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Hydrodynamics worked in small systems

® Mass ordering was also observed in the data

and well described by hydro in d+Au
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N 20-30% most central collisions

BES in small systems =~ 7w
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e Similar systems? 2+1D QGP Volume in Central d+Au
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® As like large systems, we should
perform BES in small systems
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® Volume is smaller, but still expect

energy density that may produce
QGP phase.
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PHENIX detector

e CNT - Charged particle tracking

Yo =Weay

® FVTX - Unidentified particle
tracking, Event Plane
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dN./dn in d+Au

200 GeV 62.4 GeV 39 GeV 19.6 GeV
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® Monotonic overall decrease of

dN_ /dn from 200 to 20GeV
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Correlated n-ranges
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Correlated n-ranges become narrower
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Energy dependence of v, in d+Au

® v, in d+Au as a function of collision energy

° Significant v, signal is seen at all 4 energies.
* Eventplane is determined at N~3 (BBC)

® Comparison with (super)SONIC
® It describes data very well at 200 & 62.4 GeV, but not at 39 & 19.6 GeV

® Model doesn’t have non-flow component, however, measurement does.
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Studying with AMPT e
e Black disk MC Glauber
® Using AMPT events, two v,s are produced w/Hulthen wave func.
* String Melting
* AMPT v, {Parton Plane}: genuine v, that AMPT generates |* partonic& hadronic
scattering
» 9 . * O, .on— 0.75 mb
* AMPT v,{EP}: "real analy51s of AMPT events parton - ,
o Centrahty defined by
Y )
Reconstruct eventplane, and measure flow. N, in -3.9 <1 <-3.1
® Same as real data analysis. Non-flow effect is naturally involved.
Non-flow dominant in 19.6GeV?
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n-dependence v, comparing to AMPT

* Eventplane is determined at -3.9<n<-3.1 (BBCS)

* AMPT v, {Parton Plane}: genuine v, that AMPT generates

°* AMPT v,{EP}: "real” analysis of AMPT events

Interesting behavior at

backward rapidity and

lower energies

® Same as real data analysis. Non-flow effect is naturally involved.
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200 GeV 62.4 GeV 39 GeV
>N :I I IIIII::IIIIIIIIIIIIIIIII IIIIII:I IIIIII:
0.08E- d+Au 1_ zoo Gev o-s% (@) I d+Au {s, =624 GeV 0-5% (b) ¥ d+Au {s_ 39 GeV 0-10% (€)3
- Global Sys. = +0.3% + Global Sys. = £1.8% + Global Sys. = +3.6% 3
0.07F e V.{EP} hJ_r —+ == AMPT v,{Parton Plane} + PHENIX -
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n-dependence v, comparing to AMPT
® AMPT v,{Parton Plane}: genuine v, that AMPT generates

* v,{EP} No Scattering: Turn off partonic and hadronic scattering (Nonflow only)

® Non-flow-only underestimates the measured v,

¥ = AMPT v,{EP} No Scattering
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n-dependence v, comparing to dN_,/dn

® dN_/dn is scaled so that the values are consistent with v, at 1<1n<3

® Scaled dN_ /dn and v, are consistent at 200GeV, while not at 62 and 39GeV
® A hint that 200GeV is the only system that has fully developed “QGP”?

ATIONAL LABORATORY)|

® What about models?
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n-dependence v, comparing to dN_,/dn

® dN_/dn is scaled so that the values are consistent with v, at 1<1n<3

® Trend of v, and dN_; /d1 in mid-forward region is well described by both
AMPT and hydro.

* AMPT: dN_, /dn is always higher than v, in backward region
® Hydro (Bozek et al) shows v, follows dN ; /d1 (200GeV only, unfortunately)

200 GeV 62.4 GeV 39 GeV

d+Au ys =200 GeV 0-5% (d)
_PHENIX

e AMPT V,{Parton Plane} @

= o= AMPT dN_/dn x 0.0020 _, .
= 1w Bozdk Wp{EP} (10.3%) ‘ — AMIRT{ERPartodi/Plane)
- ==~ Bozek @i fithy) > Q.ONZD ~ -+ AMRINGNjjydn 0002825
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Cumulant method for flow “check”

® (Cumulants have proven to be effective in both A+A and ptA at the LHC

® Involving more particles will “enhance” the genuine flow (flow correlated
with a source), and “suppress” uncorrelated contribution (like jets).

* Can be applied to RHIC data.

I T T T T I T T T T I T T T T I T T I I I I I I 1 I I I I 1 I ) 1 I 1 1
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Analysis procedure
® We use FVTX tracks for this analysis

® Make angular correlators by picking
2, 4 or 6 particles out of events

(2) = (cos (n(gpy — 2))) = (va).
= (cos (n(py + o — 3 — #a))) = (v3).

¢ (Calculate cumulants as follows
cni2} = (2)).
cafd} = (4) —2¢2)°
¢, {6} = (6) — 9(4N(2) + 12¢2)°,

4)

and

® v_are then obtained as follows
?’Jn{z} - (Cn{z})]/z*
Up {4} - (_Cn {4})]/4‘

nl6) = (qanle})

and

\VEN

NATIONAL LABORATORY)|

" 03%19._.3 ....................................
= - " PHENIX d+Au F 200 GeV 1
o - 1N< <3 7
c 0.25¢ .
8 - o {(4) ]
£ 02 { - A2
O ® ! .
0.15— i =
N v 3
0.1 ", =
N (I ] NN "y n
0.05= 4
_:(:c:):'::::'::::'::::'::::'::::::::'::::':::::::::
0.02;- +cold) = (@) - 22"
0.01; —— AMPT
%o
o -
~0.01F
-0.02 :
0 5 10 15 20 25 30 35 40 45

FVTX
N tracks

@ T. Sakaguchi@RHIC/AGS Users meeting PHYSICAL REVIEW LETTERS 120, 062302 (2018) 2018/6/12 /




PHENIX g
Cumulant results

’U2{2} =
* At 200GeV, v,{4} and v,{6} are consistent each T
other as well as v, {2, |An | <2}. va{d} R w26} =y/v; — 0
® They may reflect true flow component? G: variation of dist.

