


,,The other 99%" (© Daniel Takaki, CERN Courier)

 Quarks (current quark masses) contribute to only 1% of the nucleon mass
 Rest comes from gluons and the interaction

« A key challenge: gluon saturation
« Due to nonlinearity

e Gluon recombination dominates
« Saturation scale?

« Point-like probe: EIC
e Until then: photons in UPC!

« Parton distributions important

for global fits i-i: {////////////////////////////

 Can be understood in DPS @ LHC -

3?? 7 https://cerncourier.com/a/the-other-gg/
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UPC & DPS: complementary probes of nuclear dynamics

« Ultra-peripheral collisions (UPCs)
« Use quasi-real photons to probe nuclei at very low x

« Access gluon densities via exclusive vector mesons, open heavy flavor, etc.
« Sensitive to coherent vs. incoherent scattering and nuclear shadowing
« Photon-photon processes in pp complement nuclear UPC programs

« Double parton scattering (DPS)
« Two hard interactions in the same pp (or pA) collision.

« Sensitive to multi-parton correlations, parton densities

« Same-sign WW, Z+jets, 4-jet final states:
constrain multiparton interactions (MPI), parton overlap

« Synergy with the EIC physics program
« UPCs: clean photon—nucleus probe — gluonimaging at low x
« DPS: pp/pA multiparton structure — transverse correlations & effective overlap area

 Together: constrain longitudinal (x) & transverse, spatial parton distributions — input for EIC global fits
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CMS capabilities in EIC physics

« Basic acceptance: |n| < 2.5 & full azimuth  cMS central detector PPS (+TOTEM) Roman Pots

& “s\»
A

« Many additional forward capabilities e == N e R R o e e £
« ZDCs for neutrons (& photons): =i
important in UPCs (e.g. #n tagging) LHC sector 56

T

« PPS Roman Pots for near-beam protons: Phase 2 upgrades
important for central exclusive production,
a|so photon and Pomeron processes MIP Timing Detectors Barrel Calorimeters Calorimeter endcap

Pile-up rejection New electronics Novel high granularity device
PID via TOF (m/K/p) Colder ECAL operation Designed for particle flow

« Many upgrades for HL LHC Inl <3

e Increased coverage in7n Tracker P —gp—— “ Muon Detectors
Rad-hard & thin L | ’ New GEM & iRPC

e Increased rates <24 —=pl<38| JP~—4 | .e"; <24 —n<28

« New capabilities, such as TOF PID DAQ Highl evel Trigger
1kHz — 7.5 kHZ \

Beam Monitoring &

« Many more details in the talk of Li-Trigger ST Bunohby-bunoh

Includes tracking luminosity:

Matthew Nguyen (Tue morning) 100 kHz — 750 kHZ X/ |7 onine. 1% ofine

Matthew Nguyen (LLR) CMS Upgrades
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Small-x evolution: incoherent J/Y in UPC

« First energy-dependent measurement of incoherent J/{ photoproduction

« Covering YN center of mass energy range
Wyn = 40 — 400 GeV

« Significant nuclear suppression
« Incoherent cross section significantly below
predictions without nuclear effects
(Impulse Approximation)

« Strong shadowing or saturation

« Stable incoherent-to-coherent ratio
« Remains roughly constant across
explored W,y range

« At odds with expectations

« Models challenged

1.2

CMS

PbPb 1.52 nb! (5.02 TeV)

1
B "

- s [ Syst. y flux

AR ASALA LIy

m CMS (A = Pb)
® ALICE (A = Pb)
¢t STAR (A = Au)
~ Syst. exp.

-=1A

---LTA
-~ CGC_SubFluct
----CGC_noSubFluct

[ HIN-23-009, arXiv:2£02.08903
MR SRR [ TR SN SR T N N TR TR SR N TR SR RN S NN S S S
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W.x (GeV)
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Coherent Y(1S) photoproduction in UPC

. . CMS Prelimi ;
e First coherent Y(1S) measurement in UPC Zass (e'm,maryl s Pb7b16|6 m |(502| LA

x=1.8 x107 x=3.6 x10™* x=1.4 x10™

» Significant suppression W,y =~ 200 GeV & |y| < 0.2

« Data notably lower than rescaled py expectations STARLIGHT
NLO pQCD + Data-Driven (yp)
—— |P BFKL
—— |IP BK
——— CGC (Salazar et. al.)

