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Introduction

Theme this year: small systems
A vast amount of information

1) Thermodynamics and Hadron Chemistr . .
(1) Y Y @ New theoretical analysis and

3) Open Heavy Flavour
(%) development

(2) New Theoretical Developments
(3) Phase Diagram and Search for the Critical Point @ new puzzles and problems

@ (3) Correlation and Fluctuation

@ (2) Electromagnetic and Weak Probes @ 11 plenary session

@ (3) Initial State Physics and Approach to Equilibrium @ 34 plenary talks

@ (3) Collectivity in Small Systems

@ (3) Quarkonia @ 40 parallel session

@ (5) Jet Modification and High-pr hadrons @ 230 parallel talks

@ (2) Future Facilities, Upgrades and Instrumentation @ more than 400 posters
@ (2) QCD at High Temperature

@ (4) Collective Dynamics Focus on:

@ (3) Chirality, Vorticity and Polarization Effects @ New Experimental data and
@ (1) High Baryon Density and Astrophysics measurements

o

o

]

o
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Introduction

Theme this year: small systems
A vast amount of information

@ (3) Correlation and Fluctuation
@ (2) Electromagnetic and Weak Probes @ 11 plenary session
@ (3) Initial State Physics and Approach to Equilibrium e 34 pIenary talks
@ (3) Collectivity in Small Systems .
@ (3) Quarkonia @ 40 parallel session
@ (5) Jet Modification and High-pr hadrons @ 230 parallel talks
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INITIAL STATE PHYSICS
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Why Initial State Physics?

Understanding initial state fluctuations:

@ transverse (sub-nucleonic) fluctuations = transverse flow anisotropy
(IP-Glasma, Glauber, EKRT, ---)

@ longitudinal fluctuation = rapidity decorrelation
(AMPT, Scott McDonald, XiangYu, ---)

@ pre-equilibrium dynamics = temporal evolution of the medium
(multi-stage: field, kinetic, hydro)

Need to probe partonic distributions within the nucleon/nucleus. How?

@ UPC via Light-by-Light, di-lepton, vector-meson and jet production.
Probes gluon distribution at small-x, nuclear PDF (CNM).

@ Forward/Backward scattering via pA/Ap or fixed-target.
probe small/large-x gluon distribution, CNM effect.

@ potential tool by the EIC.
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ALICE Xe-Xe measurement

2
Mo (dNen/dn) O AS A FUNCTION OF (Npart)
arXiy:1805.04432 . Data are scaled to /s, /snN = 5.44 TeV (prev.) to
E: ; Inl <05 + ;O‘ ’iﬁ. match with Xe—Xe results.
z 10— f% o gol 7
2ok w WL %.Jﬁ o » ALICE data decreasing by 2
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A@t o oo ‘.:li’.ii i’é’,{l e » Xe-Xe shapes exceed Pb-Pb
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scale violation of charged multiplicity for different systems at similar Nyae.
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CMS Xe-Xe measurement

Centrality dependence

* Per-participant dN/dn at midrapidity as functions of the average number of =z
participating nucleons (left), and fractional overlap (right) )\#';’gggb )
NI 7

* Same number of participants: per-participant dN/dn in XeXe exceeds PbPb Somisy
« Same fractional overlap: per-participant dN/dn agree between XeXe and PbPb S —

* Charged-particle production depends on collision geometry, not system size

XeXe |5 = 5.44 ToV XeXe 5, = 5.44 ToV

6 6

CcMS

Proiminary Prolminary

5

4

cms u cMs
« XeXe5.44 TeV = XeXe5.44TeV
total (expt. + (N,,,)) unc. total (expt. + (N,,,)) unc.
expt. unc. expt. unc.

»

Si
AN
5
3
2

PbPb 2.76 TeV PbPb 2.76 TeV
ALICE I ALICE

PbPb 5.02 TeV PbPb 5.02 TeV
PbPb 2.76 TeV PbPb 2.76 TeV

100 150 300 350 400 04 06 08

QUARK MATTER 2018

Per-participant dN/dn at mid-rapidity is driven by collision geometry, not system
size.
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ALICE J/W¥ measurement

ccT

energy-dependent hot

spot model

PLB766 (2017) 186 5 10°
<

JMRT NLO a

DGLAP formalism + +

main NLO contributions g

EPJC76 (2016) 633 1T

STARLIGHT ?

Parameterization of HERA 5’

and fixed-target data 1

CPhC 212 (2017) 258
NLO-BFKL

proton impact factor from
F2 HERA data
PRD94 (2016) 054002

CGC
color-gluon-condensate
models with saturation

Exclusive J/{ photoproduction in p-Pb

X
1072 107° 107 10°
— T T T T
[ e ALICE Preliminary
[ ¢ ALICE (PRL113 (2014) 232504)
L Power-law fit to ALICE data <>¢ 2
|l o H1 ‘{9,{?/‘,_
v ZEUS o8 2t
[ o LHCb pp (W= solutions) s
o LHCb pp (W- solutions)
; Q%ﬁ ----- ccT
T - (P JMRT NLO
r &1 + STARLIGHT param.
- % NLO BFKL
CGC (IP-Sat, b-CGC)
L M SR | L L MR |

30 40 50 102 2x102

3
W, (GeV)

ALICE

New RUN2 data will
allow ALICE to explore
the region above 1 TeV:

4 160
LI ALICE Performance, Pbp (5, = 8.16 TeV

H

H

UPC, L= 127 nb"

PRD90 (2014) 054003 L. for LHCb measurements in
5/14/18 Good description by all models | ., 15 oy cen itich-cont a01t 007 |12
model consistent with data with or without saturation effect.
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LHCb J/W measurement

-
differential coherent cross section

LHCb preliminary
0 =5.27+£0.21+0.49+0.68 mb
@ The analysis is repeated in
bins of half unit rapidity y

