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Hadron yields are fitted with
chemical thermal model in order to
extract (T, ug) parameters.
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i Chemical and Thermal kinetic
=~.. . freeze-out with radial flow @

Hadron pT spectra are fitted with
Blast-wave model in order to extract
(T\iy P7) Parameters.
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Directed flow (v,)
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arXiv : 1601.07692 Yasushi Nara -2 Harri Niemi? Akira Ohnishi* and Horst Stocker?-3:3
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FIG. 1: Directed flows of protons and pions in mid-central Au+Au FIG. 2: Same as in Fig. 1, but for central collisions (0-10%).
collisions (10-40%) at /sy~ = 7.7 — 27 GeV from JAM cascade

mode (dashed lines), and JAM cascade with attractive orbits (solid

lines) in comparison with the STAR data [1].
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Elliptic Flow v, --- departure from quark number scaling ---
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Beam energy dependence of v,?
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extraction of freeze-out eccentricity
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charge separation signal w.r.t. reaction ,
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charge dependent v2 w.r.t. charge asymmetry
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slope parameter
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Low-mass ee-pair excess

--- p shape modification ---
--- duration time of QGP ---
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EPJC 61 (2009) 711
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E

E

E
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Shape of net-proton distribution arXiv:1309 5681

Phys.Rev.Lett. 112 (2014) 032302

10k(a) (©)19.6 GeV  J(d)27 GeV
6 LI}
10 . o
10°
»n 10°
. —
c 10°
Q2
W 10
“— | |
O . o
+ 107 (e) 39 Au+Au Collisions
8 Net-proton
6
- 10 0.4<p_<0.8 (GeV/c)
> lyl<0.5
4
< 10 Skellam Dis.
#0-5%  mrmee
107 0 30-40%
|:|70-80°/° EEEEEE]
-20 20 0 20

Net-proton (AN;)
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% Observables: Higher Moments (fluctuations)

“‘Shape” of the fluctuations can be measured: non-Gaussian moments.

C
C

=<x>,C, =< (6x)’ >,
=< (8x)* >.C, , =< (6x)* > -3 < (6x)* >
_ C4,N B <(N—<N>)4 >
Gy <(N-<N>)'> K_(C = _
— 32 T 3 v 2N
(Cow) o
k>0

1x

3x

3

/N

Negative Skew Postive Skew

_--//

» Susceptibility ratios < Cumulant Ratios (Cancel V dependence)

4 3
Xq 2 C4,q Xq C3,q
LpsKoT=Lm e TRE0=0T (=B, Q, S)
Xq 24 Xq 24
Xiaofeng Luo CiRfSE workshop, Jan. 19, 2016 @ Tsukuba University. 17140
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0-5% Au + Au Central Collisions at RHIC - Fue: ©POD2014

L ! ! IIIIII| | | YNIIIl ! ! IIIIII !

1 L ]
- 2 - «
(@) net-p k"o A (b) net-p S*c
41 p; Range (GeV/c) | N A
B § A 04<p <08 : ' 0
(STAR: PRL112) = ‘ IL) > A ]
3 O 04<pr<12 e
Nb T 04<pr<1.4 0.6 * ¢4 .
A - 0 04<p <16 -)<b .,
® O4<p <2.0 i e |
~ 21 ! 1 D 04l ‘® h
B ) p; Range (GeV/c) @
- A 04<p;<0.8 -
(STAR: PRL112)
T 1 @ B 02 O 04<p <12 ]
A A [0 0.4<py<1.4 A
B ¢ ﬁ ] - O 04<p;<16 .
B Q A ® 04<p <20
O || III| | | | || II|| | | OﬁﬁJﬁlﬁlﬁlﬁlﬁlﬁ ﬁﬁﬁﬁﬁ I_ﬁﬁlﬁﬁﬁlﬁﬁlhlﬁlﬁﬁljl~ ﬁﬁﬁﬁﬁ [_ﬁ_T
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Colliding Energy Vs, (GeV)
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[ Ir_: | | | | | || | _ - . @
At Net-Proton 1 Possible critical
- 0.4<p <2 (GeV/c)lyl<05 1 signature
i ® O 0'50/0 i
3+ & o 5-10% —
-7 « 70-80% :
% [ 1 B UrQMD, 0-5%
v 20 $ )
1_ & N é & 1
I STAR, QM15 |
O B STAR Pfe“mlnafy N - large errors : comparable
LA ' Lol to the critical signal
6 1 O 20 1 OO 200 - need for Beam Energy

