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Collectivity in Small Systems

o Initial state effects: CGC + fluctuation

K. Dusling et. al PRD 87 5 (2013) 05150, A. Bzdak et. al PRC 87 6, (2013) 064906
o Final state effects: Hydrodynamics
R. D. Weller et. al PLB 774 (2017) 351-356, W. Zhao et. al PLB 780 (2018) 495-500
o Hybrid models: How quantitatively they interplay? Relative
contributions?
M. Greif et. al PRD 96 9, (2017) 091504, H. Mantysaari et. al PLB 772 (2017) 681-686
Alternatively,
o PYTHIA 8 String Shoving: Pushing the strings resulting in

transverse pressure
C. Bierlich et.al PLB 779 (2018) 58-63

o EPOS LHC: Parameterized hydrodynamic evolution in “core”
T. Pierog et.al PRC 92, 034906
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Experimental Challenges, outline

o Pseudorapidity dependent v, observed in Pb—Pb collisions,
How about in small systems?

Away

o Constraining the impact parameter of pp collisions to further MR %6 114010 (2004)

understand origin of correlations in pp collisions by “event-scale” '

selection
o Event scale is set to the momentum transfer in the hard parton

scattering

o Ridge yield (ALICE, arXiv:2101.03110) and v, (Preliminary)
in tagged events with jets or leading particle

271b P(b)/ fm’!

o Two-particle charge independent pr correlations to access shear
viscosity in small systems
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Correlation measurements in ALICE

ALICE Preliminary TPC-FMD1,2

_ arXiv:2101.03110
3501%/’ E/pon'ng =18 Tev pp 15=13 TeV VOM: (0.0-0.1%)
£ T ' 7 T T T<p. <2GeVi 02<p' <3GeVic (0.1-100%)
= ALICE Performance VOM Multiplicity Classes T.trig(assoc) T
8 pp \s=13TeV Min. Bias Triggered Data:
0-1% 20-30%
1-5% 30-40%

[ s10% [ 4050%
10-15% [ 50-70%
15-20% 70-100%
— 0-100%
HighMult. Triggered Data

VOM amplitude / (VOM amplitude)
High-multiplicity events : 700 M

VOM = V0A + V0C

TPC-TPC DAL <5

@ Pro: Good pr resolution ~ \

o Con: Small acceptance(|An| < 1.8) \

@ number and pr correlations FMD3 TPC FMD1,2 )
TPC (FMD)-FMD (-3.4,-1.7) (-0.9,0.9)  (1.7,5.1)

@ Pro: Anup to~8

@ Con: Large secondary contamination
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Long-range A correlations (TPC-TPC)

arXiv:2101.03110
LA IS IR N R T T LA RS AR MRS
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[~ 1 < Priigassoc) < 2GeV/c T 2 < Pryigassoc) < 3GeV/c I 3 < Priglassoc) < 4GeV/c -3
1. 0.06f ALICEpp+/s=13TeV [ o-i00%] 4 _
822 1.6 <Ay < 1.8
SI° 0.04F " + + -
.-|| 2 ORI
=3 - ¢ L = " + 4
0.02 ..0 0.‘ . ' ‘o.. ."0‘0..
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0.08 | 1 < prigassoc) < 2GeV/c T 2 <Prigasso) < 3GeV/c T 8 < Pruigassoc) < 4GeV/c ]
W PYTHIA 8 String Shoving g = 3
= 0.06 — o —§ === PYTHIA 8 Tune 4C ]
s (o *e CMS ~ 0-0.03%,
> ® 20< Ay <40 #8 EPOS LHC
SI° 0.04F 5 I + -
'_'| 2 -i o
2 0.02F D .t .
o 4§ a e
0.00 | | | | ] | 7| Lo - | | | | | | | ] |
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Agp (rad.) Agp (rad.) Agp (rad.)

e Long-range (1.6 < |An| < 1.8) to avoid nonflow contribution
o Clear ridge in high-multiplicity events, while no ridge in minimum bias events
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Long-range Ay correlations (TPC-TPC) and flow extraction

i
3|

arXiv:2101.0311
UNALIMALIN VM et AMALI VN R B LALLM
0.08F 1 < pruvgamsy < 260V/c | 2< praunee < 30V/E | - 3 < Prasgmse < 4GaV/c
<1, 0.06f ALICEpp v5=13Tev f|+ oo ES E
‘s 16<ia <18

5
I 0.04}- v + E
oo} S e, + E

0.00 ! !
0.08f 1
o 0.06
&
"‘; 0.041
Y 0.02-
0.00

5
3

o el L L
10 1 2 3 4 410 1 2 3 -1 0 1 2 3 4
g (rad.) g (rad.) g (rad.