" [mb]
w2 S

)

do/dy

@ Uncertainties for statistics,
systematic and luminosity are
of comparable magnitude

@ The LHCb acceptance is
interesting to discriminate

—_

e ; N ¢ ;
S hh— LN LB

LHCbD Preliminary Guzey etal.
=LTA W
—— Pb-Pb {5 =5 TeV —LTA S
=EPS09
Goncalves et al
=IP-SAT
=M
Cepila et al.
=GG-hs
GS-hs

O [T T T

between the models

LHCb-CONF-2018-003
vpe g

Iy

14™ May 2018 9/ 14

large rapidity acceptance, coherent collision.
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CMS T(1S) measurement

Excl. Y(1S) photoproduction cross section vs Wyp

> Differential cross section estimated CMS-FSQ-13-009
doy(ns) By« o N\“’“K\
dy < YeSmrw LxAy’ T CMS Ppreliminary pPb 32.6 nb” (5.02 TeV)
o) E )\ T T 3
Wip =2Emyexp(ty) 8 T E ——zmem E
?The differential Y(15) cross-section & |- T IR0, g
extracted by correcting for branching = [ —e— oMsees02Tev)
ratio, feed-down, Y(1S) fraction = 10°
©

2 The cross-section as a function of
W\_p is estimated by

1 99vus

— fiPsat
— MG
— ImLcG

o

L

YT gy 102 icor RN

. " 7 o1ew, 71 6oy 2a3<w,, <312Gev mgt&] 3

>Afitwith power-law A X (W, /400)° to ¢ T e SRV e I oo ]

the CMS data gives, r T g
5= 0.96+0.43 . ‘

A= 655196 pb 107 TC—

>ZEUS: 6=1.2£0.8 i i
Phys.Lett, 5650 2009)4 Data compatible with power-law dependence of G(W,,p)'

disfavours (fast rising) LO pQCD predictions

Ruchi Chudasama (BARC. Mumbai)

compatible with HERA data and pQCD predictions.
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ATLAS Light-by-Light measurement

ATLAS

EXPERIMENT

Pb+Pb S, = 5.02 TeV|

Events / 0.005

Signal selection
no Aco requirement

003 0.04 005 0.06
vy acoplanarity

Ofia = 70+24 (stat.)
ARTICLES +17(syst) nb

4.4 significance
Evidence for light-by-light scattering in heavy-ion observed

collisions with the ATLAS detector at the LHC 3.80 expected

ATLAS Collaboration’

strong QED proof.
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CMS Light-by-Light measurement

vy differential distributions (after LbyL cuts)

m Final diphoton distributions (p,

PbPD 390 b (502 TeV)

m_N,y) for LbyL+QED+CEP:

PbPb 390 b (502 TeV)

—=— Data
I Loyl vy >y ¥ (MO)
[JQED vy —>e'e (MC)
[ CEP (99— ¥ 1) + other bkg

Preliminary

N
a

—=— Data
I Loy vy -y Y (MO)
[ JQeDyy—»e'e (MC)
[ CEP (gg — 7 1) + other bkg

+

Events/ (2.5 GeV)
a8

5

@

CMS

Preliminary

I

0.1 02 0.3 0.4 05 0.6 0.7

s
Dlphoton p (GeV)

PbPb 390 " (5.02 TeV)

Events / (0.8)

—e=— Data

F I Wyl vy - vy (MC)

] QEDyy > e'e (MC)

[ CEP (g —» y 1) + other bkg

Quark-Matter'18, Venezia, May 2018

CMS
Proliminary

15 2
Diphoton y

4 6 8 10 12 14 16 18 20
Diphoton Invariant Mass (GeV)

Good agreement of data with

sum of MC predictions

(also for cut-flow numbers):

Selection criteria ThyL MC

CEPMC + other

(normalised to data)

QEDe’e MC

Charged exdusivity B7ET4(h)
Neutral exclusiv iy 133 14(th)
Diphoton pr | 12513 (th)
Diphoton amp]\lmm\ <001| 1|nma1E1ieh

98 £19(stat)
98419 (stat)
90+15(stat)

11406(stat) | 27411 (stat)

16/21

David d'Enterria (CERN)

strong QED proof.
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ATLAS dimuon measurement

SPATLAS

EXPERIMENT

HHH

Lot t...,

[ ATLAS Preiiminary

{5 =5.02TeV

1H i‘+Pb+Pb 0.49 nb

—"-iﬂ“'H.+Hﬁ tl..‘.,.li.u}

[t 20 - 40 %

4

40 - 80 %
——Pb+Pb data
——>80%data ]

STARlight +
4  dataoverlay
‘14

R XY PRV PY P

5005

oor

o.
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«

1
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20-40 %
i

lfH {5 =5.02TeV

[; ATLAS Preliminary ]

Pb+Pb, 0.49 nb”"

40-80 %
—— Pb+Pb data -
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STARIight +
data overiay ]

it

Hy gt t

clear broadening but no sign of momentum imbalance.
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CMS Forward /Backward dijet measurement

T HIN-16-003

/&
e First evidence that the gluon
“S= Bjorken x in lead ions is stro

pPb (35nb™), pp (27.4pb™) |5, =5.02TeV

. . 115 <p?® < 150 GeV
Data are incompatible 141 Pr = Cms
. . . f-anti-k; R =0.3 jets

with predictions using rp,,>B0GeV,p >20Gev, a9, > 2u3
nucleon PDFs or using glat12k
nPDFs without large-x g3 oo )

