Elliptic and triangular flow measurements
--- interplay between soft and hard process ---

Shinlchi Esumi
Univ. of Tsukuba

Contents

higher order event anisotropy
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v, measurements with ®_at forward n
correlation with large rapidity gap
medium property with hard probe
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Higher order event anisotropy --- v, ---

black-disk collision, sign-flipping v, like v,
initial geometrical fluctuation, no-sign-flipping v,

arXiv:1003.0194
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PRL104 (2010) 062301

Some couplings between
“mach-cone-like and ridge-like
emissions” and v, are

expected to be there! 07

What is the origin and
what is the consequence?

(a) p4+p PYTHIA (version 6.325)

\,{sm‘I =200 GeV \,fs:mI =200 GeV
inc. y-h = 2-3x1-2 GeV, inc. y-h = 2-3x1-2 GeV, |

centrality 60-90%. | contrality 0.20% 7
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25-03 : 0.1
-0.02
O.g
. 0.05

Alice | Inadarade \Marlkkehon LQ/Mar/2011 YoedanldhinFEF<ocRKRoni il liKarad



| ) o v / s ook
L0 ~udl 4 ;
,,///;/’ - \ .7\ 77}:“ I 0 97 l : \ O}‘
ATrRN . ! ‘ f MPC 4
) gt ' | B
ol \\\Q\\\\\ ) ,,// //'/ ¢ ’
\\z / v ‘q“r! R
2cm Pb converter
in front (muon piston
PbWO, EM-calorimeter)
A
dN/dn
/ A\

— (beam-beam quartz-
/5 0 5 n Cherenkov detector)
B e

i1l (zero degree n calorimeter
ZDC/SMD | /shower max detector)

, FRAGMENTS(Z=1,/2)
i ZDhC j———
BeamPipe /

@) [T ST .
Lﬁ:&llirgng Au w (PHENIX central tracking arm)

Alice | Inadarade \Marlkkehon LQ/Mar/2011 YoedanldhinFEFcRKRoni il 1iKardd




reaction plane resolution of n" order plane

1
= 200GeV Au+Au —e— n=2RXN RXN |n|=1.0~2.8
0.9 PHENIX Preliminary —A— =3 RXN MPC |n|=3.1~ 3.7
0.8
0.7 > {w sin n@}
tan n®_ =
0.6 > {w cos n@}

0.5

0.4

0.3

0, = <Cos n(ch(meas.) B ch(true))>

0.2
0.1

L1 1 1 | I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1
% 10 20 30 40 50 60 70
centrality (%)

positive correlation in ®, between opposite n up to +/- 3 ~ 4

no-sign flipping in ®,, which is an indication initial geometrical fluctuation
®, resolution estimated from Forward-Backward correlation

D, ey CAN be different for different order

Alice | Inadarade \Marlkkehon LQ/Mar/2011 YoedanldhinFEFocRKRoni il liKiared



Correlation between different harmonics (w.r.t spectator ®,)

® <cosk(dA- D> C<sink(dA- DC)> A: BBC(S) n[-3.9,-3.1] (N-side flipped to combine)
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clear sign-flipping in v, , clear positive v,

PHENIX Preliminary indication of sign-flipping in v, sign(v,) = sign(v,)
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casel

beam rapidity

n-even :

Vn(rl) = Vn(-rl)
" n-odd :

..... Vn(r‘l) = _Vn(_n)

mid-
rapidit)f ” g,
participant

case2

beam rapidity

v fluctuating
initial condition

mid- :

rapidity
>

g™ alln:

s —— Vo) = V()

case3

beam rapidity

mid- _n(iar side
rapidit 1€
| Pt S

away side
jet 7

‘\All.sr‘nach-cone

like away
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v.{EP} at mid-rapidity with forward ®, ¢~ n=1.0~2.8)

200GeV Au+Au -> charged particles (|n|<0.35) “Pe (Inf=3.1~3.7)
BEC (|n|=3.1~3.9)
V{EP}T
- 0~10% 10~20% - 20~30% | 30~40% | 40~50% | 50~60%
- PHENIX Preliminary Jf;f’-'.”} .
0.2 ' ! et e} A ] o
[ - —@ = = V,{®,forw.n} .. S ) A '
| ——h—— v, {®;forw.n} no-sign-flipping v, u. ““““ "' g .". r
roe=-0-= v, {o,forw.n} IEACTERN | ,h, i ‘ [ q ‘
o I,;.'J
;u:.'J

0 2 4 0 2 4 0 2 4
p; (GeV/c)

systematic errors are defined by the variations with ®_ from different n and

from different methods including central-forward 2-particle correlation.
Therefore it could include some physics biases.
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Comparison with Hydro calculation

small n gap,
bulk + jet + ?