e Subtraction of low-multiplicity events
and template fit to extract v,

Y (Ap) = G(1 + 2v2.2 cos(2Ap) +
2v3,3 cos(3Ap)) + FYum(Ayp)

I': Ratio of away-side jet fragments in
high-multiplicity to low-multiplicity events
(60-100%), F = 1.304 £+ 0.018
N.B.:This method is not applicable to the

models which have the ridge in low
low-multiplicity events.
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® Signal (0-0.1%) ALICE Preliminary
pp v/s = 13 TeV
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Ridge yield and v, (TPC-TPC): 0-0.1%

arXiv:2101.03110
' ! pp Vs = 1'3 TeVv !

a 16<|An <18 .
0.020 O ALICE, 0-0.1%

N PYTHIA 8 String Shoving g = 3
* \ PYTHIA 8 Tune 4C

Yridge

0.015

)
0.010F + ', tt =
0.005 ‘\L

o \+m
0.000 e , t_

| | ! |
0 1 2 3 4 5

pT,trig(assoc)(GeV/C)
o Decreases with increasing pr > 1 GeV/c
o CMS yield is higher than ALICE mainly
due to different multiplicity selection

o EPOS LHC describes pr dependence,
over-estimating the yield

e String Shoving shows steeper pr
dependence, under-estimating it

0.10 } +

e o T,

¢ ¢
otf

N ¢
> 0.05F  ALICE, 1.6 <Ay < 1.8
°
meg = PT,assoc

ATLAS, 2.0 < |An| < 5.0
0.00f ¢ 0 5 <pTassoc < 5GeV/c

Vot

ALICE Prellmlnary
[ ppvs=13TeV

1.5 2.5 3.5
Pr, trig (GeV/C)

[ 0-0.1% } |
25

1. 5
pr, trig (GeV/C)

o Comparable with ATLAS result

o Note that multiplicity class for ATLAS is classified
with central particles (|n| <2.5, pr >0.4 GeV/c),

ATLAS
Nypare” > 60
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Toward larger n with TPC-FMD correlations

pp /s =13 TeV, 0-0.1%

P T T T

E 49F ALICE Preliminary .

5 [ ppis=13Tev

5 VOM: 0.0-0.1%

o 0.2 <p! <3GeVic

9o 4.85F T N 1
g p;>0GeVic  secondaries uncorrected
5

—Data
I a8k —FYMB+G(1+Zazcos(2A¢)+2aacos(3A¢)) .

'f; T T 'f; T T T
g TPC-FMD3 g i
S 3.0<An<34 = F
< <
5 T4 ] 5 12.6 7
o 0.2 < pl <3Gevic i secondaries uncorrected
e 3 a1
A3 p: >0GeV/ic  secondaries uncorrected,| Jd
Cle 73k = FYygtG = FYyemnt2Gacos(289) ] °) o L
a| £ 7. Hl £
= FYyp mint2Ga5c0s(30¢) = i
125

4
A (rad)

e Correlations measured up to An ~ 8 with forward subsystems (FMD)
o Elliptic flow extracted from assumed factorization

V22 An=na — {2PC, sub} va 2 An=n, — {2PC, sub}
® v, {2Pc,sub}:¢ S ONZIATIB ’ S 2NZIA TN !

Junlee Kim

V2,2, An=ng —ng 12PC, sub}
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Extracted va(n)(TPC-FMD)

o Non-zero v2(n) has been measured
in pp and p—Pb collisions

e v2(n) in high-multiplicity p—Pb
is comparable with peripheral
Pb—Pb

@ v2(n) shows asymmetric behavior
and is decreasing with increasing n
in pp

Junlee Kim

0.15

0.1

0.05

T T

— ALICE Preliminary ]
pp Vs= 13 TeV p-Pb |5 = 5.02 TeV 7
+ v, Template fit 0-0.1% VOM + V,o{2PC,sub} 0-5% VOA
® Vv, ZYAM with MB sub. 0-0.1% VOM n
+ v, ZYAM template fit 0-0.1% VOM
I~ Pb-Pb \s,=2.76 TeV (PLB 762 (2016) 376) 7
¢ V5©{2} 60-70% VOM
= v5{2} 70-80% VOM T

b 60-70%

0-5%

0-0.1%
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Near-side and Away-side jet fragmentation

jet

2 LP
I I
r

T T T
ALICE Preliminary o ALICE away, Template fit, |A7| <1.3

0.14 -
/. pp v/ = 13 TeV ® ALICE near, |An| <1.6
012 4 _ P gassoe) < 2GeV/c 5= PYTHIA 8 Tune 4C away, |A7| <1.3 ]

