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Flow in small systems
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What is the smallest possible droplet of QGP?
How does nonflow affect our understanding of the onset of QGP production?

Nature Phys. 15 (2019) 3, 214
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Nonflow correlations

* Flow correlations are global and collective

* Nonflow correlations are local, mostly short range and related to a few
particles

o Correlations due to momentum conservation
o Particle correlations inside jet cones
o Particle decays

o Other quantum correlations

Particle decays ;-

CMS Experiment at LHC, G
Data recorded: Sun Aug 1
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Structure of the two particle correlations

Phys. Lett. B 718 (2013) 795
CMS pPb \/s,, = 5.02 TeV, N > 110

trk Back to back jets + flow

1<p <3 GeV/c
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Nonflow from
short range
correlations, like
Inside a jet cone

Long range and near side correlations from flow



Long range two particle correlations
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Peripheral subtraction in two particle correlations

Phys. Lett. B 724 (2013) 213
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» Nonflow due to back to back correlations from momentum conservation is
removed by subtracting correlations in low multiplicity events, assuming flow
is zero there (method is tested in Pythia and HIJING models )

» The effect is large for multiplicity less than 100



Nonflow subtraction with template fitting
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The results depend on the assumption of v2 in the smallest bin 7



Nonflow subtraction at different energies
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The method behavior depends on collision energies
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Two particle flow and <p> correlations
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Phys. Rev. Lett. 125, 192301 (2020)

| d+Au 200 GeV =@ IP-Glasma-+MUSIC+UrQMD |
= = IP-Glasma+MUSIC+UrQMD, final state only
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Signature of initial momentum flow from CGC.:
 Sign change of the correlator with IP-Glasma + Music + UrQMD
* No sign change without initial momentum anisotropies 9



Two particle v2 and <pT> correlations from nonflow

(6v 4[pr))

p(v3, [pr]) =

V(693)2)((5lpr))?)

arXiv:2103.01348

t PYTHIA-8 p+p 5 TeV —:
{  PYTHIA-8 p+p 13 TeV E
t  Angantyr p+O 5 TeV

+

+ Angantyr O+0O 5 TeV
= o + ¥

>
=
Q
[}
3
—
<
S
©
+
U
o
@
—
o
<

+

| ] | |

Illlllllllllllllllllllllllllll

11

0.1x103 T osk
—~ T T Y Y T T T T T 1 = O
2— -* 0.2<pT<2 GeV pp 13TeV, PYTHIA |- ) -
= - O {1 2 o4f
o] M<2.5 o standard 5
3 ¢ ’ (o) -8 two-subevent g 0.3F
© 005 -= three-subevent u -
. o - 0.2 :—* :
, ¢ ° o o ] Lt
b O O oo O o o 0.1%‘*;‘ :+++I+
i g ® opo p O O g4 ’ oF (:\ .
m- ........ ... ...i..-.. .....‘...+.. ..:.J ----- — E -o-:t++
] 1 ~0.1F r
Ob 2| 1 ! 1 ] -0.2 —
0 40 60 |
0 50
dN ch/dn

100 150 200 250 300

g'Z

* The results from PYTHIAS8 already showing sign change
« Subevent method is used for the flow in two particle correlations
* No peripheral subtraction is done
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Conclusion for nonflow subtractions in two particle correlations
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* Must have assumptions about flow in the lowest multiplicity range, model
dependent results

* The onset and multiplicity dependence of flow are strongly related to the
assumptions

11



Flow from multiparticle correlations
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Subevent method with multiparticle correlations
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Nonflow in subevent method

Jet of partlcles
Three subevents
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Looping method

() Three subevents * Need to study correlations vs. n gap

* Run out of statistics quickly

BNEeN e ~e [NEEEN - Anysolutions?

nN=-2.5 Mis<5k1\00 mions N=25 . The idea behind Q-cumulant method is to
9 avoid using nested loops

® ® ® ® « If we just loop over particle azimuthal
angles, it is very easy to study the n gap
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. * Also with much better statistics since it
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Time complexity:

* O(N "), for n particle cumulant with N, total number of particles per event

* The 8 particle cumulant in an event with 1000 particles will take ~1 billion years
* However, our interest is in the small system with N, less than 100

- It takes a few seconds to calculate the 4 particle cumulant with N,,,=100

* It could be much faster after applying n gaps between particles
15



Subevent and looping method
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* Nonflow is less as more subevents are applied
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Subevent and looping method
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* Nonflow is less as more subevents are applied

* The looping method remove most of the nonflow 7



* Nonflow has to be carefully subtracted for flow study in small
systems

* The current subtraction methods in two particle correlations
need assumptions about flow in the lowest multiplicity range and
the results are model dependent

« Multiparticle correlations with subevent and looping methods
are better for dealing with nonflow
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