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?ATLAS Results at Initial Stages ‘23

EXPERIMENT

Initial state of the nucleus: Initial state of the proton:

¢ V- [pT] correlations in Pb+Pb and Xe+Xe * Flow decorrelations in pp (and Xe+Xe)

* (Correlation between “centrality” and dijet

o + T . 1
Yy — U 1 In hadronic Pb+PDb collisions Kinematics in p+Pb

o dijet productioniny + A

Final state effects in small systems: Other highlights:
* Jet-hadron correlations in p+PDb * Systematic studies of parton energy loss
* (Collective behavior in pp with jets » yy — 7T to constrain g — 2

 Correlation between Y(1,2,3S) & UEinpp ¢ ... many more in ATLAS HI Public Results
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EXPERIMENT

Initial state of the nucleus:
¢ V- [pT] correlations in Pb+Pb and Xe+Xe

e y¥ = U u” in hadronic Pb+Pb collisions
o dijet productioniny + A

Parallel talks by

Riccardo Longo (Tue 4:10pm)
Peter Steinberg (Wed 2:20pm)
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Somadutta Bhatta




V, - [pT] correlations in Pb+Pb and Xe+Xe

Measure correlation between v2 3 4 Sensitive to fluctuations in the initial state
magnitude and average pr in geometry and thus a good test of IS models

Xe+Xe and Pb+Pb

Middle
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S. Bhatta, poster

V, - pT] correlations in Pb+Pb and Xe+Xe
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Multi-differential comparison to models:
Trajectum/v-UPSHydro: Trento IC + 2-D hydro
IP-Glasma+MUSIC: saturation + 3-D hydro



S. Bhatta, poster

V, - [pT] correlations in Pb+Pb and Xe+Xe . .« ... »003 054970
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Initial state of the EM fields around nuclel

yy — WU~ processes occurring
during a “normal” Pb+PDb collision

O — | | | | | —]

o = ATLAS _

‘; 16l Pb+Pb 5.02 TeV, 1.94 nb B
3 | 0-5% ATLAS, PRC 107

- Eventsx1.80 (2023) 054907
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Di-muon kinematic relationship modified
compared to StarLight/UPC data

a=1- |A€b | /7 = investigate origin and test QED models



a moments

P. Steinberg, Tue 4:10pm

Initial state of the EM fields around nuclel

ATLAS, PRC 107 (2023) 054907
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Trends in @ and k|, = <pT> broadening
reasonably described by QED calculations

— total cross-sections are a challenge



a moments

P. Steinberg, Tue 4:10pm

Initial state of the EM fields around nuclel

ATLAS, PRC 107 (2023) 054907
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ATLAS Dijet production in y + A collisions

EXPERIMENT

Run: 286717 pr? = 60 GeV
Event: 36935568

2015-11-26 09:36:37 CEST

Pb+Pb, Vsyy = 5.02 TeV

>

“Clean” environment for precision probes of
the nuclear wave function

Access (X4, Qz) “gap” between LHC p+A and
fixed target data — 10 years before the EIC! prt = 73 GeV



R. Longo, Tue 4:10pm

Dijet production in y + A collisions

Fully unfolded in: S e e e o i
e R S S A

® x, (Bjorken-x in nucleus) 31100 eptph oA
N = O 100<H;<123GeV (x1o::§ 35< M, <185 GeV EE

® Z, (momentum fraction of g% ... =
~10°E e -

T £ e pR =

y or resolved y fragment) = £ e TS
10°F T e b

® H,(jet £t sum) 10°- e TS
107 e

10_12; ggpéﬁsasgg:j'ef’lvb hoton fl T E"EE

Ready for input to global T s
nPDF fitS after: 1.5;—43<HTI<53GeV —_;—53<HT<I66GeV é
= Final results with IR
reduced je-t energy E 151— 66 < H; <81 GeV ‘ T 81<H; <100 Gev +
uncertainties R S SR

= Modeling of nuclear

breakup probabilities Low-z, = access high-x,

Theory / Data

High-Z, = access low-x,

1

ATLAS-CONF-2022-02
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ATLAS Results at Initial Stages ‘23

EXPERIMENT

Initial state of the proton:
* Flow decorrelations in pp (and Xe+Xe)

* (Correlation between “centrality” and dijet
Kinematics in p+Pb

;o

Parallel talks by Posters by
Riccardo Longo (Tue 4:10pm) Blair Seidlitz
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B. Seidlitz, poster

3-D initial state of a proton-proton collision

 What is the correlation between the longitudinal energy deposition and (initial
state) momentum structure in small systems?