O: non-flow term

* At lower energies, v,{4} became more consistent

. 2
with v,{2} and deviates from v, {6} . :jz,}lm]bz}
e Non-flow effect at the four—particle correlator level = Vo{4}
manifests at lower energies? +V,{6}

v,{2,| AN | <2}: two particles have |An| <2

iR or <300 eV dvAu Yo <624 GeV T avAu Vo, 38 GV T vAu fou- 196 eV
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Comparison with AMPT

® General trend is reproduced by AMPT

Q 0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

C T T T T T T — T _
3 E
: g -
— Y E
£ b z
E g . E
é_ <9 ............... -t Fresriannry § .......................................... o _é
. e BE
3 PHENIX Data AMPT E
;_ o (vi2}) (v {2} _;
] T R
— 1 1 1 | 1 1 | L | -
20 30 40 50 607080 102 21 02
/s, (GeV)

@ T. Sakaguchi@RHIC/AGS Users meeting PHYSICAL REVIEW LETTERS 120, 062302 (2018) 2018/6/12 /

[NATIONAL LABORATOR




PH.__;_;;‘:%_E le | ?T[ns)g L LABORATO“R

Summary

® v, in small systems are investigated over collision energies
® Sizable v, is observed even at 19.6GeV

® N-dependent v, qualitatively follow the M-dependence of dN ;/dn

® As going to lower energy, non-flow component starts dominating

* However, AMPT with no partonic & hadronic scattering significantly under-
describe the data over the energies down to 39GeV

® There is no 1% order transition of flow turn on-off seen.

e Non-flow component is also quantified by cumulant method

* At 200GeV, v,{4} and v,{6} are very consistent, meaning they may reflect true
flow component

* At lower energies, v,{4} became more consistent with v,{2} and deviates from
v,{6}, suggesting non-flow effect at the four-particle level manifests?

@ T. Sakaguchi@RHIC/AGS Users meeting 2018/6/12 /




N
PH-<ENIX

@ T. Sakaguchi@RHIC/AGS Users meeting

Backup

NATIONAL LABORATORY)|

2018/6/12 /




TN -
PH-“ENIX NM[C.N.R'E@!FO'!Y

Dataset collected by PHENIX

2001 | 2002 | 2003 @ 2004 2005 | 2006 | 2007 | 2008 | 2009 | 2010 2011 2012 2013 2014 2015 2016
510.0 O O
500.0 O O
200.0 Q0 OO0 O O @O O | O O 0Le 0000
1300 O
62.4 O @|O O O
39.0 O O
27.0 O
22.5 O @)
19.6 O O
14.6 @)
11.5 O
7.7 @)
5.0 @)

O p+p O Au+Au O d+Au @ Cu+Cu O U+U @ Cu+Au O He+Au @ p+Au @ p+Al
See details at http://www.rhichome.bnl.gov/RHIC/Runs/
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PHENIX centrality

‘g“"' _ PHENIX d+Auatysy =200GeV  (a)
TABLE II. Summary of the mean number of participants, (Npan), 8 I o sty
and eccentricity, (&,), for central d 4+ Au collisions at ,/syy = 200, h - o e
62.4, 39, and 19.6 GeV. - -
/swv [GeV] Centrality (Npazt) (€2) 10
200 0%-5% 178 +1.2 0.54+ 0.04 0w w0 e s o
62.4 0%-5% 163£10  0.55+0.05 Ny T
39 0%-10% 159+ 1.0 0.56 - 0.06 SVES
19.6 0%—-20% 13.6+ 1.0 0.55+0.05
107
MBTriggering using BB and "
gg g g 0 40 50 60 70
BBC Charge South
B £ [/ _PHENX dAuat |5, =39.0GeV (o)
Centrality characterization using BECS 8 AT

107

l
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-4 -3 -2 -1 n=0 1 2 3 4
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PHENIX | BRogwHBEN
V2 VS centrality
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Y o OKHRUEN
PH:“ENIX ATIONAL LABORATOR
Why don’t we subtract/estimate nonflow?

Most proposed methods oo :2.03.0 Gov/ S on 2050 Govre
c : 2.0-3.0 GeV/c - 2.0-3.0 GeV/c
utilize low multiplicity p+p - 1.015 £(€) @ Pr ooy 128 ) ®Prias .
. . . a 1.010 115(2015) 142301 ]
collisions to estimate & 1005 AT 1.1 =
g e TN

NOD ﬂOW .6 1000 P : 10 R TLY TT LY TTT vy TN FIUI LY P r—" a
0.995 jgg® .- - o ;
0990 F  H.M.’He+Au200GeV § | PHENIX P*P 290 GIGVE

We don’t have measured p+p 4 0 1 2 3 4 4 0 1 2 3 4

references at all 4 energies A¢ (rad) A¢ (rad)

Also ... most proposed methods assume linear

d+Au |5 = 39 GeV 0-10%
Glabnl Siye, = +1.6%

i3l

.08 combination of Flow & Nonflow

2.0
“ AMPT results indicate that that may not be the case ...
.05

Most proposed methods we’ve tested don’t
pass a closure test in AMPT (d+Au (@ RHIC)
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