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: - Comput. Phys. Commun., 199:61-85, 2016
Motivation put P

jetin-medium decay photons

prompt photons bremsstrahlung Jet-plasma ~
photons %
'y nitial ener, il £
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Why choose direct virtual photon? @

« Do not participate in strong interaction

« Probe energy density, effective temperature,
Thermal radiation

. . pre-
and collective motion of QGP M viscous hydrodyranics

collision evolution
t~0fm/c t~1fm/c t~1 fm/c T~ 1015 fm/c

. . . . Xiv: 2303.17254v1
What will affect direct virtual photon yield? ™ prmms

early universe The Phases Of QCD

Au+Au 200 GeV
250 collision

. ’ free streaming
E———

« Evolution time — py integrated yield s Mushu27Gov 1005y, Quark-Gluon Plasma
S 200 WS@
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How to extract direct photon?

(PHENIX, ALICE)

—track

External method prrys. rev. ¢ 91, 064904 (2015)

+ track
» Nearly background-free sample of photons down to pt
below 1 GeV/c

» BKG is dominated by n and n° two body decay \ ,
> Need good ability of photon identification

Internal method rrys. Rev. Lett. 104, 132301 (2010)

E 10 "s+ARAL,;Auv'$'544'e'ev'(6'86/)""""‘—
. : . : / O S o RN
» Virtual photon internally convert into e+e- pairs A § : S e mbemem T -
/’. '010_1 _ =
. - > - Data
» Used for low-momentum direct photon /// 5 |

=
> BKG is dominated by n dalitz decay M(@Q*=m?) & Y 10°

B (SR Co e g
1 HJ s ;J;\:T LTLL
o Y& .

» Limitation: measurement to pr> 1GeV/c

T
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Prompt photon

Phys.Rev.C 87 (2013) 054907 Ydecay
2
10 (a) pP+P d+Au at \/s_NN=200 GeV ~it ‘ Yirag
10} . o virtualy therma
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% 155_ ------- fit uncertainty ... thermal photon
8 T + Tag the initial energy of the parton, p) ~ pP% "
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Current measurement
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Au—Au , /syN = 200 GeV

Pb—Pb /sy = 2.76, 5.02 TeV and pp 4 /Syn = 13 TeV

T T T T TTTT I T
ALICE, Pb-Pb, 1.0 < p_<5.0 GeV/c, U.L. at90% C.L.
L @ 5 = 5.02 TeV, arXiv:i23XX.XXXXX + |5y = 2.76 TeV, (PLB 754, 235)
|+ \syy = 5.02 TeV, Preliminary ¢ s\n = 2.76 TeV, Preliminary
= C. Gale et al., PRC 105, 014909
—Pb-Pb, |s, = 5020 GeV
—Pb-Pb, |5, = 2760 GeV
£ —Au-Au, |s, =200 GeV
= pp, 's=13TeV, 1.0< p, <3.0 GeVic

% ALICE Preliminary

C. Shen et al., PRC 95 014906

A Prompt

V Prompt + Thermal
X STAR, 1.0<p_<3.0 GeV/c
= Au-Au, |s, =200 GeV (PLB 770, 451
PHENIX, 1.0 < pT <5.0GeV/c
Au-Au, \[sy,, =200 GeV (arXiv:2203.17187)
pp, Vs = 200 GeV (PRC 91, 064904)
pp fit x Tpa, Vs = 200 GeV
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Phys. Rev. C 107, 024914 (2023)
Phys. Lett. B 754 (2016) 235-248

~ PHENIX Au + Au, |5, = 200 GeV

0.6 — Nonprompt y _
T4 extraction range i
S 05 ® 08<p <19GeVic ol [
=~ — -
> L o 20<p_<4.0GeV/c i
Q L ¥ -
9 L -
= 0.4 I ]
(O] 3 =
) j
0.3

|H$E|E| ______ ._%;_f’_’f’_"_"fl’f‘i ________

0.2

400
dN_ /dn Inz 5

» Extract Tet from thermal photon

600

» Obvious strong dependence of yield with dNch/dn|n=0

> No obvious variation of T4 with dNch/dn|n=0
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Experiment vs. theoretical model

