Eﬁﬁklwkk_#ﬁkq
MWNRFEIK RS

Pl

[

PR

LLZRKE

HEYIE S E RS SFE T ae S R RS
2022-8-9, Ki%E

AN B

SHANDONG UNIVERSITY




“Ridge” in small systems

(@) pp Vs =7 TeV, N> 110 (b) pPb sy =5.02 TeV,220 < Not™ < 260 (C) PbPb (s =276 TeV, 220 < Ny < 260

_'U

R(AN,A¢)

Beginning of the story:
“Ridge” in all hadronic high-multiplicity collisions
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PRL.121.082301

Collective natures in small system

sub

CMS PLB 765 (2017) 193
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Dozens of results from LHC and RHIC
Similar collective natures as in AA!!
A small droplet of QGP? Other novel QCD effects?

Overviews: K.Dusling, W.Li, B.Schenke arXiv:1509.07939; J.L.Nagle, W.A.Zajc arXiv:1801.03477
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Origin of collectivity?

Final-state interactions Vs Initial-state dynamics
(Hydro or transport) (Color-Glass-Condensate)
p+Pb@ |s,,=5.02 TeV,0-20% PRL.120.042002
04 — ALICE DATA0-20% cmslp+Pb 816 Tev 0.14.
- O = KZ(185<N_<250) | '
- % p 07 A(185<N_<250) | 0.12-
0.3 __ Hydrfu;l-Frag ATLAS,p+Pb 5.02 TeV _: 0.101
= =¥ (0N i %0.08-
ShplE u =
}N . ! PRL.125.072301 ] 0.06 -
0.04 -
0.1 0.02 -
0.00 - . . : . ; ;
o . ! L 0.0 0.5 1.0 1.5 2.0 2.5 3.0
0 2 4 6 Q2 [GeV?]

Both scenarios describe collective natures
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Origin of collectivity?

Final-state interactions Vs Initial-state dynamics
(Hydro or transport) (Color-Glass-Condensate)
0.02 >_<'wl'3_ N PRL.120.042002
| JEBE-VISHNU pp ¥s=13TeV |
[ — ll\gga-l . ATLAS, 02{4}3-SLI|}' 0141
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o) e | 0.06
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(H:v ________________________ - 0.02 e ¥ 2GeV  -4- 5GeV
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Nch

Both scenarios describe collective natures with caveats
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Origin of collectivity?

Final-state interactions Vs Initial-state dynamics
(Hydro or transport) (Color-Glass-Condensate)
0.02 >.<}.0l'3_ e e PRL.120.042002
| JEBE-VISHNU pp ¥s=13TeV |
[ — ll\gga-l . ATLAS, 02{4}3-suh' 0141
- Para-|I ECVS, 02{4} 1 0.12
g,g;l- ] Ez:::u 0.3<p_<3.0 GeV- 0.10.
S |} pLe780(2018) 495 - = 0.08-
s S
o) e | 0.06
.—:..,,//,.‘-—’ 0.041
afv ________________________ - 0.027 /' o e ¢ 2GeV  -4- 5GeV
+ 1Y ¢ I'l' y *@)] 0.00 PL7 ¢ 3GV —4— 10GeV
M EFEPEE PP PP PR 0.0 0.5 1.0 1.5 2.0 2.5 3.0
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Nch

Both scenarios describe collective natures with caveats
What more can we do to distinguish them?
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Geometry response in small systems

Nature Phys. 15 (2019) no.3, 214-220

t=1.0fm/c t=1.7fm/c t=4.5fm/c
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v, expected to reflect eccentricity ordering
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Small system scan PHENIX

Nature Phys. 15 (2019) no.3, 214-220
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v,, expected to reflect eccentricity ordering

Confirmed by data




Small system scan PHENIX

Nature Phys. 15 (2019) no.3, 214-220
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v,, expected to retlect eccentricity ordering
Confirmed by data
Agree with hydro calculations




Small system scan PHENIX

Nature Phys. 15 (2019) no.3, 214-220
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v,, expected to retlect eccentricity ordering
Confirmed by data
Agree with hydro calculations
Easy and simple?




Small system scan STAR

0.20[~ a) 0 10% He+Au <Nch>_49 8“ b) 0 10% d+Au <Nch>_34 5 T ¢)0-2% p+Au<Nch>=32.8 -
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STAR utilizes multiple non-flow removal methods
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Small system scan STAR

"""" | LN LN N R N L LA AL LR LA A B B LA LR
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0.10}
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> L
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STAR utilizes multiple non-flow removal methods
Weaker system dependence of v,
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Comparison to models

P. Liu & RL,
PRC 98, 031901(R)
07 e 0.7
: I Quark Glauber:
06 - I 106
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04 f " Jo4
W' F I : S
03} I 103
02f ¥ Jo2
0.1 F - 4 0.1
00C — L —/100

p+Au d+Au He+Au p+Au d+Au He+Au

Models include sub-nucleon structure
Weaker € ordering
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Comparison to models
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Current models cannot describe v, & v; simultaneously
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Comparison to models (3 no luctuation