: o AL IUTE YT T
gluon suppression. N fﬂu?g‘ri'ﬂ-n!y 4

o8 t’
o Q| ® F 4 pp NLO pQCD: CT14
Based on a statistical £l208r
. [ @ Data uncert. © DSSZ
analysis,_the EPS09 [ Eg?g%ﬁ
; .
nPDF provides the best 0.6 x EPPS16
. 1 Il 1 1 1
overall agreement with 2 1 0 1 2
the data ndijet
High x

Daniel Tapia Takaki QM 2018 Jenice, Iialy 14 May 2018 15

suppression of large-x gluon PDF (EMC).
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PHENIX RpA measurements for p-Au and p-Al

RpA vs. Npart

« Backward enhancement scales with Npart across collision systems

< 3.5¢
-3 F . -2.2<n<-1.2, p+Au (Au-going)
(14 F+  -2.2<n<-1.2, p+Al (Al-going)
3
o o 1.2<n<2.4, p+Au (p-going)
o o 1.2<n<2.4, p+Al (p-going)
2'55_ h*, 2.5<p <5 GeV/c
2F PHENIX H H
E preliminary
1.5F H H
1i_ ........ E@HF@ H =
: by " Y g
0.5 .
F 10% global sys. uncertainty
L 1 " 1 " 1 L 1 L 1 " | " 1
% 2 4 6 8 10 12 14
<Npa e

RPA VS. Npart

Al

FYTX
220418 FYTX
et . 1.2<1<2.4

p-going Au,Al-going

Forvard Backward

Backward (A-going, large-x) enhancement scale with Nyt

Chen Lin (loPP, CCNU, Wuhan)
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IP-Glasma 341D generalization

Decreasing Bjorken x
JIMWLK Evolution

<
Decreasing Bjorken x
JIMWLK Evolution

Eur. Phy
chlichting, PRC 6)
Scott McDonald McGill University May 14, 2018 11

provides 341D initial condition with transverse dynamics and longitudinal
fluctuations.
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CGC+PYTHIA incorporation

CGC meets Lund String fragmentation of PYTHIA

CGC + PYTHIA : A new approach to simulate p+p & p+A collisions

1) Output distribution of Gluons from CGC X R t X
based IP-Glasma model

2) Sample gluons in momentum space

3) Connect the gluons close in phase

space to color neutral strings A= pure gauge 1 Ay= pure gauge 2
4) Input to PYTHIA and fragment into final P
particles
&y 4

PYTHIA (realistic mechanism of hadronization) — partonic correlations
from initial state dynamics — correlated production of final-state particles

Description of particle yields, long range correlations, collective effect.
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ELECTROMAGNETIC AND WEAK PROBES
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Why Electro-Weak Probes?

e prompt photon (%)
probes the medium unaffected, use as calibration for jets.

@ thermal photon, decayed di-electrons
records time evolution of the medium, gives information about the system
temperature.

@ W- and Z-boson
constrain nuclear parton distribution function in p-A collisions.
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ALICE direct-photon measurement

Direct Photons in pp & p—Pb (1)

ALICE
arXiv:1803.09857 o B —— . o .
ALICE pp \s=276TeV - %1 LICE pp. (s=8TeV | 15 NSDp-Pb, |5, =502 TeV E
NLO pQCD, POF: CT10, FF: GRV El LO pQCD, POF: CT10, FF: GRV gh'CE preliminary 3
14— | 1 4 en et a/
T ---NLO pQCD, POF: CTEQ6.1M, FF: BFG2 | LO pQCD, PDF: CTEQS6.1M, FF: BFG2
13- - JETPHOX, PDF: NNPDF2.3QED, FF: BFG2 E| 1 JETPHOX, PDF: NNPDF2.3QED, FF: BFG2 | PDF CT10, FF: GRV e
- £-]POWHEG, PDF: NNPDF2.30ED + PYTHIAS PS | F--]POWHEG, POF: NNPDF2.3QED + PYTHIAS PS nPDF: nCTEQ{5, FF: GRV
T . 3 E nPDF: EPPS16, FF: GRV E
R 1 9</~ “E E
1.0 iz E
: E R 10k M%{ 3
09 | E AEI
3 i 09— =
0.8- =l E
E E| E 08-
0304 1 2 3 4 567890 0304 1 2 3 4 56789\0 7@(10" 1 2 3 4567510 20 30 40
(GBVIE) (GEVID) Py p. (GeVic)
@ Systematic uncertainties of individual meas. @ Combination of 3 (4) reconstruction techniques via
— dominated by pr-independent BLUE method
material unc. of 4.5% PCM, 2.8% EMC & @ NLO prediction plotted as
0,
global E-scale unc. 3% PHOS Ruto = 14 (7° - Neon) /Yeee
@ pr reach @ Within uncertainties no significant excess at low pr
o 0.4 < pr <10 GeV/c in pp, /s = 2.76 TeV observed
e 0.3 < pr <14 GeV/cin pp, \/s =8 TeV — supports interpretation in Pb—Pb as medium effects
e 0.3 < pr <32GeV/cinp-Pb /5, =502TeV e About 1— 20 deviation from unity for pr > 7 GeV/c
F. Bock (CERN) Direct Photons at the LHC May 14, 2018 5

no excess in thermal region, consistent with pQCD calculations.
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ALICE direct-photon v,

Direct Photon Yield and Flow

20.40% Po.P, V5w =276 T
+ v, ALICE
v} *<, ALIGE simulation
V4™, hydro, Paquet et al.
-~ %™ hydro, Chatterjee et al.
----- 4%, PHSD, Linnyk et al.
Boxes indicate total uncertainties

') dir

. N

underestimated o
arXiv:1805.04403
T

° Central points for direct photon yield and v.
by most theoretical calculations .. - e .
by factors of 2-5 oo i *

V%%, ALICE simulation

vE™, hydro, Paquet et al. A
== V%™, hydro, Chatterjee et al. o
..... vE®, PHSD, Linnyk et al. 1

o.

