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Pressing guestions and-open:items

What are the initial conditions
of the collision?

\

\

\

nPDF and initial EM field

g
N

How does the system move
toward hydrodynamization?

Input from
EF community workshop (Ydre Lee)

What is the longitudinal y —
structure of the QGP? What's the hadronization

mechanism with QGP?

What are the transport properties of the QGP?
How does QGP respond to hard probes?
What are the inner workings of QGP at various length scales?


https://indico.cern.ch/event/647676/timetable/#28-wg5-heavy-ions

nPDF and initial EM field
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Nuclear -gluon:PDF::constraingsalCeso far

State-of-the-art nPDFs for perturbative QCD calculations R p-Pb 0»«@
@ Strong constraint®©n gluon modifications from dijets and W bosons PA scaledepp @@
2.0r g nNNPDF2.0 .

@ NNLOnPDFanalyses to include LHC data
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In preparation of EIGJIC@ LHC provides thHmest input to nPDFs



Nuclear -gluon:PDF::constraingsalCeso far

State-of-the-art nPDFs for perturbative QCD calculations

@ Strong constraint®n gluon modifications from dijets and W bosons PA

@ alsopossibly frontop quark production

@ NNLOnPDFanalyses to include LHC data

arxiv: 1709 oyl

R = p-Pb ."*@

scaledeopp @0

arxiv: 1812055722
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the linitial state with'DY: anothestandard candie
Drell-Yan (DY)nclusive & differentiapPbmeasuremenin extended15< m..<120 GeV

@ the most precise to datéd, providenovel constraintson the quarknPDFs
Highprecision inPbPhktoo

@ Deviation from flat centrality dependence describedH@PYTHIA

@ Possibility tadetermine NN luminositywith # of Z bosomrounts
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AT LAS Run: 286717
Event: 43643466
EXPERIMENT 2015-11-26 09:53:40 CEST

Pb+Pb, V‘SNN = 5.02 TeV
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Understandingvnin the smallest systems

Do we have systen@mnaller than in ppat LHC?
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@ Processes like ‘A > >will be highprecisionlike at HELHC

@ calibration of photon flux, constrain predictions for'A ee, _

@ Small cross sections, e.@.0 4 for! A + !but 2 enhancement

@ bestlimits on couplings of axielike particles over gi 1 ®mb M 1 n

-0.1

Source: IFJ PAN
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Taking advantage dfuge photon fluxedrom largeA UPC


https://press.ifj.edu.pl/news/2016/05/19/IFJ160519b_fot01.jpg

What are the initial conditions ) ——
of the collision? What is the longitudinal

structure of the QGP?

L
©,
®)

How does the system move
toward hydrodynamization?



@ constraints on hydro predictions

CMSPASHIN-21-012
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® measuredv2{10}measured for the first time!

Highprecision forsign changesvhen correlatingv,.{2k} with p]

@ very sensitive to gluon correlations (CQGX seen in data

CMS Preliminary

Investigating the initial-stages witlnore elaborateobservables

Pxx)

™\, non-equilibrium

PbPb 5.02 TeV (0.58 nb

exp

5186y S%5
LrastpASHINFRIRD 1 !1

cov(vy, [p1])

@ 0.5<pT<3.0 GeV/c
! l<2.4

O small 77 gap

® large 7 g‘ap)

Reduction of non-flow effects

$ IP-Glasma+MUSIC+UrQMD
: Sign change predicted by CGC

\/Var(@3)agny/Var([pr]ayn

exp

kurtosis

........................

fI-IITII IWTIIIIII}IIIIlTIIIIIIHIITITITITI“III|IIII|IIII|

| T

llﬁ]@ -
a & dzLIS Nﬁ@

'7_1 ,1=1,2,3 (standardized)
OYCXPOH i=1,2,3 (cleaned)

rr)@

10 20 30 40 50

Centrality (%)

Resolving, eventby-event fluctuations withunprecedent precision
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Firstpv, measuremenfor D° A sensitive to the strong created EM fields

® no EM inducecthargedependent splittingin v,

Firsthigh-precision {4}/ v,{2} also forD° A check whether fluctuations ow, are universal
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What are the transport properties of the QGP?
How does QGP respond to hard probes?
What are the inner workings of QGP at various length scales?



EXxtracting QGRiermocdynamie properties

Soft particle production and kinematics give us information alf@GtP and its evolution

viscosities kaldY kcantrol dissipation of energgnomentum perturbations
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Comparingieavy ilavorparticle flow inall systems

@ There is charm anisotropy... everywhere

@ ordering v, (PbPY xv, (pPH > v (pp)
@ sosystem sizeshould play a role?

Foropen bottom hadrons: MPbPbH > 0 but y(pPb ~ v (pp) ~0

® canHF probedelpto answerwhether QGP is formedh highmultiplicity pPpp?
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https://boundino.github.io/hinHFplot/
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Jet shaperadial profile of particles in jets pp jet Quenched jet
@ energy outside jet cone is mostlyw energyparticles

@ energy is transferretio soft particlesat large angles

i*— Jet cone = i4— Jet cone—»

Similar conclusionsvhencheckinghe behavior ofparticlesassociatedvith Z bosons

@ models withparton-medium interactionsdescribe data
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IHow energy loss ishstrbuied?

