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V,{SP, A1} (ESE-selected)

V,{SP, IAnI>1}

V,{SP, An>1} (unbiased)
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Event Shape Engineering (ESE), Event Shape Selection
--- for a given centrality ---
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Semi-centraf collisions
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e correlation between radial (B;) and elliptic (v,) flows
» correlation between HBT eccentricity (g,") and v,

PHENIX, QM14
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Correlation between
different harmonics

0.03

((cos(mpr+n@r—m@3 —n@s))). =

((cos(m@y+n@r—mp3 —n@y)))

SC(mn) — ((cos[m(@1—9,)])) ((cos[n(p1—¢)]))
m,n 2 2 2\ /.2
= (vmva) = (vm) ()
1078 arXiv : 1604.07663
= CELELELEN BLELELELE BLELEL LA UL ELELEY BLELELELE NN ELEN N
E‘ 3 Pb-Pb s, =2.76 TeV ALICE Preliminary_7
8 5 = | SC(4,2) _:
e | SC(3,2) E
1 r
PRC92 (2015) 034903 .
0
Centrallty 20-25% ° ’ x
1 -1 Hydrodynamics -
—@— data i SC(4,2),1/s=0.20 .
) . o ==== SC(4,2),1/s(T) param1 =
—— Linear Fit 4~ wiminn SC(4,2),7/s(T) param4 -
—— SC(3,2),1/s=0.20 3
— MC Glauber™| 3 ---- SC(3 2),1/s(T) param1 =
....... (3 2),1/s(T) param4 -
------- MC-KLN r el A I PR EEPEPETE IPEEPETE BPE
0 10 20 30 40 50 60 70
Centrality percentile
P T T S T S T

0.05

0.1 0.15

The 30th Heavy lon Cafe, 11/Jun/2016, Riken, Wako

Shinlchi Esumi, CiRfSE, Univ. of Tsukuba




pPb, 220<N,,<260

Initial-state in
p-Pb is smoother

0-0.2% ultra-central PbPb

Initial-state in
Pb-Pb is lumpier
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p; dependent

event plane fluctuation
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breaking of factorization
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Principle Component Analysis in v,

a=1 : leading mode (main source)
a=2 : sub-leading mode (2" source)

k
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a=1

V¥ (p) = VA@ ) (p).
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p+Pb : similar sub-leading mode
in v, as peripheral Pb+Pb

Pb+Pb : (better factorization in v,)
small sub-leading mode in v, ﬂ
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CMS, QM15

1 dependent
event plane fluctuation
(reaction plane twist)

n direction
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Stronger de-correlation of E.P. with n-gap
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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

» Decorrelation effects [arXiv:1503.01692]
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Pb+Pb
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Ridge/v, (collective expansion?) in pplhish mult) ‘nA AA at LHC

(@) pp Vs =7TeV, N> 110 (b) pPb Sy =502 TeV, 220 < N2 < 260 (C) PoPb sy =2.76 TeV, 220 < N2t < 260 |
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Ridge Yield vs (p;, beam energy, multiplicity) in pp at LHC
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= E v, -like p; dependence @
5 i Q I .
: | ¥ K 2
< ! + ® i P

° ‘D] @ - —[ g I I I

! ! ! | ! ! ! | ! ! ! PR [ R R TR | [ R R
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p_(GeV/o) FSQ-PAS-15-002 nefine CMS, QM15

trk
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Preliminary
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0.0021- - ]
| 0 - . @900 g o |
o
B ° 4
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0000 —
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
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Bias to more jet contribution when selecting high multiplicity
L CMS pp {Syy =7 TeV | 4 | s | Y. I " Short range (IAnl < 1) ]
[ 1 <pIT"g<SGeV/c h*-h™ Jet 5_ & minus _
% 0.101 < p:—ssoc <3 GeVie a % A Long range (IAnl > 2) |
o [ Long range (IAnl >2) ] o 3 N"'
= '9 I Preliminary 1 = 'e_
‘%% 00 [ +110=N<150 a ‘%g 0.2 + o+ ht-h*
‘_l g :TOFZL:i:rZﬁ(:s : - g kg g
Z : M}, |z I ‘;f %; ]
o.ooml s 0.0p W’."‘“
0 : 4 0 2
A¢ (radians) A¢ (radians)
Calibrating the bias by near-side jet yield Y,
low multiplicity subtractionnto remove jet contribution:
N\ high
high high high W t
Via® X Nastor = V32" X Naghe = V2" X Nagke ;jow
jet
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%1072 Preliminary
1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1
02 IAnl>2 _
: + o stet s :
3 ool O No sub. A
ot Q _+_ 1 e Lowmult. sub. -
[ — _PYTHIA6 ]
04l |7 — PYTHIAG sub. —
[ ]
. ]
- ’/ -
-0.6 03<p <3 GeV/c__
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 50 100 150
CMS-FSQ-PAS-15-002 Nofine