CMS Preliminary PbPb 1.66 nb™' (5.02 TeV)
L L I B B

« Models overpredict
results

« Except collinear fact.
framework (nGPD)

- LTAWS
- NLO pQCD + EPS09
N ---- NLO pQCD + Data-Driven éBp
“te-e.. —— NLO pQCD + EPPS21-nG
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 Gluon suppression:
R, =0.53+0.11

e Indicates ~50%
reduction compared
to calculations wo/
nuclear effects
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Coherent ¢(1020) photoproduction in UPC

e First observation via ¢ — K*K- PbPb 1.68 ub' (5.36 TeV)

« Flat differential cross section - . _
across |y| = 0.3 — 1.0 (x~107%) arXiv:2504.05193, HIN-24-009

« Strongly suppressed (~20%)
compared to impulse-
approximation prediction

« Free nucleon picture incompatible
with observations

Syst. unc.

| _ ... MVMD-GG WS
« Models with nuclear shadowing --- MVMD-GG SS

— STARLIGHT
match overall trend

« Saturation approaches vary in
accuracy
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Constraining low-x gluon densities via open charm

CMS Prellmlnary 8. 3 ub (Pbe 5. 36 TeV)

XnOn +0nXn (y—-y) & Data
2<p <5GeV GyA-FONLL
(D°+ﬁ°)12 CTEQ18 (pPDF)
m=13GeV -

[]scale unc.

[ PDF unc.

CMS Prellmlnary 8. 3 ub (Pbe 5. 36 TeV)

XnOn + Oan (y—> y) ¢ Data

F2< P, <5 GeV GyA-FONLL

a3 (Do+ﬁo)[2 CTEQ18 (pPDF)
m=1.5GeV -

— scale unc. =

[ PDF unc.

e First low-pr (2—5 GeV) D9 photoproduction
measurement in UPC, y € [—2, +2]

« Strong sensitivity to low-x (~1073) gluon
dynamics: shadowing and saturation

T
AN s 0o~y ® oS

T
—
R B Ol D N ® ©9 o

\

d°c/dydp_ (mb/GeV)

d°c/dydp_ (mb/GeV)

» Measured cross section below CTEQ28
FONLL baseline IR 05 005 15 s 05 0 05
» Utilizing proton PDF HIN-25-002 HIN-25-002

CMS Prehmlnary 8. 3 pb (Pbe 5. 36 TeV) 8CMS Prellmlnary 8. 3 ub (Pbe 5. 36 TeV)

XnOn + Oan (y—> y) § Data E XnOn + Oan (y—> y) ] Data
2<p_<5GeV GUAFONLL - 2<p_<5GeV GyA-FONLL
(D502 EPPS21 (nPDF), i‘(Do“ﬁo)’z Al
y s m=1.5 GeV
[]scale unc. ] . — scale unc. 3
[ POF unc. e . ] PDF unc. ]

« Aligns with EPPS21/nNNPDF3.0 + FONLL ~—
e Incorporating nuclear effects (nPDF)

T
_;NOJ-ISCHO')\ICDGD

« Tightens constraints on low-x
nuclear gluon PDFs in a less explored
regime (Q* of a few GeV?)

d’c/dydp_ (mb/GeV)

-2 -15 -1-05 0 05 1
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Constraining low-x gluon densities via open charm

. . HIN-25-002
° ow-p —cQG DO p otopro 0
First low - (2 > eV) hot Pr duction CMSPreliminary 8.3 ub‘1 (PbPDb 5.36 TeV)

meaSUrementinUPCIyE[_2,+2] __IIIIIIIII|IIII|IIII|IIII|IIII|IIII|I:I_
B (dG/dy)yN,pPDFth_ DO+D° -

.2—from GyA-FONLL Xn0n + OnXn (y— -y)_:
- with CTEQ18 (proton PDF) 2<p_<5GeV -
1 :