°

=
EREEEEEEEES L

PLB 754 (2016) 23-248 o4l

Po-P {5, =276 TeV Aexpl-p, /Tm

°
IS
°

020% ALICE 0-20% | 03 Boxes indicate total uncertainties 02 t ]
©2040%ALICE  —20-40% W [y ]
+40-80% ALICE | I i 1

‘ E

°

’ pr (éewc)

° v 9 compatible with v. " 9 — 0 within 1.4(1.0)c in pr range
(0,9 <pr<21 GeV/c)

@ No deviation beyond 25 from theory observed for spectra or v»

Paquet etal.
arXiv:1509.06738

arXiv:1504.05699 - Chatterjee et al.

v Hees etal. PRC 85(2012) 064910 ~
oL, NFASSOROIEZE | HEP 13052019000, T @ Similar observations for all theoretical calculations despite very different
05 1 15 2 25 3 35 4
P, (GeVic) setups
F. Bock (CERN) Direct Photons at the LHC May 14, 2018 11

non-zero v, observed, late production time.
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PHENIX direct-photon measurement

Direct Photon Connection Between Large and Small Systems

> There seems to be another trend from small systems, different from that of large systems
> Both trends suggest an “intersection region” or “intersection point”
» ptAu 0-5% data point shows a sign of existence of QGP small droplet

107

PAA) +P(A) > 7, + X T~ o=1.25
¥ Pb+Pb, {5, = 2760 GeV PH: “ENIX

W AutAu, (S, = 200 GeV preliminary

® AutAu, {5, = 62.4 GeV. |
8] AutAu, (S, = 39 GeV. _',.o"

¥ CutCu, |5 = 200 GeV ™
[ d+Au, |5 = 200 GeV .).r’
% p+Au, |5, = 200 GeV -1
© p+p, V5 = 200 GeV

o
o

WAL B R B AL L S AL R

o

N,,, scaled prompt photons
p+p fit, VS = 200 GeV
—pQCD, Vs = 2760 GeV
—pQCD; Vs = 200 GeV/
=pQCD, Vs = 62 GeV
I I I

10 aNy/an|1” 10°

dN/dy (p, > 1.0 GeVic)

107

\@ Vladimir Khachatryan, Quark Matter 2018, Venice

generalized scaling for direct photon production across energies and systems.
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ALICE di-electron measurement

Central Pb-Pb collisions at Vs, = 2.76 TeV

- 10 ALICE Preliminary H L I C E
i Pb-Pb, |, = 2.76 TeV, 0-10%.

% 10 @ p  >04GeVic,|n,1<0.8

[©)

e ! et X, PYTHIAG) Corrected e*e-yield in the ALICE acceptance

5 10" BB os (Al xPp. FYTHIAS) (p;. > 0.4 GeVic and |y,| < 0.8)

g 0 Cocktail wi

e ocktail without vacuum p

S0 E Cocktail with thermal radiations:

= \ « R.Rapp: expanding fireball model with T_ = 170 MeV and
= a5l £ iyt s e e il s hadronic many-body theory A

£ 3E = ";".’;‘3%25::’[%?’ | E « PHSD: Parton-Hadron-String Dynamics transport approach
S 25 . arkiv uck E

e, 2 — 1 ——

o 15 E

5 ] Paper should come very soon
[+ 0.3

0 01 02 03 04 05

0.6 0.7
me, (GeV/c?)

No sensitivity yet for possible thermal radiations from the medium
Run-2 and Run-3 (after upgrades) — more precise measurements

R.Rapp, Adv. HEP 2013 (2013) 148253, Phys. Rev. C63 (2001) 054907
T.Song, W.Cassing, P.Moreau, E.Bratkovskaya arXiv:1803.02698 [nucl-th]
Low-mass dielectrons with ALICE, QM2018, Venezia 19

Raphaelle Bailhache

cocktail of di-electron production consistent with simulation.

Chen Lin (loPP, CC

Wuhan)
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HADES +* — e*e™ measurement

TECHNISCHE
UNIVERSITAT
— DARMSTADT

Fit to the invariant mass in centrality bins
Total e+e— yield

[ AusAu, (=24 Gev [ Auehu, f =24 Gev F AuiAu, {5 - 2.4 Gev

| | | ] L Aushu, (5= 2.4 GeV K|
107 30-40% cenralty 107 20-30% cenralty 107F 10-20% centralty 107 0-10% centraity

HADES preliminary HADES preliminary HADES prelminary HADES preliminary
107 107 102 E 102 4

Toope = 63.6:2.6 MeV/kg Toope = 65.7:2.8 MeVikg Toopo = 74.3£3.6 MeVik, =723:3.8 MeV/k,

Teiope =

3
T

10 E

1N, dN/dM,, ((GeV/cy)")
3

1N, dN/dM,, (GeV/c)")
5
/N, dN/dM,, ((GeV/c?))
1N, dN/dM,, (GeV/c))
3

10°F 10°F E 10°F E E|
107} . 10°¢} 107 ;
107} 107} 107]
2 2 2 2
§ windi={149/g | ‘3;:’ w@indt = 10215 | i eInd]= 64115 3;: 2 1:5{
ot 1 o1 H o1 WHI It o1 }“) ’ ]
: K] s k] }
ofF 1 0 0 0 1
02 04 06 08, 02 04 06 08, 02 04 06 08, 02 04 06 08,
M, (GeV/c?) M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)

Hotter radiation source in more central collisions
5/31/2018 | Quark Matter 2018, Venice | Szymon Harabasz | 8

o /2N
=5 papes -

di-electron yield measurement for different sources of photon production.
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CMS top quark measurement