Wy —_
\ 3D-Glasma 0 n £, 50 AMPT p+p 5.02 TeV
1 o o )
051 PR In a simple 2-string model,
NS A ST no particular n-dependence
~ 5 o 8 © T Dﬂu@
: mlm] - ] iofien
05 . - TP to ¥, or | V, |
-1f— Y
_1'5; AT SN AR AR AR B A N
—1(f|)I I—8I | I—6I | I—4I | I—2I | I0I | I2I | I4I | I6I | I8I ITI]1O

« Key input for: understanding exotic systems with C.O.M. offset (y + A),
comparing experiments with different acceptance (RHIC small systems), etc.
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3-D initial state of a proton-proton collision

3 ATLAS-CONF-2022-020

- OV | | | |
- \ ATLAS Preliminary
B pp 13 TeV, 0.2 pb™
0.251~ 0.5< p?_’ref <5GeV, 40< || <49
o i
0.2~ , -
N -
015 F = = - . -
. E : v E
0'1-_* raw Fourier F, * ’ Y . —
_ ¥ raw Fourier F, A b )
0.05 ¢ temp. fit F," -
B + d1 sub F2 + ]
~ A crtd. temp. I—'|2 | + | | -
| L1 L1 L1 L1 L1
Vao( =[] )/vyo(|n|)|40 60 80 100 120
~ 1 —=2F,|n N

First measurement of £, in pp collisions -
magnitude sensitive to assumptions Iin

non-flow subtraction methods (® A ¢)
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3-D initial state of a proton-proton collision

ATLAS-CONF-2022-020

c

L B \ | |ATLAS| Preliminlary o _ LLC\I - IATILAISIPIreIIilrnlinary | lqul:rrI plp I5I-|I-e|\/ i
B pp 13 TeV, 0.2 pb” i - %l <2.5,0.5< pj_ <5.0 ¢ Raw Fourier -
0.25 :_ 0.5< p;“_’ref <5GeV, 4.0<|ny*|<4.9 _: . 40<In®<4.9 initial-state partons  _
" + - ° o pp 5.02 TeV, 0.12-14 pb™
0.2~ — 4l ° o @ Raw Fourier B
- 107°F ¢ ¢ Nonflow subtracted -
0.15[ v o= g . }
- ¢ v 3 - ® -
0'1:_* raw Fourier F, * . ' . _: : . :
_ ¥ raw Fourier F, A K _
0.05® temp. fit Ft:mp A —
" § d,sub F, + - 107 =
A crtd. temp. I—'|2 | + | | i E E
vaa(— [nD/vy([n)]#0 80 80 100 720 S o
~ |1 —=2F N'c€ rec,truth
2 ‘ H ch Nch
First measurement of £, in pp collisions - Significantly larger decorrelation
magnitude sensitive to assumptions Iin INn pp data than a naive two-

non-flow subtraction methods (® A ¢) string picture (AMPT)
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R. Longo, Tue 4:10pm

Centrality-dependent jet production in p+Pb
ATLAS, PLB 748 (2015) 392

o ATLAS 2013 p+Pb data 27 8 nb’ '
: anti-k, R=0.4, | s, = 5.02 TeV-

- A +3.6<y*<+44 Ii! - 4 - _
0.4 Y +28<y*<+3.6 ‘ -E% -
- ¥ +2.1<y*<+2.8 ?ﬁ =]
— ¢ g + 47 + -
- -

+1.2<y* <+2.1
+0.8 <y*<+1.2 l

40 100 1000
p_ % cosh(<y™>) [GeV]

Min bias R py, = = |, but very strong “centrality
dependence of inclusive jets in Run 1 p+Pb

Magnitude scales with total jet energy at

forward rapidity (i.e. Bjorken-x in proton, xp?)
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R. Longo, Tue 4:10pm

Centrality-dependent jet production in p+Pb

ATLAS, PLB 748 (2015) 392 e ot |7
o141 typical O

o ATLAS 2013 p+Pb data 27.8 b - proton
- anti-k,, R=0.4, \ s, = 5.02 TeV:

0-10% /60-90% - Alvioli et al, PRD
98 (2018) 071502
__ A +3.6<y*<+4.4 .i-!% _*_
04— VY +28<y*<+3.6 = — : :
- ioieviciag -ﬂtﬁ + : proton configuration e ®e |
T b +l2<yt <42 + 4 | = with large-x parton
+ +08<y*<+1.2 l

40 100 1000
p_ % cosh(<y™>) [GeV]

Potential physical mechanism:

a proton with large-x ( 2 0.1) parton
Is “small” and strikes fewer nucleons

Min bias R py, = = 1, but very strong “centrality”
dependence of inclusive jets in Run 1 p+Pb

Magnitude scales with total jet energy at

forward rapidity (i.e. Bjorken-x in proton, x_?

\ Central yield |, Peripheral yield 1
p

i (0-100% R,,p, unmodified)



Centrality-dependent di-jet production in p+Pb

Repeat measurement, reconstructing
the two leading jets and estimating

tree-level (x,, Xpy, 0?) in each event

18



Centrality-dependent di-jet production in p+Pb

ATLAS-CONF-2023-01

Repeat measurement, reconstructing

o
N

2.2
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. :*: .+. :‘: | % | 00<y*<20,30<y <45 - .
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\00\0 227 T T T T T T T ‘ I T T T T T T \7 \OO\O 227 T T T T T T T ‘ T T T T T T T T
83, .| ATLAS Preliminary A | 20<y*<3.0,-1.0<y, <00 Q% o .- ATLAS Preliminary 8] 30<y*<45,00<y, <10 I> ’
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11 ———————————————— * ffffffffffffffffffffffffffffffffffffffffffffffffffffff - T 2 u ]
% | H B B B ;
0.8~ i f i 4 \ = 0.8~ 10 +
0.6 s, " A = 0.6 NSO o Il O
0.41 & k A = 0.4 ¢ ¢ + -4 -3 -2 -1 0 1 2 3 4
0.2 & - 02— | a
O | | [ ‘ | | | | | [ ‘ I | [
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Perform differential scanin 2 — 2

the two leading jets and estimating
tree-level (x,, Xpy,, Qz) in each event

parton-parton kinematics to map
out this physics in detail!
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2.2_ | IIII| [ [ [ IIIII|_
C, T T T T T ATLAS Preliminary -

o 2— 4 ® 17—
O 3; A \/SN =8.16 TeV,L=165nb" J
Qg 1.8 °F AlA anti-k;, R = 0.4, p+Pb —
— : L —
1.6— 2§ H EE BN . —]
- 1 —
14— | + + |+ + ] + ++ —
12: 04737 10 1 2 3 4 + _H- =
] E
0.8 —
0.6 —]
» E

OIIIIIII|

3x107* 1073 2x107°

102 2x1072

T,Avg

—_—t

107" 2x10™

x e'<yb>cosh((y*))

Plot dijet Rqp in different kinematic

regions vs. Xp,, = No clear pattern,
not an (initial state) nuclear effect

20

R. Longo, Tue 4:10pm

Centrality-dependent di-jet production in p+Pb

ATLAS-CONF-2023-011



Centrality-dependent dl-jet production in p+Pb

,, ATLAS-CONF-2023-011 S s T o  ATLAS Preliminary -
8\§§ 22>~41' """"" T T ; ATLAS Prel|m|nary|: Q: - | \/% 8.16 TeV,L=165nb" -
8?5 = M . : (Syn =8.16 TeV, L=165nb™ - 1 41— + T anti-k;, R = 0.4, p+Pb __
18 ° Ala - anti-k, R = 0.4, p+Pb — - I -
20 O : . - | + _
1.6/ ) EEEE E = 1.2 f§ ¢ N
14— | + + |+ E * i + ++ — ¢ . & ?+’¢# -
¥ ooopo: . R 2 o E
1.2— = ¢ * _
13 —; 0.8/ + ¢ ]
0.8— —] B E
060 E O.6_—E 0.0001 < Xp, <0.0015 -
045 E - 0.0015 < Xpy, < 0.01 -
F - 0.4 74 0.01<xp, <005 -
0.2 = - -
O:' ] o o | e 0.2__’005<Xpb<02 | I+__
3x10*  10° 2x107° 102 2x1072 107" 2x10° 1 1 - | ¢ o |2 <Xpp, <1 | | N
< > O_I I I N S I I [ ] I I I S N S I I [ 1 | III|_
~ (2/s) x p_, . x e *cosh((y")) 3x10%  10°2x10° 10221072 101 2x10” 1
X, ~ @IS xp_ x e”?cosh((y*)

