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Dilepton in RHIC

» Dileptons — a bulk
penetrating probe:

— Do not suffer strong
interaction, penetrating the
medium without final state
effect.

— Produced in all stages of the
system evolution.

— Provide direct information of
medium.

— Additional kinematic
information (mass vs p.),

sensitive to different
dynamics.

» Challenges:

— Production rate is low,

especially in higher mass
region (M_>1GeV/c?).

— Integrate over time and over
many background sources.

time
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*
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Dilepton in RHIC Pz

; n°mn Dalitz-decays  Adv.Nucl.Phys. 25

(2000) 1 Interesting tOpiCS:

 Low mass region (LMR):

] in-medium modifications of vector meson.
possible hint of chiral symmetry

dN,, / dydm

E restoration.
' N v f . . . ]
s ~ Drell-van - Intermediate ma§s region (IMR):
- 1 QGP thermal radiation.
L Low- | Intermediate- High-Mass Region . .
F >om SLI <otm 3 * semi-leptonic decays of correlated charm :
0 1 2 3 a 5 possible charm de-correlation in Au+Au.

mass [GeV/c?]

* Direct photon:

2 connect to dielectron through internal
conversion.

> high p_photons (>5GeV/c) : initial hard
scattering
> low p, photons (1-5GeV/c) : access QGP

production
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STAR detectors

Key detector used in this analysis:

» Time Projection Chamber:
2 |n|<1, 0<d<2m
=>»Main tracking detector: track, momenta, & T
ionization energy loss (dE/dx) ~Jols
» Time Of Flight: :
=2|n[<0.9, 0<®<21m
=> Intrinsic timing resolution ~ 75 ps

!

-~

=>» Significant improvement for PID v ,ﬁ Ny

s T h .

: : ' ' Vertex Position Detect
» Barrel Electro-Magnetic Calorimeter: AR BIERIAREIRGE ROt | VASSEH RSE 00 Ve

=2|n|<1, 0<P<2m

S

P,

=> Trigger and measure high-p_ Type Year Central Min.Bias EMC trigger (energy
_ threshold 4.3GeV)
part|C|eS Au+Au 200GeV 2010 220M 240M
2011 490M 39M
p+p 200GeV 2012 375M
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Electron identification

1/B
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momentum (GeV/c)

> Clean electron PID in p+p and Au+Au collisions with a combination of TPC dE/dx and TOF

velocity

no_normalized dE/dx

Collision system

Au+Au 200GeV

p+p 200GeV

Trigger Momentum range Purity
Min.Bias 0.2-2.0 GeV/c ~95%
Central 0.2 - 2.0 GeV/c ~93%
EMC trigger 3.5-6.0GeV/c ~80%
Min.Bias 0.2 -2.0 GeV/c ~98%
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Background s

» Background
a. Low mass region PRL. 113 (2014) 22301

Like Sign — acceptance corrected '

Au + Au USN = 200 GEV {MlnBlas) ]
can reproduce both the combinatorial and p>0.2 GeVie i<, ly_I<t
correlated background. *

X but lack of statistics and need correct
acceptance factor

(Y

3L eg
B Mix 101 L
B =2N .-N - i B
LikeSign ++ \/ Mix = Mix ¢ Signal e
2 B ‘B~ 105 © e'e sameevent ®e * t,i" i

| — Backgmund ¢

Acceptance factor
N : same Event , B : mixed Event

Uncorrected dN/dM,, (c*/GeV)

10°f (b) e Au + Au {MmBlas] % P +D | | g
b. Mass>0.75GeV/c? 10 o A Au (Contia) o
Mixed Event — normalized to Like & ™~ oy A 1
. . . L
Sign in mass region [1,2] GeV/c? ] .M ¥ J&_ . 3 o %% 0% ol
large statistics and no need to correct 10 L I — ;
acceptance. 5
x but can't reproduce correlated Mee (GeV/c )
background
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Cocktail simulation

Yrar

Input p. spectra

T | |
> . " PHENIX m, scaling e e
QO 10} + K K
(D — Tsallis
r‘;r-. K ppgwix K purnix
o 10 - wrlowp_
:"\  Mpgenay XRE
-O|—1 0_3 * w;'m&'.\':x ®0.1
Q =
B8 ™
U
% 107 | SN
G .o [Au+Au |5y, =200 GeV (MinBias) =Sy
LR 2 4 6 8
P, (GeVic)
Data Points:

PHENIX Collaboration, Phys. Rev. C 81, 034911 (2010)
STAR Collaboration, Phys. Rev. Lett. 92, 112301 (2004)
STAR Collaboration, Phys. Lett. B 612, 181 (2005).

