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Dilepton Physics

et €
Dileptons are excellent penetrating probes = e .
— very low cross-section with QCD medium IS ‘/ {p‘ :
— created throughout evolution of system i '4§
Hard scattering QGP phase Hadron phase Freeze-out

Rapp&Wambach, dV.NUC'.PhYS. 25 (2000)1 Bremsstrahlung  QGP radiation Resonance (p) decay Long-lived particle (,n) decay
el L D T U R e - TH AT £

7°m Dalitz-decays 1 ¢ High Mass Range (HMR)

. M., > 3 GeV/c?

p,w

— primordial emission, Drell-Yan
— J/W and Y suppression

] ¢ Intermediate Mass Range (IMR)
] 1.1<M_.< 3 GeV/c?

— — QGP thermal radiation

i ! — heavy-flavor modification

] | | Drell-Yan 2« Low Mass Range (LMR)

' M..< 1.1 GeV/c?

[ Low- Intermediate- High-Mass Region

i 5, "kl ok e — in-medium modification of vector mesons
0 1 2 3 4 :

— possible link to chiral symmetry restoration
mass [GeV/c?]
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Wuppertal-Budapest Collab.
arXiv:1109:5030

... ideally, by using a chiral order parameter
e.g. the quark condensate

NA60, EPJ C59 (2009) 607
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* use chiral partners, i.e. hadronic states which
transform through chiral transformations

a <> p+7
— relative differences sensitive to chiral order parameters
e Study in-medium properties of p and a, mesons

— axial state a,: background too large
— vector state p: dilepton measurements

Rapp, Wambach, van Hees '2: ot
arXiv:0901.3289 (.---~
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Motivation: Thermal Radiation

=
=0 bl T dimuon measurements at SPS
g.: 1 : |L|\:\|IIRR (this analysis) > LMR: dominated by HG
e o Hessmigp  IMR: from HG and/or QGP
: : _. & — HG: ma, — u*u” (Hees/Rapp )
RRL — QGP: gq — u*u (Renk/Ruppert)
1077
, NA60, Eur. Phys. J. C 59 (2009) 607
) L UGS LS. RO T <
. 7 1 e Mass (GeV/c?) §4ocrz A hadrons (n, p, ®, ¢) ) ?_i'\TRuons
1 S ] “e350- m LMR, w/o DY
m. distributions id o IMR ts'wiivus

* LMR: inverse slope show mass dependence 300

—radial flow 250

* IMR: no indication of mass dependence

200~ +
—thermal radiation from partonic phase 1 +
> 150 DD — 'y’
— elliptic flow? ; In-In — s
10 Nen/dn>30
0 05 1 1.5 2 2.5

Mass (GeV/c?)
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Motivation: Dilepton Elliptic Flow

Elliptic flow is generated very early stage G S e e T

* dileptons can further probe this early stage e w+§£¢**‘§_.-"" £

; . [ + ook H ]

* possibly constrain QGP EoS Y e B v2(HM) 3

S B s Au+Au@ 200 AGeV]

Combination of p; and M, can set observational windows on = o, L B T b
specific stages of the expansion r

Chatterjee et al., Phys Rev. C 75 (2007) 054909 0.02 =

0.0 05 1.0 1.5 20 25 3.0

M (GeV)
Expect interesting structures in p-integrated v,(M):  o.025

r Thermal Dileptons

* high-mass dileptons s :_ﬁi;A;;@ 200 AGeV E
— hot early stage [ M=2.0 GeV :
el (55 ]

— flow is still weak

. 0.010 |- iy (HM)x0.05 1
* low-mass dileptons ;

— flow strong, temperature low 0.005

* modulations from the contributions of vector mesonso.oooo'

— strong variations of relative weights on/off resonances
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The STAR Detector

Large acceptance electron ID

 Time Projection Chamber i tem—ry

=

 Time-of-Flight detector

— 2009: 72% completed (p+p)
— 2010: fully commissioned

e Electromagnetic Calorimeter

Q

i P e TOF cut removes “slow” hadrons
0<d<2m, |n|<1 * improves electron purity
« Tracking central events ~¥92%
“ew o dE/dx PID min-bias events ~95%

Nno,

Au-+Au\[s,, =200 GeV

(=8 C T T i . B
ES i _‘\ Au + Au 200 GeV 1 - (MinBias)