Plot dijet Rp in different kinematic FIX Xpy, check dependence on x, =
regions vs. Xp, = NoO clear pattern, physics effect originates in the initial

not an (initial state) nuclear effect momentum state of the proton
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@ATLAS Results at Initial Sta

EXPERIMENT

Final state effects In small systems:
e Jet-hadron correlations in p+Pb
« Collective behavior in pp with jets 4

» Correlation between Y (1,2,3S) & UE in pp

Parallel talks by Posters by
Pengqi (Bill) Yin (Wed 4:50pm) Alexander Milov
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Final state effects on hard probes in p+A/pp?

ATLAS EPJC 80 (2020) /3 ATLAS, PRL 124 (2020) 082301
~ 0.25r .
= i ATLAS p+Pb F 8.16 TeV 165 nb1 I > 0-15__ l l l l l l l i
- —a— 1.5 x p+Pb MBT 7 - ATLAS —
i o, p -
0.2~ 1.5 x p+Pb p>100 GeV — ~ pp (s=13 TeV -
- ‘f -. 0-5% central ] 0.1~ NriCZGO .
0.15:— {.’. 1 —: E .-... f E
E e L E 0.051- - #‘ 1 —
01~ & — - (N -
| :"’_’ ] B M s _
o- i O__ m  Charged hadron 717 ( ) """ B I - ----- oo ]
0.05[ + T + — - e C—U 0 0 -
- —e— PbPb 5.02 TeV - L o . -
i 2|030%\/:entral ; +—+—+ : _0'05_....|b..l.i.|....|....|....|....|....|..._
O L1 11
5x107" 1 2 34 56 20 30 102 0 1 2 3 4 - 6 [7C:‘|eV§3
,DT [GeV] pT
Charged particle v2 in Heavy charm quarks flow in pp
remains non-zero out to 50 GeV (... but bottom quarks do not)

= New ATLAS measurements to explore effects on hard partons in small systems
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We have limits on out-of-jet-

cone AE - what about
hadrons in the jet?

select Jet,

P > 30 (60) GeV

— @ . <«— p+Pb

Jet+h In p+Pb: measurement design

Can’t use traditional multiplicity-based
centrality for a precision E-loss search

= use ZDC to select central events

\v i 4
\ v < : y
\ L ~.\‘\
. £DCmodules py; - D1 ZDC modules
Beam 7 -Beg, C S PR=
pipe
oLV N . IO o - S I i i L
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y see, e.q., ALICE, PRC 91 (2015) 064905
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Jet+h In p+Pb: excluding energy loss scenarios...

1.2F

0.8

ATLAS, nucl-ex/2206.01138, in press PRL

| |
- ATLAS Ag,, . <8
" pp, Vs =5.02 TeV

- p+Pb 0-20%, \s,, = 5.02 TeV

— &==< ANGANTYR, EPPS16 (NLO), " > 60 GeV
== ANGANTYR, EPPS16 (NLO), p* > 30 GeV
—— ANGANTYR, no nPDF, p"Tet > 60 GeV

T pp,2.7nb"-3.6 pb’
1 p+Pb 0-20%, 0.025 - 0.36 nb”

=== Data, p"ft > 60 GeV

T == Data, pj:t > 30 GeV
= = 1.4% Parton Energy Loss (90% CL)

L
- N
= N om m - = =
- . - |
;-

M. | [ py, = ratio of per-jet yield
in central p+Pb / pp

1 Small enhancement on the
1 near side (left), predicted
""" T 1" by Angantyr (no QGP)

No significant modification
on the away side (right)

4 567 10 20 30 40

ps" [GeV]

4 567810

20 30 40
pS" [GeV]

AE/E = (—-0.2 £0.5) %, with | AE/E| < 1.4 % at 90% confidence level
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Interaction between soft and hard processes in pp

High-multiplicity pp
o event with many |
2016-07-36 03114105 caor final-state jets Question #1: does the
presence of a hard scattering

affect the collective behavior?