Scan Phase 2 (2019-)

S (GeV)
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% Higher Order Fluctuations of Conserved Quantities

1. Higher sensitivity to correlation length () and probe non-gaussian
fluctuations near the Critical Point.

o), = {iawy) =

C

M. A. Stephanov, Phys. Rev. Lett. 102, 032301 (2009).
M. A. Stephanov, Phys. Rev. Lett. 107, 052301 (2011).
M. Asakawa, S. Ejiri and M. Kitazawa, Phys. Rev. Lett. 103, 262301 (2009).

2. Direct connection to the susceptibility of the system.

8 ] IXEIXBI 1
Lattice B, 5 " A
6| Kol | 1 (p/T 4)
(n) _ — —
I HRG —— X, =—=XC, = ,g=B.,0,S
“yrd "
41 [\ | J H q
2 - {/ l|l
— S. Ejiri et al, Phys.Lett. B 633 (2006) 275.
0F - —— Cheng et al, PRD (2009) 074505. B. Friman et al., EPJC 71 (2011) 1694.
}\ F. Karsch and K. Redlich, PLB 695, 136 (2011).
-2 T S. Gupta, et al., Science, 332, 1525(2012).
c

. . . . . A. Bazavov et al., PRL109, 192302(12) // S. Borsanyi et al., PRL111,
085 09 095 1 105 1.1 W15 6>005(13) // P Alba et al., arXiv:1403.4903
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() Rapidity Window Dependence

Net-Proton, 04<p.r<2 GeVlc ® ()-5° dh =409 =809 STAR Prellrnmary

™7 ™

:[77Ge\'I 1 SGeV T 145GeV 1 196 GeV F 27 GeV 1 39 GeV 624GeV ' 200 GeV

2

K 02

_L

*ﬁL"“ﬂ‘J’ "‘m" "'"ﬂff"'"*t's'"**wf"'mﬂ [-weve-1

% ;
‘L-‘?&w—- ig%'i'"?{%%"""5"‘;2';"'Tg"""'fﬂ’;:&"L‘}‘ﬁ'{'"&?ﬁ 4
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** ty e

(S 0)/Skellam
@

).1 * -
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lyl<X

Significant rapidity window dependence are observed.
Large acceptance is crucial for the fluctuation measurement.

Xiaofeng Luo CiRfSE workshop, Jan. 19, 2016 @ Tsukuba University. 36740
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(=) STAR Upgrades and BES Phase-ll (2019-2020)

Event Plane Detector ——
endcap TOF 12} TPC > e,
inner TPC " Net-Proton, 0-5% ]
101 Au+Au collisions {5, =7.7 GeV i
" STAR Preliminary 5]
o B[ -
© ]
¥ 6 - 04<p (GoVic)<20 7]

[ [ Estimated Error BES Il

iTPC proposal: http-//drupal star bnl.gov/STAR/stamotes/public/sn0619  Larger rapidity acceptance crucial for
BES-Il whitepaper: http://drupal.star.bnl.gov/STAR/stamotes/public/sn0598 further critical point search with net-protons

» Electron cooling upgrade will provide increased luminosity ~ 3-10 times.
» Inner TPC(iTPC) upgrade : |n| < 1to | n |< 1.5. Better dE/dx resolution.

» Forward Event Plane Detector (EPD): Centrality and Event Plane Determination.

1.8<|n|<4.5
End Cap MRPC-TOF from Fair-CBM (fixed target and coll. modes)

Xiaofeng Luo CiRfSE workshop, Jan. 19, 2016 @ Tsukuba University. 38/40
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2"d half starts here, on flow and correlation
studies including small systems...