Time-of-Flight Detector
0<p<2m, n|<0.9

 Time resolution < 100ps

e Significantly improves PID

5
Momentum(GeV/c)
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e*e Invariant Mass & Background

dAN/AM [(GeV/e) ™|

Counts

108 ¢ ——r—r———7
10’ —eo— Unlike sign (N,.) pairs =
Like-sign (Nii') pairs -
105 = === Comb. mixed-event BG (B, ) -
p+p @\§ =200 GeV
10° =
10 Fadl Bt . MWW Sey t
e " A
-1 ] I
19 0 1
10° — STAR Preliminary
10° |
10*
10° | h_
; Au + Au \(sy= 200 GeV (MinBias)
102 ;_ —— unLikeSign
% —— combinatorial background
L L L L ! ! l

0 0.5 1 1.5 2 25 3 3.5 4
M.. (GeV/c?)

Combine both methods:
p+p: LS < 0.4 GeV/c? < ME
Au+Au: LS < 0.75 GeV/c? < MExLS

carefully normalized using overlap in M,

WWND 2013

Background sources
— combinatorial background (non-physical)
— correlated background
e.g. double Dalitz decay, jet correlation.
Background methods
— mixed-event method: combinatorial only
* improve statistics
— like-sign method: combinatorial & correlated BG
* correct for acceptance differences
— pair cuts remove photon conversions

Other signals (meson decays)

Remove by comparing real data with simulations for hadron
contamination

— Hadron Simulation Cocktail

~ 10° | ® P+p\Sy =200 GeV *
)NRE E
% ® AutAu\f =200 GeV (MinBias)
0 Fe | ® AutAu\S=200GeV (Central) ® =
& YR
10 | =
o
. N
= ® ’ ? ]
1 =8¢ ’ ' L -
3 K v"”? ”' 1S/B@ M.~ 0.5GeV/c?
MY | YT b ?‘ ¢*1 > 1/10 for p+p
107 L j 3
".ml.-.; ; ;T ¢ ? 1 » 1/250 for Au+Au central
b S RN SRR T R
M, (GeV/c?)
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Hadronic Background Simulation

U TR 200GEY

10|

- STAR Preliminary @

&
A KPR
Y K/10 -
A Kpypuix/2

¥ Kpppnix
2 6/10000 !

= /20
=1 p/1000
A200 =
A100

p+p 200GeV

7 8

Ili
9

P, (GeVle)

=y
T

—_ -
e e
RO

&
T T T ]

*

O-%

& K“gz

¥ K"%5000
/10000
720

4 /1000

p/200

Jhy1100

WWND 2013

|
8
P, (GeV/e)

10

Au+Au 39 & 62GeV o)
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* Extrapolated from AMPT calculations
* Scaled to measurements at 200GeV

* Hadrons: flat |y|<1.0, and flat full
azimuth input distribution

— p; distribution from Tsallis blast-wave fit
to measured particle spectra

* Heavy flavor sources

— STAR measurements, and PYTHIA
simulation

— N, scaled in Au-Au
— at low energy: FONLL

Frank Geurts (Rice Univ.)

Au 19.6 GeV

—
o

T
=

T

e

10-4 U I, By

::‘i * TBW fit from
B 3 NA49 data
~# ] emyield from STAR
p
-
.?/\u 3
\'é‘\} _— 4
P, GeV/e

O R — T e ]
STAR Preliminary D'+ D*in p+p
STAR Preliminary D' in Au+Au 0-80%

STAR D' + e in d+Au

PHENIX e

SPS/FNAL ¢ s

Pamir/Muon ? o

UA2 % ’ STAR
s Preliminary

§$ -~ FONLL

P - NLO pQCD

i, o PYTHIA

0

e 10° 10
Collision Energy \s (GeV)
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Production in p+p at 200 GeV

dN/(dMdy) [(GeV/cH)™

Data/Cocktail

Phys. Rev. C 86, 024906 (2012)

» Understand the p+p reference

o T
- § - 1M —yee = il | Fi n0—>yee&y—>ee m
lv. s oS o555 o —ee & m — m'ee — C kt I . I tl . t t thd t
_______ p—> g6 SN e 4 OCKtall simuiation consistent wi datad
' HHHH Jp — e ----- ¢ — ee (PYTHIA) | L. Ruan (STAR), Nucl. Phys. A855 (2011) 269
K sum crmimee bb — ee (PYTHIA) .
i @\s =200 GeV — - ; .
7 : # gl 1 Charm contribution dominates IMR
w’§ ; «— —scaled with STAR charm cross-section
§\\ [ Adams et al (STAR), Phys. Rev. Lett. 94 (2005) 062301
B | ===l 1) ,
107k \ ___________ uvil Based on ~107M events with 70% TOF
SRR il [niihl coverage.
# i — RHIC Runl12 p+p ~700M events, 100% TOF
of % 4
'—# + L Uncertainties:
S et
00. - o ! | . | | ?l * vertical bars: statistical

1 2
M,. (GeV/c?)

