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Overview

ATLAS measurements devoted to understanding the origin
and initial conditions of small system collectivity

»Basic characteristics and collectivity photonuclear
collision

»Longitudinal flow decorrelations in pp
»>Jets fragment v,
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Azimuthal anisotropy
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Two-particle correlation

For the purposes of this talk

All charged patrticle tracks
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Momentum conservation
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Jets & particle decays
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Collectivity and particle production In
photonuclear collision



Ultra-peripheral collisions at the LHC

Coulomb fields of moving
charges can be treated as an
equivalent flux of quasi-real
photons (Q%=0) which are
boosted to high energies.

Photons reach energies
of 10s of GeV with a
2.5 TeV Pb beam at the LHC

When b > 2R, two categories of interactions

* Pure EM processes
*YY—YVYY &
* YY — UM
*YY—IT
* Yy —€e€

 Photo-hadron interactions
c Y+ASA*+V
e V+A - X



https://arxiv.org/abs/1904.03536
https://arxiv.org/abs/2008.05355
https://arxiv.org/abs/2011.12211
https://arxiv.org/abs/2204.13478
https://arxiv.org/abs/2207.12781

Pb+Pb, 5.02 TeV

AI I AS Run: 365681
Event: 1064766274

EXPERIMENT 2018-11-11 22:00:07 CEST

photon

Pb
going going
direction _ direction




Multiplicity in photonuclear collisions

Large number of final state particles for photon

ATLAS Induced collisions
Pb+Pb, 1.0 ub™"- 1.7 nb"’

\Snn = 9.02 TeV, OnXn

Z—-ymr 2 Multi-nucleon interaction in the Pb target

- DPMJET-IIl y+Pb
- DPMJET-IIl y+p

Pythiag y+p Double the reach in N, in yA than in yp

Selecting the

i} highest
e energy o
O . S
= collisions - >
= e P i y Ezg
" -z N 3
10 20 30 40 50 60 70 80 | . £
Nl ~1TeV s [ fress smueeen 2

ml<2.5, p_>400 MeV



https://arxiv.org/abs/2101.10771

dN.,/dn Is asymmetric In yPDb

ATLAS Preliminary

* VPb dNCh/dn distribution Is hlghly Pb+Pb, 1.7 nb", 5.02T<:)\t/),(;n;(on,i:aAn’:;sz
asymmetric o e

Extrap. to P, > 0 GeV

« Compare to low multiplicity pPb

* p+Pb distribution is nearly _—_—
symmetric for selected low S Pb+Pb UPC
multiplicity events

Different particle production regimes in forward/backward n
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Invariant yields as a function of p-

ATLAS Preliminary

Pb+Pb, 1.7 nb”' z B .

s, \Syn = 5.02 TeV, OnXn = e, P+Pb, 0.10 nb™
T, ZANT>25 - "ong, VS =502TeV -

a ooy 25 <Ny = 60 n  25<N® <60 7

ATLAS Preliminary

« 1:[-2.5,-1.6] [ S n: [-2.5,-1.6]
n: [-1.6,-0.8] 3 n:[11.6-08] | Pb
n: [-0.8,0.0] . n: [-0.8,0.0]
n: [0.0,0.8] ; \ =+ 1:[0.0,0.8]

q n: [0.8,1.6] . -' +n:[08,1.6] (P ---)

n: [1.6,2.5] , =+ m:[1.6,2.5]

107" 2x10™ 2 3456 10 10" 2x10™ 2 3456 10
p, [GeV] p, [GeV]

Similarly falling momentum distributions
Further quantified via {pT)

13



Pb+Pb, 1.7 nb™, 5.02 TeV, OnXn, £,An" > 2.5

p+Pb, 0.10 nb™, 5.02 TeV
-1.6<n<-0.8 08<n<16

Extrap. to P> 0 GeV

Pb+Pb UPC
=+ p+Pb

In the Pb-going direction there is a similar {p;) as function of N, In
p+Pb and yPb have perhaps a similar radial flow 14