« Strong sensitivity to low-x (~1073) gluon
dynamics: shadowing and saturation

 Measured cross section below CTEQ18
FONLL baseline

« Utilizing proton PDF

0.6

« Aligns with EPPS21/nNNPDF3.0 + FONLL

« Incorporating nuclear effects (nPDF) - ¢$Data

[ GyA-FONLL
« Tightens constraints on low-x 0.2F [IEPPS21
nuclear gluon PDFs in a less explored - [nNNPDF3.0 (PDF unc. only)
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DPS-induced WW production in pp

« DPS offers constraints on parton
spatial/correlation structures
« key to multi-parton dynamics

« First 6.20 observation of DPS same-sign
W=*W* production

« BDT discriminants trained
to measure signal

« Distribution shown in 4 categories:
e Largest bin: most signal-like

. Wt
« Cross section (gppe’’ in fb) measured:

. 80.7 & 11.2(stat) X232 (syst) + 12.1(model)
« Fiducial cross section:

6.28 + 0.81(stat) + 0.69(syst) + 0.37(model)

9/24/2025

138 fb' (13 TeV
[ ]Nonprompt []Charge misid.

- Wy = VY .
[ Rare @@ DPS W'W*

O
=
w

600— —+— Data

Wz

mmZz
£Z3 Total unc.

500

400
e+ +

o - -
- e W Tl

200

100

—DPS W*W* 3 Total background unc.

Data/bkg.
© ~ DN
OU'I 2~ O0OINOTWo

o

50
Bin number

10 30 40

arXiv:2206.02681, SMP-21-012
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DPS with Z+jet events

PP Z+2=2jets 35.9fb" (13 TeV)

« Complements the WW DPS observation by probing DPS/MPI 8Os CcMS

| BE MG5_aMC (NLO) + PY8 CP5 (x%/ndof: 4.00)

in a Clean Z+J ets ﬂnal state ‘O "L MGS5_aMC (NLO) + PY8 CP5 MPIOFF (x%/ndof: 16.60)

” =A~ MGS5_aMC (NLO) + PY8 CDPSTP8S1-WJ (x*/ndof: 0.54)
.6 [~ MG5_aMC (NLO) + H7 CH3 (x%/ndof: 1.16)

« Method: Unfolded differential and area-normalized shapes for e s ndo 150
DPS-sensitive observables (A¢, Ap%e! :

« Data compared to several models (MADGRAPH, SHERPA)
« MPI-OFF clearly fails (shape/tails)

o Standard tunes show tensions

« The DPS-specific tune (CDPSTP8S1-WJ) best reproduces shape
across observables

« Strong sensitivity of Z+jets to DPS/MPI modelling.

TTS7T SOTC:AIXJE 'BO0-0T-dINS

 Provides constraints for MPI/DPS tunes at 13 TeV

Exp/Obs Exp/Obs

« Useful input for DPS modelling in generators and for
backgrounds in precision/BSM analyses
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DPS in four-jet events

42 nb' (13 TeV)

« Measured inclusive four-jet production (down to 20 GeV)

« Angular variables (Ap, AS, Ag, AY) to disentangle DPS & SPS
 AS: azimuthal angle between soft and hard jet pairs

« Extracted DPS fraction by template fit
« Focusing on AS as robust variable against parton-shower effects

—

- MG5 LO+CP5

- pT’1250 GeV, pT’2’3’4230 GeV

dN/dA S [a.u.]

—
<

—

o
Y

ul

— KT OnsheII+CP5 == KT OnsheII+CH3
= KT Offshell+MRW = - - KT Offshell+PBTMD

3]

« Derived effective cross section, compared to previous results
« Sensitivity to SPS model assumptions

3
©
Q
O
=

: L : S ~ T NMGELO+CPE - MG5 LOsVincia
 Angular difference distributions are key discriminants * +Vincia

« Deviations from SPS tunes indicate DPS components
— /

« Impact: improves modeling of multiple parton scatterings

- = = =

Lyl | il IIII|IIII|IIII|IIII|II

MC/Data

#

]