WWND 2013

* boxes: systematic

* grey band: cocktail simulation systematic
* not shown: 11% normalization
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Productlon |n Au+Au at 200 GeV

E ~ e W 200 GeV g 3t(1) ;:: Preimna 0.10% (Central)
=, )
C:l\ ° .40% x0. [e] -80% x0. +
0g L) 10-40% x0.05 40-80% x0.02 § 1EE g %)§++H+_+_++&+_+__+_ Lot ee:
58 & o MinBiasx0.0002 o Centralx1 S of , -
i = - .
o @3 (2) 10-40% » enhancement
= 102 2t st 4,
when compared to
L N ++¢++++++-+++\»H. ' p
DhT 8, cocktail (w/o p meson)
10° 3-(3) 40-80%
# (1]
10-5 2 +
1% ‘”‘+ +++++++¢%b++—+—
10 0f , | :
107 w '?'_T_ 3'(4) 0-80% (M|nB|as) |nterm6d|ate MaSSI
= 4+ 2t =+ N
1oL STAR Preliminary 4 ; : ,~.+ Bodss +++++++++h+ cocktail “overshoots
@) line: hadron decay cockiail . 0.0
N 6(')”6'5"”1["7'15"”2'""2'5”':'5“'5'5“'5] Oi""o's"”1""1s'”'z'”"z's'"'é"'s's'"'zl e e gy
: : ] ' : ' but, consistent within errors
M., (GeV/c?) M,, (GeV/c?)
A LEoN00 a st Tw £ T, ot
‘\To\ STAR Preliminary | P !
Ny g 3 modification of charm?
0] L ]
b ifficult to disentangle (modified) charm
= I 1 difficult to disentangle (modified) ch
DLt I - from thermal QGP contributions
~& 50 I 3 » future detector upgrades required
2 L I | LMR enhancement scaled
Au+Au @\[sy, = 200 GeV b .
- 1 by N, vs. centrality
0" "To0 200 300 400
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(o) 104 —
O] g STAR Preliminary  Au+Au 200 GeV Central 3
=~ [~ —
JORY -4 pe>0.2 GeVic, [nfl<1
el 3
S S — Total =
% CRRANT e . Cocktail Sum -]
E " [ qq """"""" HG Medium ]
© 10 p OGP Radiation 3

1 \IJIIIIl 1 |\|IIII|

|
e

Ll

Data/Total
o

______________________________________________ _
0 | L I L | L | L | L | L
0 0.2 0.4 0.6 0.8 1 12
Mass(e'e’) (GeV/c?)
(%]
v -10 T R AL T U
% » VEICUUIT(I)
RO BT 0(770)
o R, Pp o:=0-68P,
S g
© o <
o) 8 A -4- T=180MeV
€T E [ q=03Gev
c .= i,
$x 4
~ © o
o [ e =t Madtis SNRT
o e gm0 - “oGg 04 1 12
e M [GeV]

Rapp, Wambach, v. Hees. \i$1

* STAR central 200 GeV Au+Au
* hadronic cocktail (STAR)

Ralf Rapp (priv. comm.)
R. Rapp, Phys.Rev. C 63 (2001) 054907
R. Rapp & J. Wambach, EPJ A 6 (1999) 415

Complete evolution (QGP+HG)

cocktail + HG + QGP:
>

» hadronic phase: p “melts” when extrapolated

close to phase transition boundary
* total baryon density plays the essential role

» top-down extrapolated QGP rate closely

coincides with bottom-up extrapolated hadronic

rates



Compare to Theory: PHSD Model

O. Linnyk et al., Phys. Rev. C 85 024910 (2012)

dN/dMdy [1/(GeV/c)]

dN/dMdy [1/(GeV/ch)]

H. Xu et al., Phys. Rev. C 85 024906 (2012)

Pl AutAu, 5"’=200 GeV, 0-80% centrality

| AutAu, 5°=200 GeV, 0-80% centrality

@ STAR preliminary E 10" i @ STAR preliminary 4
= PHSD ? = PHSD sum of all channels]
..... nl]_ = .n_._.p-.-.-.J/\P’\In'E o nn_ — 'T]-'-'(D""'A:
- - -D,D—e—q+q—>ee 10" =p8(® DT

“TaN/dMdy [1/(GeVic))]

- —-D,D—e—q+ q—> e'e ]

0.4 0.8 1.0 1.2

|
1
|
. I .
0.0 0.5 1.0 13 2.0 2.5 3.0 8ES

Parton-Hadron String-Dynamics

1. Collisional broadening
of vector mesons
2. Radiation from QGP

Minimum bias collisions

2 ! !
M [GeV/c)] M [GeV/c]
. 10' .

