spectroscopy.   In particular  the project  is based on imaging  and 

electron-ion  coincidence   techniques   to   investigate   energetics  and  angular  distributions of 

electrons and ions emitted  upon VUV irradiation of atomic,molecular, and cluster targets. Photo 

electrons are particular  sensitive to the electronic  structure  of the outer  orbitals responsible  for 

chemical bonds; their Images are taken by 2D-detectors  coupled to a Velocity Map Imaging (VMI) 

focusing  system. Simultaneously  time-of-flight (TOF) mass spectra  of  photo-ions   can also be 

acquired. And by employing the PEPICo (PhotoEiectron-Photolon-Coincidence) technique it is also 

possible to  correlate  kinetic  energies of photoemitted electrons  with  the  mass distribution of 

photo-ions, i.e. to a specific ionic state produced  by primary irradiation of the target. 

In the  course  of  the  PhD study, target  of  increasing  complexity  will  be investigated: atomic, 

molecular and clusters samples with different light sources. 

A thorough  characterization of the experimental set-up (detectors; supersonic beams; light from 

synchrotron,  Free  Electron  Laser  (FEL), and  laboratory   sources)  requires   comparison   with 

reference  literature data. For this purpose, the study of simple atomic samples is fundamental. 

Additionally, when  dealing with  a novel  and innovative  light source such as the  FEL 

FERMI@Etettra,  studies   of  simpler   systems  such  as  rare  gases and  small  molecules   are 

prerequisite  toward   a   proper    description  of   radiation-matter  interaction,  especially   of 

multiphoton dynamics of more complex targets. 

Complementary studies, and the improvement of photon  detector  systems are also required  in 

order to fully characterize the impinging radiation in terms of intensity, spot size, time structure, 

and spatial position. 

In greater detail,during this first year of work,the PhD student: 
 
 

i)        Learned about  assembling and installing two  different 2D detector  systems: one based on 

an imaging plate coupled to a CCD,the other on a crossed 2D delay-line  detector. Several 

preliminary tests in the laboratory have been performed on both  detectors  before  using 

them in dedicated  beam-time  at the Elettra Synchrotron Radiation Facility and at the Low 

Density Matter (LDM) endstation  ofthe FERMI@Elettra FEL. 

ii) Took  part  in  beam-times  on  various  subjects: Interatomic Coulombic  Decay (Gasphase 

Beamline-April 2012), Helium  droplets  photoionization (Gasphase Beamline-May  2012), 

Dichroism   in Methylcyclopentanone (CiPo Beamline-September 2012). During those Runs 

the  student  actively  participated to  the  assembly of the  whole  experimental setup: in 

particular  he mounted  the  detector  system, the  voltage  floating supply  chain, and the 

detector  readout  electronics.  He also supported  beamline  users by developing  Matlab 

scripts for in situ data analysis. The student  also participated actively in preliminary 

experimental runs on the LDM beamline  at Fermi@Eiettra. During RUN 10 and RUN 11 

(March/May 2012) he followed the activity  on a prototype VMI; during RUN 12 and RUN 

13  (July/October  2012)  helped   in  the   assembly  of   the  final   LDM  endstation.   At 



 

 

FERMI@Eiettra, together  with Dr. Oksana Plekan (LDM beamline scientist) he 

developed a system for the characterization of the beam at the Low Density 

Matter (LDM) Fermi FEL endstation  (March  2012). This system consisted  of a 

multipurpose manipulator with  a pinhole, a phosphor  plate, and a VAG 

screen coupled  to a CCD camera with  telescope lenses. 

iii)  In parallel to all the above work, the PhD student, thanks to his consolidated 

experience in diamond  detectors, continued the study of Beam Position and 

Intensity  Monitors (BPM). In particular  he proposed  to perform tests in the VUV 

region and obtained  beamtime  first at  the  Gasphase Beamline, afterwards at 

the  CiPo Beamline, in  collaboration with  the University  of Firenze and with  

the  Detector  and Instrumentation Laboratory  Sincrotrone Trieste.  He 

independently designed  and built  the  experimental  setup, then performed 

several tests,demonstrating the possible use of diamond as a BPM,both in the 

X-ray band and in the VUV band (Results presented at SR/2012 Lyon and SPIE 

2012 San Diego). 

iv)  He also participated in  a  new  project  (XBPM) in  collaboration  with  the  

Detector  and Instrumentation  Laboratory   Sincrotrone   Trieste,  the   

University  of   Firenze  and  the Microfluorescence Beamline. The project  

consists in the  design and construction of the first permanent  X-ray BPM 

system based on diamond  detectors,with the goal to provide it as a standard  

system  to  all the  bending-magnets  beamlines.  Several tests  have  been 

performed (July-October  2012)  in three  4-quadrant Chemical Vapour  

Deposition  (CVD) diamond  detectors  using preliminary an X-ray tube  of the 

Multilayer Laboratory  at Elettra and then at the Microfluorescence Beamline. 

v) During those test a problem arose in the homogeneity response of the detector, 
correlated 

to the  particular  growth  technique  of CVD diamond  samples, and related  to 

the  lateral enlargement of the crystals. In collaboration with  the CNRS group of 

the Universite Paris 

13, several other  tests  have been performed on different diamond  sample 

grown  on a 

different substrate  (October  2012).  A  manuscript has been  submitted to  
the  journal 

Diamond and Related Materials, and is presently 
under review. 

vi)       For a possible use of  diamond  detectors  as BPMs in FEL beamlines, a damage 

test on a diamond  sample  with  the  new  High  Harmonic  Generation  (HHG) 

laser  of  the  project CITIUS has been performed under  different power  

densities.; the  results are still under analysis. 

 

 
 
 

Supervisor (Dr. Marcello  
Coreno) 

 
- 



 

 

REPORT 1
st 

year 

 
The student Federico Dogo, enrolled in the first year of the “XXVII Ciclo di Dottorato 

di Ricerca ovvero al VI Ciclo della Scuola di Dottorato in Fisica dell'Università di 

Trieste”, initially decided to continue with the studies that he had undertaken as a MSc 

student. However his covert and as yet unexpressed passion for biophysics and for the 

mysteries of the origin of life has prompted him to leave astronomy and to embrace 

biophysics. 

 
This shift meant that he had to quickly catch up and to learn the basics of a field that 

was quite new to him. Biophysics is actually an extremely varied field, where many 

different  physical  techniques  – experimental,  theoretical,  and  computational  – are 

applied to biological problems. My research deals with the dynamics of populations of 

cells, especially tumour cells that are clustered together to form interacting populations, 

and this kind of study requires computational and analytical techniques that are akin to 

those used in the theory of dynamical systems and in molecular dynamics. Thus, it was 

not so difficult for Federico to adapt to the new research environment, and he started at 

once with a study of some basic, and well studied problems, reconstructing the solutions 

in a famous biomathematics book using the computational environment of Mathematica. 

Initially he dealt with the dynamics of biological populations, in particular, he studied 

single population growth and interacting populations, paying attention to prey-predator 

systems; using Mathematica he also improved his programming skills. 

 
Afterwards, he turned to the main topic of his doctoral thesis, the construction of a 

repair-misrepair  model  of   DNA.   The  motivation  underlying  this  study  is  the 

development of a model that may be suitable for inclusion in the numerical simulation 

program that I have been developing for several years and that already includes many of 

the basic features of cells. One may wonder why not use one of the existing repair- 

misrepair models: the reason is simply that none of the existing models describes the 

dynamics of repair-misrepair in a satisfactory way. The final aim of the project is the 

development of a master equation for the populations of DNA strands with different 

grades of damage. Then, from the master equation, a stochastic equation follows that 

can  be  applied  to  each  individual  helix,  and  therefore  to  each  single  cell  in  the 

simulation program. 

