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Enhanced thermal photon production at low p;
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Virtual and real photon measurements via
internal and external conversion methods
with electron pair measurements

Real photon measurements with EM-cal

arXiv:1405.3940
3
-

=¥

7
% 1
-l

10t} independent slope w.r.t. centrallty -7

yield ~ N

pa rt

&

-
. =
e

102}

¢ pr>04GeV/c v
8 pr>06GeV/c 4
b pr>08GeV/c »

pr > 1.0GeV/c
pr>12GeV/c
pr > 1.4GeV/c

102

N

part

Shinlchi Esumi, Univ. of Tsukuba



Patrick Huck, QM14

— Cocktail w/o p

- 1’ > e'ey
- n- e*e'y -+ Medium
— cc—>D/IA—e'e @ 19.6 GeV x0.0002
102 - n- e+e"Y @ 27 GeV x0.01
— Jy-e'e © 39GeVx05
- oo e'e(n) @ 624 GeVx15
o —e'e () © 200 GeV x 200

M, " spectra and Direct ythermal
from STAR experiment
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Low mass di-lepton yield :
almost consistent with CERES at ~20GeV
somewhat lower than PHENIX at ~200 GeV
thermal photon spectra : consistent with PHENIX
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‘ Direct (thermal) photon v, and v, ‘
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e comparable to hadron for both v, and v, at 2~3GeV/c
o flatter p; dependence of v, at low p;
e significant contribution from photons from later stages
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R, comparison
between RHIC and LHC

Two main ingredients for direct y v, are :
(1) v, of inclusive and decay photons
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High p; direct photon
as penetrating probe

e Ry (ydrathighp;) ~ 1
e v, (y¥rat highp;) ~ 0

(relatively easy, since R, is much larger than 1)
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Energy loss at high pT and
re-distribution of the lost-energy
at low pT in A+A at RHIC and LHC
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Jet quenching at RHIC e
(A, distribution) =
lower jet energy than LHC

smaller effect than LHC

larger effect with smaller jet cone R~0.2
recovered jet energy with larger jet cone R~0.4
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N : : : : e e
| 0.3F PbPb s =276 TeV -
\/Syn=2.76 TeV 0-10% ] cms ° det-:SB o
ATLAS ] c0.25F T
3O, Pb+Pb 1 o S PYTHIA+HYDJET
_ 11 S 0.2f Anti-k; (PFlow), R = 0.3]
- + Lin=1.7 ub™; L‘I_E p,,> 120 GeVic
2 ] - p,, > 30 GeVic
= )
0>J ° Ay, > 5T
1 LU
L ]
. 0-10%
ot h bt 11 |
%62 04 06~ 08 02 04 06 08 1

Ay =Py P ) (P +PL)

Anti-kt R=0.4, p1,1>20 GeV & p12>10 GeV with preut>2 GeV/c

Joern Putschke, QM 14

ATHIC2014, 5/Aug, Osaka

c 0.221 0.22
9 02 = O pp HT ® AuAu MB Matched -
8 f pE150.2 GeV e 3 pp HT © AuAu MB Matched
- - °'>0.2 GeV
LL 0.18 = AuAu HT Matched p®™'>0.2 GeV 0.18 %#: Py
qc) 0.16 _:t:‘?:_% 0.16[— =+i ® AuAu HT Matched p:“‘>o.2 GeV
> - -
L - —
= +* Au+Au 0-20% 014E % Au+Au 0-20%
0.12F- :_é:_+, Anti-K, R=0.2 0.12F Anti-K _R=0.4
0.1 ot . - > i
- — - Recovery o g
0.08 —— iéi“f, i 008 the  Prelimina
o . N reliminary = the lost energy ry
0.06 ) - 0.06 ——
0.04F- PL(p">2 GeV)>16 GeV :g: 0,04 P;™(py">2 GeV)>20 GeV —.—
E pSubleadpit Gev)>8 GeV — C pSUeted(p®'>2 GeV)>10 GeV - N
0.02— T T 0.02 :— T T ==
:|l||||||||1||||||||||||||1|||||| f o—llllllllllllllllllllllIIIIIIIllllllll
% 0.1 0.2 0.3 0.4 05 0.6 0.7 0 0.1 0.2 03 0.4 0.5 0.6 0.7
[AJl [AJl