/

T~

large n gap,
bulk flow only

PHENIX preliminary
- h-h, [An[>0.3
S 30_4$n2| Vv {2-part. cent.-cent.}
0.18— .
~ = Reaction plane method forward
0.16— 30-40% 3{L|J3 }
: - —hydro, arxiv:1011.5773
- 0.14 ;
. grxllv.l 10,07.'54‘69. - 30-35% o
e — 012  Glauber initial condition
015 F /o = STAR —
T 0.1__ nls = 1/41t
01 Fif —
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s . 0.06—
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oLl . STAR, - good agreement between data and theory!
0 100 200 300 400
NPar[

Alice | Inadarade \Marlkkehon LQ/Mar/2011 YoedanldhinFEFocRKRoni il liKiared



central-central 2-part. correlation with An dependence 200GV AutAu
P L P 0-20%, inc. y-had.
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C,(Lg)

C,(Ag) - F(Ap) +1

2-part. correlation between central and forward

| | CNT - RXN | CNT - MPC |:
ml....i....l....l. F(x) =A{l+2%,_,_,[p.cos(kx)] } TR AR
F) =A{l+22 . ,[pcos(k))]} =
m!T-iIIIIIIIIIIIIIIiIIIIIIIIIIIIIII m!T-iIIIIIIIIIIIIIIiIIIIIIIIIIIIIII

AP=@(CNT) - @ (RXN)

AP=@(CNT) - (MPC)

200GeV Au+Au 20~30%
PHENIX Preliminary

CNT: central tracks
mid-rapidity (Jn|<0.35)
charged hadrons
p,=2~4(GeVi/c)

RXN: reaction plane detector
forward |n|=1.0~2.8

all cells/hits (charge weighting
with Pb converter)

MPC: muon piston calorimeter
forward EM-cal |n|=3.1~3.7
all cells/towers (eT weighting)

— A B
pn_vn XVn

clear 3rd moment in
two-particle correlation
with large n gap
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hear side

(trigger Probe the transverse

direction) :
geometry and/or dynamics

with triggered correlation

thin side mach-cone
(shoulder region) ~

(pASSO-(pTRIG>0 <

(pASSO-(pTRIG<0

away side
(head region) 200GeV Au+Au -> h-h
(p;M9=2~4GeV/c, p~°=1~2GeV/c)
Vv, (v,{P,})-only subtraction

Trig. PHENIX prelgminary

thick side mach-cone
(shoulder region)

(pASSO-(pTRIG<O

Trig.
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AU+AU 20 60%, 3<thr|g<4 1<pT355°c<2 GeV/c SQMO, F. Wang
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Probe the longitudinal + .
geometry and/or dynamics e "-w"\fv W

with triggered correlation

0~20%

C2 : arbitrary unit
20 ~50%
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Heavy lon Pub 18/Mar/2011, Osaka, Japan
T.Todoroki, Univ. of Tsukuba
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Hard Probe 2010, Yue Shi 3
< 2f : i Au+Au and p+p at\[s,,, =200 GeV/c
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CuC Jet
p7'"(GeV/c)  mpioskon (STAR), arxiv:0908.1799. P (GeV/e)

High Tower Trigger (HT) : (nx®)=(0.05x0.05) E,>5.4GeV  RHIC-AGS'09, J. Putschke
Ptassoc>2.5 GeV

0.2<ptassoc<1.0 GeV 1.0<pt,assoc<2.5 GeV
3 af 3°F FF %
Z [ STAR Preliminary zZ STAR Preliminary g C STAR Preliminary
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%oF s £t
,E_ 2: ..E- F - ﬁ:—
1.5f . 5E Open symbols p+p
: : ar
b 3f-
0.5 2
: - a0
0E 05 2F X
0.5 +
Open symbols p+p
1 0.5
0 1 2 4 5
AO=h -0

Jet  B8s0C.
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y,Jet, 1° - hadron correlation Back-to-back

--- Comparisons are the most important! --- Jet Calorimeter
for LHC-ALICE

experiment

Y
1 super module |
=288 modules

An ~ 0.7
A¢p =0.35

4 towers/
module

D-CAL
upgrade

TTTT TS * ~ /|

e e e e o N

I
““““ 1l
<y

1 il Il

[T " I

||||||||

cone size dependent jet suppression
can be understood by recovering of
energy loss with a larger cone.

can be used to give a controlled
bias in analysis and in triggering.
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, o *V0 (2 arms, 4 rings/arm, 8 segments/ring)
External Reaction Plane determination VOC N :[-3.7 ~-32~-2.7~-2.2 ~-1.7]

VOAN:[28~ 3.4~ 3.9~ 45~ 51]
in ALICE for v, measurement in TPC - ;

*TO (2 arms, 1 ring/arm, 12 PMTs/ring)
TOC n :[-3.3~-2.9]
TOAN:[4.5~ 5.0]

*ZDC (2 arms, 4 segments in x/y)
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jet, di-jet and multi-particle correlation with various conditions