Top quarks in pPb

[N Phys. Rev. Lett. 119 (2017), 242001

_

0 b-tagged jets 1 b-tagged jet >=2 b-tagged jets
PPD (17410, (5, =8.16TeV) PPD (17415, {5y =8.16TeV) PPD (174 nb”, 5 = 8.16 TeV)
e*lu* + 24j (=0b) g [ CMs e*/u* + 24j (=1b) ;E) 35 CMS e/u* + >4j (>2b)
+ Data & + Data & Data
M ti correct M i correct 30 I M tE correct
tiwrong ttwrong . ttwrong
M background M background M background

50

50 100 150 200 250 300
rr\r[GeV]

» Decay channel: >=4 jets + lepton (u or €) + missing momentum )
« Jet Selection: Anti-k, (AR=0.4) jet with p, > 25 GeV/c & |n|<2.5 —
« B-quark tagger: Based on combined secondary vertex a .

my Gel]

q

- Lepton Selection: Isolated lepton with p, > 30 GeV/c & |n|<2.1
+ Extraction: Fits of the W - jj’ mass using functional forms in different b-jet

and lepton flavor categories, without relying on simulation
Quark Matter 2018 1600518 8

first CMS observation for top quark in pPb, probe gluon nuclear distribution.

Chen Lin (loPP, CCNU, Wuhan) Quark Matter 2018 overview May 31, 2018 25 /48



CMS W-boson measurement

W boson: forward-backward ratio

CMS-PAS-HIN-17-007

P(x?) = <0.01% CT14, 83% nCTEQ15, 95% EPPS16

N4 ; i . -
== pPb173.4 nb Sy = 8-16 TeV pPb 173.4 nb™ sy = 8.16 TeV
T 3 T T
MEW 5o Va CMS - HEWT S ot e Vu CMS -
1.3F P;>25GeVic - Preliminary 13F P> 25GeVic + Preliminary
- w - w 2
2 O 12 2012 =

Lok
=

L Py
z b4 — o
1| = 13 AR
2 < EEEL
=3 E = E

1:@ 0.9 5“__.0 0.9]
L o8 2 %% 4 pata g
= et
Z o7 0.7 —CT14

o8k N CT14+EPPS16 E o5k ¢\ CT14+EPPS16 E

: 44, CT14+nCTEQ15 : %/,CT14+nCTEQ15

1 Il 1
o 0 05 1 15 05 0 05 1 15 2
m; n;
CM oM

« Uncertainties fully correlated in n,, cancels (correlations included)

* Exclude (>70) free-nucleon PDF calculations
» Experimental uncertainties smaller than nPDF uncertainties

Quark Matter 2018 16/05/18

14

W boson measurement agrees with existing quark nuclear PDFs, good with EPPS.

Chen Lin (loPP, CCNU, Wuhan)

Quark Matter 2018 overview
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ALICE Electroweak boson measurement

CHE

Pb-going p-going
03<xm<1 4104 < xpp <2103
o 80T ey oAy S e A A S A A AR A
€ oF  ALCEpPb\s,-502TeV g E 5"60 E ALICE, p-Pb |5, = 5.02 TeV El
=5 F wew El 25 F wew E!
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B E| B |
T s50F 3 ° E ]
E E 40F =
sk * Dan Ep E o Daa E
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(s} ) == 7 v}
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n
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* Calculations with and without nPDF can reproduce the results

* As for the Z-boson results, more precision is needed to constrain nPDFs

W/Z production require more precision to constrain nuclear PDF.

Chen Lin (loPP, CCN




Thermal photon study

o o
Probing the dynamical plasma
Space-time 4-volume (above freeze-out)
Energy & baryon number deposited over versus time
extendedtimeperiodatlower\/sNN L ——
- [ Energy deposited —— Dynamic ]
’ . : . mE E
0-5% Au+Au UE |n/stantaneous|y ¢ Instantaneous ]
T 1501 ) 7
: R Vi(e > 0.16 GeV/fm?) 1
—3F —~1E " E
Ef E T Cooling ]
gl = 100F -« ]
T ~ L ]
[ = E .
1 F \ Energy ]
50F deposited % B
5% =35 05 25 0 T dynamically 1
z (fm) 25 a1
l [ 0-5% Au+Au 0 19.6 GeV ]
. 0 2 [ B 0 2
“Instantaneous” energy deposition 4 T (fm)\ ! ! H
(high collision energy limit)
Jean-Frangois Paquet (Duke University) 14

Significant thermal photon at low collision energies using dynamically initialized
hydro profile.
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JET MODIFICATION AND HIGH-P+ HADRONS

Chen Lin (loPP, CCNU, Wuhan)



Why Jets?

@ Raa - smoking gun for QGP formation

@ EM jets - probes the coloured medium unaffected, calibrate away-side jet
energy

@ jet correlations (A¢, xy) - probes medium effect and transport coefficient via
broadening and energy-loss.

@ jet fragmentation function - medium response
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ALICE R4 measurement

Raa in Xe-Xe and Pb-Pb vs. p; at similar dN,,/dn %

NEW arXiv:1805.04399 ALICE
o [AUCE crarged paricies, <08 XeXa |5, =544Tev,3040% |+ Similar R, in the most central Xe-Xe
o Xe-Xe {5y, =5.44 TeV, 0-5% (AN, /dn)=315£8 collisions to that in 10-20% Pb-Pb collisions

1 ©-Pb-Pb |5,,,=5.02TeV, 40-50% |
(N, /dn)=318 £ 12

(AN, / dn)=1167 +24
= Pb-Pb |5, =5.02TeV, 10-20%
(dN_/ dn)=1180 £ 31

over the entire p; range.