Question #2: do jet fragments
themselves participate In
collective behavior?
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Interaction between soft and hard processes in pp

ATLAS, nucl-ex/2303.17357, sub PRL

B R G T

- ATLAS o.5<pf_=b<4 GeV
. pp Vs=13TeV, 15.8 pb™ i
0.2 _|
- h-h ' ® _
i WE RS o AlIEvents o NoJets A Withdets ]
- LWUE LU . G i
0.1l N~ -h" P >40 GeV B

i I L1 I | | L1 I TR R
0 20 40 60 80 100 120 140
rec,cofrr

Nch

Nominal v2 values are unaffected if
one or jet events

= similar lack of sensitivity seen
In, e.g., Z-boson pp events
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P. Yin, Wed 4:50pm
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Interaction between soft and hard processes in pp

ATLAS, nucl-ex/2303.17357, sub PRL

> [ ATLAS 0.5<p?’<4 GeV
. pp Vs=13 TeV, 15.8 pb™ ]
0.2 _
_ h-h ) _
i WE RS o AlIEvents o NoJets A Withdets ]
a UE [ J . _
04D -h” p$ >40 GeV B
Op---m-mm- B B -
020 40 80 80 100 120 140
N;ehC,COI’I’
Nominal vz values are unaffected if
one or jet events
= similar lack of sensitivity seen

In, e.g., Z-boson pp events

~ [ ATLAS 40<N*°®"<150
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However, vo for
consistent with zero!

= (nominally) different than what was
observed at high-pt in p+Pb...



Upsilon suppression vs. system size

ATLAS, PRC 107 (2023) 054912

mj:t _I 1 | L | L | L | L | 1T | L | L | I_ ATLAS’ EPJC 78 (2018) 1 71
1.2 ATLAS y il . & 1.2 |
- pp, Vs =5.02 TeV, L =0.26 fb 1 Cent. = " ATLAS i
" Pb+Pb, |5, =5.02 TeV, L =1.82nb” 1 0-80 % = s
T o Sy 1 -
I + P <30Gev  *Y(1S) i =9 : -
o] yMi<1.5 = Y(2S) - | — —
0.8r ys -+ Y (2S+3S) 0'8: ? -
i 3 Y(2S) 95% CL = s i
0-6__ * [ Correlated uncer. | 0'6__ -
. ] - P < 40 TeV 3
0l b | 0.4 20<y <15 _
| I Te ~ 1 |® -~ pp, s=5.02TeV, L = 25 pb” i
001 + * o] 1 | 000 p+Pb, \[s,, = 5.02 TeV, L =28 nb™ B
‘ 1y 1 - 1R i -
B ' * A * | _
O | 11 1 | | 11 1 | | 11 1 | | 11 1 | | 11 1 | | 11 1 | I 1 1 1 \1\ | | O
O 50 100 150 200 250 300 350 400 Y (2S)/Y(1S) Y(3S)/Y(1S)
<Npart>

Sequential suppression of excited Y states in Pb+Pb and p+Pb collisions

= study correlation b/w Y states and event multiplicity in 13 TeV pp
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A. Milov, poster

Upsilon suppression in ... pp? < s o o
50 L -

P

Rather than Y vyield as a function of N, , study : L :
<Nch> as a function of Y pq for 1S, 2S, 3S 40 x‘ '
For p% < 30 GeV, the 1S is accompanied by more 30?,*'-' PYTHIA data ) -
charged particles than the 2S (and 2S > 3S) e ; Yes

e
Y(1S) -Y(2S)
o data N
— PYTHIA with Y(nS) = Y(mS)
- PYTHIAw/0 Y(nS) = Y(MS) -

% Y1) -v(3S)
“Sequential suppression” as in Pb+Pb? i

Non-trivial soft QCD (e.g. color

O

- -
O

difference
N
‘ \ \ \ ‘ \ \%E;{ J_M @

reconnection) physics? AR %
Something to learn about Y o080 | pit g g ;-
prOd UCt|On meChan|SmS? 0 s T adioied-- - - ot

ATLAS-CONF-2022-023 p." [GeV] 3



?ATLAS Results at Initial Stages ‘23

EXPERIMENT

jet-induced medium excitation + Z-jet
—0.4-0.20.0-0.2-0:4 0.6 0.8GeV/fm?

-8.0 -6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0
Y

Parallel talks by
Peter Steinberg (Wed 2:20pm)

Other highlights:

* Systematic studies of parton energy loss
» yy — 77 to constrain g_ — 2

* ... many more in ATLAS HI Public Results

Posters by
Melike Akbiyik
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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Color
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Systematics of parton energy loss

ATLAS, PRC 107 (2023) 054909
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Prong
structure?