AutAu, s'*=200 GeV, 0-10% centrality | AutAu, s'?=200 GeV, 0-10% centrality
5 STAR preliminary 1 g @ STAR preliminary 1
——PHSD 3 10° |@ =——PHSD sum of all channels _
_____ no___n_._,p_,_,_,J/\P’\}nE "‘,, .....n"__.n_._.m_.._.AE
---D,D—e—q+q-—>ee 3 AR A P Sl o]
1069 - =D, D—e—q+ G> ¢'¢

dN/dMdy [1/(GeV/c))]

|

|
I L " L s In”'. Zh "
0.0 0.5 1.0 1.5 20 , 25 3.0 StS 2
M [GeV/e | M [GeV/c)]

1 l. L)
0.4 0.6
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(0-80%):
» Generally good
agreement

Central collisions

(0-10%):

» PHSD roughly in line
with LMR region
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IMR: Transverse Mass Spectra

—~ 107? b T ] T 1 B B A
§ STAR Preliminary ®  AutAul.1<M <18 GeV/’
\T_ W AutAu 1.8<M ,<2.8 GeV/E
% P » O ptpli<M <1.6GeV/’ 1
[l T, o <] <2 e ,.»‘_,4(_: =l . .
= e v IR R e RHIC: Au+Au 200 GeV (minbias)
z [, M L 8 — inclusive dielectron
B L b LA T e e ]
: & B, * SPS: In+Iln 17.2 GeV
1 | NAG60 -- PRL 100, 022302 (2008)
T ' — charm/Drell-Yan subtracted
-8 | L | | | L ’ | L | i | — T |
105, 02 04 06 08 1 12 1.4 > 038 =
M,-M,, (GeV/c?) (09) STAR Preliminary PYTHIA charm @ RHIC
— B RHIC Au+Au dielectrons RHIC Au+Au hadrons L
I—Hq_) 0.6 A RHIC p+p dielectrons SPS In+In dimuons =
» p+p results consistent with PYTHIA L ; {
] . .
» m; slope in Au+Au larger than in p+p = A

* hint of thermal dilepton production and/or
charm modification P s I

» inclusive dilepton slope in Au+Au
(RHIC) is larger than SPS (charm/DY |
subtracted) ©n K ppAE Qd . Sy oy

0 1 2 3 4

Mass (GeV/c?)

Frank Geurts (Rice Univ.) 14

WWND 2013



Elliptic Flow in Au+Au at 200 GeV

First measurements from STAR * 700M min-bias events
— combined 2010/2011
| |
200GeV Au+Au Minimum bias(0-80%) * Background:
0.2~ — Simulation: sum(z’, 1, ®, ¢) — — Like-Sign M_<0.7 GeV/c?
XL Data — Mixed-Event M_>0.7 GeV/c?
. . 1 ¢ Event-Plane method: TPC
~ * Cocktail contributions:
r -l- 2; g _\3‘/4_ l_l_' 10" :J;-;Yt":e;ee —8;-)2:209 g:ertleee —E;I;Yt:i‘l Sum
0 = T Il y T Ty oy _ }; | |]||||||,|“;||:|th u||,.“\“,.\.”,-.uw-u":-‘»...,m"""”""‘”'“'w' Hull'lul”l|”||||‘“H”W
| STAR Preliminary ¥k /! !
0 0.5 1 » H"'”‘ |
M..(GeV/c?)
10535 5oL oAt 05 ohF T 1o
M,.(GeV/c?)