Phys. Rev. C 89 (2014) 044910
arXiv:2305.10669

10° E.(H),,].,,_,,,,,,/lﬂ.,,.,, .
(a w/ flow ]
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s 405
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5101 L
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2107 ¢ E
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= 10" £ pb-Pb central E
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10

pT (GeV)
Inverse slope:

1 1 51 +0(To>
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Initial maximum T of plasma
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0051152253

Phys.Rev.C 105 (2022) 1, 014909
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» Consider blue shift effect, theoretical model is
consistent with STAR result better than PHENIX

» Acquire Ty with simple hydro theoretical model



Direct photon puzzle

Phys. Rev. C 105 014909 (2022)

- Au+Au, |s,, =200GeV o PRC94, 064901 (Conversion) | Au+Au, s, =200GeV o  PRC94, 064901 (Conversion) £ Galo o =l
0.3 [ 11<0.35, 0-20% e  PAC94, 064901 (Calorimeter) 0.3 [ dr, 11<0.35, 20-30% e PRC94,064901 (Calorimeter) | S S
: ’ ! [ ] PRL109, 122302 © L . -’ ° PRL109, 122302 F ! T I T I T T 1
e 2014data e 2014 data [ Au+Au @ 200 A GeV Tehem = 0 fm/c ]
L B ] _ 0.20 - w—e—e Tohem =1 fm/c ]
0.2 - Pﬁle PH\/_Ele I Centrality 0-20% . o f/ .
d preliminary preliminary E | Tehem = 1.5 fm/c

l : - 0.00 P
ol [ I 4 PHENIX ]

e e 5 10
0 5 0 [G1e({/ /el 15 p. [GeV/c] L Centrality 20-40%

» Direct photon v, in high pt region is consistent with O
» The expectation of direct thermal photon v, should be
close to O

> Theoretical model:

» Hybrid model can describe all stages of relativistic
heavy-ion collisions

» Effect of pre-equilibrium phase on both photonic and
hadronic observables highlighted

2024/11/26 Xianwen Bao@ NICA-2024



Analysis procedure Both in STAR Acceptance

Unlike-sign [ PhivCut Eff ]

Like-sign

For Signal' pair sign acceptance
) correction

[ Mixed-event ] [ TPC Eff } [ BTOFMatch Eff ] [ BetaCut Eff ]

TBW Parameter [ Pass STAR Acc ]

Two body/Dalitz decay - J - Cocktail

In my analysis: BKG mainly contributed by 7° and n

For Cocktail:

Rapidity Input

2024/11/26 Xianwen Bao@ NICA-2024 8



Experiment setup and elD

» Au+Au collision at \/syy = 27 and 54.4 GeV
» Used events:

o 27 GeV: ~250M minimum bias events
e 54 4 GeV: ~430M minimum bias events

EMS: , | o7
r Au+Au@54.4 GeV(MiniBias)
10— S 10°
EID cuts: C
pr > 0.2 GeV/c 5 10°
no, < 2 C
no. lower boundary for 54.4 GeV: P 10
noe > 3.0p — 3.6 for p < 0.8 GeV/c o— €
no. > —1.2 for p >= 0.8 GeV/c B o2
no,. lower boundary for 27 GeV: B
noe > 1.6p — 2.6 for p < 1 GeV/c -5 ,
no. > —1.0 for p >=1 GeV/c C 10
1.—-1 ! -
[1.—1/5] <0.03 1oF
- 10
_15-I 111 I |:I 11 I | | | I L1l I | | || I L1l I | | |
0 05 1 15 2 25 3 35 4 45 5
p (GeV/C)
2024/11/26
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» Large acceptance:
« p7>0.2GeVl/c, |n| <1,
e —m<¢p<m

> TPC: » TOF+VPD:
* Momentum * Velocity
* Energy loss

Vertex Position Detector (VPD)

Time Of Flight (TOF)

by Maria & Alex Schmah




Raw signal

reconstruction of
dielectron

correlation

combination
background
photon conversion

correlation signal

correlation background

correlation signal

combination background

photon conversion

correlation background

combination background
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Centrality: 40-60% (x10)
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Efficiency correction ¢y Cut Efficiency:

TPC Efficicency: ¢, =AxeBMee 4 CxM,, +D

« Apply track cut and embedding to get the efficiency From Jie Zhao Thsis
» Use 3D(ps,n, ¢) TPC tracking efficiency for efficiency A B C D

" | Par
correction 0.84326 -49.4819 -0.996609 0.19801

no, Cut Efficiency:

> For 27GeV no, Cut Eff: > For 54.4GeV no, Cut Eff: o
« p<1.0, 1.6*p-2.6<no, <2 + p<0.8, 3.6*p-3< ng, <2 o b p—
- p>1.0, -1.0<no,<2 + p>0.8, -1.2<ng, <2 oot —a
Select pure electron sample: Select pure electron sample: S S
M..<0.015 (GeV/c?) ¢ M.<0.015 (GeV/c?) STy
« Loose no, cut: | no, [<2 + Loose no, cut: | no, |<2 w R R
BTOFMatch + B Cut Efficiency: " ot
> Pure electron select: > Pure electron select: o eos ot etsae e g3t T T T e
« p<1.0, 1.6*p-2.6<no,<2 * p<0.8, 3.6*p-3< na, <2 &
. p>1.0, 1.0<no,<2 » P>0.8, -1.2<ng,<2
* PairMass<0.015 - PairMass<0.015 AR
. B>0 . B>0 E————
- TOFMatchFlag>0 - TOFMatchFlag>0 %
« |TOFLocalY|<1.8  |TOFLocalY|<1.8 {

2024/11/26 Beta Cut: |1/ —1| <0.03  Xianwen Bao@ NICA-2024 11



Cocktail component

interested signal: : : :
- QGP radiation +£unlnterested signal(cocktail): J

* In-medium p decays ODrell,— W, G2
- Direct photon NN, j/psi

Decay PIOSESS:  twobodydecay  woele b pocte Woee

Simulation method (for each mother particle):
» Particle properties input(p; ,mass, rapidity, @)
» Particle decay
» Pt smearing
» Acquire electron information and reconstruct dielectron pair

2024/11/26 Xianwen Bao@ NICA-2024 12



pr input for cocktail

For 54.4GeV.:

Au+Au 54.4GeV Cent:0-20

), (C1GeV)

Q o o

2 2 XD S
m

N/(2n p,dp.dy) (c*/GeV?
o

L]
a
n
o

n
o

TBW estimate meson pt shape

Au+Au 54.4GeV Cent:20-40

C10°E

3 o
CIES £
HH‘ HHHH‘ HHHH‘ T HM‘ ‘ ‘ ‘ ‘

&N/(2x p_dp_dy) (*/GeV?

25 3
P, (GeV/c)

Data from 54.4 11/k/p preliminary result

0-20% 0.0965+-0.0006
20-40% 0.0979+-0.0007
40-60% 0.0984+-0.0007
60-80% 0.0981+-0.0006

2024/11/26

1.0442+-0.0012
1.0580+-0.0014
1.0745+-0.0014
1.0860+-0.0006

25 3
P, (GeV/c)

0.4348+-0.0036
0.3726+-0.0059
0.2554+-0.0110
0.0001+-0.6398

54.4GeV dn/dy through extrapolate:

Centrality
pi0 dndy

364.5/121
207.54/121
290.97/121
413.06/121

Xianwen Bao@ NICA-2024

0-20%

170.76

+7.73
-9.38

20-40% 40-60%
78.82 32.22
+4.43 +1.79
-5.18 -2.08

Au+Au 54.4GeV Cent:60-80

3 3
2 ¥
|

Au+Au 54.4GeV Cent:40-60

o [=]
o
HU‘ Ll

3
EES
HU‘

60-80%
10.38
+0.38

-0.63



Background——n contribution

O Fit method: ,  /R® _% >
—a*pr—bpr +< ) TN—n
(e a Po)
(e—a*pT—bp% + &)—n
Po

Fit method form(Phys.Rev.C 104 (2021) 5, 054902)

: R /mo(pr) = A

» n/mP ratio no significant dependence with
energy, collision system and centrality
at high p+