Models (b) nucleonic fluctuation
(c) sub-nucleonic fluctuation
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Nevertheless the results reveal the importance of
nucleonic & sub-nucleonic fluctuation
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STAR or PHENIX?
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Pseudorapidity (n)

Why different?
1. Physics; 2. Non-flow; 3. three-dimension evolution
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STAR or PHENIX?
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Different kinematic regions might probe partons with different x



STAR or PHENIX?
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Different kinematic regions might probe partons with different x
Non-flow controlled by experimental techniques
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STAR or PHENIX?

arXiv: 2107.06634
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Different kinematic regions might probe partons with different x
Non-flow controlled by experimental techniques
Urgent needs to understand 3D initial state and dynamic evolution
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Probing 3D initial state in AA

PRL 126 (2021) 122301

D
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45 1 15 2
n
Longitudinal decorrelation is a unique probe
LHC has limited ability to probe system size and energy dependence
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Probing 3D initial state in AA T

VSNN Events | BES |
Wg (GeV) (10°)

I 1 200 238 2010

3D-Glasma

62.4 46 2010
54.4 1200 2017
39 86 2010
27 30 (560) 2011/2018

19.6 538/15 2019/2011
14.5 325/ 13 2019/2014

1 58 230/7 2020/2010
912 160/0.3 2020/2008
T( T 100/3 2021/2010
17.3 250 2021

Longitudinal decorrelation is a unique probe
LHC has limited ability to probe system size and energy dependence
RHIC is the ideal place with isobar and BESII programs
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Decorrelation in RuRu & ZrZr
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STAR Preliminary 1

0 02 04 0.6
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0.8

Most precise results at RHIC
Comparable to 200 GeV AuAu results
See a model study by %% S% i (Aug. 9 17:00)
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Decorrelation vs. collision energy
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Clear energy dependence observed
Hint of nonlinear energy dependence?
Stringent constrains on initial states with finite g
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Decorrelation vs. collision energy
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Clear energy dependence observed
Hint of nonlinear energy dependence?
Stringent constrains on initial states with finite g
Stay tuned for results with more energies!
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Future opportunities — intermediate collisions

= - PbPb
8 420 Hydro Flow
= o + o
1002 Parton-medium interaction -
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)
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80 }|-E XeXe
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€
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? S.Huang et.al.: arXiv.1904.10415
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What are the contributions from initial flow for bulk particles?
At what system size CGC effects become less dominant for HF?
Where does jet quenching turns on?

STAR Has taken OO; LHC will run OO in 2024(?)




Future opportunities — intermediate collisions

Isobar \s,,, = 200 GeV

8/9/22
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First step to extend HF flow measurement to smaller systems @ RHIC

See talk by 7%k (Aug.11 9:40)
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Future opportunities — more observables

gl -
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Hint of local polarization linking to collective flow
See talk by %j %% (Aug.11 15:40)

Is it there in smaller systems?
8/9/22
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Future opportunities — smaller collisions

H1 Preliminary
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Future opportunities — fill the table

Ridge
Vn

Flow
fluctuation

Jet
quenching

Strangeness
enhancement

Heavy Flavor
Vn

Hyperon
Polarization
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PP

?

RHIC
p/d/He3Au | Zr/Ru/O... pp
v V/? v
v/? V/? v
? ? X
? ? V4
? ? V4
? V/? ?

Plenty of treasure boxes to open

Xe/Ar/O...

vV/?

V/?

vV/?
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Summary

Investigation of collectivity in p/d/He3Au collisions has revealed
* Key role of nucleonic & sub-nucleonic fluctuations
* Urgent needs to understand 3D initial states & dynamic evolution
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Summary

Investigation of collectivity in p/d/He3Au collisions has revealed
* Key role of nucleonic & sub-nucleonic fluctuations
* Urgent needs to understand 3D initial states & dynamic evolution
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Future works
Intermediate collisions  Even smaller collisions
More observables & energies
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Thank you




Back up
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STAR PHENIX comparison

Ao /. PHENIX pAu 200GeV, 0-5%
015~ @ 1 ATLAS pPb 5.02TeV, 0-3%

- STAR preliminary 1
0.10 I =

B

I
¥ = STAR pAu 200GeV, 0-2% templ.

mn> |

0.05—88%@ % iﬂ .
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mggﬂ .l-ﬂ
2 B 1 é .

P, (GeV/c)

ATLAS: Phys. Rev. C 90, 044906 (2014)
PHNEIX: Nature Phys. 15, 214 (2019)
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Geometry response in small systems
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arXiv: 2107.06634

Different results with different kinematics range
Reveal the impact of decorrelation & non-flow
Important for cross-experiment & theory comparison
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Geometry response in small systems

a

S BBCS FVTXS CNT FVTXN BBCN
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é |
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5

Pseudorapidity (n)

STAR has taken dAu with iTPC+EPD
Will take pAu with iTPC+EPD+forward upgrade
Stay Tuned!