Template fit in photonuclear

High-multiplicity (HM) correlation data

Low multiplicity (LM)
template for jet/non-flow correlation

ATLAS Preliminary . NonﬂOW SUbtraCtlon
ERRAARA IS - 1\ fit with LM data
2.0<|An|<5.0 ;.‘g; and ﬂOW Coef.
G moma Bl - HM and LM assumed
155 N3 <20 to have same flow
04 < p: < 0.7 GeV
0.4 < 2 <2.0 GeV Shape
il - Different LM
selection leads to
similar results

3
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After nonflow subtraction clear

Y (Ao

ATLAS 10ub'-1.7nb™

116 Pb+Pb, |5, = 5.02 TeV
2.0<|An|<5.0
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https://arxiv.org/abs/2101.10771
https://arxiv.org/abs/2101.10771

New y+Pb theory comparisons

0.12F ATLAS 3DGlauber + MUSIC + UrQMD
V,{2} v,{2} Vo{2} va{2}

m o UPC — — y*+Pb P(\—)
p+Pb \s s, =5.02 TeV

0O 20 40 60 80 100 120 140 160
I\lch

Nonzero yPb v,

comparison to
3DGlauber + MUSIC +UrQMD

Why Is

v, (Y *Pb) < v, (pPb)

Correlations performed in forward
rapidity in yPb suppresses observed
collectivity

0
@B vs. V@b

16


https://arxiv.org/abs/2203.06094
https://arxiv.org/abs/2101.10771

Why is yPb vV, smaller

* Correlations in small systems
are performed with a rapidity

gap between the partic|es 3DGlauber+MUSIC+UrQMD, 20<N_<60
A v*+Pb@894GeV, Ref: 1.0 <n < 2.5
« The event plan can fluctuate p+Pb@894GeV, Ref: 1.0 <n <25

p+Pb@5020GeV, F{ef 1 0 <n <25

between theses rapidities and
decreasing the observed v2

 This effect is larger at forward
rapidities.

« Because yPb Is so boosted
the "forward rapidities” are
probes relative to other
systems with the ATLAS
detector.

| will show measurements that reflects
the slope of these lines next!


https://www.epj-conferences.org/articles/epjconf/pdf/2023/02/epjconf_sqm2022_01002.pdf

Advertisement of upcoming results

« Strangeness enhancement, baryon
anomaly, baryon stopping...

— Signal fit
Raw signal: 5279 UPC Selection
. . . — Gilobal fit y: [-0.8, 0.0}
. ngl\olel Incoming quantum numbers in
4

p,:[1.3, 1.4] GeV
* Performance plots of displaced vertex
identified particle candidates in yPb
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+ Data ATLAS Preliminary

-+~ Background fit -1 _
—_ Signal fit Pb+Pb, 1.7 nb, \s,, = 5.02 TeV

Raw signal: 1665 UPC Selection

ATLAS Preliminary
— Global fit -+~ Background fit

-1 -
—_ Signal fit Pb+Pb, 1.7 nb™, \s,, = 5.02 TeV
Raw signal: 3227 t UPC Selection
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Candidates / 1 MeV
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New results expected this year in yPb



https://cds.cern.ch/record/2871729/files/ATLAS-CONF-2023-059.pdf

Flow decorrelations in small systems

~

AMPT Xe+Xe 5.44 TeV E1.5- AMPT p+p 5.02 TeV

8 6 4 -2 0 2 4 6 8 10
s



Analysis overview

Systems analyzed
pp 13 TeV Xe+Xe 5.44 TeV

Analysis steps

Step 1: Two-particle correlations between inner detector tracks and forward
calorimeter

pp: calorimetric clusters Ady = a _ ref
¢=¢* - ¢

o~
Xe+Xe: calorimetric towers n? = [-2.5,2.5] N =1[4.0,4.9]

Step 2: measure Fourier moments and perform non-flow subtraction as a function of n?

Step 3: Parametrize decorrelation via the slope of v, (n?)

