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1. Motivation Two-particle correlations

Annu. Rev. Nucl. Part. Sci. 2018. 68:211-35

a Pb+Pb b p+Pb C p+p
\/SNN = 502 TeV \/SNN = 502 TeV \/SNN = 13 TeV

* Flow measurements via two-particle correlations method.
* Long-range azimuthal correlation : observed also in small systems, not only in large systems.

* Understanding the jet components in the small systems is crucial due to the large

non-flow contribution.
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1. Motivation Flow measurement in small systems
PRC 96, 024908 (2017)
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* To handle the non-flow in small systems, ATLAS has developed the template fit method.

* The template fit method describes the HM correlation function by the simultaneous fit of

LM templates and flow components.
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1. Motivation Flow measurement in small systems
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* To handle the non-flow in small systems, ATLAS has developed the template fit method.

* The template fit method describes the HM correlation function by the simultaneous fit of

LM templates and flow components.

* The right figure is the v, using the template fit method in pp and p—Pb collisions and the

similar shapes for both systems are seen as function of p-.
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1. Motivation Flow measurements in small systems
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* ALICE has also measured the flow in small systems via the two-particle correlations method

using the template fit method.

* However, the ALICE tracking detector, the TPC, has smaller acceptance than ATLAS and CMS.



WWND 2023, Suleong Ji 4/ 21

1. Motivation Flow measurements in small systems
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* ALICE has also measured the flow in small systems via the two-particle correlations method

using the template fit method.
* However, the ALICE tracking detector, the TPC, has smaller acceptance than ATLAS and CMS.

* The right figures show the v, and v3 with ALICE and v, is compared with the ATLAS result,

and similar v, results are seen.
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1. Motivation Flow measurements in small systems
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* There is an attempt to measure the flow coefficient by correlating the particles in TPC with

FMD in pp and p—Pb collisions for the better statistics.

* Not only measuring the flow of the charged hadrons but also the measurement of PID flow

is on going with the ability of the particle identification of the ALICE detector.

* We conducted a detailed study on the acceptance and model dependence of the template
fit method.
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1. Motivation Model description
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2. Analysis Model comparison
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. Analysis Model comparison
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The multiplicity is selected in VOM
acceptance .

The vertical lines show the event
multiplicity of 20% of VOM
percentile of each model.

More HM events are generated with
Shoving than others and less in
PYTHIA8 and EPOSA4.
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2. Analysis Correlation functions 08,08 | [1.9,48 | [-19-3.1]
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_ TPC
2. Analysis Correlation functions

FMDA
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and PYTHIAS8 Default are seen.

Each model describes the structure
of the correlation in different ways.

Vpuvp/ued N zp(ﬁmN/T.)

As AMPT model contains flow, the

near-side structure in shorter range
is seen in HM unlike LM events.

VpUVp/J!Ed N zp(ﬁmN/T.)
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_ TPC FMDA FMDC
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_ TPC FMDA FMDC
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We selected five An gaps to test the
gap dependence of v,(v,,).
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2. Analysis angap dependence
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2. Analysis angap dependence

T T T T T T
4.88F _ g 4.46 Vs =13 TeV TPC-FMDA ] .
pp Vs =13 TeV TPC-FMDA pp Vs e I f | f PYTH IA8
as6k PYTHIAS Default 1.1<|An|<5.6 4 444 PYTHIA8 Default 1.5<]An|<5.6 3 ° Tem p ate It resu ts O
’ 0.8 < pr < 1.3(GeV/c) ' 0.8<pr<1.3(GeVic) ¢
> .
v} o 20 e { saf o o2 , del in TPC-FMDA
B Fit e ) y m O e In
s as2f FYiu+G 1 440 ° FYm+G 4 R .
g ' A0 G+2 2 f % ]
£y ] et cosane e L 20200 correlations are seen.
Hl £ 480F  G(1+2vs scos(309) 1 438 o G(1+2vs5 5c0s(309)) g %
= =Y +FYM, min
4.78 .
* The second order modulation
4.76
5 4.34 . . .
I N is negative in the default gap
| Wi | | | | 4.32 | o | | | |
1.010 f T T T T T 1.010 T T T T T T d . b I .
1 oosh ] and it becomes nearly zero in
5 1o ap-B, C, and D with this py bin
4 g p )~ pT .
0.995 - 0.995F B
1 1 1 | | | 1 1 1 1 1 |
0.990——4 5 T 3 3 7 0:990——7 0 1 2 3 4
Ag(rad) Ag(rad)
3.88F T T T T T T T T T
ppVs =13TeV  TPC-FMDA 332 PPVS=13Tev  TPC-FMDA ] ppVs =13TeV  TPC-FMDA
3g6l PYTHIAB Default  2.0<|an|<56 | R PYTHIAS Default 2.5 <|An| <5.6 277 PYTHIAS Default 3.0 <|An| <5.6 E
0.8 <pr<1.3(GeV/c) 0.8 < pr<1.3(GeV/c) 276k 0.8 <pr<1.3(GeV/c) n
3ga © 0:20% h* ] R 3301 5 020% h= ] ° 0-20% h*
' = Fit B Fit 2.75 |- B Fit
N o FYwm+G o FYm+G o FYm+G
32 S 3.82| . G(1+2v; 5c0s(249)) 3.28[~  G(1+2v; ,c05(200)) 2.74F ___ G(1 +2v;,5c05(209))
o Um +FY1M, min +FYim, min +FYim, min
|5 .. G(1 +2v3 5c05(309)) e G(1 +2v3,3c05(309)) 273 ww G(1 + 2v3,3c05(309))
= 3.80F +FYm, min 326 +FYm, min +FYim, min
2.72F
3.78‘\ Gap-B 1 524 Gap-C 1 2nf
376 | ) 2.70fF
1.020 = 1 1 1 1 1 1.010 —— 1 1 1 1 1 1.020 = 1 1 1 1 1
1.005F - 1.005F 4 1.005F B
©
S 1.000 1.000 1.000
o
0.995 4 0.995F 4 0.995F E
| | | | | | | | | | | | | | 1 1 | |
0.990——- G 0 3 3 7 0.990——7 0 T 2 3 4 0.990——7 0 1 2 3 4
Ag(rad) Ag(rad) Ap(rad)