Event Shape Engineering (ESE), Event Shape Selection
--- for a given centrality ---

Large v, events

o
]

= LT

A 5i

—: 9 .”’0' '
< o2 18 ¢ 1
- E + .
o N
7 8
04

>

ALICE
30-40% Pb-Pb |5y = 2.76 TeV
0.5<ni<0.8

o

Small v, events

-
& ]

m.-.:‘* : i

o
(]

¢ Unbiased
= 10%large-Q o 10% small-q;™
e 35%large-q"° o 55% small-q}

kS q;”c (70% 1€j.) & q;"c (70% 1€j.)

V,{SP, An>1} (ESE-selected)
v,{SP, An>1} (unbiased)

PRC93 (2016) 034916

10

p; (GeV/e)

™
>

Ratio

Large v, events

flat p; dependence -> indicative for an initial geometry
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Applications of ESE

e correlation between radial (B;) and elliptic (v,) flows
 correlation between HBT eccentricity (¢,7") and v,
e correlation between di-jet w.r.t. ®, and v,

PRC93 (2016) 034916

[ ALICE 30-40% Pb-Pb {5y, = 2.76 TeV
AB)=0.41%

14 —* fags o — Blast Wave model (z*+17) ) . o
o K'+K — Blast Wave model (K0+K-) y 35 Semi-centrak collisions
-8-p+D — Blast Wave model (p+p‘)
— —— Statistical uncertainty

[] Systematic uncertainty

w

N
&)

Density (participants) ( 1/fm? )
N

—_
(6)]

0 01 02 03 04 05 06 0.7
Eccentricity

1/Ng; " d®N/(dp_ dn) (ESE-selected)
1/N,, dzN/(dedn) (unbiased)

Heavy lon Meeting (HIM force), 22/0ct/2016, Gwangju, Korea Shinlchi Esumi, CiRfSE, Univ. of Tsukuba 32



flnal

O
Q

initial

L

ESE application

to HBT

Elliptic and Triangular shape : RABT .,

RHBT

®3
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25F

- it
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PRL112 (2014) 222301
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relation :

€5 initial _ V _ nglnal

Au+Au 200GeV

RXN.S+N

B lower 30%
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-
-
e m——
-

0-10%
2 4 5 q
gqng Via HBT interferometry
A 2- TN Q{RXN.SN
0 PH ENIX _
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S| @
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Possible application (on going) of ESE
Shape and flow relation to the jet modification

PHENIX preliminary

;'In-plane trig.

0.2 Out-of-plane trig.

beam view

0. 1147/8<1 W,|<37/8

-tf2 0 w2 = -tf2 0 w2 =

A(I) = ¢Asso. - ¢Trig.
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Jet-medium interaction : hard-soft interplay

Jet axis dependence
T1 with respect to geometry

_(I)R.P.
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Forward-Backward Asymmetry 1) Treser

in An) Shape with respect to 1.0 0.0 1.0

Triggern A S N R S
Rl AMPT mid-central b;,, = 4 - 10 fm BN

(associate yield per trigger
with AMPT simulation)

Forward-backward
asymmetry is visible

in AMPT simulation.
Near side An peak is
backward shifted w.r.t.
trigger 1 direction.

| AMPT Peripheral b;, ;=10 - fm B

.................................................................................

1L |A| < /4 near side
|A¢| > /4 away side

An = nAsso _ nTrig
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CMS, QM15

1 dependent
event plane fluctuation
(reaction plane twist)

n direction

vs (1,17 = (3, (W, (1)) = v, (°.1") = (v, (@I, (" YO8 (¥, ()~ ¥, (N")))

Vo (n®n®) (9ap of n2+nP)
V,.(n?nP) , '

Fa(?nP°) =

Vo (F) V(%) (gap of na- )
HF- Tracker HF+
1 1 1 1 1 1 1 >
-5.2 -3.0 -24 0 24 3.0 5.2
n

) = (v, =1, 01"y cos[n(W¥ ,(~n") =¥ ("))
AT i, G eosn (i) =P )l

~<cos[n(111n n)-¥, (-n* ))]>
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Stronger de-correlation of E.P. with n-gap
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ra(n®,n’) = e ¥ ~ 1 — 2’
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PbPb centrality(%)
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1 dependence of v, or de-correlation of E.P.