 PWNLO 252 -— PWNLO253 <n- MG5 NLO 252

MC/Data

« Valuable input for future LHC/EIC synergy studies.
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Exclusive photon fusion to tau pairs in pp

e, N 0 138 b~ (13 TeV) et,, Niracks = 0 138 fo' (13 TeV)

tracks —

Like UPCin PbPb, photon fusion exploits quasi-real y 200 CMS - onserved [z (o 0+ W 20E CMS + ovserved [ 9+ W

. . . Z/'—>ee l:' — ee/WW
« Complements UPC programs to precision EW tests Lo Wt v Wi Hv oo

|| uncertainty

S00-€Z-dINS/ 'SZ6E0 907 Z:ATKIE

First observation of yy — tt fusion, 5.30 significance

| T T S e A e |

Event signature: T + T (leptonic & hadronic decays)
e Minimal additional tracks near the T+t vertex,

R R
F LI H UL R

~SMa, —a, = 0.008

« Low azimuthal acoplanarity - _SMa —a-0008 ]

50 150 " 500 150 v 500
Myis (GeV) Myis (GeV)
ut,, Niacks = 0 138 b (13 TeV) T,%,» Niracks = 0 138 fb' (13 TeV)

 Ensures clean QED-dominated topology

T T E 70 T T
CMS Observed | |Z/Y* (= t1) + VV 3 r CMS + Observed 2 -
+ . 3 60 F l

Consistent with QED predictions: 6285 = 12.4738 fb or o moemso : Bremoro [

Y w T
.YY -1 H' Uncertainty ] af U""’e"""“’

Limits on anomalous T moments: ; ol

« Magnetic dipole moment: a, = 0.0009t8:88%%

e Electric dipole moment: |d;| < 2.9-10"ecm
o Consistent with the Standard Model i e
—SMa, —a, =0.008 . —SMa, —a, =0.008

« Most stringent constraints to date | - T oo T 20 500
Myis (GeV) myis (GeV)
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Exclusive photon fusion to tau pairs in pp

Like UPC in PbPb, photon fusion exploits quasi-real y CMS 138 fo' (13 TeV)
« Complements UPC programs to precision EW tests e Observed —68%CL —95% CL

[ ol o
. . . - PAL ’
First observation of yy — tt fusion, 5.30 significance SPAL, Ty

PLB 434 (1998) 188
Event signature: T + T (leptonic & hadronic decays L3

 Minimal additional tracks near the T+t vertex, g?_;ﬁﬁ@g& 169

« Low azimuthal acoplanarity DELPHI

 Ensures clean QED-dominated topology \I,EWI(DJ_C))%(N{JB%T)?SQ

. . o ATLAS
Consistent with QED predictions: 020° = 124739 b yy 5 7 (y from Pb)

PRL 131 (2023) 151802

Limits on anomalous T moments: CMS
0.0032 Yy — 1t (v from Pb)

« Magnetic dipole moment: a; = 0.000973:0054 \ PRL 131 (2023) 151803

e Electric dipole moment: |d;| < 2.9-10"ecm CMS

. . — 17 (y from
o Consistent with the Standard Model 'Yr%is resu(?{ P)

S00-€Z-dINS/ 'SZ6E0 907 Z:ATKIE

« Most stringent constraints to date
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Exclusive photon fusion to WW pairs in pp

CMS Preliminary
AL B B B

138 fo~' (13 TeV)
N I B B N

 Photon fusion: pp analogue of UPC photon physics
« Relevant for EIC photon-induced studies

[ — fua/A*=0.8TeV* = Bkg.unc.
- —— fy2/A*=0.8 TeV* { Data - bkg
 Observation of exclusive yy = WW — epvv - SMyy-WwW

« e + [ signature: suppress Drell-Yan processes | 2MP-24-019

« Improves background for exclusive environment
o Still ~10% branching fraction

 Measured cross sections:
e Opor = 659732 b, 051g = 4.1+ 0.11b

« Key variable (pr vector sum) clearly separates
photon-fusion signal Sui

« Sensitive test of gauge couplings (YWW, yyWW)

e Sets limits on BSM (dimension-8 EFT) operators T S P E R I
60 80 100

Héd IHAd IHéO
pr(en) (GeV)
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HBT or femtoscopy in high energy physics

R. Hanbury Brown, R. Q. Twiss - observing Sirius with radio telescopes
« Intensity correlations vs detector distance = angular size of point-like star

Goldhaber et al: applicable in high energy physics
« Understanding: Glauber, Fano, Baym, ... (PRL10, 84; Rev. Mod. Phys. 78 1267, ...)