STAR Collaboration, Phys. Rev. Lett. 97, 152301 (2006)

TBW Fit:

Contributions from decays of
hadrons after they freeze out,
usually called hadronic cocktails.

; 10__ — 1’ > yee XYY ¢ — ee & ¢ — nee
(D ----- n-—vyee Jhy — ee
— —1N'— yee Ev See
) i Mo —see & ®—nee —— &— ee(PYTHIA)
&S 10| o DrelYan YTHIA) - b5 ce PYTHIA)
L — Cocktail Sum
E"’ - AuAu200GeV
o107
S~
Z L
-O [ ~\
10°F RN
i | ~|‘“-""‘7 =
0 2 3 4
t - 2
Mass(e e) (GeV/c?)

Z. Tang et al. Phxs. Rev. C 79, 051901 520092.
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pp 200GeV result from year 2012 e

dN/(dMdy) (GeV/c?)™!

Data/Cocktail

o a N

| T
— 1" > vee

—- P ee

[ w —ee & w — nlee

D) b= ee & —mee

— J/y — ee

¢T — ee (PYTHIA)

....... bb — ee (PYTHIA)
sum

STAR Preliminary
—— p+p@200GeV Run12
p;>0.2 GeVie i<l |y |<1

T 15 2 25
M, (GeV/c?)

= —4— Run12 p+p preliminary_|
—+— Run09 p+p

10 ‘
i — cocktail

dN/dM (c*GeV)

STAR Preliminary

10° «T» o e
1 |
1 15

2 2.5 3
Mass(e'e’) (GeV/c?)

Cocktail is taken from [STAR, Phys.
Rev. C 86, 024906 (2012)] with charm
cross section changed to 0.797+0.3/-
0.36mb [STAR, Phys. Rev. D. 86,
072013(2012)]

Run9 p+p: [STAR, Phys.Rev.C. 86, 24906
(2012)]

Within uncertainty, the cocktail simulation reproduces the data very well.
Greatly improved statistics ~ 7 times more than year 20009.
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< [ B e B
% 10l- AU+ Au |sy, =200 GeV (MinBias)
c&..? & p02GeVe 2. 0, Jp,
O 1 Inel<1,lyeel<1 - n, 1, w, bb, DY
o 107 —= cTPYTHIA
> b — Cocktail Sum
I [
Z 10° 7
© IS
I
’ '.“\\ \
© A | i | S~
v \ ' I ' | ' [ ' |
8 2.5 (b) —— Rapp: broadened p +QGP  —
O 21 et ... PHSD:broadened p +QGP -
215}
2 1
©
m 0-5 0 I
(% 2
M., (GeV/c)
06/09/2015

AUuAuU 200GeV results

The Thermal Photon Puzzle --

Yrar

STAR, PRL. 113 (2014) 22301

Enhancement w.r.t cocktail at p like
region(0.30-0.76 GeV/c?):

1.77%0.11(stat.)*0.24(sys.)*0.41(cocktail)
in MinBias.