Shinlchi Esumi, Univ. of Tsukuba



Jet suppression in central dAu? or peripheral enhancement? ‘

Sarah Campbell, QM 14
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‘ Bias test at dAu (RHIC) and at pPb(LHC) with Hijing
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PRL 112 (2014) 252301, PRL 109 (2012) 242301, PRC 87 (2013) 034904
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Elliptic flow in
200GeV d + Au o~
at RHIC-PHENIX

- 0-5% d+Au @ 200 GeV
- m pion
- o proton

3

i viscous hydro.
’_ n/s =1.0/(4n)

II|III\||II||IIII|IIII|III||I||||I\

TTTTTTTTT T TTTT T TTTTTTTT T TTTTTTTTT]TT
| | | | I | |

0-20% p+Pb @ 5.02 TeV (b)]
] pion [
O proton #3

0.3 d+Au@200 GeV p+Pb@5.02 TeV
® V,(EP) 0-5% O ATLAS 0-2%
A V,(2p) 0-5% v CMS 0-2%

O ALICE 0-20%

- Polynominal Fit $

— pion [ . ]
_ﬁroton 10 @@Q peripheral subt.]
Ll el b b b b T e Bcee b e b b L
051015 20253035 05101520 25 3.035
p. (GeV/c) GeVic
pras S p_ (GeVic)

two PHENIX results

— 2P : two particle within |n|<0.35

and peripheral subtracted

T~ EP : resolution is determined

via 3-sub event correlations

MPC

(I)zcentral arm [|n[<0.35]

(I)zAu-side MPC [-4<n<-3]

(I)lAu-spectator ZDC [n<-5]

0.0 05 1.0

T(GeVIc)
ATHIC2014, 5/Aug, Osaka

15 20 25 3.0 35 40 45 5.0

Shinlchi Esumi, Univ. of Tsukuba

12



O
Backward - Central | 5) ® g+Au0-5% (BBC Au) 1 103 b) ® d+Au0-5%
correlation 1.0<p,, <3.0 GeV/c 1 | —1+x2c cos(nag)
N ' 4 1.021
1020 | 1<0.35 ~ -

e ) trig i

= - ,

3 1.01 [k T

2 ;

(&) ‘ iy e

1.00f: = #7=

0.99k"

1 1.00f ==~

\J 0.99f\;

Forward - Central
correlation

S
PH ENIX ~
preliminary

i 1098k .. .- k
0.08f  ASSQ: Au-going, 3.7 sn<313 . AS89:%90INg, 31<n<89
-1 0 1 2 3 4 -1 0 1 2 3 4
A A
I B B IR B B Bl
+ [
200GeV d +Au 101sF @) ® d+Au0-5% | Forward - Backward
at RHIC-PHENIX i ion wi :
| 0103-1"'22%305('“‘1’) Correlation with |An| > 6.0
ol UL |d+|Au| | IO_IZOI%I ] — - --c1 - C3 . ﬁu-g.oing;-f.z <:]3<§3.1
........ 200 GeV o 20-40% T 2_ 1.005 -_ ""c2 =" c4 _- "goIng : S. M )
20— * 40-60% —| ~ ’ L A
.z o 60-80% | o : -
3 15 N - ot 1000k -3
=z -
T

ATHIC2014, 5/Aug, Osaka

PH “ENIX
preliminary

Shengli Huang, QM14

EEEE
Ao (rad)