Momentum correlation C(q) related to source S(r)

Correlation strength

Clg) =1+ |fS(‘r‘)ei‘1rd7”|2
(under some assumptions)

[ R R B A
Detector distance

Can be expressed with distance distribution D (r):
C(q) =1+ [D@)e'dr
Neglected: pair reconstruction, final state interactions,
1/R

multi-particle correlations, coherence, ...

« What is the source shape? Can be explored via femtoscopy source function S(r)  correlation funct. C(q)
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Levy distributions in heavy-ion physics

| Source function from HR model, 0-20%, 0.20-0.36GeV |

S —— Core-Core \S (T) or D (T)

Central limit theorem, diffusion, and
thermodynamics lead to Gaussians

——Total source
-e- PHENIX, PRL98

— Gaussian fit N
_ Lévy fit, fﬁ --------------------------------------------------------- """-;.‘._'
a=1.33 ot

101

Measurements suggest phenomena
beyond Gaussian distribution

Levy-stable distribution (symmeltric):
L(a,R;r) = _j d3geiare 2RI
21

hep-ph/0702032

20

« From generalized central limit theorem
« Power-law tail ~r"17%if @ < 2
 Special cases: a = 2 Gaussian, a =1 Cauchy

ch)

. . . ’ — a
Shape of the correlation functions with Lévy source: C,(q) = 1 + 1 - e~ |4Rl
Csorg0, Hegyi, Zajc, Eur.Phys.J. C36 (2004) 67-78

Parameters: strength 4, scale R, shape a

(L L L BRI 5 2

Lévy source seen & exponent measured from SPS through RHIC to LHC
NA61 [EPJC83(2023)919], PHENIX [PRC97(2018)064911 & PRC110(2024)064909], CMS [PRC109(2024)024914]

02
Q [GeV/c]

O
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Why do Levy shapes appear, why is it important?

« A more comprehensive list of possible reasons: /1)
« Jet fragmentation (Csérgo, Hegyi, Novak, Zajc, Acta Phys.Polon. B36 (2005) 329-337)
« See also Caucal, Mehtar-Tani, JHEP og (2022) 023
« Importantine®e™, see L3 Collaboration, Eur.Phys.).C 71 (2011) 164 /\
« Critical phenomena (Csérgo, Hegyi, Novak, Zajc, AIP Conf.Proc. 828 (2006) 525-532)
« Role in the few GeV region? Affected by finite size effects?
« Directional or event averaging (Cimerman et al., Phys.Part.Nucl. 51 (2020) 282)
« Ruled out by event-by-event and 3D analyses - q

(T - Tc)/Tc

o Lévy walk (BJP37(2007); PRB103(2021), Entropy24(2022); PLB847(2023); Comm.Phys.8(2025)55)

« Only plausible explanation (so far) at high energies and large systems
« Importance of utilizing Lévy sources in heavy-ion physics

« Measuring a and R: quark-hadron transition, critical point, etc.

g
=}

a(T)

=)

o
%

Lévy index of stability «

« Measuring A: In-medium mass modification, coherent pion production 2
o ©
, .0 )
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https://inspirehep.net/literature/743765
https://inspirehep.net/literature/1845207
https://inspirehep.net/literature/2014609
https://inspirehep.net/literature/2611032
https://inspirehep.net/literature/2828763

Levy exponent in AA from 3.2 GeV to 5 TeV

« Non-gaussian values (@ < 2)

« 200 GeV centrality dependence:
smaller a for central collisions

« Same with energy: increasing density
— decreased a:
more time for Levy walk?