 
In this initial part of the study, Federico has reviewed the processes and the sources 

capable  of  damaging  DNA,  and  has  reviewed  the  existing  literature.  This  is  a 

preliminary step for any modelling attempt. A tentative model was developed by me 

some time ago, and Federico has already started working on it. 



 

 

 
 
 
 
 
 

Papers 

 
Edoardo Milotti, Vladislav Vyshemirsky, Michela Sega, Sabrina Stella, Federico Dogo, 

Roberto Chignola: Computer-aided biophysical modeling (in preparation) 
 
 
 
 

 
Courses & Schools 

 
Since the student Federico Dogo, enrolled in the first year of the “XXVII Ciclo di 

Dottorato di Ricerca ovvero al VI Ciclo della Scuola di Dottorato in Fisica 

dell'Università di Trieste”, has changed his research topic, and since for this research 

field there are no predefined courses, the choice of courses is still in progress. 

 
Schools and the possible other courses shall be selected shortly – some of them from the 

european network of excellence DoReMi (http://www.doremi-noe.net/index.html). 

 
At the moment the list of courses is the following: 

 
Gamma Ray Bursts                                        F.Longo          06 hours 

(exam scheduled in December) 
 

Laboratorio di Astrofisica Spaziale * A.Gregorio 72 hours 
 

 

(underway) 
 

Dynamical Models in Biology ** C.Altafini 20 hours 
 

 

(underway) 
 

Total 98 hours 
 

 
 

* 
corso mutuato dalla Laurea Magistrale in Fisica dell'Università di Trieste 

** 
corso mutuato dal PhD della SISSA 

http://www.doremi-noe.net/index.html)
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University of Trieste - Department of Physics 
PhD  Course (XXVII Cycle) 

 
 
 

Candidate:  Mario Filiasi 
 

Supervisor: Dr. Erik Vesselli 
 

Co-Supervisor: Prof. Maria Peressi 
 

Pro ject:  Mathematical and Physical Models for Financial Risk Evaluation 
 
 
 

First Year Report 
 
 

My research project is financed by the European Social Fund and by LIST SpA, within the 

framework of the “SHARM project” (Supporting Human Assets in Research and Mobility).  The 

purpose of the  project  is to  promote  and enhance the  relationship  between  the  academic and 

working sectors  through  the  cooperation  of universities  with local enterprises.   In accordance 
with this perspective, this PhD project establishes the collaboration between the University  of 

Trieste and LIST SpA, a company that provides products and services in the informatic sector 

with specific application to the financial world. LIST collaborates to the research activities and 

contributes to the project’s funding. 

The people who are directly involved in this research project, are: 

University of Trieste 

• Mario Filiasi (PhD candidate) 

• Dr. Erik Vesselli (supervisor) 

• Prof. Maria Peressi (co-supervisor) 

LIST SpA 

• Dr. Elia Zarinelli (company supervisor) 

• Dr. Davide Davio (director of LIST-Trieste) 
 

In addition  to  the  mentioned  people, my research work is performed  in close collaboration 
with Prof.  Matteo  Marsili from ICTP (International Centre for Theoretical Physics), who is 

offering his recognized experience on the research topics. 
Usually, the coordination of the research activities between two separate organizations, namely 

the  university and the  company, is not  a simple  task.   In order to  achieve a full  collaboration 

between the two parts, it has been necessary to organize some common reunions where all partic- 

ipants to the project could debate about its current state and its future developements.  During 

the first year of the project, the research work was performed with the full agreement of all the 

people involved. 
In the following, I report a brief description of the most important research activities I per- 

formed during the first year of the project. 
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Preliminary Work 
 

The research topics of my PhD project require some knowledge  in the fields of economics and 

quantitative finance that do not belong to the background of a common physics graduate.  For 

this reason, I devoted the first part of my doctoral study to the acquisition of the fundamental 

concepts about the financial world. The main topics I examined are: 
 

• General features of the derivatives markets 
 

• Type of contracts (futures, forward, options, . . . ) 
 

• Type of traders (speculators, arbitrageurs, hedgers, . . . ) 
 

• Interest rates and theory of pricing 
 

• Stochastic models for price fluctuations (Black & Scholes model, Heston model, . . . ) 
 

• Type of risks (equity, currency, concentration, systemic, . . . ) 
 

• Risk measures (Volatility, Value at Risk, . . . ) 

 
Concentration Phenomena  in Large Deviations 

 

One of the most important subjects I have examined this year concerns the field of probability 
theory and, more specifically, the problem of concentration phenomena in large deviations. 

Such phenomena characterize the rare outcomes of a set of random variables and are very general 

because they occur each time the analyzed variables are described by fat-tailed distributions (i.e. 

probability distribution functions whose tails decay slower than an exponential).  A concentration 

occurs when the rare outcomes of the whole set of variables are realized by extremely high values 

of only one variable and, unexpectedly, this is the typical way in which rare events of fat-tailed 

distributed variables are realized. 

Due to its generality, the analysis of this topic has a very wide range of applications, especially 

in the field of quantitative finance. Many studies proved that the stock price’s returns (which are 

believed to be the independent random variables of the price fluctuation process) are described 

by fat-tailed probability distribution functions, and this means that the rare events in the price 

dynamics  can be realized through  condensation  phenomena.   Obviously,  the  financial risk of 

market-exposed companies is strictly linked to the rare events in the dynamics of stock prices, so 

the analysis of concentration in large deviations is a fundamental step for the evaluation of the 

financial risk. 

During the first year of my PhD course, I examined the problem of concentration in different 

ways: 
 

Analytical  study:   in spite  of the  generality  of this  topic  and its  possible applications,  the 

concentration phenomena still need further analytical investigations, especially in their relation 

to statistical physics.  With regard to this: 
 

1. I acquired the basic concepts about the relationship between “concentration phenomena in 

large deviations theory” and “condensation phenomena in classical statistical mechanics”; 
 

2. I tried to extend some existing analytical results to the most general case, with the specific 

aim of applying such results to the financial case; 
 

3. I tried to provide a more exhaustive description of the phenomenon through the statistical 

characterization of the maximum of concentrated random variables. 
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Numerical study:  the ultimate purpose of this study is the search of concentration phenomena 

in the observables related to the financial world, to provide a better explanation of rare events 

in market dynamics.  Within this perspective, the numerical analysis of real data from financial 

markets becomes a necessary step in this work. Concerning this topic: 
 

1. I developed a Monte-Carlo algorithm for the extraction of condensed random variables from 

a generic fat-tailed distribution, with the aim of testing analytical results and comparing 

real financial data with “clean” simulated data; 
 

2. I searched for possible discontinuities in the time series of stock prices (that are responsi- 

ble of great amounts of unexpected gains/losses) which can be explained as concentration 

phenomena in price returns; 
 

3. I analyzed the correlation matrix of portfolios with the aim of describing the high correlation 

of the “market-mode” as a concentration phenomenon. 
 

Special attention has been given to point 2, concerning the study of time series of stock prices. 

Trying to analyze the possibilities of unexpected large losses in assets investments, this point has 

the closest connection to the concept of risk. This work is still in progress, but the latest obtained 

results suggest that the correlation of price returns reduces the probability of concentrations (it 

means that discontinuities of prices are less frequent then what they are supposed to be on the 

base of the uncorrelated statistical properties of price returns). 