2 3

4

Shinlchi Esumi, Univ. of Tsukuba 13




T I T T T T I T T T T I T T T T I T T T T I T T I T T T T I T T T T I T T T T I T 1 T T [ T
0.1— *® Near-side |A¢|<n/3 - LA¢-A¢minl<n/16 — 0.1 —
- & Away-side |[A¢-nt|<n/3 - |A¢-A¢mm|<n/16 g y
= | e
§_ 40-100% - §_
3 _ 13
& 0.05 7{ — € 0.05
z" 1z°
o= i Fgea® 0000 ekl 0 — i
1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 l 1 1 1 1 I 1 W 1 I 1 1 1 1 I 1 1 1 1 [ 1
2 -1 0 1 2 -2 -1 I o 1 2
An AN
3
i | | | no flow effect
200GeV d + Au [ S | indAu?
t RHIC-STAR - i & Positive STAR Preliminary i
a -
g- 5~ @ Negative
NE L
2 L
clear ridge/v, signal at An~1.5 z*
positive/negative difference < 5
0 4 AL
i &4 Zvam-oosas(z | YiLi, QM14
| 1 1 | ! | | 1
0 2 4
A

ATHIC2014, 5/Aug, Osaka

Shinlchi Esumi, Univ. of Tsukuba

14



v, (Cu spectator) >0 :
> . . Hiroshi Nakagomi,
charged particles, integrated,\s,  =200GeV
0.041 e i el QM14
[ )] == 88 Al (Smpcugond 3
- A uAu )-Au-goin icl
3\ S VT G GMD-Av o) He+Au collision data
0.02.__. \.“.\:\ ............ ................... already On tape In RHIC_RUN14
I B\ Cugoing =4 """ ki t=300 A 2
Augoing T AT <3 2 &
I ﬁ T \HR g o ot
i 0 ?*(n~0 | 2 g
I, Y 1 )] V2P (T] > ) .......... % 1 =4 :::E
: : L .l‘ ..124 6 ;AA‘; ‘.;, -2 0 ..2;‘ 4 ‘-;“.-2.‘10.“2‘..‘l .14 -12 6 2 5 .14
. ZOOGEV CU+ AU x coordinate fm) x coordinate [fm] x coordinate [fm] x coordinate [fm]
-0.04- 40-50% Centrality PHENIX
acl T | | I : l ;I)rellmlnary .
LIII 1 N I T T T A O I AR thanHaque’QM14
Y4 3 -2 14 0 1 2 3 4
N | ! ! ! ! ! ! LI N | | | | I | | | I |
N - | ; :
> | i N
2 021 op + .o B R
. Qo B QO (X} +
Various flow o [ e g
- = o +
tests at RHIC g o S5 € .
= L S o 1 Centrality: 0-80%
< -2 ooo 200GeV Au+Au + STAR Preliminary
B 1
| . A -
v, x0 aty~ 0inasymmetric system OE R R N N IR A AN SR
2 4 0 2 4

precision comparison of proton, ¢ v,
3He-Au collision data

ATHIC2014, 5/Aug, Osaka

Transverse momentum o (GeV/c)

Shinlchi Esumi, Univ. of Tsukuba



0.1F4n/8<lp -W,|<37/8

PHENIX
preliminary

-1 01 2 3 4
Takahito Todoroki, QM12

ATHIC2014, 5/Aug, Osaka

-1 01 2 3 4

A¢ = q)Asso. - ¢Trig.

€fing| Via HBT interferometry

[ Vs\=2.78 TeV
Lm=7 llbq

o= g|

Pb+Pb

1.005

o o

0.995

—e— largest 10% q, ]

—=— smallest 10% q, :

o [e
lAni>2  “®  0.5<p2°<2GeV |

Event Shape |y} Au+Au200Gev o> b o~ Q-RXNSN
: : RXN.S+N 0 PH ENIX _
Engineering 10° Biower30% | ~x | preliminary i@ no Q, selection
by 10° [Jhigher 20% c&ﬂ- 0.2+ @ higher 02 20%
oL ¢
Flow-Vector 10° /o ;
. 3 L
Q, selection | A 0-10% | | syl 8
10’ ® lU=S,V=S 8
i . ) I S — l | I — I | I S — l 11
initial _y, — ¢ final 0 2 4 8
82 V2 82 02 0 100 200 300
Takafumi Niida, WPCF14 Ny
0.-2FQut-of-plane trig. fin-plane trig. S 1.01ATEAS Preim.  Contaliy 0-5% -