» Cocktail simulation: using Monte Carlo
simulation to acquire background (within STAR
acceptance) and apply it to signal

e Fix n yield with n/m%= 0.4704 at
pr = 5GeV/c

2024/11/26

—_

% TF & TALIGE p@3TeV m % e TALIGE pp@B8TeV
r:o 9 [ O | ALICE pp@5.02Te y:8-28 = | o | ALICEpp@i502Te y:20-40
9 ALICE pp@:2:76TeV 54GeV 5 /o, 1006926 0.9 ALICE pp@2:76TeV B4GeV b /o 1008275
F & ALICE pp@ 7TeV T F & | ALICE pp@ 7TeV Ao
0.85 PHENIX pp@ 200GeV _27GeV b/, :0.06892 08k PHENIX pp@ 200GeV. _27GeV b /o, :0.08507
[ © @ PHENIX dAu@ 200GeV ““F o | PHENIX dAu@ 200GeV
C PHENIX AuAu@ 200GeV rC PHENIX AuAu@ 200GeV
0.7 [0 CERES pBe@ 450GeV 0.7t~ "CERES pBe@ 450GeV
F o CERES pAu@ 450GeV [ o | CERES pAu@ 450GeV
0.6F method fit Bi(x 30) 0.6F method fit Bi(+ 30).
F—— 27 n/n_0-2 | e 27w 20-40
E (1 ] W, 1
05 Sen/m 020 .o g T F 54 1/n’ 20-4 1T
o R e e et
C 1 [ ] l T L] E l T L]
04 0.4k °
0.31- Li 0.3
0.2F 0.2
0.1 0.1F
7, L/
0)2 I N N TN A ANAN I AN N NANN I SN N NN SO A A RO AW AN
o 8 9 10 9 7 8 9 10
pT(GeV/c) pT(GeV/c)
% e TALIGE pp@ 8TV % e TALIGE pp@ 8TV
= [ o | ALICEpp@i5.02Te y:40-60 = [ o | ALICEpp@i5.02Te C g
0.9~ XJI:;\(EE ppe ;.Tﬂu\fu VU ShGeV e, 008816 0.9~ :;E]EE P ;T""\T N SaGeV 5 o, 0111025
E o pp' e o C < pp e ‘
0.8F PHENIX pp@ 200GeV. . 27GeV b /o, :0.12518 0.8E PHENIX pp@ 200GeV. _27GeV o /o, :0.12082
"“E o | PHENIX dAu@ 200GeV "“E o | PHENIX dAu@ 200GeV
C PHENIX AuAu@ 200GeV C PHENIX AuAu@ 200GeV
0.7 =5/ "CERES pBe@ 450GeV 0.7 =ty "CERES pBe@ 450GeV
[ o | CERES pAu@ 450GeV [ o | CERES pAu@ 450GeV
0 67 method fit Bi(x 30). 0 67 method fit Bi(x 30).
F—— 27 W/ 40-6 F—— 27 7/, 60-8
05 54 1/m AOx Lt I I 05 54 W, 60- riLl i i
E L] C L]
C _ 1 f [ | o C / 1 ? T [ | o
0.4+ A i’ & 1 0.4 % af ot T
C % ’ T E % . 1
[ 144 & [ 144 6
0.3F /5709 0.3¢ /% b
0.2 0.2F it
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8 9 10
pT(GeV/c)

8 9 10
pT(GeV/c)
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Dielectron vs. Cocktail

04
Au+Au@54.4GeV Pair Efficiency
0.35
_.'—0—0——0— W
Bpgseems oo o —o—+ 11
0.3(S po,
oot ogp oo
I *ﬂ*
0.25
0o oo oo o
—— o N “
o
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0.2 -@- Centrality:0-20
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dN/dM,, ((GeV/c?)")

dN/dM,, ((GeV/c?)™)

Both in STAR Acceptance with efficiency correction

1 (a) Au+Au =54.4 GeV (b) Au+Au =54.4 GeV

: Centrali '6-20% Centrali r2()-40% (<5)

10’1 - eDat
- klail Sum
"~ ’ ioc

10-2 s’.) r TR 'o”g, :

: + MU e
10°° B B’ ¢

h t{
1074 Af ? / #

E !