Data is compared with two models both
based on a p broadening scenario:

1) Model | by Rapp et al. is an effective
many-body model.(r. rapp, Pos cPoD2013, 008 (2013)]

2) Model Il is a microscopic transport model

— Parton-Hadron String Dynamics (PHSD).
[O. Linnyk et al., Phys. Rev. C 85, 024910 (2012)]

Both models show good agreement with
data within uncertainty.
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Centrality and p.. dependence

Centrality dependence

1 | I 1]
+Au |s,, =200 GeV|
O Central x1

® 10-40% x0.05
O  40-80% x0.02

® MinBias x0.0002

—y
=]
T

—r

e,
Ratio to Cocktail

O LMD W O 2 MW © ahWw O© 2w

dN / dM,, (c®/GeV)

- STAR preliminary

p, dependence

(b1) 0-10% (Central) -
—— Rapp == PHSD |
SR TRy

0-0.5GeVic
— Rapp == PHSD

T T T T T T T 1
Au + Au |s,, =200 GeV|
P, Window (GeV/c)

® 00-05 x50
0 05-10x2

=i
(=]
™
W

52),  10-40%

.

e 1.0-1.5 x0.2
0 15-20 x0.05
L] pT-Integrated x0.0001

S
Ratio to Cocktail

dN / dM,, (c®/GeV)

S NW A

il
o
[~
™

2 hNWw e

K
o
n

(b4)  0-80% (MinBias)

Il Il Il L I Il Il

M,, (GeV/c?)

06/09/2015

W

0-5.0GeVlc

M

L. STAR prelim
| — cocktail

W

o

05 1 15 2 25 3 b 4
M, (GeV/cd)

0O 056 1 15 2 25 3 35 4

M., (GeV/c?) M., (GeV/c?)

STAR, PRL. 113 (2014) 22301,

arXiv:1504.01317

The two model calculations show good agreement with data within uncertainty.
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Possible charm de-correlation *‘R

10'Fe

>
3
N
)

=

8
il 5]
; 10
0

zZ

©

Au + Au |s,,

p_er>0.2 GeVlc, mfl<i,ly_|<1

&

r4
f (@) central

st

= 200GeV e MinBias

£

O Central

e o
- | —- cEPYTHIA ; QCE‘*%Q" 22,_0 .
107}H| de-correlated ¢t il [ Q‘?_
| | — Cocktail Sum o L L
2 ;_I (b) 1 | | __
o 1.5 = * Nein scaling
u— E..._...*_._._..._...__..__.__,..__..._..._._._..._..._...__.._..__..__..
(4s] | T P
o ** ** + +, * N, SCaling]
0.5F L Central(0-10%) =]
- | MinBiasl(O-BU%) : | |
0 1 2 23 4
M., (GeV/c?)
06/09/2015 The Thermal Photon Puzzle --

STAR, PRL. 113 (2014) 22301,
arXiv: 1504.01317

Ratio(Central/MinBias) shows
2.00 deviation from the NIoin

scaling in 1.8<M_ <2.8GeV/c?.

Possible charm de-correlation
in Aut+Au collision or other
source from thermal
radiation?
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Beam Energy Scan at RHIC s

Early Universe The Phases of QCD

NSAC Long Range Plan 2007
v Turn-off of the sQGP signature

Temperature

v Search for the phase boundary.

Quark-Gluon Plasma

v Search for the critical point.

"G,‘ _‘: Future FAIR Experiments
} a
e
*-.

FJ-.
=, ,\

Critical Point "’-%;-_; ¢ Dielectron production in BES:
' \ Col . . . .
Hadron Gas \ Supm‘;ﬂ;umr LMR: in medium modification of vector
Nuclear \ meson. Study the chiral property of the
Vacuum Matter _1 fron Star 1_ = me dlum
R e : . IMR: Searching for the onset of QGP

Baryon Chemical Potential

thermal radiation.
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Dielectron from RHIC BES-| )

_ STAR. BES white paper. QM2012, QM2014,

10" +medium |
19.6 GeV | — ockiail b 39 GeV § 62.4 Gev Il 200 Gev
e data
10° | : 1F 1
- STAR Preliminary | STAR Preliminary | STAR Preliminary { STAR, PRL. 113 (2014) 22301
107!

1N AN /M, [ (GeV/cH) " ]

0O 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
invariant dielectron mass, Mgg (GeV/c?)