Soumya Mohapatra, QM14

4
A [rad]

Shinlchi Esumi, Univ. of Tsukuba

16



PRL112 (2014) 162301
PRL 112 (2014) 082302

G_ 10-40% Centrality o _ ,
-0.02- - | . - vn(cem)> « il iy
[ {/I/P ] Beam energy T4 ln(gn(cent) R 7 =37 '
Ly R dependence | = | % g
e | ’ e % 7
30.01- I\ b) proton - Of §1-2 - i%\ // 1
g 1\ - V., Vo,HBT | & | N1
- || roeesssseeeeensnsses el { g 1, Y2 S i %_ %
T ‘ Y S L J
o | and charge ol e _
- c) net proton B S . /Y
0.01 ! asymmetry 0.01 0.1 1 10
Sy (TeV)
0 ke
P— Roy Lacey, QM 14 g
. arXiv:1404.1433 5{ 2a b0 Aus (@)f e PHENXSTAR (b T
T T T T T T T T -% Au+Au 1 )|
- Au+Au  30-60% ) _[e oo e ALCE los &
.0 %%%% ' ~ 20 0-5% T Mr=0.19GeV ; =
5 | T N i 3 ] 1 =
oy 1:_ %/\ _: EZ\T 16r .}%E ) 1 ¥ ¢ ] O.SE
T [ |/[p10-100Gev : 1) € T PV
" 0_ ) i 1 . 1 % i 0.4 §
T “x=l i T 8F PRENX (_)ﬂi IS
- —E:;s - _ preliminary ¥ 103~
A ~ BES |l error projection e 4 Lo wd s ooved vl sond ol sl 4
10 10? 10° 001 01 1 001 01 1
\'syn (GeV)  Nu Xu, QM14 JSw TeV

ATHIC2014, 5/Aug, Osaka Shinlchi Esumi, Univ. of Tsukuba 17



I 1 N L I 1 L
Fluctuation of conserved B I — 5 BESII error
. . ol i : & e R R I EEEE R B e -—
quantities such as o P L L. ? °
net-baryon, net-charge Sosl 1 | PRL 112 (2014) 032302
d istri bUﬁOn § : ® i (a) STAR net-proton data
Q061 T 0 70-80% @ 0-5% |
-'0-5 (lyl<0.5; 0.4<p,<0.8(GeV/c))
< 04 UrQMD (0 - 5%)
A LV DR O 10~100 GeV """ Poisson
5| 0.4<p <0.8 (GeVic) Au+Au Central Collisions — %( , p——— ;E
10° ly|<0.5 ¥ 7.7GeV ] 10 Au + Au Collisions at RHIC
L m11.5 GeV ]
10°E ©39GeV 1 « - :
(7)) - STAR Preliminary ©
2 ok n Y B S e e o
= u E ) .
g - Y ] o arXiv:1402.1558
LLl 10%E " = @© T i
= m ¥ E c (b) STAR net-charge data
: "y ] ® 10l @ O 70-80% @ 0-5%
10 - ’ﬁ E @ (In1<0.5; 0.2<p,<2.0(GeV/c))
B ¥ i Z - s NBD (0 - 5%) -
- 1 | ., s o Poisson
20 10 0 10 20 30 40 50 5 10 50 50 100 200
Net-proton Nu Xu, QM14 Colliding Energy \/SNN (GeV)

ATHIC2014, 5/Aug, Osaka Shinlchi Esumi, Univ. of Tsukuba 18



Summary

e Direct photons
thermal photon signal
large v2,v3 of thermal photon
penetration of direct photon

e Jet quenching
energy loss of parton
Re-distribution of lost-energy

e d-Au and flow

suppression or enhancement
Ridge-like and v2-like structure

e Beam energy scan
various indicative signals of phase transition
including fluctuation of conserved quantities
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