Vs = 5.02 TeV, PbPb 1.69 nb™, pp 27.4 pb™, anti-k; jet (R = 0.4): p'*' > 120 GeV, ) <16
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Increased medium responde the propagation of a heavier quark
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@ Measure the rate of jetsvrt. collision geometry

CMSPASHIN-21-008

Pbe 1. 6 nb™ (5 02 TeV)
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Wait, all these previous conclusions-depend

z a &y & & D A& A5 X Calorimetric (ATLA
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Observation of thesequential melting2 +

Heavy quarkonia suppression

indPgPbaind pPb

@ Similarlyto the hierarchy suppressio® SG 4SSy WK -

@ first time includingY (3S)n the picture
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Interplay ofsuppressionregenerationcrucial to grasp data
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What's the hadronization
mechanism with QGP?




EFemploscopiameasurements with-charged anstrangeparticles
@ Chargedependenttwo-LJ- NI A Of S & 0 I f ektgh@e8p rarfalzy (  Eet

Event 2

eY2 RSt a4 O yiath vsH,Ndetterlid n
2D correlation : C(Ay, Ag) = M(O,O);((AA’ZT”AA";))
Balance function
B(A1,89) = 5 [Cal+, =) +Cal—+) = o, +) = Cal=, )]
CMSPASHIN-21-017 CMSPASHIN-21-006
. . -1
60 T T T T T T T [ T T T T [ T T T T ] 15l-|‘|“||“|||“”|““HHIHH‘HIIIHH-I
- - Repulsive interaction ‘ 1
i | 10| f ]
0.3 < |An| < 1.0 B T )
| | 5 ]
O‘) 407 A N ? : ---------------------- :.
) A A A A | £ o T .
-O 6 _DO i |
=< O O o) i L| |PRC 91, 024916 (2015): AA®AR § ]
- o E% -5 =
S [Il] ] [El [ i [ ¥ PRC 66, 024007 (2002): AA +CMS (PhPb): AKQ@AKS ]
<] Possible  mmm—i o ]
<l _10k A Nuc.Phys. A707, 491 (2002): An $STAR (Adpu): AM@RR ]
~ 201 | bound state . g2 B $ ALICE (PbRb): AK2@AK® 1
.DATA 1 _15*.\.0.‘.|2...|.‘..|..."....l..‘.\....l.‘.f
O Hydjet | 2 -15 -1 -05 0 05 1\15 2
O AMPT 0.5 < P <2.0GeVic Jtf, (fm)
A HIJING Trasso’ " Tirig 1 « Two-particle femfoscopic correlation studied with\K3 and A

« Repulsive AK2 @ AK interaction
* No evidence for bound H-dibaryon in PbPb with AA @ AA correlation

T T SN S S T N T MO SO SO NS N S S
% 1000 2000 3000  400C
Nch
t NPOAY 3 OKSYAOI

v Dt SP2f doOR R ZY A4 K& BIS NB



tNB-RdzOS £ 2 KR NE V& Ay

@9 E24IMIO0 Sa GSald Y2RStayzpy Ly SELDJ@(@ Coidet yfrdnSrk
3

A

OSTTENBAASYAAUALDS (2 AAT SKOAYRAY ySNE
@.o0y O KHOY¥2YSGKAYI RATFSNBY T2 NIPEES TR o @%%02

ON A MNHEFF SOGAa OFyOSt Ay GKS NI GAZ2

O@SY KI YSOAFYSO (I 2 dzii D12 NTiNSuk B dzLJ ol i t S ad +ad 26
arXiv: 2102 1133248

1.7 nb™' (PbPb 5.02 TeV)

- ™| ' ! ' cMms
«—~200F- CMS /inclusive X(3872) 3 f: kb p. > 15 GeVic
L - y(2S) + 5 B+ —_

B 1eF ~ s |8 LHCHCQNNF2022-001

= 150~ } ot TR i ++ 1 B

oyt AT NE RN N LHCb ¢ -

 100Ft, ' - &t F  Preliminary ]

Q0 - > o F -

*E' 50 15<p_ <50 GeV/c Oy agra) = 47 MeV/c? 2 @H S : | ! :

L yl<1.6 Cent. 0-90% 3 5“ % I P >5 GeVice ]
..................................... CQ

c\’g 35 b-enriched (Ixy > 0.1 mm) ¢ data 3 X i IH }

< 30 — —total fit S|

% o5 l background 2 & % L i

= 1 bee"lb

0 20 + 0g

~ 1 = — | —

T TR AT e Y 10 _

= 10§ - . ¢ -2 - i

c - INRIRE: - -

O MBI i S % RO
365 37 3 75 38 365 39 595 4 op »Pb Php PhPL

My (GeV/c
Machine learningechniques increases sensitivity to rare probes



CINBLY [ o a -y, 24 Mgl Ebrecisitm -axotic |an@ new signals

Goals for highT/low-€ ; QCD mattgfExperimental tools

Controlling initial conditions pA , nPDF fits, flofde)correlations

From early phase to hydrodynamization [Cf 246 Iy R ¥Ff dzO{ dz

Quenching and connection to smaller systeRS, jet (sub)structurehigh-p; probe:

Transport properties and thermalization || §| ga Ff | g2 NJ { NI
Pinning dowrhydro-like behavior V,intAip

Precision QED and BSM searches t K2iha/\RdzOSR LINROS&asSa

Yy Lddzi FNRY
2L) 2V UfKISH hJ{® & A

2y UiKISH hii(e a A Oa 2I\Toné>khaust|ve list
t Keaxnad VIRU . [SkER2 Y WRdz



https://indico.cern.ch/event/647676/timetable/#28-wg5-heavy-ions
https://arxiv.org/abs/2209.11564