Au + Au Collisions at RHIC _
T —
0.3 i | ....PHSD |

Ratio: (p-py)/p,
0.1 = (=02 0.7 GeVicY) .
0.25 i B
0.075 |~ : =

0.2 |- 005

I

Model calculations? robustly describe the
data from 200GeV to 20 GeV:

— model calculations by Rapp, based on in-media S
broadening of p spectra function, expected to 015 + + o Magtee P
depend on total baryon density. otfirii b g b oo .

— almost constant baryon density from 20-200GeV. P INRE L — | -
TModel: Rapp & Wambach, priv. communication; A 60-80% o

Adv. Nucl.Phys. 25, 1 (2000) Phys. Rept. 363, 85 (2002) | " e 3E° ] 12)23 y 300
ollision Energy Vs, (Ge

N(p+p)/N(n*+ 7') Ratios
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Acceptance corrected excess spectra *‘R

— T arXiv:1501.05341
Dielectron excess

—e— Au+Au 19.6 GeV 0-80%
—4— Au+Au 200 GeV 0-80%

—=— In+In 17.3 GeV dN_,/dn>30

Spectra is corrected for STAR
detector acceptance.

Normalized to mid-rapdity
dN_/dy.

ch

_lIII|,||,| IIIII|,||| IIII|_|,|,|I IIII||]]I 1 11T

NAG60O Data:

R. Arnaldi et al., PRL. 96, 162302 (2006);
R. Arnaldi et al., PRL. 100, 022302 (2008);
R. Arnaldi et al., EPJ. C 59, 607 (2009).

1 llll||||-

(d®N/dydM)/(dN /dy) (20 MeV)™
>

1 2 Blue line Rapp's model calculation,
M (GeV/cz) including a broadened  spectral
I function and QGP thermal radiation

Excess spectra:

»The model calculation from R. Rapp is consistent with acceptance
corrected excess spectra of AuAu 19.6 GeV.
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Low mass excess *‘R

x10°
N 555 C s oo e 42070
O 50F 4 Au+Au 200 GeV 0-80% arXiv:1501.05341 A E
S - —- Au+Au 200 GeV —18 &=
Z A4A5F _@- Au+Au19.6GeV . ‘5’
% 40 z_ —5— In+In 17.3 GeV —: 16 E
> - .- 2 -
g 35 E_ P -7 7] 1 4 ?g
T 305— ’ JPPte _:12
25 i 310
20 0. l = Th. lifetime 17.3 GeV -
= | 1— — Th. lifetime 19.6 Gev 8
15F + p— - - - Th. lifetime 200 GeV
10F 0.4<M <0.75 GeV/c 2 ] 6
= 4
5
0

200 400 600 800
dN_/dy
Integrated excess yield within mass region 0.4~0.75 GeV/c?:
» AuAu 19.6 GeV:
=>»consistent with In+In 17.3 GeV.
> AuAu 200 GeV:
=>»centrality dependence on the excess yield.

=>»higher excess yield in central collision than In+In 17.3 GeVs indicates a longer life time
of medium.
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Dielectron from internal conversion ‘*"“

® Relation between real photon yield and the associated e+e- pairs:

2

37T| IS(M QAN L(M) = [1-—"2(1+-2)  S(M.q) = dm,,
S~1@ p, >> M, M>>m,

® Two component fit in mass region 0.1~0.3 GeV/c?:

(L=r)fe +

Runl10&Runl1 Au+14u 200GeV (Min.Bias) 3.(}Lp‘|_<4.0 GeV/e

normalized cocktail components f.(m )
ee

1 0-2 i[lu — (l-r)fc(m“)+rfdir(m“)
> f_: cocktail normalized to 0~30 MeV/c? =y Fym,)
. . 10'3 t r=023 +0.
> f, : direct virtual photon component grissaiiipo

normalized to 0~30 MeV/c?2.

