
Small system, flow-correlation

ShinIchi Esumi, Inst. of Physics, Univ. of Tsukuba
Tomonaga Center for the History of the Universe

This talk : 
• radial and elliptic flow in small to large system
• non-flow subtraction in small system

Our recent interest : at Beam Energy Scan program at RHIC/STAR
• fluctuation (conserved number, temperature and flow) and critical end point
• directed flow related correlation (eps1, tilt, vorticity) and 1st order phase transition

Heavy-Ion Physics Tutorial, small-system and flow, 20/Aug/2019, Riken ShinIchi Esumi, Univ. of Tsukuba, TCHoU 1



Strangeness in small systems: how-to
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�
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QM 2018 
Students day

y-values:

• Measure pT spectra of strange particles and 
pions in pp events characterized by different 
multiplicities (fwd-rapidity estimator)

• Integrate spectra extrapolating at low and high 
pT with suitable functions. 

• Calculate YS/YS

x-values:

• � multiplicity class (fwd-rapidity estimator), 
count the number of primary charged 
particles at central rapidity and build-up 
dNch/dK distribution

• Take statistical average of every distribution

Radial flow

Centrality and particle mass 
dependence of pT distribution

7 TeV p+p5.02 TeV Pb+Pb
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Blast wave model fitting
(hydro inspired)

Teff. ~ TF.O. + 0.5 m b2Trans.

7 TeV p+p collisions
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Baryon to meson enhancement

Mass (N quark) dependence 
Strangeness enhancement

Flow dominant

Quark coalescence
Re-combination

Suppression  dominant

p+p p+Pb Pb+Pb

low pT

middle pT

high pT
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Two particle 
Df – Dh

correlation

peripheral
collisions

central
collisions

Higher order flow

Elliptic flow

Di-jet 

centrality
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Ridge in small system

p+p p+Pb Pb+Pbe+e
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PLB 765 (2017) 193 PLB 718 (2013) 795 

JHEP 07 (2011) 076 

Y. Lee, QM18 



Flow evolution 
with system size

p+p p+Pb Pb+Pb

v2{2-part.} - v2{multi.} ~ 
non-flow + flow fluctuation

v2, v3, v4 ~ 
hydro-model works
with quark Glauber, 
pre-equilibrium flow,
viscous hydro and 
hadronic re-scattering
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Mass and N-quark dependence of v2
(hydro works the best at 200 GeV : accidental mT-scaling)

Teff. ~ TF.O. + 0.5 m b2Trans. v2/Nq (pT/Nq) - scaling
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JHEP 09 (2018) 006 

PLB 765 (2017) 193 

Nq
B : Nq

M = 3 : 2
roughly holds in about 20 %

same v2 at different 
pT with a common bT



Small system 
geometry test at RHIC

hydro description, v2, v3
Mass dependence
N-quark dependence
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non-flow to be subtracted

PRL 121 (2018) 222301
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Figure 46. v2 as a function of centrality with rapidity dependence is calculated by using the two-particle correlation method

with three-subsystem combinations. Data points in several colors, which are calculated by using the three-subsystem

combinations, represent the combination of forward–backward combination with mid-rapidity (black), backward–backward

combination with mid- or forward rapidity (red), and forward–forward combination with mid- or backward rapidity (blue),

respectively. Systematic uncertainties are calculated by pc3 matching, BBC multi-vertex, and CNT east–west di↵erences

of each three-subsystem combination, separately.
77

Rapidity dependence 
of v2 in small systems

forward/backward 
v2 asymmetry   ~     
dN/dh distribution

very strong “trivial” 
non-flow contribution
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eta

more details
In the next slide

centrality dependence 
and 3-sub combinations



Figure 47. v2 as a function of ⌘ with centrality dependence and a three-subsystem

combination with forward (⌘ > 0),backward (⌘ < 0), and mid-rapidity.

78

Figure 49. v2 as a function of ⌘ with centrality dependence and three-subsystem

combinations with forward (⌘ > 0)–forward and mid- or backward rapidity.

80

Figure 48. v2 as a function of ⌘ with centrality dependence and three-subsystem

combinations with backward (⌘ < 0)–backward and mid- or forward rapidity.
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Rapidity and centrality dependence 
of v2 in small systems
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without non-flow subtraction

• strong dependence on how 3-sub regions are chosen
• strong relation to the rapidity de-correlation

backw.-backw.-X

forw.-backw.-X

forw.-forw.-X



QM18

dAu collisions BES
at RHIC-STAR

depends strongly on 
how one does the non-
flow subtraction 

CMS method ATLAS method
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with and without 
non-flow subtraction

No subtraction

LHC p+p v2 comparison

CMS
ATLAS



ATLAS Template fitting method in small system flow analysis
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close to 80-90%
flow fraction
in central or
high-mult. events

less than 30-60%
flow fraction
in peripheral or
low-mult. events
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AMPT (quark and hadron cascade) model 
p+p test with reference fitting method
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p+p AMPT
fitted shape f(x)

d+Au AMPT
fitted shape 
g(x) = A f(x) + B

0 B

A+B

0.4

1.3

1.1

1.2 d+Au – A f(x)
B (1+2 v2

2 cos2x)

Template Fitting             or           Reference Fitting

d+Au – A f(x) + A
(A+B) (1+2 v2

2 cos2x)

What should be 
the definition of v2?

Reference/template function fitting 
with pp/peripheral/low_mult. shape
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Summary • radial and elliptic flow in small to large system

• non-flow subtraction in small system
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d+Au collisions Beam Energy Scan at RHIC-PHENIX (20 - 200 GeV)
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without non-flow subtraction