III|III|III|III| T

« RHIC trend described by power-law:
Ao = 0.85 + \/SNN_O.14 0'8

o CMS result at 5 TeV: off the RHIC trend 0.6

« Opposite centrality dependence: 04
smaller a for peripheral collisions 0.2

I|III|III|III|IIII

v e W e D

collider mode

STAR preliminary 0-10% Au+Au, n'n* % 30-40%
CMS 0-5% Pb+Pb, h*h*, PRC109(2024)2,024914 ¢ 30-40%
NAG61/SHINE preliminary 0-10% Ar+Sc, n'n*

NAG61/SHINE 0-20% Be+Be, n'r*, EPJ.C83(2023)10,919
PHENIX 0-30% Au+Au, n"n*, PRC97(2018)6,064911

« SPS: interesting, almost non-monotonic trend 14

10 107 10°

« EIC synergy: jet fragmentation, QCD studies, nuclear structure VSnn [GeV]

9/24/2025 M. Csanad (ELTE), Joint ECFA-NUPECC-APPEC Workshop “Synergies between the EIC and the LHC"




Nuclear structure with Levy femtoscopy

« 3D analysis of the source: 6 directions, (1,0,0),(0,1,0), (0,0,1),(1,1,0),(1,0,1),(0,1,1)

° |n seve ral bins Of pair‘ pT and ¢ 50,- fp 7'’ pair-source  [lf AMPT “"Pb+**Ne [ NLEFT initial state [ p. [GeV/c] = 0.2-1.0 k. [GeVic] = 0.35-040F ¢ _ ¥, = [-90°-787

projections Vsn=685GeV W b=0fm 5<n<05 Quons <kr

 Simultaneous fit of all projections

4 (@ | @ 10

« Azimuthal anisotropy revealed in | :
angular oscillation of the source radii = (20410 Ry = (14500 10 R~ 18080

1 1 10 1 10 1 10 1 10 1 10
RSZ' lde 2 side on, pnutsida [fm] F'c\ulh:)ng [fm] psidelong [fm]
 Important observable: e = 25— O AMPT {5 = 68.5 GeV, ' R
- L Stded L Pb+Ne, NLEFT g, =2 —ode2
« Captures amplitude of ¢-oscillation in ,side” direction (0,1,0) Pb+O, NLEFT Rde0

Pb+Ne, Woods-Saxon
« Sensitive to final state spatial eccentricity

[ON_NeoN ]

Pb+0O, Woods-Saxon +

'
'
SRR
+ arXiv2506.05849

o4 045 05
m; (GeV/c?)

« Complements flow studies
 Helps disentangle spatial and velocity-space anisotropies

e Sensitive to nuclear structure as well!

ol

c|IIIIIIIII|IIII|II\I|I\II|\II

e Details: D. Kincses, arXiv:2506.05849
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https://arxiv.org/abs/2506.05849
https://arxiv.org/abs/2506.05849

Femtoscopy at the EiC

« Provides a “femtoscope” for hadronization
« mapping emission radii & formation times as functions of 0%, z,pr

« spatiotemporal image of hadron creation under controlled hard scales
« Real-space probe of cold-nuclear and small-x physics _
spatiotemporal
S

« How saturation or shadowing modify
the space-time pattern of particle production

« Complementary to momentum-space observables (TMD, GPD)
« New channels and constraints for nonperturbative QCD
« Clean EIC environment enables tests of color neutralization, 1/R

string breaking, final-state interactions

ource function S(r)

momentum-space
« Initial state correlations correlation function C(q)
« Bose enhancement of gluons, different signatures as compared to HBT w.r.t. kinematic domains

« Altinoluk, Armesto, Eur.Phys.J.A 56 (2020) 8, 215
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Summary

-
o

« Ultra-peripheral collisions: small-x evolution and gluon densities
o Incoherent J/, coherentY(1S) & ¢(2020) photoproduction in UPC

« DO photoproduction in UPC

o
®

incoh oh
oy o5y
o
o

« Exclusive photon fusion to tt and WW pairs in pp
 Precision EW and BSC tests

« Double parton scattering: transverse distributions
« WW production in pp, Z+jet events, four-jet events

« Femtoscopy with Lévy sources
« Source shape in small systems determined by jet fragmentation, Lévy walk

« Complements flow measurements
« Sensitive to nuclear structure
« Sensitive to initial state via gluon Bose enhancement

CMS

—_
T T

© ¢
~

o
o

A

o

i ® ALICE (A =Pb)
[ i 3% STAR(A=Au)
i :-\ | Syst. exp.