- ). .
10°F p. S B 5
an-6 -I AL 1 Lo 1 1 '

% © AutAu |5, =54.4 GeV [} (d) Au+Au |5, = 54.4 GeV

3 Centrality: 40-60% (x10) Centrality: 60-80% (<30
10—1[ P; >ozGeV/c, ml<1,ly*l<1 r‘

; ® » .ﬁ‘ :
1072k o"ﬁ‘ | e ',,"
10—3:r v " ‘r e

3 3 Tf o ., “
1074 Tr T w7
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10°¢ 11 ........ O PP ! 1 11 T PRy | TH Y &exe d roreer B el
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—_
<

—
S

=27 GeV
h-20%

Au+Au
Centrali

Au+Au
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=27 GeV
Y"50.20% (x5)

eDat
— cocklall Sum

—
S

Au+Au |5, =27 GeV
Centrality: 40-60% (x10)
p;>0.2 GeV/e, Il <1, 1y*1 <1

Au+Au s, =27 GeV
Centrality: 60-80% (x30

o.,.

A s g g la s aalas
05 1T 25
Mee (GeV/c?)

> Dielectron signal can be consistent with cocktail at % mass region
» Observe significant excess yield contributed by direct virtual photon,
in-medium rho at LMR and thermal dielectron at IMR

Xianwen Bao@ NICA-2024
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Direct virtual photon analysis——Internal conversion

inclusive photon
(e+e-)

Imms hardon decay(e+e-) guulieReNEll

inclusive dielectron consist of:
 From dalitz decay
 From direct photon decay

Parameter r to measure the direct photon
weight in inclusive photon

if:pT > Mee
S—>1,L(Mee) - 1

2024/11/26

direct virtual photon(e+e-)

prompt photon

thermal photon

two-body decay process or Kroll-Wada

Direct photon invariant yield:

3T
ddirecty =T*F*Z
d?N _ 3xrxF

2nprdprdy  4aprdprdy

dZNee dZ le'eCt Y * + dzNedealltZ V*

M L, L(f\g‘/’ G0

a a

=5 Wairecty+ 5~ d

_ 2a L(M)*Sgirecty d

3m M

2 T 201 —r
ey — 3 Mdecluswey 37 M

A7 * fair (1—71)* feocktail

we interesteld inclusive background

=T*F*M+(1_r)*fcocktail

Xianwen Bao@ NICA-2024

Ndalitz Y * <

2 ZMZ

L(M) = 1—M2 1+ Mz)
2a L(M)*Sdalitzy VJ -
Ndirect y+ 3T M dealitz

inclusive y

two component fit

16




Internal conversion method: two-component fit

d?N,,
dM

=71 * fair + (1—7)* feocktail

direct
)4

r= yinclusive

» Clear enhancement compared to cocktail contribution in

1 mass region

» Signal is consistent with cocktail at very low mass region

» Two-component fit region: 0.1-0.28 GeV/c?

i p; >0.2GeV/e,Inl<1,ly, <1
L LM )/M_ distribution

1025~

—p,1.00-1.25

p.:1.25-1.50
T
p,:1.50-1.75
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s d
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T
P.:2.25-2.50
T
p.:2.50-2.75
T
p.:2.75-3.00
h o
p.:3.00-4.00
T
p.:4.00-5.00
g

1111 IIII|IIII|IIIIIII
0 01 02 03 04
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Both in STAR Acceptance

I HH‘ T \HHH‘ T \HHH‘ T HHH/W/\—‘H\HH‘ T H\HH‘ JUBEEILL !

Au+Au@ 54.4GeV STAR Preliminary

Centrality:0-20, 1.25 < p, < 1.50 GeVie —f .
r=0.045+0.008, y*/NDF=12.2/4.0 —f
—_ (l-r)fckt+rf dir
-e-data

107
10° 20
-
o,
10° 3
1077 | | | | ‘ | 1 | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | ‘\,\ | | |
3.5
= ,—data _ data — 1
2.5 ; ( 1_r)fckt-i-rfdir fckt
of - -
L
1.5F e % —e—— %
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Systematic Uncertainty

Systematic Uncertainty Setting

Re-Normalization

Fit Range

n/to

c-cbar

Dielectron Spec
Sys-Uncertainty

2024/11/26

0-0.05
0.08-0.28
0.125-0.36
0.08-0.36
Fix: 0.4706+30 @5GeV/c
Fix: 0.4706-30 @5GeV/c
Random phi input

arXiv:2402.01998

Default
0-0.03

0.10-0.28

Fix : 0.4706 @5GeV/c

Back to back

/

Xianwen Bao@ NICA-2024
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Direct virtual photon p; spectrum

Need theoretical calculations for these results !