B=% PYTHIA 8 Tune 4C near, |An| <1.6

o

N

o
T
1

_——— T T ——

—_—

y

Jet-like Yield
o
3

0 — -
‘ 0.06 . E
Away o
004 ]
o Away-side jet yield : YjeAtWay = FY}eAtway LM 0.02 @ . o B ]
@ Near-side jet yield measured by short-range ! L ! | |
correlations (see the backup) 0.5 .

o Limited n acceptance as ratio T +—’—-'—"+—"—~—-+-—-—w_+
(RPD 74, 0782002 (Oct 2006))

o The relative away-side jet 0-0.1% 5% 5-20% 30-60%  60-100%
contribution, /', has been tested by multiplicity class
comparing the ratios from the ALICE
and the PYTHIA 8
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Event-scale dependent A correlations (event tagging)

Junlee Kim
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arXiv:2101.03110

I I
u

pp Vs = 13 TeV, 0-0.1 %
1 < Priglassoc) < 2GeV/c
16<|An < 1.8

[ | p$"., > 10GeV/c

e ALICE
=== PYTHIA 8 String Shoving g = 3
»»»»» PYTHIA 8 Tune 4C
[— =% EPOS LHC

I |p$h > 20GeV/c

-1

Agp (rad.)
o Event-scale selection: requirement of the presence of a hard scattering (tagging by minimum pr of
reconstructed jet or leading particle)

e The ridge is still visible with event-scale selection
Initial Stages 2021
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Event-scale dependent ridge yield

e Increase with increasing p!l“«?min or pﬂffmim similar for models, stronger for EPOS LHC

Yridge

Ratio

0.08

0.04

0.02f

- ® ALICE Near-si 1 - 1
! ear- s.lde ' o) \/5 =13 TeV II ]
[ === PYTHIA 8 String Shovingg =3; _T 0-0.1% / ]
““ PYTHIA 8 Tune 4C i Y ]
- @4 EPOS LHC S 1 e
[ Leading Particle 7 —— Jet, anti-kr pd -]
[ |n| <0.9 l, T R=04|n <04 ,/
/ I
[ ’ T -
F ,,, 4+ ____-l
0.00 | o T i P IS B B
1.6 <|An < 1.8 -
1 < Prtrig(assoc) < 2GeV/c ,,’ [ ,/’

25F

0.0 bt

,w.”.r”.r.”r.”r.ulnu,”J.].,..,.,”I..,.].7”|4§527

0.06"

p'%,Pmin (GEV/C)

jet
pT, min

(GeV/c)

arXiv:2101.03110

e EPOS LHC (PYTHIA 8 string shoving) overestimates (underestimates) the ridge yield

Junlee Kim
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o Jet fragmentation (PYTHIA 8 with string shoving, in contrast, overshoots the jet fragmentation in backup)
— Challenging existing models
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Event-scale dependent vy

IIIIIII%

A BARAY AR KAL) RAALS RARAY AARAY R
L pp Vs=13TeV,0-0.1% | p { ALICE Preliminary  Jet
015-_ 1<pT,trig(assoc)<2GeV/C — —
- ® ALICE, 1.6 < A < 1.8 1
>r\| L Leading Particle || < 0.9 4 Jet,anti-hkt R=0.4|n <0.4
0.10 +—__— y
:....’+:..+i :
005 et o b T
Unb,'asG 3 5 7 9 13 ZOUnbiasElo 20 30 40 50 60

T min (GeV/C)

Jet
T min

(GeV/c)

o Weak or no sensitivity to event-scale selection with the uncertainties

o Note that the template does not impose event-scale selection

Junlee Kim
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Two-particle transverse momentum correlation function Ga

mi,1n1,2

i

Ga (An, Ap) =

(X X pr,iprj)
JFi

ALICE, PLB 804, 135375 (2020)

ALICE Pb-Pb s, = 2.76 TeV

Junlee Kim

er? | (a(may o)

¢ Bullet talk by Victor Gonzalez

@ Sensitive to momentum currents transfer
@ The longitudinal dimension shape

o The reach of the transfer
proxy for the shear viscosity n/s
o The mechanism of the transfer
proxy for the relaxation time 7,

@ Charge Independent (CI) G2 = G§'

= F T T =
6" 1.1F Pb-Pb {5, =276 TeV =
@ 4f  —+ALICE Ws 1

E o o, extrapolated 181 0.06 3
09F —Fit — /47 -

E [l 0.14 —3
08  [E20
07f
0.6 PRL 97:162302 (2006)