« Agreement of Ry, between 30-40% Xe-Xe
J and 40-50% Pb-Pb collisions within

0.5 & & s
8 . fiy uncertainties.
S|

§ T T R T T central Xe-Xe collision centrality Nﬁﬂ
%12_ | e i 0-5% Xe-Xe 236 + 2
® e, . ' B 10-20% Pb-Pb | 263 +4
N "»‘_—"/. pRY) ! semi-central Pb-Pb collision 30-40% Xe-Xe | 82.2 + 3.9
I T il .H 40-50% Pb-Pb | 86.3%1.7
“‘A—\NM» L ul |
1 10 1 10
P (GeV/c) P (GeV/c)
13-19 May 2018 QM2018 Daiki Sekihata 18

New Raa measurement for Xe-Xe and Pb-Pb (similar multiplicity) showing the
effect of Cronin and suppression.
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ATLAS Rjs measurement

T iy T
[ ATLAS Preliminary pp, 25 pb™ Xe+Xe, 3 b’ Pb+Pb, 0.49 ny ‘\‘ [" ATLAS Preliminary pp, 25 pb” Xe+Xe, 3ub”"  Pb+Pb, 0.49 nb” 7
Mi<25 (E=502TeV |5 =544 TeV (5= 502TeV | Ini<2.5 V5=502TeV |5, =544 TeV |5, = 5.02 TeV

(orapo crapol 1544 T

Xe+Xe, (N_) X Pb+Pb, (N L - Pb+Pb,
o 5-15%, 194 20-30%, 189 -5% - 10-20%,
30-40%, 84 40-50%, 87 20-25%, 361 - 30-40%
+ 55-70%, 24 60-80%, 23 + 40-50%, 97 © 50-60%,

3 30

\

@ same colors have similar <szn-1> and similar (Neon)
@ very similar pr dependency in Xe+Xe as in Pb+Pb

p,[GeV] 3

@ although the shape is not exactly the same

Petr Balek charged hadron Ry 15 May 2018 13 /21

Raa scales with (Npare) or (Neon).
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ATLAS Rjs measurement

&)

& | ATLAS anti-k, R=0.4jets  |y|<2.1
[ [=10-10%, {Swn 92-76 TeVIPRL 114 (2015) 072302]
1,,,,,,,,9,,,1,97",1,V§NN

N
<130 - 40%, |Syy

[ WEEN (T ,,) and luminosity uncer.

) i#'+|

- e :tT}I

dependence
seen

40 60 100 200 300 500 900
P, [GeV]

Quark Matter 2018, May 14-19, 2018
Raa have no dependence on beam energy.
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CMS Rpa measurement

Theory Comparisons - 0-10%

Linear Boltzmann Transport Model
« CLV,_hydro medium expansion

isc

* Quadratic energy loss in static QGP

* Bjorken expansion of medium
CUJET3.1

* CIBJET modeling of flow harmonics &
Andrés et al.

* 'quenching weights' formalism

* Medium evolution with IEBE hydro
« Energy loss scales as roughly Npan2

Models predict R,, reasonably \
/CM

* Similar agreement in 30-50%

7 "F\\
V/;
3
1%
s

e

1.6:2%:4 90" (5.02 TeV pp), 3.42 ub” (5.44 TeV XeXe
e CMS5.44TeV XeXe |
?CMS —— LBT ]
1.4 prejiminary Djordjevic
[ s CUJET3.1/CIBJET
Andrés et al.

1.2
;1 Normalization uncertainty

.
<1 CMS-PAS-HIN-18-004
£08"

0.6*

oaf FHL
=rC

02—
r 0-10%

Tgtal data uncerta’\n}tz} . )

Theory/Data

measurement of Raa showing agreement with model prediction from mid to high

PT-

Chen Lin (loPP, CCNU, Wuhan)
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CMS b-jet measurement

Toward more sensitive observables

T T
T s Lo diiets |
e Data

- PYTHIA 6
—— PYTHIA 6, reweighted
= = = POWHEG + PYTHIA 8

T
Inclusive dijets

*  Data
PYTHIA 6

e
w
o

o
©

Q
IS
o

pr1> 100 GeV, p;,> 40 GeV, dd > 2r/3

1/N dN/dx,
o
P o
(& N

o

o
o
&

FEETE FRETE FEUTE FRUTE FENTE FUTE P )
01 02 03 04 05 06 0.7 08 09 01 02 03 04 05 06 07 08 09
X X

o

0

J J
* b-dijet Ry, removes ambiguity regarding production mechanisms ->
* Probes leading-order jet production component

— No significant differences with respect to inclusive jets, seen also by POWHEG

CMS b-jet measurement provide probe to final gluon splitting and removes soft
gluon contribution.
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ATLAS Jet-FF measurement

¢ 200 < p¥ < 251Gev

E; 4+ 316 < p* < 398GV

L

4 200 < pf < 251Gev
+ 316 < p* < 398GV T

2.5 T —— -
ATLAS ™ <21 antik, k=04 jets | [] ™ | <2.1 anti%, R=0.4 jets
NoT I arXiv:1805.05424
Q:Q 2~ @ 126 < P < 158Gev ra @ 126 < P < 158Gev o

L
S

[ Pb+Pb, {5y, = 5.02 TeV, 0.49 nb™, 0-10% ] L . i
0.5 PP.JIE=5.OZTeV‘25pb" | . 0.5 W,G:BOZTeV,IZpr" \ ]
107 107 1 1 10 107
z P, [GeV]

i No dependence on jet p; observed

1 athigh z for jets up t0 400 GeV. |

Soft and hard fragments are enhanced in AA compared to pp
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ATLAS x;, measurement

Direct comparisons to theory (no smearing)

| PP | T T A Pretminary ] g

—_ —_ - [¢)