 
Numerical Analysis on Market Micro-Structure 

 

During 2012, I started  to  deal  with another  fundamental  sector  of quantitative  finance with 
very strong relations to complex systems in statistical mechanics, namely, the market  micro- 

structure.  The market micro-structure denotes the dynamics of stock prices on the short time 

scale (t < 1 sec) and it describes how prices react to single buy or sell orders from market traders. 

Such sector of quantitative finance is one of the most interesting contact points between economics 

and statistical mechanics. On the short time scale, information, news and traders’ decisions play 

a small role on price fluctuations, which are mainly driven by pure statistical processes. 

The observation of price fluctuations and trade executions on short times allows to extract a 

huge amount of data from financial markets, and this facilitates the statistical analysis of market 

dynamics.  During the first year of my PhD course I devoted a part of my study to the acquisition 
of the fundamental concepts of market micro-structure and I started to analyze numerically a 

large set  of public data taken from the Italian stock market and provided by LIST. 

First  of all, I examined the  structure  of the  order  book (i.e.  the  the  virtual  place where 

buy and sell  auctions  take  place) and learned the  fundamental  features  of the  double-auction 

mechanism,   such  as the  presence  of a bid-ask  spread,  the  typology  of orders (market  orders, 

limit orders and cancellations), and the general regulation of the auctions.  I also examined the 

principal observables of the market, such as liquidity, price volatility, frequency and correlations of 

the orders, and their general behavior with respect to the real time and the trading time.  At the 

same time, I observed and measured such quantities on numerical data at my disposal, checking 

the compatibility between my own observations and those described in literature. 

Because of the heterogeneity and the roughness of data, the numerical analysis I performed 

required  the  application  of methods  and algorithms for data  processing.   With regard to  this, 
I developed and tested an algorithm  for the classification  of  trades executions  in “buy” 

or “sell” orders through the comparison of data from different sources.  Such classification is 

fundamental for the statistical analysis of data and the modeling of the order book dynamics. 
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Market Impact Evaluation 
 

Another important topic of study about the market micro-structure consists in the  analysis of 
the market impact.  Such phenomenon denotes the changes of stock prices caused by the action 

of traders’ orders on the market, and so it describes the effects of supply-demand imbalance on 

very short time scales. The market impact is a fundamental subject in financial risk management 

since it is involved in any action of investors upon markets (for instance, market impact is the 

most important component  of the  liquidity risk, which occurs every time  an investor is forced 

to sell a large amount of stocks in a very short time).  Although it is a basic concept in market 

micro-structure, market impact is a complex phenomenon and is widely studied in literature.  The 

research work I performed about this topic consisted in: 
 

• Examining the most important scientific papers about market-impact and correlated sub- 

ject,  gaining knowledge of the  most  relevant  analytical  and numerical  results  about  this 

topic. 
 

• Studying the problem of market impact measurements, testing some techniques on data at 

my disposal. 
 

• Comparing the  numerical  results  reported  in literature  with the  numerical  analysis per- 

formed on my dataset. 
 

• Analyzing the effect of market impact on time-spread orders (meta-orders) and its connec- 

tion to the general problem of the “optimal execution” (i.e. the search of market strategies 

with minimum execution cost). 
 

• Examining the existing statistical models that describe the order book dynamics (such as 

the so-called “zero-intelligence models”) with the purpose of measuring the market impact 

of different type of orders through numeric simulations. 
 

Among the mentioned topics, the problem of the optimal  execution  of meta-orders is a 

very wide and interesting issue and it will be the main topic of my next research work. The study 

of the optimal execution requires accurate measurements of the market impact, a deep statistical 

analysis of the order-flow on different time scales, and the knowledge of executed market strategies 

(which are non-public data).  For this reasons, the numerical analysis of market data is not enough 

to find solutions to this problem and it should be combined with different analytical techniques. 

Concerning this, the research activities I plan to do in the next future consist in: 
 

1. Setting up an “agent-based model” (a model describing the behaviour of individual traders 

reter than stock prices) that is capable to capture the most important features of market 

micro-structure. 
 

2. Finding the right parameters of the model and testing its goodness through the comparison 

with real market data. 
 

3. Using the model to simulate markets and perform direct measurements of the market impact 

(which cannot be performed on real markets). 
 

4. Testing different market strategies on simulated markets to find their optimal execution. 
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List of attended courses and schools: 
 

Lecture courses: 
 

• Introduction  to Probability  and Stochastic  Processes 

M. Marsili - ISAS (International School for Advanced Studies) 

20 hours - Final examination passed on Feb 10, 2012 
 

• Critical  Phenomena 

G. Pastore - University of Trieste (Department of Physics) 

48 hours - Currently ongoing. 

End of the course:  Dec 2012 (final examination expected on Gen-Feb 2013) 
 

• Financial Risk Management 

A. R. Bacinello - University of Trieste (Department of Economics) 

45 hours - Currently ongoing. 

End of the course:  Dec 2012 (final examination expected on Gen-Feb 2013) 

Schools/workshops: 

• School on Large Scale Problems in Machine Learning and Workshop on Common 

Concepts  in Machine Learning and Statistical  Physics 

ICTP (International Centre for Theoretical Physics) - Aug 20-31, 2012 

Organizers:  M. Marsili, H. J. Kappen, M. Opper, R. Zecchina. 

Conferences 

• Instabilities in Financial Markets 

Scuola Normale Superiore di Pisa - Oct 18-19, 2012 

Organizers:  S. Marmi, F. Lillo. 
 
 
 
 
 
 
 

 
Nov 26, 2012 

 
PhD Candidate: 

Mario Filiasi 
 
 
 
 
 

Supervisor: 

Erik Vesselli 

Co-Supervisor: 

Maria Peressi 

Company Supervisor: 

Elia Zarinelli 



 

 

University of Trieste – Department of Physics 
 

 

Doctoral School of Physics – Cycle XXVII – First Year (2011/2012) 
 

 

Student: Emanuele Pomante (INAF grant: Observational Astronomy) 
 

 

Yearend report: 
 

 

The subject of the Ph.D. Work of E. Pomante is the study of the Intergalactic Medium (IGM) 

with highresolution spectroscopy of quasars. 
 

 

During this first year of activity E. Pomante got acquainted with the stateoftheart basics 

of the instrumentation and the techniques  of data reduction and analysis: how data are 

acquired at telescopes, what are the procedures of the measurements, what is needed in 

order to obtain a complete calibration and characterization of the data, how the instrument 

signature can be rigorously removed from the data. 

 
Later on he focused on the HiRes instrument (Vogt et al 1994, SPIE, 2198, 362), an echelle 

spectrograph mounted at the Nasmyth focus of the Keck telescope. Pomante  started by 

studying the technical properties of the instrument, later he became familiar with the data 

formats and their reduction. 

The immediate goal of his work is twofold: 

– enlarge (of about a factor two) the dataset used by our group to study the IGM  (i.e. 

adding Keck data to the ESO UVES and XSHOOTER data) 

– compare different instrument properties, environments and approaches to the data 

reduction and analysis in order to improve what is presently done with the ESO data 

and derive useful lessons for present and future instrumentation. 