N 3
T UEA+A >y +X
% 102 dir .
S - Centrality:20-40 (x 10") e
Zﬁ 1 Centrality:40-60 (x 10% STAR Preliminary
g - Centrality:60-80 (x 10™! .
10_1 ........
1 072 i1i3:3:3:3:3:1:1T:3:3:3:3:1:15153:3:3:3:3:3:
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p (GeV/c) p(GeV/c)

» First measurement of direct virtual photons in Au+Au collisions at \/syy = 27 and
54.4 GeV in different centrality regions
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dN/dy vs. dN_,/dn

510 Previous results of dN/dy vs. dN./dn
= - [ STAR,Au+Au,10<p_<30GeVic %
Z> L+ 200GeV 5
o L 3
- s &
- 5y
- L
10_15— ﬂ
L%
102 ﬁ ALICE, Pb+Pb, 1.0 < P, <5.0GeV/c
- —o— 2.76TeV
- 5.02TeV
Al PHENIX, Au+Au, 1.0 <p_<5.0 GeV/c
107 —o— 200GeV
- —6— 62.4GeV STAR Collabration, Phys.Lett.B 770 (2017) 451-45
Z —— 39GeV PHENIX Collaboration, Phys.Rev.Lett. 123 (2019) 022301
ol TET e 2008V, ALICE Collaboration, arXiv: 2308.16704
10? 10°
dN_, /dn
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dN/dy vs. dN_./dn

2310
e =
~ . [ STAR,Au+Au, 1.0 <p_<3.0GeV/c
= %
7., L -+ 200GeV "
© L 5
= STAR Preliminary : s 9
C @ 54GeV 0
: i -
@ 27GeV |
10
- :
- L)
102 ALICE, Pb+Pb, 1.0 < P, <5.0GeV/c
- —o— 2.76TeV
- (@@ 5.02TeV
5 i PHENIX, Au+Au, 1.0 <p_<5.0 GeV/c
107 —6— 200GeV
- —b6— 62.4GeV
B —6— 39GeV
i Cu+Cu 200GeV
10—4 | | | | 1 111 | | | | | 1 111 |
10° 10°
dN_ /dn
2024/11/26

» New measurements of dN, . /dy at STAR
» Strong dN/dn dependence

STAR Collabration, Phys.Lett.B 770 (2017) 451-45
PHENIX Collaboration, Phys.Rev.Lett. 123 (2019) 022301
ALICE Collaboration, arXiv: 2308.16704
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dN/dy vs. dN_./dn

20 a:146+0.07
~ . £ STAR,Au+Au,1.0< p, < 3.0GeV/c &
7 - — A(dN_ /dn)* Fit to STAR Data( *1o ) :
S | | 4 200GeV 0
= STAR Preliminary s @
C @ 544GeV %
[ @ 27GeV ¥
10 =
102 ALICE, Pb+Pb, 1.0 <p_<5.0 GeV/c
- —o— 2.76TeV
n 5.02TeV
Sl PHENIX, Au+Au, 1.0 <p_<5.0 GeV/c
10° —4— 200GeV
- 62.4GeV
i —o— 39GeV
10—4 | | | L1111 | (:u-i-(:lll1 2OIOG?\/I 1111 |

102 10°
dN_,/dn

» New measurements of dN, . /dy at STAR
» Strong dN/dn dependence
» The yields at \/syy = 27, 54.4 and 200 GeV
measured by STAR follow a common
scaling, with
a = 1.46 + 0.07
» The scaling trend is consistent with

ALICE measurements

STAR Collabration, Phys.Lett.B 770 (2017) 451-45
PHENIX Collaboration, Phys.Rev.Lett. 123 (2019) 022301
ALICE Collaboration, arXiv: 2308.16704

Jerome Jung, Talk 24/09 12:10 at HP2024
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Summary