20



V,,(n?) and non-flow subtraction

ATLAS y _

pp 13TeV 17 pb f o Raw Fourier a,: large da,/dn
0.5<pT <50GeV 40<n* <49 _-a .
0.3<p.* <50 Gev P Nonflow a, Non-flow subtraction: : small dc.,/dn
NG=[80200) LA 'S positive with a large subtraction for small gaps

and a small correction for large gaps

A Raw Fourier (a,)
¢ Non-flow subtracted (c,)

Raw Fourier (a,) 3" moment has opposite hierarchy!
4 Non-flow subtracted (c,) fl ] .
TN RSl 1 \onflow as Raw Fourier a;: small da,/dn
IS negatlve

> larger dc,/dn

Nonflow is a large background for decorrelation measurements 271


https://arxiv.org/abs/2308.16745

Parametrize dependence of correlation coefficients

We characterize the n2 behavior of the
ATLAS 1 7 o5 Bl correlation coefficients with a fit function,

0.5 < pT“‘"f <50GeV 4.0< <49 _.a

A

USROS A (1 + ), x (1) + S, % (11)°)

Decorrelation observable

* F, is the linear fractional change in the
correlation coefficient and is the parameter of

4 Raw Fourier (a,)
¢ Non-flow subtracted (c,)

interest.
Raw Fourier (a,)
¢ Non-flow subtracted (c,)

T e e e E e Il Other parameters in the fit Past observable

* A is the mid-rapidity flow and is not of interest _|n@
e (] = D
* S, is an n-even function and does not represent n\T 1) = cn(lnd))

decorrelation and is not of interest.

 Data is described by the function well ~ 1 - 2Fn|na|

F. Is the fractional change in v,, per a unit rapidity
It characterizes longitudinal decorrelation effects well 22


https://arxiv.org/abs/2308.16745

Results in 13 TeV pp

Raw Fourier (x2)
 combination of flow and nonflow

* Nonflow yields a huge fake
decorrelation signal of raw F, =
0.09-0.4 which varies heavily with
multiplicity

ATLAS  pp 13 TeV 1.7 pb”

- 03<p7<03.0GeV " Raw Fourier (x2)
© o 40< <49 ¢
5 | < 2.5 Non-flow sub.
O

Nonflow subtracted F, (solid
markers)

* Much smaller, F, = 0.02-0.03,
which is multiplicity independent

Little change in longitudinal dynamics as a function of multiplicity 23


https://arxiv.org/abs/2308.16745

Results In Xe+Xe

Raw Fourier (x2)

» Consistent with past results in large
ATLAS  pp 13 TeV 1.7 pb” systems from ATLAS and others for
| mo.s <4%T—<<I?'£ ff_\é & Raw Fourier (x2) centrality > 60%

o el <25 ¢ Non-flow sub.
o Xe+Xe 544 TeV 3 ub™

1 Raw Fourier (x2)
4 Non-flow sub. Nonflow subtracted F,

* Nonflow subtraction removes 40-70%
of raw decorrelation in peripheral.

* Decorrelation of ~0.03 observed In
most peripheral ~80-90% centrality

 But we also observe 30% nonflow
effect for more than 50% central

+ Template fit assumption-violating effects such as modification to
nonflow shape may cause an overestimate of nonflow effects.

but with current available techniques is a significant background

60% central 80% in all 2PC and event-plane measurements of decorrelation.

Qualitatively different behavior in the same N, range for pp and 24
Xe+Xe



https://arxiv.org/abs/2308.16745

Comparisons to AMPT: pp

* F,: AMPT predicts an order of
magnitude lower F, which is N,

dependent
. . AMPT initial-stat t
* Our results disfavor models with a mF, b
small number of long color strings in +
the initial state and highlights the t
need for sub-nucleonic degrees of pp 13 TeV 1.7 pb’
¢ F, Non-flow sub.
freedom. & F, Non-flow sub.
In? < 2.5
* AMPT F; which is fluctuation driven 03% B S sev
agrees better with the data 0 20 40 60 80 100 120 140

rec
N 1

Much larger F, in data than AMPT: disfavors a few long strings as initial state 25


https://arxiv.org/abs/2308.16745

Vv, of jet constituents

26



Correlation between jet particles and
underlying event particles

Correlate
constituents of Jets with p;© > 40 GeV, |n|<2.1
with
(away from all jets)

Other detalls

« Require balance jet with p:©¢ > 15 GeV and A >
511/6 to reduce non-flow effects in 2PC