 
To achieve this result the student started to work on the tool developed by HiRes team for 

data reduction, which consists of an ensemble of procedures written in IDL language each 

one performing a specific step resumed as follows: 

Examine the set of data files to determine image type 

Organize the observations according to setups 

Process the flats and trace the orders 

Process the arcs and create 2D wavelength solutions 

Create a slit profile 

Process the object frames (flatten, CR reject) 

Identify and trace the object 

Sky subtract 

Extract 
 

 

These procedures are contained in four different packages. 

The  first three are dervided from the tool developed for the Sloan Digital Sky Survey (SDSS) 

spectroscopic data reduction 

idlutils 

idlspec2d 

specflat 



 

 

the last one is the one developed specifically for HiRes spectroscopic data 

xidl 
 

 

These packages also contain a set of libraries  (Goddard libraries) needed for the proper 

execution of the procedures. 

To gain full control on the reduction process and be confident that the reduction carries out 

in a rigorous way the expected tasks the student had to delve deeply into the code. 

The reduction procedure is applied to a sample of HiRes spectra extracted from the KOA 

(Keck Observatory Archive).  In particular the initial work has been concentrated on the 

data from three night of observations of the object J21230050 (quasar at redshift z                                                                                                              2.3) for 

which data are available also from the ESO UVES archives and from the SDSS. In this way 

J21230050 is going to be the “Rosetta Stone” for the construction of the QSO spectra 

database. 

E. Pomante analysed the characteristics and performance of each step of the pipeline and, 

in case, appropriately modified the code according to the specific needs. 

Finally the student combined the basic building blocks (IDL procedures) to construct a new 

fully functional, reliable and “user friendly” pipeline that can be easily used to reduce HiRes 

spectra as well as generic highresolution echelle data and from now on will be available to 

all the group's members. 

 
Future perspective: 

 
For the near future the main goal is to compare data taken with different instruments and 

reduced with different procedures. The noise properties have to be rigorously characterized 

in order to  produce reduced data that  can be reliably  ingested  into the data analysis 

packages with  a  fully   automated  procedure  allowing  an  efficient  comparison   with 

simulations. 

It is worth mentioning that the standard approaches available on the market at the moment 

are known not to be optimal in this respect. The comparison of different approaches on the 

same data and different telescopes/instruments observing the same objects will be crucial 

to assess the effects of   the various operations (e.g. the rebinning and rectification 

introducing correlations in the data affecting the noise propagation, the optimal extraction, 

the background estimation...) in order to have them under full control. 

This work is carried out in collaboration with the people developing the Data Analysis for 

the  ESPRESSO   instrument,  the  Echelle   spectrograph   for  rocky   exoplanets and  stable 

spectroscopic observations (Pepe, Cristiani, Rebolo Lopez, et al. 2010, SPIE, 7735, 77350F 

77350F9), under construction for the ESO VLT. 
 

 

In 2013 a dataset of highresolution spectra of unprecedented quality and quantity will be 

produced as a first deliverable of the Ph.D. thesis work. 

In the second half of the year the properties  of IGM at high redshift  will be addressed, 

starting from basic diagnostics  such as the average opacity  of the IGM as a function of 

redshift, the Probability Distribution Function of the flux transmission and the correlation 

function, aiming at a global  comparison  of the observed properties  of the IGM with the 

corresponding quantities extracted from simulations in various flavors. 



 

 

Approved plan of courses: 
 

 

1.  The Formation of Galaxies (P. Monaco) 10 ore 

2.  Nucleosynthesis and Chemical Evolution of Galaxies (F. Matteucci) 16 ore 

3.  Formation of Cosmic Structures (S. Borgani) 16 ore 

4.  Observational Astronomy  Modulo A (S. Cristiani) 24 ore 

5.  Observational Astronomy  Modulo B (S. Cristiani) 20 ore 
 

 

Tot. 86 hours 
 

 

All the courses have been followed, but only number 1. and 2. have been completed with 

the corresponding exams (see the attached personal Transcript of Records). The reason is 

that one of the courses ended in the last days of September and one in middle July. 

The student plans to take the remaining exams between December 2012 and January 2013. 
 

 
 
 
 
 
 

List of the attended Schools: 
 
 

From 11 to 15 June 2012: International School of Astrophysics "Francesco Lucchin" and the 

GREATITN project (Teramo – Italy) 
 

 

From 10 to 22 September 2012: NEON Observing School 2012 (Asiago Astrophysical 

Observatory) 
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Report of the research activity performed in 2012 
 
 

Supervisor: Prof. Giuseppe Della Ricca - PhD student: Chiara La Licata 

 
November 24, 2012 

 
 
 

During my first year of research activity  as PhD student  at the Uni- 

versity of Trieste, I have been working on different topics, within the CMS 

experiment. I worked on the Z+jets analysis, developed by the group CMS 

of Trieste, and on the monitoring and calibration of the electromagnetic 

calorimeter ECAL of CMS. For the Z+jets analysis I have implemented the 

RIVET  (Robust Independent Validation of Experiment and Theory) analy- 

sis that allows the comparison between theory and the experimental results 

obtained after the unfolding techinque to subtract the effect of the detector. 

It consists of an analysis at the generator level that matches the analysis 

done on the real data; it contains the selection of leptons (electrons and 

muons) and the jets using the same cut selection of the analysis on data. 

At present my principal activity  is related to the monitoring and cali- 

bration of the electromagnetic calorimeter. In particular I am working for 

the determination of the inter-calibration constants, using the phi-symmetry 

method and I am also involved in the validation of all the calibration con- 

stants, using the Z decay in two electrons.  ECAL has been designed to have 

a high resolution, but that is possible only with a precise calibration, in or- 

der to achive and maintain the designed performance.  Achieving the design 

goal calibration precision of 0.5% is particularly important for some physical 

channels as the decay of the Higgs boson in the two photons. The calorimeter 

is composed of 75848 lead tungstate crystals that have a different response 

due to their intrinsic  differences and for this reason the inter-calibration 

constants have to be evaluated. Different methods for the calibration in situ 

of CMS have been realized, one of these is the phi-symmetry technique. It 
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the total transverse energy has to be equal to the mean energy deposited 

on all the crystals of a ring at fixed pseudorapidity  (η).  This method is 

also a valid tool for the monitoring using the difference between constants 

in different periods. The inter-calibration constants evaluated with this and 

other tecniques have to be validated and for this pourpose the mass resolu- 

tion of the Z decaying in e+  and e−  is used. With  a weekly frequency the 

performance of ECAL in reconstructing has to be evaluated comparing the 

peak shift and also the sigma of the Z of data and MonteCarlo. 

During this year I have also covered some weeks as ECAL PFG shifter. 
 