» New measurements of direct virtual photon production in Au+Au
collision at \/syy = 27 and 54.4 GeV, firstly extended to BES-II region
> The yields at \/syy = 27, 54.4 and 200 GeV measured by STAR
follow a common scaling
« Strong dN.,/dn dependence
e a=1.46+0.07

20 o:146+007
~ . £ STAR, Au+Au,10< o <30GeV/c &
Z> L — A(chh/dn)“ Fit to STAR Data( +1c )
S | 4 200GeV g @
= STAR Preliminary oo 2
T @ 544GeV % &Y
| @ 27GeV v
107
102 ALICE, Pb+Pb, 1.0 < p, < 5.0 GeV/c
= —=— 2.76TeV
L 5.02TeV
" K PHENIX, Au+Au, 1.0 < p, < 5.0 GeV/c
107 —46— 200GeV
- —6— 624GeV
i —46— 39GeV
10—4 Lol CLH-CI‘J. ZOPG?V\ Ll
102 10°
dN,/dn

—------------------------------s

|{ Outlook

: » Extend the study to the interesting energy region near possible CEP
» Measure direct virtual photons at lower energies
(\/m = 11.5,14.6,19.6 GeV) ot EAESRE S 2 r s 2 2 2528 e
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Summary

Thanks for attention!

» New measurements of direct virtual photon production in Au+Au
collision at \/syy = 27 and 54.4 GeV, firstly extended to BES-II region
> The yields at \/syy = 27, 54.4 and 200 GeV measured by STAR
follow a common scaling
« Strong dN.,/dn dependence
e a=1.46+0.07

20 o:146+007
~ . £ STAR, Au+Au,10< o <30GeV/c &
Z; - — A(dN_ /dn)* Fit to STAR Data( +1o)
= 1’ 4 200GeV x 9
= STAR Preliminary
L @ 544GeV % Y
| -@ 27GeV ¢
107
102 ALICE, Pb+Pb, 1.0 <p_<5.0 GeV/c
F —&— 2.76TeV
C 5.02TeV
& i PHENIX, Au+Au, 1.0 <p_<50 GeV/e
107 —46— 200GeV
- —4— 624GeV
i —6— 39GeV
10—4 I I B | ‘ CU.+C1‘J. ZOPG?V\ L1l ‘
102 10°
dN, /dn

—------------------------------s

|{ Outlook

: » Extend the study to the interesting energy region near possible CEP
» Measure direct virtual photons at lower energies
(\/SNN = 115, 14‘6, 19.6 GeV) ; 4 F& & SEIF | & 280 & & & 2222 Vo (GeV)
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Backup
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T

dzN/(anpo dy) (GeV/c)?)

STAR 200 GeV result vs. Theory

W1 T T T T T T 10” g
Aut+Au 200 GeV —+ 0-20% x10? 10 g

| | | | |
Aut+Au 200 GeV

| |
0-20% x10*
20-40% x10'

.
(=]
4

<4« O 0> +

1 @‘ & . j ;0;0% x:g; 1 0-80% x10°
\ -80% X - -
10—1 N . 5 AT ol — 10—1 40-60% x10
— 60-80% x107
10—2 - 60-80% x10? § 10_2 _ —— Paquet calculation
10—3 ! é 10—3 Sy w - = o Rapp calculation
107 Z 10
107 -:E‘ 107
10°° e :T 10°°
1077 L S 1077
10° TS~ z 10°
10”° —T,, scaled p+p . © 10”°
10 10
10 ---- the case with m scaling A 10
10_” . 10—11
10712 | | | | | | | | 10712
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
p, (GeV/e) p, (GeVie)

> High pr: prompt photon be consistent with p+p results after Ty scaling
» Low pt: Significant thermal photon enhancement

» Theory calculation can be consistent with direct photon pr spectrum
and its yield

2024/11/26 Xianwen Bao@ NICA-2024

Excess direct photon yield dN/dy

Total direct photon yield dN/dy

Phys.Lett.B 770 (2017) 451-458
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n/m° at high p region

<Y 1
£
=

107"

1072

® Alice pp 8TeV
O Alice ppb 5TeV
Alice pp 2TeV
<& Alice pp 7TeV
PHENIX pp 200GeV
© PHENIX dAu 200GeV
PHENIX AuAu 200GeV
O Ceres pBe 29GeV

O Ceres pAu 29GeV ke i

" .