Multiplicity dependence
of v, with/without

low mult. subtraction
--- comparison with pythiaé M.C. ---

CMS, QM15
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ATLAS ways of pp analysis

arXiv:1509.04776
PRL116 (2016) 172301

S | ATLAS @1 T [ e Y0 Ut
> 0.7 _ 20<AN|<50 ] >, el FY*™(a0)+G N
| ®Vs=13 TeV 0_5<p: <5.0 GaV . s ridge I FYpeflph :
i | Y™ (a0) :
0.6 - T 2
L 0<N (’:eh°<20 I - Vs=1 3re'(|:eV 5
o %%, L, 40sN ;<50

.o° ’o. ll 2.35 =
- o . : :
O.ST..Q" ..... —_ : . 0000 S '/"-h\\\ :
i | | 1 2'3:‘- | ; ~= ’1 ] ‘-

0 2 4 0 2 4
A Ao

Template ytempl( Ap) = pren'ph( Ag) + yn'dge( Ag),
fitting :
Yndee(Ag) = G[1 + 2vp5cos (2A4)].

ypetiph(Agp) = Yhard (Agh) + Go[1 + 209, cos (2A4)).
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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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- ] ;
- o O b.
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B e Traditiol D *
0_—2 Lo e ® ¢ f | | R
20 40 60 80 100 120
Nz
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0.08

0.06

0.04

LA I AL DL AL A R L LN N
L ATLAS 2.0<|An|<5.0 -
- Vs=13TeV 0.5<p”<5.0 GeV -
— (hard pedestal) —
- Excluding peripheral pedestal
| (“G” increases.) -
ISV SOV R = N B _g--g--
. o 3 8 ? ? - E'
O o L
L0 ° -
oo . °
- o , -
Go e 0 0<N Li°’perfp:<5 -
i O 0<N :f’pe”p <10 |
P Lower bound of | e 0N **™"<20 1
“ | v, and ridge yield ]
L L I L 1 1 I 1 1 1 l 1 L 1 l 1 1 1 I L L 1 I 1
20 40 60 80 100 120
rec
ch

T YCmP(AG) = FYR(Ag) + YHUE(Agh).
; Y1%e(Agh) = G[1 + 207, cos (2A¢)),
i ypeiph(Agh) = Yhad(Agp) +H Gy[1 +{209 , cos (2A4)).
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10 . . _
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Q 0.008— ATLASb e From Direct Fourier Transform
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> 0.006— —
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0.002— _|
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6~ ATLAS

‘ 2.0<|An|<5.0 o
- \Is=13TeV

0.5<p"<5.0 GeV

L
-’
bid
]

rec,periph
00N P™"<5 .
rec,periph ]
0 0<N P <10
rec,periph -
® 0<N [ “P""<20

7

0 20 40 60 80 100 120
rec
ch

yempl(Ag) = FYPph(Agh) + YT9e(Agh),
Y19ee(Agp) =|G|ll + 207, cos (2A¢)].
YPeirh(Agp) = Yhad(Agh) + Go[1 + 209, cos (2A¢)),

oy

* Reference fitting (C, — Cy¢ +1)
v, is defined w.r.t. the total integral
based on no separation btw. hard/soft.?
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similar p; dependence of v, to the larger systems
no (or very weak) dependence of v, on energy and multiplicity

L I L L L L L L
S' 0.1 ATLAS 50<N’°<60 \s=13 TeV -
: 4 L] -
_O_ rq
—O— T —5—
0.05 - .
- -
- 0 {s=2.76 TeV 040<N5°<50 -
P 20<ni<50  © (s=13Tev 070<N°<80
0.5<p<5.0 GeV N>>100
L L L L Ly PR TR T TN WO NN T WO T Y TN SO SO SO N WY
0 i B R I R R
. a .
arXiv:1509.04776, PRL116 (2016) 172301 p'?' [Gev pT [GeV
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0.05

Multiplicity dependence of v,
in pp at LHC with various methods

arXiv:1509.04776, PRL116 (2016) 172301

0.1
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anteb@008 g al
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I 0-5<Pi<5-0 GeV 2.0<p$<3.0 GeV
I 1 1 1 I 1 1 | I | 1 1 I 1 | 1 I 1 | | l 1
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CMS, QM15
T T T J I T ' T T ' T T ' I ' T ]
O pPb |5, =5.02 TeV CMS Preliminary
" [0 PbPb\s,, =2.76 TeV |
0.10— (S oo O-—
B g 00O = B
|Anl > 2 5 O
S g" |
| %&L i
> 005~ [0 -
. 0”9 oe00e © -
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v, (collective expansion?)
in pA, dA, 3HeA at RHIC

G 0.3
0.25
0.2
0.15
0.1

0.05

The

working on pp, too...