E 2. 24N 1.1y 3
05F c2-0%= T.5 (g - ) :
0.4 T.=160 MeV, 7, = 1fm, 7, = 10.5fm

C 1 1 -

1 10 10°

(N_.»

part
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https://indico.cern.ch/event/854124/contributions/4134523 

GQCI in small and large systems

ALICE preliminary
pp Vs =7 TeV
x107°

o Bullet talk by Victor Gonzalez

o F T T rorTTTTT
o 0.8 ~ALICE preliminary

S | BIp-Pb sy =5.02 TeV ]
Q] - pp Vs=7TeV Y
0.7 +:Pb-Pb |sy=276Tev 4 * i '
[ PLB804, 135375 (2020) | ]
. t ]
0.6_— I ]
I ¥ ]
055 ”HBM@HHHH h
C_ o vl ool 0ol M
2 3
10 10 10° v O
ch

o Evolution trend breaks in both dimensions in the transition from small systems
o Consistent azimuthal narrowing trend along the three systems
o Completely different longitudinal evolution

Junlee Kim
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https://indico.cern.ch/event/854124/contributions/4134523 

Summary

Ridge and flow coefficients in two-particle correlations in various pseudorapidity ranges
e Comparable with measurements from other experiments

e v2(n) in p—Pb collisions is comparable with peripheral Pb—Pb collisions

o Flow extraction with the template fit is tested.
o Relative increase of the jet yield for high multiplicity w.r.t low multiplicity template is properly considered.

Furthermore, event-scale dependent ridge yields and v,, are studied
o Increasing trend for the ridge yield and no significant dependence for v,
o Compared to EPOS LHC and PYTHIA 8 string shoving, leading to further improvement of each model.

o GS' has been measured and found to be different from small systems to Pb—Pb, which potentially shed
a light on the shear viscosity.
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Thank You!
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BACKUP
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Near-side jet fragmentation

| | | | | | | | | | | | | | |
[ 1 < Pryigassoc) < 2GeV/c 2 < Prrig(assoc) < 3GeV/c 3 < Prriglassoc) < 4GeV/c
0.10 e
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— | 5
Y o ey
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- . L Nip
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-1.2-0.6 0.0 0.6 1.2 -1.2-0.60.0 0.6 1.2 -1.2-0.6 0.0 0.6 1.2
An An An
1 deair _ 1 dZNpair 1 _
Negrig dAn = J]Ae|<1.3 (ng dAndAe 54\.:; dAgp — Dzvam
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Multiplicity dependent near-side peak

Ynear

o ymear _ f|A77|<1~6 dAn(

1 T T T T
0.14}F pp v5=13Tev ALICE Preliminary
! ® ALICE
i L;lp B 2GRV e PYTHIAS String Shoving g =
0.12f L PYTHIA 8 Tune 4C E
E e &4 EPOS LHC
o.10p T
0.08F e
B [ )
[ [}
006 :_ ——————————— -‘
e °
004 [ | | | ] |

1
Nirig

0-03% 5% o 20% o 60%; 100%

dNpair
dAn

)

e Data and String Shoving show increasing near-side yield with increasing multiplicity, while it is not the
case for EPOS LHC and PYTHIA 8 Tune 4C.
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Event-scale dependent v3

0.2f

0.0}

AL AR DA L L L
[ ppv/s=13TeV, 0-0.1% | p

1 ALICE Preliminary

N D DA B R D L

Jet
| 1<pT,trig(assoc) <2GeV/C ]
[ ® ALICE, 1.6 < |An| < 1.8 1 1
L Leading Particle |n| < 0.9 —}Jet, anti-kt R=0.4 || < 0.4 + —]

o ¢ * +
[ o @ o ® o ©
I I I PP (PP PPN (PO IS O (PP PP P PP PP P I
Unbigsey 3 O 79 13 20 Unbieg, 10 20 30 40 50 60

GeV/c)

pT,min

o Weak sensitivity for event-scale dependence

pt (GeV/c)

T,min

o Note that low-multiplicity events does not impose event-scale bias.
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Event-scale dependent ridge yield
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Leading Particle || < 0.9
® ALICE Near-side

[~ === PYTHIA8 String Shovingg =3 ¥
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pT, min (GeV/C)

o The ridge yield tends to increase with increasing pr recad Or pr,jet-
o The increase of the ridge yield is also visible for two models.

o EPOS LHC largely overestimates the ridge yields while PYTHIA with string shoving underestimates them
o PYTHIA with string shoving, in contrast, overshoots the jet fragmentation.
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