= r : ratio of the yield of direct virtual
photon over the yield of inclusive
photon

III E 1111 II| 1 IIIII|,|,| | IIIIIIII 1 IIIIIII|

H
-
&—

dN/dM _, (GeV/c?)1in STAR acceptance

ee(GeV/cz)
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Low mass dielectron continuum *R

6
10" Au+Au 0-80% @ 200 GeV STAR, QM2014

o 10*F*., p. >0.2,In <1, ly I<1
S B, S P
8§ 102k ™ —m——— o 0.0~0.5GeV/c x 10°
S T ———— . . . 0.5-1.0GeV/e x 10°
§ L ", . e : — 1.0~1.5GeV/e x 10
= 1 e e T 1.5-20Gevie x100 » (0-5 GeV/c

Iﬂ.,. L S, ° . a " 0 = ~ 0
; 104 b e o .T v ; 2.0~-2.5GeV/c x10 Run10+Run11 MB data
= 10 = v : 2.5~3.0GeV/c x 10"
e %0y 1 3.0~4.0GeV/e x 107>
,:5 10° ‘_m*: e I 10-50Gevie x10° »5H-10 GeV/c
3 1070 P, S 50~6.0GeV/e x10°  Ryn11 EMC triggered data
1012 Wil — | — 6.0~7.0GeV/e x10°
S e T ] | 7.0-8.0GeV/e x 10°
% 10 iwﬁ"f]f- e = | 1 |~ 8.0~9.0GeV/e x107
T 06k 1 T 1 — 9.0~10.0GeV/e x 10°

- STAR Preliminar

10718 | J 1 I o (N
0O 01 02 03 04 05 0.6 0.7
2
Mee(GEV:{C )
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Fraction of direct virtual photon *‘R

STAR, QM2014

1 | I | I I | — i
E— | -
o i Runl10&Runll Au+Au 200GeV @ STAR |
L 08 —| The curves represent NLO pQCD
E E T ] prediction:
o — — — theory scale u:O.SpT -
- = =W — NLO
g 0.6 | — - theory scale u=1.0p_ ™ & | Taadoy ™" (pr)

ER— inclusi
é — - theoryscale u=2.0p_ - ’C) - 1 y d-N][rnc ustve (pr)
T 04 Ll i -
1 = P o - L. E. Gordon and W. Vogelsang, Phys. Rev. D 48, 3136 (1993).
- = ) F £ T -| PHENIX Collaboration, Phys.Rev.L 98, 012002 (2007).
= i3 - Jf /)’ L P -|  PHENIX Collaboration, Phys.Rev.L 104,132301(2010).
—-— — 4 —
151 . ”~
E Lo i - i
— © e STAR Preliminary
O - =- = =]
0 e | | | | | | |
1 2 3 4 5 6 7 8 9 10

pT(GeV/c)

Compare to the p+p reference, an excess is observed up to
4GeV/c.
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Direct virtual photon invariant yield *‘R

1 I I T I I T
~ 107 STAR AuAu@200GeV
Q - PHENIX pp@200GeV
% 102 PHENIX pp@200GeV Tj:‘“ scaling
&)
= 10° .
o STAR, QM2014
=104 SR, .
= L 9 STAR Preliminary Data are compared with T, ,
By o ol hE O . .
e 10° Tt Q. scaled function fit to PHENIX
g 1% ff ,,,,,, R p+p data.
2" T T """"" % Q" -Q@
Q 2 9 G- PHENIX data ref:
© 107 S N g [A. Adare et al. Phys.Rev.C.81:034911, (2010)]
| | | | | ‘1'4 ------ o1 [S.S. Adler et al. Phys.Rev.Lett., 98:012002, (2007)]

p (GeV/c)
« In high p_region (5~10 GeV/c):
- consistent with T, , scaled function fit to PHENIX p+p data.
 Inlow p. region:
- an excess is observed in p_ range 2~4 GeV/c.
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Low p, excess Fhyan

STAR, QM2014

STAR Preliminary

Q

d>N/(2np_dp. dy)(GeV/c)?

r-olﬂ-d
=05  —total ; _ o
= —QGP = from private communication with
10 —p 5 R. Rapp for Min.Bias.
L F — primordial ~_  0-20%: initial temperature ~320MeV
10 E — meson gas at 0.36fml/c, fireball life time ~10fm/c.
10.3 | | ] | | ] | [Van Hees, Gale, and Rapp, Phys. Rev. C 84, 054906]
1 15 2 2.5 3 35 4 4.5 5

pT(GeV/c)

Rapp's model predictionT:

> Including QGP, p, meson gas, and primordial production contributions.
> Well describing the low p_ excess in our data within uncertainty.
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Summary s

»Dielectron production :

=>» A clear excess is observed in LMR from 200 GeV to 19.6 GeV.