\ PHENIX, QM15

*He+Au at |s =200 GeV

d+Au at \'s,, =200 GeV

p+Au at VsN = 200 Ge

" 0-5% Central 0-5% Central 0-5% Central PH . ENIX

.~ wPHENIXV, ,/xi\y:1507.06273 = PHENIX v,, arXiv:1404.7461 = PHENIX v, preliminary

- L] :I;;I:IX Vs, — AMPT ~ AMPT, arXiv:1501.06880

- :SONIC =SONIC = SONIC, arXiv:1502.04745

. —=superSONIC —superSONIC ‘L — superSONIC, arXiv:1502.04745

. =—IPGlasma+Hydro —IPGlasma+Hydro —IPGlasma+Hydro, arXiv:1407.7557

L <ls -

4 ||||||1|||||1||||||||||||1|[| |11||111||||||1||111||||1|1||11||— il SIS A AT AT
0.5 1 1.5 2 2.5 3 3.5 0.5 1 1.5 2 2.5 3 3.5 05 1 1.5 2 25 3 3.5

p, [GeVic] p, [GeVic] P, [GeVic]
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Mass dependence and
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Baryon/Meson splitting of v, & MF . ‘
in small systems at RHIC/LHC % __f

Illllll[lllllllll'

(pp, PA, dA and 3HeA)

110 = NO»'™® < 150

0.00 B * 1

_._"'1 +#+ H,.L

,;.
ok
i

|

ol

o
N

4 6
p, (GeVic) CMS, QM15
PRL114 (2015) 192301
_I T TT | T T T ‘ T T ‘ T T | T T ] T T 1T \_ 0.25 LI | TTTT | TTTT | TTTT | rTTT | TTTT | TTTT | T I__I TTT | TTTT | TTTT | TTTT I TTTT I TTTT | TTTT | TT
0250 0-5% "He+Au 200 GeV PHl ENIX . [ 0-5% d+Au @ 200 GeV (a)] 0-20% p+Pb @ 5.02 TeV (b)]
- preliminary . L 14 T
E BT E 0.20/ pion + 1 [ pion ]
0201 ¢ K+K H B - @ proton t O proton CF
E * D H E 0.15- + 1 i
0150 E -« d)
> C ] > L
i i I ] 0
0.10= . 4 010 T Do E
- " ] [ : O []
§ 0 1 i viscous hydro. 1 ]
0 m B 1 o050 s = 1.0/(4x) S © _
C . - — pion T ]
i ¢ PHENIX, QM15 - — proton 1O @QQ V,{2PC, sub)
_\ L1l | I | ‘ L1l l L1 l L1l ] I ‘ Ll \* Eanfifl NN R T FRENE REEEE RS R ] I 111 | 1111 | 1111 | 1111 | 1111 | 1111 I 1111 | 1 l_
00 05 10 1.5G V/2.0 25 30 35 05 1 0 1 5 2. 0 2. 5 3. 0 3. 5 0.5 1.0 1.5 2.0 25 3.0 3.5
p. (GeVic) p, (GeV/c) p. (GeV/c)

The 30th Heavy lon Cafe, 11/Jun/2016, Riken, Wako Shinlchi Esumi, CiRfSE, Univ. of Tsukuba 27



PRL116 (2016) 162301
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0.001—V4{2} PRL116 (2016) 112302

Beam energy dependence - 4 0-5%
] — 4 10-20%
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PRL112 (2014) 16, 162301 B
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Change of correlation length
at phase boundary close to
the critical point

Fluctuation of conserved quantity

--- higher order moment of net-proton distribution
as a proxy of net-Baryon distribution ---

0-5% Au + Au Central Collisions at RHIC

lIIIII

I

>0

STAR Preliminary

4

|

Illllll | I

(a) net-p k*c®
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RHIC beam energy scan (BES) program

;8 0.53— A | . —f
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Summary

e Flow and fluctuation in AA
e Flow in small systems; pp, pA, dA...
 From partonic to hadronic world

Thank you very much for your attention!

Please help us to setup “F & B EFRAZRHLR” in CIRFSE@ TR KF
Some back-up slides follow...



I Strong B-field I

Lsor BI

PRL113 (2014) 052302
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PRC93 (2016) 051902R
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