~ > 0-10% Pb+Pb ATLAS Preliminary ]
g Tep i s02Teviasp’ ) Z T4E 502TeV,049nb"
T 12f @ p;=63.179.6GeV | 3T 12fF P, =631-79.6GeV |
2 HavE =T 4 2 4 F$3Pb+Pb 0-10% ]
= osb o i .-.BDMPSZ ] z sk (I BDMPS-Z 3
TF Sl «mt JEWEL+PYTHIA “°E (6-2-8 GeV?/im)
0.6 v i Hybrid E 061 ==+ JEWEL+PYTHIA |
= it : 3 E Hybrid 3
0.4 : . 3@ SCET,, ] 0,4E SCET, ]
0.2 R o E 02 H (@=2022)

02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 16 18
Xy Xy

Test description of Can models describe
vacuum (pp) baseline centrality / pr¥ evolution?

unfolded x;, distribution agree directly with unsmeared theoretical prediction.
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STAR A, measurement

. e
Centrality Dependence of A, STAR
RUN7: STAR PRL 119, 062301 (2017)
0.25; — 5,
STAR Preliminary I, 0-25CSTAR Preliminary [P
02 R A 02k 4 R vaz0son
£ £ 4 Runtes070%
F 4= £ g
So.15 == So.15 L=~
= Fo_y e = | e
o : 3] Fo—8—
[ —e— -— —
g 01g—  peazoGeve 0% Centrally g 01 P> 20 GeVie +.
C Pe*>20.0 GeVie ! C pe*>20.0 GeVic -
0. 05} 3> 10.0 GeVic 0.05— 3> 10.0 GeVic
: . i +
el g L t | | | B .
00 01 02 03 04 05 06 07 GO 01 02 03 04 05 06 07
AJ AJ

* Comparable between Au+Au Run 14 and Run 7 in 0-20% centrality
(detector level)
* Run14: large increase in statistics
->enable to study centrality dependence
» Apparent evolution of A to more balanced jets in peripheral Au+Au

collisions

Kun Jiang Quark Matter 2018, Venice, Italy

STAR dijet measurement with centrality dependence.

Chen Lin (loPP, CCNU, Wuhan)
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Z-jet with Sherpa+LBT

Z+jet asymmetry and multi-jets contributions

o Shift of momentum imbalance z, = p’** /p%.
S. L. Zhang, T. Luo, X. N. Wang and B. W. Zhang, arXiv:1804.11041 [nucl-th].

& ClSprpsmeared | 60
——ShepapspZsjets | anik
Sherpapsp Z'+tjet | p
- - Sherpa p+p Z+(:2)ets |y¥jc1 5
2iets
=5.02TeV Z+jets

5=5.02 Tev Z'+jet

7 is shifted to smaller value.
- Transverse momentum of Z boson is unattenuated.
- Jet transverse momentum is modified by medium.

Multi-jets have almost 50% contributions to z;z < 0.5 region.

Shan-Liang Zhang Jet quenching in Z+jet in heavy-ion collisions

Z-jet momentum asymmetry showing shift to small-x in the presence of a medium.
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Dijet acoplanarity

MG et al QM18
One parameter, Q_, BDMS medium convoluted with Sudakov dijet transverse distributions

Hadron-Jet Vac@®BDMS dNpams/ dq? Vs q for Q= 20, 60, 100 GeV
Q= 0 (black), 3 (blue), 5 (red) GeV

0.050
Consistent with Mueller, Xiao, Feng et al Phys.Lett. B763 (2016)
and Chen et al PLB773 (2017) more detailed studies
Q=20 Sensitivity to Medium induced dijet transvesrse acoplanarity
[ decreases rapidly at high Q due to 2\ 2 2
o.010 Dominannce of vacuum Sudakov effects (4 ) ~ @@~ + Q7
<o 0.005- ) ) g
3 Q=60 Optimal Q window for future exp at RHIC and LHC
K3 Will be the 10 < Q < 40 GeV “sweet spot” to -
¥ measure A+A/p+p vs ¢ in different
2 event by event centrality classes
Z 00011 Q=100 B
5.x1074 - X X i
A perfect fit to q=0 intercept
For given Q=Ejet
Would fix Qs(Q)
" Shape variations with fixed intercept\could provide more information
1107, 10 20 30 0
q (GeV)
MGyulassy UM2U18 IV

Acoplanarity measurements could proof to be important in falsifying competing
models.
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Coherent/Incoherent jet energy loss

Coherent vs. mcoherent energy loss

E ' !
F "Lhc, 0-10% 40GeV<p, <60GeV ] EDGQV(pr<|UOGCV

1.6f R=0.4,AR>0.1
[ §=4Gev¥m
1.4 =
N r
5 1.2 E
e T N SN N
R T\ T S\ T ——
5 S =
g F S —

i
I
/

|

1

0.6 =+ 4

. cMms E . cMs

L L L | L L 1 L
0.1 0.2 0.3 0.4 05 0.1 0.2 0.3 0.4 0.5

E 2

Only CEL can describe current experimental data.

Non-monotonic pr dependence favours coherent jet energy loss picture.
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VLE in medium

First emission outside the medium

@ The respective formation time is necessarily large: ¢y > L

@ An antenna with opening angle 6 > 6, loses coherence in a time .., < L

outside

\

@ In-medium sources lose color coherence and can also radiate at larger angles
@ After the first “outside” emission, one returns to angular-ordering, as usual

@ Medium effects at DLA (leading twist):
vetoed region + lack of angular-ordering for the first “outside” emission

27th Quark Matter, Venezia, 2018 Vacuum-like emissions in a dense medium Edmond lancu 15 / 24

Vacuum like emissions in the medium could affect jet shape.