=>The excess yields (in mass range 0.4~0,75 GeV/c?) show centrality
dependence in 200 GeV Au+Au collisions.

=>Within uncertainties, broadening of p model calculations can explain the
excess in data from 200 GeV down to 19.6 GeV at RHIC.

=»Comparing to In+In 17.3 GeV, higher excess yield in LMR at 200 GeV
central Au+Au collisions indicates a longer life time of the medium.

»Direct photon production :
> An excess is observed in (p, range 2~4 GeV/c) when compared to p+p

reference and the invariant yield is consistent with model prediction.
=>For p_. range 5~10 GeV/c, the invariant yield follows a T,, scaled p+p

results.
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Outlook — Measure correlated charms

="

Charm / Total Cocktail

02 | = _oan

| Charm contribution

100
sqgri(s) (GeV)

STAR Upgrade HFT+MTD :
Understand the correlated charm.

Clear the way to access the thermal
radiation.

® Heave Flavor Tracker - topologically reconstructs D mesons from hadronic
decays and identifies electrons from charm decays.

® Muon Telescope Detector - measurement of e-u correlation — clean to
correlated charm.
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Outlook - RHIC BES-I

BES Phase 2 (2018+):
> Revisit lower energies. -
> Improve statistics — extend to IMR. ¢
> Systematically study dielectron continuum ’\g

from Vs = 7.7-19.6GeV. LMR enhancement
vs.increasing total baryon density.

Estimation for event statistics needed:

0.3

Yas

Au + Au Colhsnons at RHIC _

025/ @

015 H |

0.2 [

_j ......... TN L (L pe | » , PHSD

0.125 [ : .
© Ratio: (p-p )/p,)
0.1 = P02 0 vy T
0.075 |— ‘ —
0.05 -
i :
: i ‘wxfsNN (GeV)
SF e 0-5% -
A 60-80% STAR Prehmmary
L L1 ‘ I 1
10 30 100 300

|

Collision Energy sy, (GeV)
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Thank you !!!
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Backup
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Photon conversion *"

arXiv: 1504.01317

Heam pipe

& wio pholan rejaction
Supportling sfruciure

— w pholon repaction

—  COMPErsion pairs
F TPC inner fleld cage

1

Au + Au ',IIIE_HH = 200 GeV

1 7 I

beam pipe

0 0.2 0.4 0.6

0.8
M., (GeV/cd)
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Acceptance correction

[ pTvs o (negative Tracks) |

helix

momentum momentum

3

MNegative tfa
2

1=
%

45 5
pT(GeV/c)

Like Sign unLike Sign

‘We loss pairs in this kind of region 6
(near to the sector boundary)

ﬁ¢1 MZ

mass = \((massf +masst +2E,E, -2 p,p,cos(Ag))

Loss like Sign pair in low mass (Ady) 0.2GeV

A < A e —t
b1 b2 Loss unlike Sign pair in high mass (A¢,) 0.2-0.5GeV 4

© 3
positive and negative tracks: - TPC sector boundary z
lost in different phi region, especially in low pT region. 1
loss Like-Sign pair in mass(<0.2 GeV/c?), loss unLike-Sign
pair in mass(0.2-0.5 GeV/c). ° o : : S Reevie)
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Background — photon conversion Pz

We use ¢, angle cut method to remove the photon

conversion background as described in:
[PHENIX Collaboration], Phys. Rev. C 81, 034911 (2010).

Geant simalution :

—red line is the cut:
remove 95%
conversion electrons.

Definition of ¢, angle :

arXiv: 1504.01317

—_

Au + Au \s,, = 200 GeV (MC)

B ¢'v cut vs mass

06/09/2015
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0.8

¢, (rad)
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