WWND 2023, Suleong Ji 12/ 21

dA’pak

2. Analysis Model dependence

102 ppvs =13Tev
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The LM template in default An gap
for each model is seen.

Unlike AMPT, there are near-side
yield for PYTHIA8 Default and
Shoving.

PYTHIA8 Default generates more
correlated jets than others and
AMPT generates less.

The broad jet shape is seen for
AMPT and narrow shape for EPOS4.
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2. Analysis Model dependence
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* The template fit results and zoomed near-side yields are seen in each column.

* Every model has near-side yield in LM events apart from AMPT and show the
negative second order modulation.
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2. Analysis andependence of vs, v,
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Strong An dependence is seen
for both PYTHIAS8 Default and
Shoving.

The v,, is closer to zero as the
An gap becomes larger.
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2. Analysis andependence of vs, v,
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2. Analysis andependence of vs, v,
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2. Analysis andependence of vs, v,
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e Larger near-side yield and second modulation are seen in p—h correlations than
m—h correlations.
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2. Analysis andependence of vs, v,
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* Interestingly, the proton’s v, is larger than pion’s even with the PYTHIA8 Default

R

T

which contains non-flow components only.

* There is a chance that the PID dependent non-flow might amplify the mass

order effect in high pt region.
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2. Analysis andependence of vs, v,
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* Different v, is seen for different particles in AMPT model.

* The gap dependence is larger in high p; region, implying that the non-flow
component affects more as pr goes higher.

* However, as the gap dependence is not very strong unlike PYTHIA8, we can think
that still the flow component is dominant in AMPT model.
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2. Analysis andependence of vs, v,

We selected the Gap-D for further discussions on PID v, with the AMPT model.

DR D D e e e
| ® Default AMPT String Melting n* | AMPT String Melting p+p
0.15F ¢ Gap-A —1 —

| < Gap-B 1 ]
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| e Gap-D 1L ]
g 0.10f 1 . _
: I _%%%% :
0.05F e —+1 —
: 3330 p¢ :
o %31 _.“
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pr (GeV/c)

e Different v, is seen for different particles in AMPT model.

* The gap dependence is larger in high pt region, implying that the non-flow
component affects more as pr goes higher.

* However, as the gap dependence is not very strong unlike PYTHIA8, we can think
that still the flow component is dominant in AMPT model.
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3. Results pr dependence of v,
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e The PID v, as function of p; with AMPT model is seen.
* Clear mass ordering is seen in 0—20%.

* Asv, becomes smaller in 20-40% compared to 0—20%, we also checked the
multiplicity dependence of v,.
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3. Results Multiplicity dependence of v,
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Multiplicity

* The larger v, is seen with the increasing pr and multiplicity.

* The PID seems to split more as the p; becomes higher.
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Summary

* LM-template fit method worked well in the experiments for the flow extraction in small

systems.

* V,(v,,) of identified hadrons were obtained using the template fit method in pp collisions with

the MC event generators at the ALICE acceptance.
* Three dependencies of v, are studied — An gap, py and multiplicity.
* Every model showed An gap dependence, therefore we used the largest An gap for the PID flow.
e Clear mass ordering was seen for 0-20% events not only in AMPT but also in PYTHIA8 model.
* Increasing v, with increasing multiplicity was observed.

 However, we have to study more on the origin of the PID flow because there is a chance that

the PID dependent non-flow might amplify the mass order effect in high p; region.



Thank you!



Back-up
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Back-u @ PYTHIA8 String Shoving
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Back-up Eepos4
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Back-up andependence of vs, v,
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Back-u P mrdependence of v, (NCQ scaled)
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e The PID v, as function of p; with AMPT model is seen.
* Clear mass ordering is seen in 0—20%.

* Asv, becomes smaller in 20-40% compared to 0—20%, we also checked the
multiplicity dependence of v,.