107"
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L o fGevic)

Xianwen Bao@ NICA-2024

Phys.Rev.C 75 (2007) 024909

S W/~ ratio at \[s,,, = 200 GeV:
} 1.2 ® = A Au+Au cent., semi-cent., periph
d+Au min.bias
1 p+p I
---------- n/n” PYTHIA v6.1 (p+p)
0.8
0.6 i\
__________ g 5 A...A._.,.-.-.i---...-»---.-.--.---

0.4 . o Ao U
0.2 / ¢

0 S

0 4 6 8 10 12

pr (GeV/c)

Eta/pi0 at different centrality in AuAu collision
have a large error and no data at low pT
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my scaling for n yield estimation

0.9
0.8

0.6
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Band: 30% uncertainty we used before

 PHENIX n spectrum: my scaling
« STAR n spectrum : TBW fit
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10% g7 | | | |
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PHENIX)
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Use PHENIX eta/pion ratio

3.5

Use ratio uncertainty ~13%, used by

PHENIX

« STAR eta/pi0 shape have strong centrality

dependence

« PHENIX don’t observe this dependence because
flow effect will be ignored in my scaling
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Production mechanism

Most interesting ones (Direct vy, y*)
QGP e’

e+
hadronic decays

Initial state
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hard scatterings,

pre-equilibrium hadronic phase Y A e
Y
1.Initial hard scattering  2.Pre-equilibrium phase 4.Chiral symmetry restoration
« Test Ncoll scaling » Mechanism of equilibration with dileptons
. gonz’;ra;n nuclear PDFs 3.Thermal radiation P boarc_jlpg
andie for energy . Effective QGP temperature -Gy MiXing

loss(y-tagged jets) « Constrain space-time evolution
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« Apply track cut and embedding to get the efficiency

TPC EfﬁCiency « Use 3D(pt,n, ¢) TPC tracking efficiency for efficiency correction
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NSigmaE Cut Efficiency

> For 27GeV NSigmaE Cut Eff:

* p<1.0, 1.6*p-2.6< no, <2
 p>1.0, -1.0< no, <2
Select pure electron sample:
¢ M¢<0.015 (GeV/c?)

» Loose no, cut: | no, |<2

» For 54.4GeV NSigmaE Cut Eff:

* p<0.8, 3.6"p-3< no, <2

+ p>0.8, -1.2< no, <2
Select pure electron sample:
¢ M.<0.015 (GeV/c?)

» Loose no, cut: | no, |<2
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BTOFMatch Efficiency

1.2 T 1.2

Use same pion cut for two dataset 1.18] centratity-os0 27 GV | | b contraity 080 D4.4GeV
> Pure pion select: 1161 16
¢ m?=0.019 £ 0.003(GeV /c?) " ol
* |nog|<4 . - |
c >0 1Aty 1.1'Wi 4
« TOFMatchFlag>0 1.08] ::::#H" 58 I 4 *%
 |TOFLocalY|<1.8 1.06F 4 1.06L RS
> Pure electron select: ::: s 12‘2‘ T
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- Use e+/pi+ e-/pi- for efficiency correction o ' e

at 54.4GeV 1.1 \’Xo"&' 1.1 .”,,..,*#H’
» Use e/pi for efficiency correction at o ‘ 105: +ﬂ

27.7GeV due to limitation of data statistic - 7 e ' ? el
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Beta Cut Efficiency Beta Cut: |1/ — 1] < 0.03
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Ratio

CKT o Spectrum estimation 54.4GeV dn/dy through extrapolate:
Data point/TBW_Func Centrality 0-20% 20-40% 40-60% 60-80%

. : ~IELELEM 17076 78.82 32.22 10.38
2'25 AuAu54.4GeV Cen:OZOE% 2'25 AuAu54.4GeV Cen:608§)% m +7.73 +4.43 +1.79 +0.38
: . .38 518 -2.08 063
27GeV dn/dy from Phys.Rev.C 96 (2017) 4, 044904
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T Maybe we should piO dn/dy at rapidity -1 — 1
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