(p]et , (pTrig. r]Jet , nTrig.
A / (p]et, (pTrig.
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Summary

*Indication of weak sign-flipping (true) v3
*Strong non-sign flipping v3 observed with wide rapidity gap,
which is consistent with initial geometrical fluctuation,
(probably followed by collective triangular expansion)
*Strong coupling of triggered correlation with
geometry/dynamics
*Jet tagging with various cone radius to be compared with
direct photon or single hadron tagging

High multiplicity (N>110)

(d) N>110, 1.OGeVIc<pT<3.OGeVIc

collectivity (v,) in high mult. p+p
coupled with initial fluctuation

R(ANAQ)
p—"

2Ly

S AKX

CMS, CERN Seminar, Sept. 21, 2010
CERN-PH-EP/2010-031
arXiv:1009.4122v1
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Method of event plane determination

(1) Detector calibration / cell-by-cell calibration
(2) Q-vector, re-centering, normalization of width

Q{n}x = Zi { Wi COos (n (p|) } Q’{n}x = (Q{n}x - <Q{n}x>) / O-Q{n}x

Q{n}y = Zi { Wi Sin (n (p|) } Q’{n}y - (Q{n}y - <Q{n}y>) / O-Q{n}y

Q" = 2, {w x}/Z{w}

Q{l}yZDC = Zi { W, yi} / Zi { Wi}
(3) n-th harmonics reaction plane

&, =atan2 (Q'y, » Q') / N
(4) Fourier flattening (Sergei's+Art’'s method paper)

neo'=nd, +2 (2/i){-<sin(in ®,)>cos(in @)+ <cos(i n ®,)>sin(in D)}
(5) measure v, w.r.t. ®_and correct for E.P. resolution

2-particle correlation among 3-sub detectors
Forward"(F), Backward"t(B), Central™c(C)

(1) measure dg distribution between 2 detectors weighting by the hit amplitude
(2) normalize by the event mixing to make correlation functions for 3 combinations
(3) fit the correlation with Fourier function to extract v fv B, v Fv cand v Bv ©

(4) v, F(Hit) and v B(Hit) can be determined as a function of centrality
(5) v,S(Track) can be determined as a function of centrality and p,

Alice | Inadarade \Marlkehon LQ/Mar/2011 YoedanldhinFEFcRKRoni il liKiarad



Correlation between different harmonics (opposite n arms)

® <cosk(® A- P B)> o <sink(®d A- ® B)> A: RXN(S) n[-2.8,-1.0]
(%) m <cosk(d, B- P A)> O<sink(®_B- ® 4)> B: MPC(N) n[3.1,3.7]
4 0.1 0.1 :
s 2(®d,-9,) | L ' 3 (P, - D) L 6 (P, - D) = 4 (P,-d,)
A - : o.ua:— N :
&t . ok -l ]
'eI'E “E - - [ o0l C mozf =
Ah -.-"\?{_:m ] ®
< _O°$"f*¥ﬁ¥ﬂi§$ _O*m-avg,?% 3
c - - DAz - Dz
= et Sl
o 1sb [ - S 2
o _-_ B R ol
%)
8 1 & » = - R - DaE -
Vo e - R M R Rk a
. - [ 3 e,
0 o[BGO B BB 6 0-0-0-0-5-0-0-0-0 00000 0 00 0 8|5 c00o0Bs oo
0.5 - r r
:|||||||||||||||||||||||||||||||||||||||||||||||||:IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIlIIIIIIIII:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:IIIIIIIIIIIIII|IIII|IIIIIIIIIIIIIIlIIIIlIIIIIIIII

“1
o 10 20 30 40 S50 &0 TO &0 80 10 10 200 50 40 S50 &0 TO &0 90 MWl 10 20 0 40 S50 €60 TO &0 w0 10 10 20 3 40 S50 &0 T &0 w0 M

0 50 100

200GeV Au+Au clear positive correlation in ®,—-®, , ®,—®,
PHENIX Preliminary very weak negative correlation in ®,-®,
no significant correlation in ®©,-®,

centrality (%)
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What we have observed with ®_

(1) clear correlation between @, and &, as well as @, and ®,, where v, ,
have also been measured with lower order harmonic planes

(2) participant (pion dominant) v, is opposite with respect to spectator v,
as expected (already seen at RHIC and other energies)

(3) weak correlation between ®, and ®, is seen as a signature of true v,
with sign-flipping at mid-rapidity, same sign for both v, and v,

(4) no significant correlation between ®, and @, is seen within current
statistical accuracy

(5) clear correlations of same order @, , are seen between detectors

with wide rapidity gap, which is consistent with initial geometrical
participant fluctuation commonly over wide rapidity space

(6) The origin can also be jet-medium correlation, which can spread over
wide rapidity space (coupled with earlier stage)
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