Chen Lin (loPP, CCNU, Wuhan) May 31, 2018 42 /48



Release of JETSCAPE 1.0

v Trento (2+1)
Program

% What's included in the event

generator external reader,
§ brick, Gubser,
1 :
Initial hard v Pythla 8,

N-parton
distribution

parton gun
v MATTER, Martini,

e AdS/CFT, LBT

Hard & semi-hard
hadronizat

Lattice QCD \
Input

Transport coefficients
Energy deposition

-
s
-

g, — VIV TV
§ 3 'ﬁ Viscous Fluid dynamics of QGP Hadronic cascade
2 — . .
2 v Pythiag string
fragmentation
s/16/18 Raddeg HIEIaRRE Lot v Custom and o

QM2018

L1AaaRAL Asidind

The release of JETSCAPE 1.0.
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Jet mass and shape with MARTINI

Jet shape with recoil

The ratio shows flat shape n: 0.8

without recoil.

Recoil yields a significant
contribution to the jet
shape at large angles.

¥ McGill chanwook Park

Zm,wg[m or/2,Ar+or/2) P1

track

1.6 Pb-Pb @ 2.76TeV (0-10%)

1.4 pj* >100GeV/c, pf* >1GeV/c Y

0.4

et

anti-k; R=0.3 J

G
0.3 <[ <2.0

un - without recoil

== with recoil (p,,, =47)
& & CMS 0-10%
0D 01 0.2 0.3
Ar

Quark Matter 2018, Venice 13

Recoil effect is important in describing jet mass and shape in MARTINI, which is

included in JETSCAPE.

Chen Lin (loPP, CCNU, Wuhan)
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Using deep learning for g, g classification

Quark gluon jet substructure

Image recognition using convolutional neural network

! » A convolutional neural
network is trained on GPU
A using quark and gluon jet
y— images
New jet features are learned
with significantly improved

tagging performance

In this work we use grey
scale jet images encoding
jet energy distribution

v

v

pre-process

convolutional layer dense layer

quark jet  pp jet
@

ddddapbon

o
gluon jet  AA jet

max-pooling

Schwartz et al, Deep learning in color, JHEP01(2017)110

Y.-T. Chien (MIT) Quark and gluon jet substructure 9/21

Non-monotonic pr dependence favours coherent jet energy loss picture.
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ALICE Raa puzzle (1)

Rxa in very peripheral collisions (1)

s [T — T — T — ]
« r + 0-5% % 5-10% ©10-15% © 15-20% © 20-25% -
12 ©25:30% *30-35% 4 35-40% v 40-45% 4 4550% -
C v 50-55% * 55-60% ™ 60-65% * 65-70% * 70-75% ]
L © 75-80% * 80-85% * 85-90% ® 90-95% *+ 95-100% 4

1
0.8— —
06— —
0.4— —
02— —
- charged particles, | | < 0.8 -
O AN | Ll LT

2

1

M. Knichel, Tue 10:20

> Rap measured in very fine
centrality bins up to very
peripheral.

- Significant change of behavior
found beyond 80% centrality.

- Can be explained by biases
induced by event selection
and collision geometry.

27

Suppression of very peripheral AA collisions found.

Chen Lin (loPP, CCNU, Wuhan)
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ALICE Raa puzzle (2)

R, at large p;
ALICE Collaboration, arXiv:1805.05212
PSS O L L B BN R L S B * Ry, averaged over 8 < p; < 20 GeVic
& | Pb-Pb, |s,,=5.02 TeV, charged particles, | n | < 0.8 - as function of centrality
12~ ®  ALICEdata, 8 < p, <20 GeVic ] « central collisions: strong quenching,
N HG-PYTHIA, PLB 773 (2017) 408 1 reduced towards peripheral collisions
Ly ] * minimal suppression (maximal R,,) around 80%
L ] + beyond 80% centrality: increased suppression
08~ 7 because of selection bias
OAG_— b
04 = + Raa Never reaches unit
[ i AA y
0 2: ] * HG-PYTHIA contains no nuclear effects
’ L = LY ] = no need for jet quenching above 75% centrality
of, . . . . | ] = 5-10% effect for 50-60% central
0 20 40 60 80 100
Centrality (%)
Michael Linus Knichel Quark Matter 2018 Venice - 15.05.2018 12 (®

suppression can be mimic by model without quenching.
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ALICE QPG droplet puzzle

Rxa and v, in peripheral Pb-Pb and p-Pb

- £
E 0.16[ pp13Tev PPb502ToV  XeXe544TeV PoPb5.02TeV - m}, 12 charged particles |7]<0.8 ]
> E 18 v,{4) 58 v,(4) 101 v;{4) E & Jemm p-P b
014 Wlvia),  WEv(e v W < s el ]
Lo v,{6} B v,{6} % v,{6) O v {6) 9
0125 A\ iCE Preliminary E osl & :
0.1 0.2<p'<3.0 GeVic = -
£ m<o08 ] o
0.08- 3 osf§ Pb-Pb perihperal
E ) N ]
006 % ;I % } E oa Pb-Pb central
0.04:— + + + - r: —
F B 0.2 . e W Pb-Pb,0-5% —
0.02— = e .. Pb-Pb,70-80%
E ] W p-PbNSD -03<7,,<1.3
0 L - oL | L L L I
10? 10° 0 10 20 30 40 50
N, (I <0.8) p, (GeV/ic)f

T T

T T
ALICE \s,,, = 5.02TeV

- v,is very pronounced in peripheral Pb-Pb and at similar multiplicities in p-Pb.

- However, while no significant nuclear modification is observed in p-Pb, it is
still significant in peripheral Pb-Pb. Is there a contradiction? Not necessarily!

- In the current understanding, both phenomena arise from the same QCD
interaction kernel.

[arXiv:1802.09145]

26

small system Rax consistent with unity, but have non-zero collectivity?

Chen Lin (loPP, CCNU, Wuhan)
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A fruitful conference

The 27th International Conference on

Ultrarelativistic Nucleus-Nucleus Collisions 14-19 May 2018
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