 
 
 
 
 

Plan of studies 

Followed courses 

 
• Introduzione ai metodi Bayesiani 

 
• Rivelatori al Silicio ed elettronica di lettura 

 
• Fisica astroparticellare: raggi cosmici  e astrofisica  gamma 

 
Courses to follow: 

 
• Test sperimentali del modello standard (December) 

 
• Flavour e Violazione di CP (December) 

 
• Fisica adronica al Tevatron (January) 

 
 
 
 

Exams done 
 

 
• Introduzione ai metodi Bayesiani 

 
 
 

 
Exams to do 
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• Fisica astroparticellare: raggi cosmici e astrofisica gamma (January- 

February 2013) 

 

• Test sperimentali del modello standard (January-February 2013) 

 
• Flavour e Violazione di CP (January-February 2013) 

 
• Fisica adronica al Tevatron (January-February 2013) 

 

 
 
 
 

Attended Schools 
 

 
• PSI Summerschool on Particle Physics. ”Closing in on the Standard 

Model” 



 

 

Report of the Research Activity Performed in 2012 
 

 
 

PhD student: Andrea Schizzi - andrea.schizzi@ts.infn.it 
Supervisor: Prof. Giuseppe Della Ricca 

 

 

Research activity 
 
The main activity I have carried out during the first year of my phd has involved the 
study of the associated production of vector bosons and hadronic jets, as a continuation 
of the master thesis work. The focus of this analysis is to extend the previous CMS 
2010 results on this topic using the higher statistics sample of proton-proton collisions 
collected by the CMS experiment during 2011. The main goal of this work is to measure 
the Z differential cross section in channels of the associated jet multiplicity. The analysis 
is documented in the CMS internal notes [1, 2, 3] and is aimed towards the publication 
of a paper [4]. My personal contribution to this work consists in the measurement of the 
global event selection efficiency by means of the Tag&Probe method. This method 
provides a data-driven efficiency measurement and in this context I have developed a 
stand-alone implementation of the Tag&Probe in order to measure both the online 
trigger efficiencies and the offline reconstruction and selection efficiencies as a function 
of the most interesting physical observables. Beside this contribution, I studied the 
major backgrounds to this channel and an effective strategy for their removal in the Z 
+Jets sample. Eventually, I was involved in the evaluation of the leading systematic 
uncertainties related to the Z+Jets cross sections measurement. 
During this year I also worked on the calibration of the electromagnetic calorimeter 
(ECAL) using of π and η data samples. Their decay into a couple of photons allows the 
invariant mass to be fully reconstructed with the electromagnetic calorimeter and thus is 
a fundamental candle in order to test and optimize its energy resolution. In this context I 
developed a study of the π and η trigger selection thresholds with the aim of optimizing 
the signal to noise ratio for the calibration of the ECAL endcaps. Alongside this activity, I 
performed a monitoring of the π and η trigger rates over a periodic schedule. 

 

 

Exams 
 
• E. Milotti, Introduction to Bayesian Statistics - Lessons attended, exam passed. 

• M. Boezio, F. Longo, Astroparticle Physics - Lessons attended, exam planned for 
January. 

• W. Bonvicini, R. Longo, Semiconductor Detectors - Lessons attended, exam planned 
for January 

• F. Cossutti, Experimental Tests of the Standard Model - Lessons to be attended in 
December. 

• L. Lanceri, B Physics and CP Violation - Lessons to be attended in December. 

• A. Zanetti, Hadron Physics at Tevatron and LHC - Lessons to be attended in January. 

mailto:andrea.schizzi@ts.infn.it


 

 

Conferences and Schools 
 
• Talk at the IFAE conference, April 11-13 2012, Ferrara (Italy), with the title: “Jets 

produced in association with W and Z bosons in CMS”. The proceedings of the talk 
have been submitted for publication. 

 
• Partecipation at the PSI Summerschool on Particle Physics - “Closing in on the Stan- 

dard Model”, August 19-25 2012, Lyceum Alpinum in Zuoz (Switzerland). 
 
 
 
 

Bibliography 
 
[1] V. Candelise et al. Study of the associated production of a Z boson and jets in pp 

collisions at s = sqrt(7) TeV. CMS-AN-2011-451, 2011 
 
[2] V. Candelise et al. Comparison of GSF and Particle Flow electron reconstruction 

performances. CMS-AN-2011-474, 2011 
 
[3] V. Candelise et al. Characterization of the final state radiation in Z boson decay to 
electrons. CMS-AN-12-204, 2012 

 
[4] V. Candelise et al. Exclusive jet multiplicity and differential production cross sections 
of Z+jets events in proton-proton collisions at 7 TeV. CMS-SMP-12-017, 2012 
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2012 Year-End Report 
 
 

Kelvin Titimbo Università 
degli Studi di Trieste Doctoral 
School of Physics XXVII Cycle 

 

 

November 23, 2012 
 

 
1    Research Activity Report 

 

 
During 2012, the  main research topics  can be summarized  in the following:  Studies of the quantum 

entanglement in identical particles, with emphasis in bosons and optical homodyne detection and quantum 

tomography in pulsed regime 
 
 
Quantum  entanglement in identical  particles 

 
Nowadays, there  is no doubt  that  the phenomenon of quantum entanglement  lies  at the  heart  of the 

foundation of quantum mechanics.  Entanglement has been widely applied in many aspects of quantum 

information such as quantum teleportation, quantum cryptography, and quantum computation. Never- 

theless, although the quantum entanglement is well studied in distinguishable-particle systems, entangle- 

ment in identical particles has hardly been investigated, and even a proper general definition is not given 

yet.  It is obvious that  we need a formal definition  because there  are certain system  as Bose-Einstein 

condensates.  Taking this into account, we have dealt with  the  definition  for bipartite  system in pure 

states in terms of the first quantization given by Ghirardi et al [1] where we consider the possibility of 

attribute  a complete set of objective properties to each particle belonging to the composed system; and 

the second quantized approach by Benatti et al [2, 3] where the definition of separability is not related to 

the Hilbert space tensor product structure as the first one, but given in terms of commuting subalgebras 

of observables.  We have been studying and comparing both approaches for bosons, and then we show the 

compatibility between them, noticing that the approach in terms of the subalgebra of observables gives 

the same information in terms of properties of each subsystems and it is easily extensible to most general 

states, mixed states and density matrices representation.  Furthermore, the definition can be generalized 

into systems with more than two identical particles but keeping the idea of bipartition.   The extension 

of the  criteria  for separability/entanglement  to fermions  involve  the  use of anticommutators  and it is 

currently being studied. 
 
 
Optical  Homodyne  Detection  and Quantum  Tomography 

 
After recent experiments carried out in Elettra-Sincrotrone Trieste for balanced homodyne detection of 

quantum states of light working in the pulsed regime [4]. The research has been focused in the theoretical 

description of the system, i.e., local oscillator and signal in terms of multimode quantum states of light, 

which naturally appears in the mentioned regime. The main aim in this topic is describe each component 

in the homodyne tomography in a pulsed configuration in view of the  possible applications to time- 

resolved spectroscopy experiments by measuring at different time the quantum state of the pulsed light 

after the interaction with the material [5, 6] 



 

 

2  Plan  of Studies 
 

 
I have been attending the following courses 

 

Professor Title Period Number of Hours 
 

Fabio Benatti 
 

Statistical Mechanics 
October 2012 - 

January 2013 

 

48 

Matteo Marsili Probability Theory 
October - November 

2012 
46 

Stefano Olivares 
Introduction to 

Quantum Optics 
— — 

 

Currently,  I have not taken any exam  because I am still  taking lectures.   Nevertheless,  the  exam for 

Probability Theory has been scheduled for December 17th, 2012. The exam of Statistical Mechanics will 

be taken on February 2013. Course in Quantum optics will be held the next year due to availability of 

Prof. Olivares 
 

 
3    Schools 

 
Date Venue Organizers Title 

 
2 - 13 July 2012 

 
ICTP, Trieste, Italy 

 
ICTP 

Summer School on Quantum 

Many-Body Physics of Ultra-Cold 

Atoms and Molecules 

10 - 13 

September  2012 

Queen’s University 

of Belfast, Belfast, 

Northern Ireland 

Queen’s University 

of Belfast 

 
QuAMP Summer School 
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14. Sistema di Valutazione della scuola. 

