ChMS Experiment at LHC, CERMN

Data recorded: Tue Sep 25 02:-24:49 2018 PODOT
Run/Event: 323488 f B0O8539157T

Lumi section: 450
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QCD and Hadron Structure
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Structure of hadrons

BARYONS




Hadron (nucleon, meson) structure

Established facts Open gquestions

@ con nement (observed) | origin of con nement?

| 3D structure of hadrons?

° quark{gluon dynamics: | spin decomposition of the
QCD proton?
(Quantum Chromodynamics)

| Internal forces?




Resolving proton structure

SCATTERING
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Proton structure: electromagnetic form factors and PDF

e electromagnetic form factors ! charge distribution (b )
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q(x) — probability that parton g
has momentum xp
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From electromagnetic form factors and PDFs to GPDs

. GPDs combine momentum and spatial information
Com 3



Proton/nucleon distribution zoo
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(G)TMD ! PMF group (S. Benc, D. Horvate, E. Vivoda)






f the proton
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From GPDs to a tomograph
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From GPDs to proton properties: Spin and Forces
| Spin

Spin of all Spin of Angular Momentum Angular Momentum
Quarks Gluons of all Quarks of Gluons
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Global experimental landscape for GPD studies Electron lon Collider (2030-)
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To conclude...

['Study of DVCS at future EIC", Aschenauer,..., KPK et al. '25]
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Group of T. Robens

Work on topics related tacollider phenomenology
current: LHC, at CERN (Geneva, largest research lab)

also involved in plans fdiuture colliders in Europe or
elsewhere

latest research: mainlphysics beyond the Standard Model
of particle physics:

constraints on parameter spaces, discovery potential, etc

close interaction with experimentalists




HRZZ Project: Beyond the discovery &

Standard Model precision at LHC Run Il

currently 9 members
(5 local, 4 remote)

2 postdocs, 1 PhD
student

topics covemarticle pheno,
higher order calculations,
and dark matter



Possible master topics

collider phenomenology of new physics scenarios:
mainly running code

Implementation of higher order calculations:
mainly coding

other...

Contact: trobens@irb.hr
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Particle Physics and Cosmology Group

Generalizirane partonske distribucije
u strukturi hadrona

Supervisor: Kornelija Passek-Kumeri Ki

Sa etak

Generalizirane partonske distribucije (GPD-ovi) pro iruju opis hadrona poznat iz partonskih distribucijskih funkcija (PDF-ova). Dok PDF-ovi
opisuju jednodimenzionalnu longitudinalnu impulsnu strukturu partona, GPD-ovi povezuju impulsnu informaciju s prijenosom impulsa na
hadron i transverzalnom prostornom strukturom. Time pru aju teorijski okvir za prou avanje trodimenzionalne strukture protona, njegove
spinske strukture i mehani kih svojstava. Motivacija je razumjeti ne samo od ega je proton sastavljen, nego i kako su kvarkovi i gluoni
raspore eni u prostoru, kako doprinose spinu protona i kakve se unutarnje sile u njemu pojavljuju. GPD-ovi su zato va an dio programa na
Jefferson Labu i budu em Electron-lon Collideru.

GPD-ovi se pojavljuju u tvrdim ekskluzivnim procesima, osobito u duboko virtualnom Comptonovu raspr enju (DVCS). Me utim, oni ne ulaze
izravno u mjerene presjeke i asimetrije. Eksperimentima se pristupa Comptonovim form faktorima (CFF-ovima), koji su konvolucije GPD-ova s
perturbativno izra unljivim dijelom amplitude koji opisuje raspr enje na partonu. Zbog toga je ekstrakcija GPD-ova iz DVCS podataka prirodno
inverzni, odnosno dekonvolucijski problem.

Seminarske teme. Prva tema obra uje dekonvolucijski problem i konstrukciju tzv. "shadow" GPD-ova: netrivijalnih doprinosa koji mogu
promijeniti oblik GPD-a, ali ostaviti isti ili gotovo isti DVCS signal. Tema uklju uje uvod u DVCS faktorizaciju, ra un vode eg Comptonova form
faktora, matemati ku interpretaciju inverznog problema i eksplicitnu konstrukciju shadow GPD-a.

Druga seminarska tema usmjerena je na D-term nukleona i tlak u protonu. D-term je povezan s energijsko-impulsnim tenzorom QCD-a i
gravitacijskim form faktorima, a time i s mehani kim svojstvima protona, poput tlaka i smi nih sila. U DVCS-u se D-term pojavljuje kroz
disperzijske relacije i subtrakcijsku konstantu. To otvara mogu nost pristupa unutarnjim silama u protonu, ali zahtijeva oprez zbog ograni ene
kinemati ke pokrivenosti, modelnih pretpostavki, dekonvolucijskog problema i perturbativnog reda analize.

Diplomski rad. Diplomski rad pro irio bi ove teme analizom modeliranja GPD-ova pomo u dvostrukih distribucija, DVCS faktorizacijom i
ra unom CFF-ova na vode em redu, uz mogu i osvrt na NLO korekcije.

Literatura: arXiv:2104.03836; arXiv:2101.03855; arXiv:2410.13518; arXiv:hep-ph/0307382; arXiv:hep-ph/9905376; arXiv:hep-ph/9902451; arXiv:2311.06007.

Seminar and master thesis topics Open Day for Undergraduate Students















Particle Physics and Cosmology Group BSM and Collider Physics

BSM and collider physics

Supervisor: Tania Robens

Possible master topics

Collider phenomenology of new physics scenarios:
mainly running code

Implementation of higher order calculations:
mainly coding

Other...

Contact: trobens@irb.hr

Seminar and master thesis topics Open Day for Undergraduate Students
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Supek Physics Colloguium

Division of Theoretical Physics Ru er Bo kovi Institute

About the Series

The Supek Physics Colloquium

Talks
Selected Wednesdays, typically once per month, at
The Supek Physics Colloquium is a seminar series of the Division of Theoretical Physics 14:00.
atthe Ru er Bo kovi Institute, named in honour of lvan Supek (1915-2007), theoretical Lﬁﬁi”!iaﬂgi?fe' Ivan Supek (1st) wing; shared Zoom
physicist, humanist, and one of the institute's founders. It brings together researchers _ '
from across theoretical physics: high-energy physics, solid-state physics, mathematical Coffee is served afterward.
physics, cosmology and beyond, for talks aimed at a broad physics audience. SULRIEMES Sl S S e CU T SIS TS

warmly welcome.

Schedule and speakers
https://zvliah.bitbucket.io/colloguium/

Check current dates, selected Wednesdays, and speaker details on the webpage.

Open Day for Undergraduate Students Particle Physics and Cosmology Group
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