ATLAS, PRC 105 (2022) 064903
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Path length vs.
fluctuations?

ATLAS, EPJC 83 (2023) 438

F‘i

|

IIIIII
ATLAS

] 3 LIDO model b-jets —

Pb+Pb 2018, 1.4(11 .7) nb’ = IBID_OtmlodbeI. |itght-jets ]
- — Dai et al. b-jets

Zﬁti?lc(H?R, E%Oijt;tS IyI <21 Dai et al. inélusive jets _

t - [l ] [} —

\/SNN = 5.02 TeV, Centrality 0-20% i

@ |b-jets O

inclusive jets

Parton
mass”?

Campaign of measurements in ATLAS to isolate what controls the physics
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M. Akbiyik, poster

yy — 77 to constrain g_ — 2

ATLAS, hep-ex/2204.13478, in press PRL

ATLAS | T
EXPERIMENT __ OPAL 1998 ;
. | . DELPHI 2004 ——o—-— < world best
: Pb+Pb \s,,=5.02 TeV, 1.44 nb”
3-prong ¢ v ulT-SR —_—O—— @ Best-fit value
decay m B y - W3T-SR ——— :ng gt
- ‘ -y - ue-SR —— = — —
. L " Combined  ——g— <+ ATLAS 2022
Bpocted | ———e—— |
-0.1 -0.05 0 0.05 0.1
ar
Leverage the clean initial state of UPC Measurement in 2018 Pb+Pb data is
events to make precision measurement Immediately competitive with world

of how the tau couples to photons best, and is stat. (not syst.) limited
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Pb+Pb test collisions @
5.36 TeV in Nov. 2022

ATLAS

EXPERIMENT

Run: 440101
Event: 823635
2022-11-18 16:45:12 CEST



@ATLAS Plans during LHC Run-3

EXPERIMENT

Many potential measurements in the HL-LHC era for Initial Stages topics:

,-\‘_8_|||||||||||||| - — . .
o) - . & [ ATLAS Preliminary  Projection from Run-2 Lim et al, PRC 99 (2019) 044904
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* 160 p+PD, |s,=8.8 TeV, 1 pb E | S . T S S t= 0.5 fm/c t=4.0 fm/c
@) .OF" Simulation and Projections from Run 1, 2 data _ - \'\E"‘*-o‘»,
LS, 1 56 W =ty O_: 0.98 \5\5 T
T - g—e—P heg+Pythia8 (CT14 PDF . E 0.96 AN
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Precision EW-based Statistics-limited soft P
. explore small systems
probes of NnPDFs physics measurements

with a novel geometry
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?ATLAS Results at Initial Stages ‘23

EXPERIMENT

Initial state of the nucleus: Initial state of the proton:

¢ V- [pT] correlations in Pb+Pb and Xe+Xe * Flow decorrelations in pp (and Xe+Xe)

* (Correlation between “centrality” and dijet

o + T . 1
Yy — U 1 In hadronic Pb+PDb collisions Kinematics in p+Pb

o dijet productioniny + A

Final state effects in small systems: Other highlights:
* Jet-hadron correlations in p+PDb * Systematic studies of parton energy loss
* (Collective behavior in pp with jets » yy — 7T to constrain g — 2

 Correlation between Y(1,2,3S) & UEinpp  * ... many more in ATLAS HI Public Results

Parallel talks by

Riccardo Longo (Tue 4:10pm)
Pengqi (Bill) Yin (Wed 4:50pm)
Peter Steinberg (Wed 2:20pm)

Posters by

Melike Akbiyik Somadutta Bhatta
Alexander Milov  Blair Seidlitz
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1

10 p [GeV] 10°



N
&

dN,, /dy
N

evl
—i
Ol

1

—h

. Data/Model ;09<Ncoll y'N;
K o O )

R_QP
o

O
01

¢

‘

8!

ATLAS

p+Pb 2013,L =29 nb’

\'S = 5.02 TEV

Glauber (w,=0)
@ 0-10% Centrality

L

@ 10-40% Centrality
@ 40-90% Centrality
— CT10+EPS09 (NLO)




| N

= LJLH_LJ '

Rally in Copenhagen, February 2022
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