Svariati momenti di verifica si sono succeduti nel corso del 2012 per valutare l’attivita’ di ricerca 

dei dottorandi e piu’ in generale quella della scuola: 

-Valutazione da parte del Collegio docenti e del Consiglio Scientifico dell’attivita’ di ricerca e di 

formazione dei dottorandi di tutti i cicli mediante analisi delle relazioni e seminari degli studenti 

sull’attivita’ svolta durante l’anno.  

Il giudizio tanto del Collegio docenti quanto del Consiglio scientifico si posiziona mediamente 

tra il buono e l’ottimo. 

-Valutazione da parte di  referee esterni del lavoro di tesi di dottorato degli studenti dell’ultimo 

ciclo. Tutti i referaggi sono ampiamente positivi con dei picchi di eccellenza  

- Valutazione da parte del Consiglio Scientifico dell’attivita’ dei dottorandi, del livello scientifico 

del Collegio docente e dei supervisori, basata su una disamina di documenti forniti dal direttore 

e sulla partecipazione del Consiglio ai seminari di fine anno. Su tutti i punti menzionati il giudizio 

e’ risultato ampiamente positivo. 

- Valutazione interna da parte del Nucleo di Valutazione dell’attivita’ della Scuola 

Il giudizio e’ risultato  di eccellenza. 

15. Risorse finanziarie 
 

 Risorse finanziarie a disposizione per il funzionamento del dottorato (borse escluse) per 

il 2012:  euro 224.000 

 

16. Pubblicazioni dei dottorandi 

Il monitoraggio e la valutazione della produttivita’ scientifica dei dottorandi mediante 

pubblicazione su riviste con referee sono considerate elementi fondamentali di valutazione 

della qualità del lavoro di ricerca svolto . Viene pertanto chiesto a ciascun dottorando di 

indicare nelle relazioni di fine ciclo le pubblicazioni prodotte nel corso del lavoro di dottorato 

assieme alle eventuali relazioni a conferenze. L’analisi delle relazioni di fine ciclo dei dottorandi 

del XXV ciclo (vedi Schede Dottorandi sopra elencate) mostra una  buona attivita’ di 

pubblicazione di articoli su riviste  con referee  e di svariati contributi a conferenze e workshop. 



 

 

Durante i 3 anni di dottorato gli studenti del XXV ciclo hanno firmato o cofirmato circa 300 

pubblicazioni. 

17. Composizione collegio docenti 
 

 

Composizione Collegio Docenti 
 

n.  Cognome  Nome  Ateneo/Struttura  Dipartimento  Ruolo  Settore  Provenienza   

1.  SENATORE   Gaetano   TRIESTE   Dip. FISICA   PO   FIS/03   STESSA STRUTTURA     

2.  ARFELLI   Fulvia   TRIESTE   Dip. FISICA   RU   FIS/07   STESSA STRUTTURA     

3.  BENATTI   Fabio   TRIESTE   Dip. FISICA   RU   FIS/02   STESSA STRUTTURA     

4.  BORGANI   Stefano   TRIESTE   Dip. FISICA   PA   FIS/05   STESSA STRUTTURA     

5.  BOSISIO   Luciano   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

6.  CAMERINI   Paolo   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

7.  CANTATORE   Giovanni   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

8.  DELLA RICCA   Giuseppe   TRIESTE   Dip. FISICA   RU   FIS/01   STESSA STRUTTURA     

9.  FRANCIOSI   Alfonso   TRIESTE   Dip. FISICA   PO   FIS/01   STESSA STRUTTURA    

10.  GIRARDI   Marisa   TRIESTE   Dip. FISICA   RU   FIS/05   STESSA STRUTTURA   Accettato  

11.  GREGORIO   Anna   TRIESTE   Dip. FISICA   RU   FIS/05   STESSA STRUTTURA     

12.  LANCERI   Livio   TRIESTE   Dip. FISICA   PO   FIS/01   STESSA STRUTTURA     

13.  LONGO   Renata   TRIESTE   Dip. FISICA   PA   FIS/07   STESSA STRUTTURA     

14.  MARDIROSSIAN   Fabio   TRIESTE   Dip. FISICA   PO   FIS/05   STESSA STRUTTURA     

15.  MARTIN   Anna   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

16.  MATTEUCCI   Maria Francesca   TRIESTE   Dip. FISICA   PO   FIS/05   STESSA STRUTTURA     

17.  MILOTTI   Edoardo   TRIESTE   Dip. FISICA   PA   FIS/01   STESSA STRUTTURA     

18.  MODESTI   Silvio   TRIESTE   Dip. FISICA   PO   FIS/03   STESSA STRUTTURA     

19.  PARMIGIANI   Fulvio   TRIESTE   Dip. FISICA   PO   FIS/03   STESSA STRUTTURA     

20.  PERESSI   Maria   TRIESTE   Dip. FISICA   PA   FIS/03   STESSA STRUTTURA     

21.  RUI   Rinaldo   TRIESTE   Dip. FISICA   PO   FIS/01   STESSA STRUTTURA     

 

 

 

18. Internazionalizzazione 

 
Lo sforzo di internazionalizzazione e’ continuato nel 2012. Tuttavia, nonostante l’intenso 

lavoro e l’emissione di bandi dedicati, nessuno studente extracomunitario e’ riuscito ad 

ottenere una borsa di dottorato, vuoi per non aver superato la soglia di ammissione vuoi 

per non aver ottemperato a tutti gli obblighi richiesti nel bando. Uno sforzo verso la 

semplificazione ed incentivi per gli studenti stranieri appaiono una via obbligata per una 

politica efficace. 

 

  

 



 

 

ALLEGATO 2. 

Produzione Scientifica Collegio docenti 

1.  ARFELLI Fulvia 

HONNICKE M.G, RIGON L, ARFELLI F., MENK R.-H, CUSATIS C (2007). Analyzer-based X-ray phase contrast imaging with four bounce Si(444) monochromators at 
ELETTRA. PHYSICA STATUS SOLIDI. A, APPLICATIONS AND MATERIALS SCIENCE, vol. 204; p. 2740-2745, ISSN: 1862-6300 

D. DREOSSI, A. BERGAMASCHI, B. SCHMITT, E. VALLAZZA, ARFELLI F., LONGO R., R.H. MENK, L. RIGON, T. ROKVIC, C. VENANZI, E. CASTELLI (2007). Clinical 
mammography at the SYRMEP beam line: Toward the digital detection system. NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH. SECTION A, 
ACCELERATORS, SPECTROMETERS, DETECTORS AND ASSOCIATED EQUIPMENT, vol. 576(1); p. 160-163, ISSN: 0168-9002 

RIGON L, ARFELLI F., MENK R.-H (2007). Generalized diffraction enhanced imaging to retrieve absorption, refraction and scattering effects. JOURNAL OF PHYSICS D-
APPLIED PHYSICS, vol. 40; p. 3077-3089, ISSN: 0022-3727 

RIGON L, ARFELLI F., MENK R.-H (2007). Three-image diffraction enhanced imaging algorithm to extract absorption, refraction, and ultrasmall-angle scattering. 
APPLIED PHYSICS LETTERS, vol. 90; p. 114102, ISSN: 0003-6951 

CASTELLI E, ARFELLI F., DREOSSI D, LONGO R.A, ROKVIC T, COVA M.A, QUAIA E, TONUTTI M, ZANCONATI, F, ABRAMI A, CHENDA V, MENK R.H, QUAI E, TROMBA G, 
BREGANT P, DE GUARRINI F (2007). Clinical mammography at the SYRMEP beam line. NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH. SECTION A, 
ACCELERATORS, SPECTROMETERS, DETECTORS AND ASSOCIATED EQUIPMENT, vol. 572; p. 237-240, ISSN: 0168-9002 