POI :

A c C B _
POI

2- lation 3-sub
» Decorrelation effects [arXiv:1503.01692] ms;:;g ;:3:5 5: at SAU/B or

~ _ —FMm-n,| look at resolution of A/B,
003[2{11’" (771) lpn (772 )}] =€ that would vary with C

location...

R () (cos[n(¥) —W])(cos[n(¥
AMNpor) =
(

(Mc=Mpor)

CMS, QM15
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CMS, QM15

Heavy lon Meeting (HIM force), 22/0ct/2016, Gwangju, Korea

0.10

v,{EP}

0.05

0.10

vA{EP}

o
=)
)

T

" Preliminary

O
O

nc=0

1

OO0
oo
oo
oo
]
(]
m

- CMS pPb |sy = 5.02 TeV

g O
0@

185 < N2 < 220

O

220 = N2 < 260

| | -

IR T TN T N T T T T N T T S [N T T S 1
LI L I B N N B B NN L L Y N L B B B B

PRI S T [N TN S T T NN T SO T T N S Y T
L LA ANL L L N B L O B B I

L _-_ O vAEP, n_=0} p-going EP -
- Nc="pPol T O V4EP, n_=0}Pb-going EP
I [ W V{EP,n =) p-going EP
L M v{EP,n = Pb-going EP
TN T TN T N TN T N T O T N Y SO T A llllzl(ll'u\:Tllpau}llull|lllll|
n n

Shinlchi Esumi, CiRfSE, Univ. of Tsukuba

41



< [
v, (Inl<0:8)
LN S S I . Tt Tt [ Tt T T ]
L O vA2lan>2} mi<2.4 p+ P b CMS pPb
03r O vfdymi<24 Preliminary 7]
B V,{EP} /<08 p-going EP ]
W VvAEP} l<0.8 Pb-going EP
0.2 .
- i
I - | ]
_ LA LR g LALE "%
i L L
L O i
o1 pf"” 8 peB B g ]
L (] =] O 8 -
F ffline ine ]
ool .. 12|85.‘<‘ rlagk‘ 52‘20‘ . ey 220 sle{f .<?60. - -
w
p, (GeVrc) p, (GeVic) =
L I L T T T T T ]
O VA2 An>2} mi<2.4 CMS PbPb -
03 O vA4ymi<24 Pb+Pb Preliminary -
[ W VAEP}mi<08 i
0.2 _
. LA} . ., 88 ny ]
0.1_— B -
rﬁ ffline ﬁ ine : E
00|- 1 L 1218515 L ! 52?01 L -I- 1 1 1 1220| SIN:)I,E |< ?sou i %
p. (GeV/c) p. (GeV/c)
T T
CMS, QM15

Heavy lon Meeting (HIM force), 22/0ct/2016, Gwangju, Korea

S ALICE "s | Data, Pb-going
0 [ p-Pb\sy,=502TeV o Data, p-going
8 o4 VOS: (0-20%)-(60-100%)
& 1
1>N0.08* *
0.06— T ¢ Eij
= " m}
p+Pb 004  © '3+:‘
0021 PLB753 (2016) 126 +
o) IS IS IR W M PR I
v2(1.6< |,Y] | <2.0) 0 0.5 1 15 25 SpT (é.gv/c4
—— 7 T T T ]
- CMS pPb |5,y =5.02 TeV T 1
[ Preliminary I — ]
03f- I Mc 0 -
02l 1 ]
i D00 g T ob0O @ ]
- BBDDDD 91 BBDDD ==
01 = _ o B _ =k
f 185 = N°" < 220 ﬁ 220 = N°™™ <260 ]
I L 1 ! 1 1 1 L 1 1 L 1 :_ 1 L 1 1 L 1 ! | 1 ! L :
T T T T T T T T T T LI S T T | T T T | T T L
= VEP, n =0} 1.6<n, <2.0 m VYEP, =, } 1.6, <20
O30 O VZYEP, 0 =0}-20<n_ <16 T m VPEP.m =, }-20< <16
1 Nc=Mpol ]
0.2+ -+ -
i ..|=.= L .|.l=: '
[ 1 1 1 I 1 1 1 I 1 1 1 i 1 1 1 I 1 1 1 I 1 1 1
2 4
P, (GeVic) p, (GeVic)
Shinlchi Esumi, CiRfSE, Univ. of Tsukuba 42