- iy, [ Syst. v flux

FASALA Iy
-~ 1A

----LTA

-~ CGC_SubFluct
----CGC_noSubFluct

= CMS (A= Pb)

PbPb 1.52 nb™ (5.02 TeV)
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T Niracks = 0
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-+ Observed
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-009/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-009/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-009/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-009/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-009/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-005

Thank you for your attention

... and if you are interested in similar topics:

https://zimanyischool.kfki.hu/25/ https://wpcf2026.elte.hu/

ZIMANYI SCHOOL 2025

25th ZIMANYI SCHOOL L T T PP
an

LI T
WINTER WORKSHOP iR s

ON HEAVY ION PHYSICS

e . "y : ¥ : - =
il ~ December 1-5, 2025 P ,
e Budapest, Hungary
I. Csok: Lightning over Balaton Jozsef Zimanyi (1931 - 2006)

Workshop on Particle Correlations and Femtoscopy
May 18-22, 2026, Budapest, Hungary
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Special Issue

“10th Anniversary of Universe: Studying the Strongly Interacting Matter in
Nuclear Reactions from Intermediate to Ultra-Relativistic Energies”

Short information for the Special Issue

In ultra-relativistic heavy-ion collisions, a strongly interacting Quark Gluon Plasma
(sQGP) is created, resembling the matter of the early Universe. Experiments at
LHC and RHIC explore its transition to hadronic matter, while FAIR and related
facilities probe possible first-order phase transitions and the elusive Critical
Endpoint (CEP). The RHIC Beam Energy Scan and CERN SPS programs,
together with precision studies at the LHC, have advanced our understanding of
the QCD phase diagram.

At lower energies (FAIR, FRIB, RIKEN, GANIL), dense nuclear matter can be
produced, enabling studies of neutron star properties under laboratory
conditions. These results link to astrophysical observations of neutron star radii,
masses, gravitational waves, and neutrino emissions from supernovae. Accurate
knowledge of the nuclear Equation of State across densities is crucial for
interpreting such phenomena.

This Special Issue aims to connect insights from different energy regimes,
commemorate the QGP discovery, and highlight its significance across nuclear
physics, particle physics, and astrophysics.

universe

IMPACT
FACTOR

Guest Editors:

Prof. Dr. Maté Csanad

Prof. Dr. Panos Christakoglou
Prof. Dr. Giuseppe Verde
Prof. Dr. You Zhou

2.6

Deadline for manuscript submission:

31 March 2026

@) universe@mdpi.com
had

mdpi.com/journal/universe

X @Universe_MDPI



	Alapértelmezett szakasz
	1. dia: CMS and EiC synergies + femtoscopy
	2. dia: „The other 99%” (© Daniel Takaki, CERN Courier)
	3. dia: UPC & DPS: complementary probes of nuclear dynamics
	4. dia: CMS capabilities in EIC physics
	5. dia: Small-x evolution: incoherent J/ψ in UPC
	6. dia: Coherent Υ(1S) photoproduction in UPC
	7. dia: Coherent ϕ(1020) photoproduction in UPC
	8. dia: Constraining low-x gluon densities via open charm
	9. dia: Constraining low-x gluon densities via open charm
	10. dia: DPS-induced WW production in pp
	11. dia: DPS with Z+jet events 
	12. dia: DPS in four-jet events
	13. dia: Exclusive photon fusion to tau pairs in pp
	14. dia: Exclusive photon fusion to tau pairs in pp
	15. dia: Exclusive photon fusion to WW pairs in pp
	16. dia: And now for something completely different…
	17. dia: HBT or femtoscopy in high energy physics
	18. dia: Lévy distributions in heavy-ion physics
	19. dia: Why do Lévy shapes appear, why is it important?
	20. dia: Lévy exponent in AA from 3.2 GeV to 5 TeV
	21. dia: Nuclear structure with Lévy femtoscopy
	22. dia: Femtoscopy at the EiC
	23. dia: Summary
	24. dia: Thank you for your attention
	25. dia