RIGON L, ASTOLFO A, ARFELLI F., MENK R.-H (2008). Generalized diffraction enhanced imaging: Application to tomography. EUROPEAN JOURNAL OF RADIOLOGY, 
vol. 68 (3 suppl.); p. 3-7, ISSN: 0720-048X 

HALL C.J, SCHULTKE E, RIGON L, ATAELMANNAN K, RIGLEY S, MENK R, ARFELLI F., TROMBA G, PEARSON S, WILKINSON S, ROUND A, CRITTELL S, GRIEBEL R, JUURLINK 
B.H.J (2008). Synchrotron-based in vivo tracking of implanted mammalian cells. EUROPEAN JOURNAL OF RADIOLOGY, vol. 68 (3 suppl.); p. 156-159, ISSN: 0720-048X 

D. DREOSSI, A. ABRAMI, ARFELLI F., P. BREGANT, K. CASARIN, V. CHENDA, M.A. COVA, LONGO R., MENK R.-H., E. QUAI, E. QUAIA, L. RIGON, T. ROKVIC, D. SANABOR, 
M. TONUTTI, G. TROMBA, A. VASCOTTO, F. ZANCONATI, E. CASTELLI (2008). The mammography project at the SYRMEP beamline. EUROPEAN JOURNAL OF 
RADIOLOGY, vol. 68(3-suppl.1); p. S58-S62, ISSN: 0720-048X, doi: 10.1016/J.EJRAD.2008.04.038 

Rigon L, ARFELLI F., Bergamaschi A, Chen RC, Dreossi D, Longo R, Menk RH, Schmitt B, Vallazza E, Castelli E (2010). Evaluation of charge -sharing effects on the 
spatial resolution of the 

PICASSO detector. NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH. SECTION A, ACCELERATORS, SPECTROMETERS, DETECTORS AND ASSOCIATED 
EQUIPMENT, vol. 617; p. 244-245, ISSN: 0168-9002 

RIGON L, ARFELLI F., ASTOLFO A, BERGAMASCHI A, DREOSSI D, LONGO R, MENK R.-H, SCHMITT B, VALLAZZA E, CASTELLI E. (2009). A single-photon counting "edge-
on" silicon detector for synchrotron radiation mammography. NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH. SECTION A, ACCELERATORS, 
SPECTROMETERS, DETECTORS AND ASSOCIATED EQUIPMENT, vol. 608; p. S62-S65, ISSN: 0168-9002 

RIGON L., VALLAZZA E., ARFELLI F., LONGO R., DREOSSI D., BERGAMASCHI A., SCHMITT B., CHEN R., COVA M.A., PERABÒ R., FIORAVANTI M., MANCINI L., MENK R.H., 
SODINI N., TROMBA G., ZANINI F. (2010). SYNCHROTRON-RADIATION MICROTOMOGRAPHY FOR THE NON-DESTRUCTIVE STRUCTURAL EVALUATION OF BOWED 
STRINGED 

INSTRUMENTS. E-PRESERVATION SCIENCE, vol. 7; p. 71-77, ISSN: 1854-3928 

R C Chen R.C., Longo R., Rigon R., Zanconati F., De Pellegrin A., ARFELLI F., Dreossi D., Menk R-H, Vallazza E., Xiao T.Q., Castelli E. (2010). Measurement of the linear 
attenuation coefficients of 

breast tissues by synchrotron radiation computed 

tomography. PHYSICS IN MEDICINE AND BIOLOGY, vol. 55; p. 4993-5005, ISSN: 0031-9155, doi: 10.1088/0031-9155/55/17/008 

CASTELLI E., TONUTTI M., ARFELLI F., LONGO R., QUAIA E., RIGON L., SANABOR D., ZANCONATI F., DREOSSI D., ABRAMI A., QUAI E., BREGANT P., CASARIN K., 
CHENDA V., MENK R.H., ROKVIC T., VASCOTTO A., TROMBA G., COVA M.A. (2011). Mammography with Synchrotron Radiation: First Clinical Experience with Phase-
Detection Technique. RADIOLOGY, vol. 259; p. 684-694, ISSN: 0033-8419, doi: 10.1148/radiol.11100745 

Lopez F.C., Rigon L., Longo R., ARFELLI F., Bergamaschi A., Chen R.C., Dreossi D., Schmitt B., Vallazza E., Castelli E. (2011). Development of a fast read-out system of a 
single photon counting detector for mammography with synchrotron radiation. JOURNAL OF INSTRUMENTATION, vol. 6 C12031; p. ---, ISSN: 1748-0221, doi: 
10.1088/1748-0221/6/12/C12031 

Menk R.H., Schültke E., Hall C., ARFELLI F., Astolfo A., Rigon L., Round A., Ataelmannan K., MacDonald S.R., Juurlink B.H.J. (2011). Gold nanoparticle labeling of cells is 
a sensitive method to investigate cell distribution and migration in animal models of human disease. NANOMEDICINE, vol. 7; p. 647-654, ISSN: 1549-9634, doi: 
10.1016/j.nano.2011.01.010  

2.  BENATTI Fabio 

S. ANDERLONI, BENATTI F., R. FLOREANINI (2007). Redfield reduced dynamics and entanglement. JOURNAL OF PHYSICS. A, MATHEMATICAL AND THEORETICAL, vol. 
40; p. 1625-1632, ISSN: 1751-8113 

BENATTI F., R. FLOREANINI, A. LIGUORI (2007). Extended reduction criterion and lattice states. JOURNAL OF MATHEMATICAL PHYSICS, vol. 48; p. 052103-, ISSN: 
0022-2488 

BENATTI F. (2007). Entropy and algorithmic complexity in quantum information theory. NATURAL COMPUTING, vol. 6; p. 133-150, ISSN: 1567-7818 

ALICKI R, BENATTI F., FLOREANINI R (2008). Charge Oscillations in Superconducting Nanodevices Coupled to External Environments. PHYSICS LETTERS A, vol. 372; p. 
1968-, ISSN: 0375-9601 

BENATTI F., FLOREANINI R, REALPE-GOMEZ J (2008). Cooper Pair Boxes Weakly Coupled to External Environments. JOURNAL OF PHYSICS. A, MATHEMATICAL AND 
THEORETICAL, vol. 41; p. 235304-, ISSN: 1751-8113 



 

 

ANDERLONI S, BENATTI F., FLOREANINI R (2008). Noise induced current in a double-well trap. OPEN SYSTEMS & INFORMATION DYNAMICS, vol. 15; p. 143-, ISSN: 
1230-1612 

BENATTI F., LIGUORI A.M., A. NAGY (2008). Environment induced bipartite entanglement. JOURNAL OF MATHEMATICAL PHYSICS, vol. 49(4), ISSN: 0022-2488 

S. ANDERLONI, BENATTI F., R. FLOREANINI AND A. TROMBETTONI (2009). Quantum measuring processes for trapped ultracold bosonic gases. JOURNAL OF PHYSICS. 
A, MATHEMATICAL AND THEORETICAL, vol. 42; p. 035306, ISSN: 1751-8113 

BENATTI F. (2009). Quantum Algorithmic Complexity and Entropy. OPEN SYSTEMS & INFORMATION DYNAMICS, vol. 16; p. 1-, ISSN: 1230-1612 