. ,S\B%Iy Isolation to remove potential distortion of




v, _of |et particles

« Jet particle v2 consistent with
zero within uncertainties

Major conclusions

e Jets do not contribute to the
ridge signature in pp collisions

* Particles arising from jet even
at low pT do not participate In
the collective

ATLAS

pp (s=13 TeV, 15.8 pb”

h-h
RUE_UE.

h=hn’ -

o AllEvents
pf >40 GeV

0 Nodets

rec,corr

40=N,, <150
0.5<p$<4 GeV

Withdets



https://arxiv.org/abs/2303.17357

Photoproduction Scattered

Conclusions o L] ) boe e
electron
g
 yPDb collisions have clear signs of collectivity
* Non-zero v2 o : "
* Implication for the EIC N .
e Baryon anomaly and strangeness measurement to come ®

» Detalled measurements of longitudinal decorrelations
* Nch independent F, in pp collisions

ATLAS

* Disfavors models without sub-nucleonic structure 3 op V513 TeV, 15.8 pb”

p+Pb |[5,,=8.16 TeV, 165 nb™

e pp, h-h pp, h°5-h’: p? >40 GeV
¢ p+Pb, Eur. Phys. J. C 80, 73 (2020)

e Jets of > 40 GeV and all their constituents
do not participate in the flow

« Extending this measurement to pPb

2 3 4567 10 20 30 40
p° [GeV]



Other moments

pp 13 TeV 1.7 pb™
102 v F,Raw Fourier

¢ F4 Raw Fourier o

¢ F; Non-flow sub.

ATLAS
03< pi < 5.0 GeV

40<n* <49
7% < 2.5

Xe+Xe 5.44 TeV 3 ub”
A F,Raw Fourier
[ F4 Raw Fourier
g F; Non-flow sub.

F3
* similar qualitative features as 2nd

* Nonflow bias F; down but smaller bias
because F; is generally larger

* Agreement between Xe+Xe within statistical
uncertainties for low N,

Fy

 Completely dominated by nonflow not
allowing for subtraction with current
methods.

* Very little multiplicity dependence because
there is little change in flow/nonflow
composition

30


https://arxiv.org/abs/2308.16745

Comparisons to AMPT: Xe+Xe

* AMPT initial state geometric decorrelation F is
shown and is calculated as follows

5(n°) &, (1) = A(1+F, n° +S,, n%?) " oo towosy.

g /5 Non-flow sub.

* We observe qualitative agreement with AMPT in
Xe+Xe in central and mid central collisions

e within a factor of 2 L

* A qualitative change in behavior towards
smaller decorrelation at low multiplicities is

: . 0.3 <p?<5.0GeV —
present in AMPT and does not appear in the 402 7 <4.9 AMPT initial-state partons

data. | <25 =Fe 1ers

* This may also indicate the need for sub-
nucleonic degrees of freedom.

Data indicates sub-nucleonic structure is required to describe 3 1
peripheral AA and pp


https://arxiv.org/abs/2308.16745

Underl

2 GeV

-

INg event bias on particle flow |ets

4 GeV

ATLAS
| pp {s=13TeV

| PYTHIA 8 Embedded
L |ZpT>ZGeV| > 40 GeV

— Fit

P RS

50<N"°<60

ATLAS
pp Vs=13 TeV

|l PYTHIA 8 Embedded

i |Zp1>359"| > 40 GeV

— Fit

P T S T I

50<N"°<60

c

1l pp Vs=13 Tev
_|I_ PYTHIA 8 Embedded

LI L s B B B |

ATLAS

50<N"°<60

i \Zp;“ﬁ‘eﬂ > 40 GeV

— Fit

PRI IR T T B

ATLAS

pp Vs=13 TeV

_ PYTHIA 8 Embedded
L |Zp;2‘39“| > 40 GeV

| ATLAS
pp (s=13 TeV
PYTHIA 8 Embedded

R |Zp;369“| > 40 GeV

110<N;'<120 ||

Lt Sttt dunst t by b
4T T RARSCULRTE *+'ﬂ”+“_'

ATLAS

pp Vs=13 TeV

| PYTHIA 8 Embedded
I \Zp;“ﬁ‘ﬂ > 40 GeV

- — Fit
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