T I T T T I T T T T I T T T | T T T T
" CMS pPb sy, =5.02 TeV :
rrrrrerrrrrrrrrrr T T rTrTTpT L L L L L L ] LI | T | T 1 1
015F O vfEP,n -0} 1 mvi4) CMS pPb | - _ Preliminary ]
I [ VA8 Preliminary | = n
[ @ V{EP.ne ) [ eviLYzy lla 10k &D e,
| Iy R R L
0.10F p+Pb —. £ !) La
o >
> o ~ L _
i;sw .:Moof; is eessdz: [ mw .
0.05 i i1 + < acl @ VoAEPN =0} .
! ’ * ; % ! + i + ! ” 0'5' O VZ{EP,nz:an} .
| 185 offlme<220 :: 220 N:)fﬂlne< 260 - . Pb-mg 2-part 03 < p < 3 0 GeV/C _
0.00 |l|1||||||sl | R N N R R S A A Illllllllllllsl |'P(I b1l | O p'trlg 2-pal't ffline _
2 4 0 1 2 2 1 0 1 2 220 <Nj, " <260
" " O.O[|2|||[|1||||(|)|1||J||1||2||
rrrrrrrrrrrrrrT I LI B B | | 1 LN DL UL UL D B B B B | ] LI I - -
0151 O v{EP, n =0} T A4 cms Pbe i
i 1 *vA6} Preliminary | [
® VAEP. ne=n.,} [ v
1+ OV{LYZ}
S . ll ...uuuuu
- _. 1 dependence of v,
! Pb+Pb _
[ 185 <N <220 | 220 < Noffine < 260 |
0_001_121111_111111(1)1111%1111211 |_|2||11_111111(1)1111!1111151
" " CMS, QM15

Heavy lon Meeting (HIM force), 22/0ct/2016, Gwangju, Korea Shinlchi Esumi, CiRfSE, Univ. of Tsukuba 43



Ridge/v, (collective expansion?) in pplhish mult) ‘oA AA at LHC

- - ; \
(a) pp Js =7 TeV, N =110 (b) pPb /sy =5.02 TeV,220 < Ny < 260 (C) PbPb /sy =2.76 TeV, 220 < N1 < 260
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Associated yield / (GeV/c)

Ridge Yield vs (p;, beam energy, multiplicity) in pp at LHC
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Preliminary
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Multiplicity dependence

of v, with/without
low mult. subtraction

--- comparison with pythiaé M.C. ---
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ATLAS ways of pp analysis arXiv:1509.04776
PRL116 (2016) 172301
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Template yempl(Agh) = FYPIPR(Agh) + YT9(Ah),
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ne Yidee(Ag) = G[1 + 205 cos (2A¢)],
YPeiPh(Agh) = Yhad(Ag) + Gy[l + 2'1.:‘2”2 cos (2A¢)).
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arXiv:1509.04776
PRL116 (2016) 172301, +supplementary material

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2015-09/
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similar p; dependence of v, to the larger systems
no (or very weak) dependence of v, on energy and multiplicity
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AMPT simulation p+Pb 5TeV (string-melting on/off)

for ALICE backward-central A¢ correlation (| An|=3~6)
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p;/M cuts are chosen for ALICE TPC-VOA acceptance.
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VOA: 3<n<5 (Pb-going side)
VOC : -4<n<-2 (p-going side)
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AMPT pp test with reference fitting method

AMPT data
Reference fitting

:F(x) =a+bf(x)
Reference fitting + v2 term : F(x) =a + b f(x) + 2 c cos(2x)
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AMPT data - Reference fitting + 1
AMPT data - (Reference fitting + v2 term) + 1
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