BENATTI F., LIGUORI A.M, PALUZZANO G (2010). Entanglement and entropy rates in open quantum systems. JOURNAL OF PHYSICS. A, MATHEMATICAL AND 
THEORETICAL, vol. 43; p. 045304, ISSN: 1751-8113 

BENATTI F., FLOREANINI R, MARZOLINO U (2009). Environment-Induced Entanglement in a Refined Weak-Coupling Limit. EUROPHYSICS LETTERS, vol. 88; p. 20011, 
ISSN: 0295-5075 

BENATTI F., Floreanini R., Marzolino U. (2010). Sub-shot Noise Quantum Metrology with Entangled Identical Particles. ANNALS OF PHYSICS, vol. 325/2010; p. 924-"-
", ISSN: 0003-4916 

BENATTI F., Floreanini R., Marzolino U. (2010). Entangling Two Unequal Atoms Through a Common Bath . PHYSICAL REVIEW A, vol. 81/2010; p. 012105-"-", ISSN: 
1050-2947 

BENATTI F., Floreanini F., Genovese M., Olivares S. (2011). Quantum contextuality in N-boson systems. PHYSICAL REVIEW A, vol. 84; p. 034102-1-034102-4, ISSN: 
1050-2947, doi: 10.1103/PhysRevA.84.034102 

BENATTI F., Nagy A. (2011). Three qubits in a symmetric environment: Dissipatively generated asymptotic entanglement. ANNALS OF PHYSICS, vol. 326 (2011); p. 
740-753, ISSN: 0003-4916 

BENATTI F., Floreanini R., Marzolino U. (2011). Squeezing Inequalities and Entanglement for Identical Particles. JOURNAL OF PHYSICS. B, ATOMIC MOLECULAR AND 
OPTICAL PHYSICS, vol. 44 (2011); p. 091001--, ISSN: 0953-4075  

3.  BORGANI Stefano 

PRATT, G. W, BHRINGER, H, CROSTON, J. H, ARNAUD, M, BORGANI S., S, FINOGUENOV, A, TEMPLE, R. F (2007). Temperature profiles of a representative sample of 
nearby X-ray galaxy clusters. ASTRONOMY & ASTROPHYSICS, vol. 461; p. 71-80, ISSN: 0004-6361 

BALESTRA, I, TOZZI, P, ETTORI, S, ROSATI, P, BORGANI S., S, MAINIERI, V, NORMAN, C, VIOLA, M (2007). Tracing the evolution in the iron content of the intra-cluster 
medium. ASTRONOMY & ASTROPHYSICS, vol. 462; p. 429-442, ISSN: 0004-6361 

MURANTE, GIUSEPPE, GIOVALLI, MARTINA, GERHARD, ORTWIN, ARNABOLDI, MAGDA, BORGANI S., STEFANO, DOLAG, KLAUS (2007). The importance of mergers for 
the origin of intracluster stars in cosmological simulations of galaxy clusters. MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, vol. 377; p. 2-16, ISSN: 
0035-8711 

RASIA, E, MAZZOTTA, P, BOURDIN, H, BORGANI S., S, TORNATORE, L, ETTORI, S, DOLAG, K, MOSCARDINI, L (2008). X-MAS2: Study Systematics on the ICM Metallicity 
Measurements. MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, vol. 674; p. 728, ISSN: 0035-8711 

RONCARELLI, M, MOSCARDINI, L, BORGANI S., S, DOLAG, K (2007). The Sunyaev-Zel'dovich effects from a cosmological hydrodynamical simulation: large-scale 
properties and correlation with the soft X-ray signal. MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, vol. 378; p. 1259-1269, ISSN: 0035-8711 

AMEGLIO, S, BORGANI, S, BORGANI S., E, DOLAG, K (2009). Joint deprojection of Sunyaev-Zeldovich and X-ray images of galaxy clusters. MONTHLY NOTICES OF THE 
ROYAL ASTRONOMICAL SOCIETY, vol. 394; p. 479, ISSN: 0035-8711 

BALDI, A, ETTORI, S, MAZZOTTA, P, TOZZI, P, BORGANI S., S (2007). A Chandra Archival Study of the Temperature and Metal Abundance Profiles in Hot Galaxy 
Clusters at 0.1. ASTRONOMY & ASTROPHYSICS, vol. 666; p. 835-845, ISSN: 0004-6361 

VIOLA, M, MONACO, P, BORGANI S., S, MURANTE, G, TORNATORE, L (2008). How does gas cool in DM halos?. MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL 
SOCIETY, vol. 383; p. 777, ISSN: 0035-8711 

L. TORNATORE, BORGANI S., K. DOLAG, F. MATTEUCCI (2007). Chemical enrichment of galaxy clusters from hydrodynamical simulations. MONTHLY NOTICES OF THE 
ROYAL ASTRONOMICAL SOCIETY, vol. 382; p. 1050, ISSN: 0035-8711 

SARO A., DE LUCIA G, DOLAG K, BORGANI S. (2008). The effect of gas dynamics on semi-analytic modelling of cluster galaxies. MONTHLY NOTICES OF THE ROYAL 
ASTRONOMICAL SOCIETY, vol. 391; p. 565-, ISSN: 0035-8711 

BIGNAMINI A., TOZZI P, BORGANI S., ETTORI S, ROSATI P (2008). Intra cluster medium properties and AGN distribution in high-z RCS clusters. ASTRONOMY & 
ASTROPHYSICS, vol. 489; p. 967-979, ISSN: 0004-6361 

FABJAN D, TORNATORE L, BORGANI S., SARO A., DOLAG K (2008). Evolution of the metal content of the intracluster medium with hydrodynamical simulations. 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, vol. 386; p. 1265-1273, ISSN: 0035-8711 

BORGANI, S, FABJAN, D, TORNATORE, L, SCHINDLER, S, DOLAG, K, BORGANI S., A (2008). The Chemical Enrichment of the ICM from Hydrodynamical Simulations. 
SPACE SCIENCE REVIEWS, vol. 134; p. 379-, ISSN: 0038-6308 

BORGANI, S, DIAFERIO, A, DOLAG, K, BORGANI S., S (2008). Thermodynamical Properties of the ICM from Hydrodynamical Simulations. SPACE SCIENCE REVIEWS, 
vol. 134; p. 269-, ISSN: 0038-6308 

DOLAG, K, BORGANI, S, SCHINDLER, S, DIAFERIO, A, BORGANI S., A. M (2008). Simulation Techniques for Cosmological Simulations.  SPACE SCIENCE REVIEWS, vol. 
134; p. 229-, ISSN: 0038-6308 

RASIA E, MAZZOTTA P, BOURDIN H, BORGANI S., TORNATORE L., ETTORI S, DOLAG K, MOSCARDINI L (2008). X-MAS2: Study Systematics on the ICM Metallicity 
Measurements. THE ASTROPHYSICAL JOURNAL, vol. 674; p. 728-, ISSN: 0004-637X 

VIOLA M, MONACO P., BORGANI S., MURANTE G, TORNATORE L (2008). How does gas cool in DM halos?. MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL 
SOCIETY, vol. 383; p. 777-790, ISSN: 0035-8711, doi: 10.1111/j.1365-2966.2007.12598.x 

SARO A., BORGANI S., TORNATORE L, DE LUCIA G, DOLAG K, MURANTE G (2009). Simulating the formation of a protocluster at z ~ 2. MONTHLY NOTICES OF THE 
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