» dielectron v,(M,,): data and simulations consistent
— work in progress to include IMR v,

WWND 2013 Frank Geurts (Rice Univ.) 15



Dielectron v, pr Dependence

Au+Au Vs, = 200GeV 0-80% centrality Comparison with measured v,(p-)
0.3 - N 1 - T Y 1 — U T T I 1
| 0 STAR 1 | oal--simutated v, o, | T (STAR) and r® (PHENIX)
A PHENIX n° _ | £ 2
No'z' 7 measured v, [ TS . MIssSU-T4 Gelic
> I & "'f‘r,~ é’ﬁ’ % > | 7%_ - .71)(- v .oy -.% ‘_ PHENIX, PRC 80 (2009) 054907
01 "%"" - g ,t
o 5 e
& M,.<0.14 GeV/c? % | 0.14<M,.<0.3 GeV/c* $ —>K*K" (STAR)
00 - 21 ) 4]’ ST.AR Prelgundr) ol ! % 1|5 2| STARP2re.ll;\mdry 0'98 < Mee < 1.06 GeV/C2
pT(GeV/c) pT(GeV/c)
T T T T T I ! ! ! ! ! ] 06 T T T
i I O STARv,: ¢->K*+K' 1
0.4F  0.5<M,<0.7 GeV/c’ 1 04" 0.76<M,<0.8 GeV/c* . | 04 :
oh ! - % ; - 0.98<M_ .<1.06 GeV/c?
ol 1 oo} A =oer drts o B T
| pm— of FETTH i ,
3 \ . ST;I\R Preliminurf' i i i STIAR Preliminarly 1 -02 i 7 ' ’ STARPr:eliminary -L
0.5 1 1.5 2 2.5 1.5 2 2.5 1 2 3
pT(GeV/c) pT(GeV/c) pT(GeV/c)

> V,(p;) consistent with simulations & measurements
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Dielectron v, Centrality Dependence . W§’

_ *°r 020% | T 2040% 3 oy |
Centrality dependence v,(p) ) PHENIX »° t ]
M,.<0.14 GeV/c? 02| W STARY, I 230 0 .
— consistent with simulations & | I *ig?ﬁ % ‘9%..;} § '
gl Ny : o1} Q. e U
consistent with measurements _Wﬁg Q75§+ % _
9y 3 Pk M,.<0.14GeV/c> y
A I o R S SIS LR
[ 7% | opHENIX xt4r %} :
0.2 o 4 o
. . . 7:? i .S-u»-' B P
Can we distinguish between HG .~ | \ﬁ mw}.& I e -
and QGP v, contributions? 01 Rae -
0.10 ST AR, ll‘lilelr:rflalllliiie;pkér;tsl‘l IR ': - simulated v, of e*e” pair from 7 Dalitz ecay” STAR Preliminary
r e 1 () = ’ ! 5 ! ’ ! n=l= : I ; ! " I =
0.08 — Py Q.- | 0 2 4 6 ) 2 ) 6
A .« bl L, f p.T((“TeV/c) pT(GeV/c)
BN G106 e g T e - Recall: need uncertainties to be <4%
= LW ut+Au eV] h :
= i ' 1 ] (compared with model differences) ... no, not yet.
0.04 [ =
0.02 — — . . d
: ] » Require more Au+Au min-bias data
0.00 bbb b e and e-yu measurements at higher M_, to
0.0 05 10 15 20 25 30

M (GeV) : ’ disentangle charm contributions
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Dielectron Production at lower Vs,

Observed Low-Mass enhancement at top RHIC energy
— in-medium modification effects?
— indication of chiral symmetry restoration?

Explore Low Mass Range down to SPS energies

— possible enhancement, consistent model description?

/NS AN2SC/dM, [ (GeVic?) ]

----- Cocktail w/o p e 200 GeV x 200 3

Sys. Uncertainty e 62GeVx20

o 39GeVx1 ;

i o 19.6GeVx005 3

Q e e 3 9 ]
R ,.1.,; STAR Preliminary . .
e, s oo ; Beam Energy Scan Dielectrons:
T B W i ee Bt 2010 - 2011

| T MR T @, i
°0o ng‘gg 2 i ?f’;fm;; Au+Au at 62.4, 39, and 19.6 GeV

i W bt M, 4 ,-‘/’ “. 3

., o ? WA 8\ |
W ¢ HE i i }' ? “‘-r%. STAR data samples:
./ \i,/' } % [ l T i 55M, 99M, and 34M min-bias events

0.5 1 1.5 2 2.5 3 3.5
dielectron invariant mass, Mg (GeV/c?)
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LMR Enhancement vs. Vs,

k § T ) A T 3 T | r T T T T T T ]
§ —.—S;I“AR;—\u—fAu @ 19.6 GeV Y - ee “ 3 5 I O PHENIX AusAu ]
(3 1% -- 7' = yee o —ee & 0 — T ee ?: 4 A CERES Pb+Au
>~ [ Y ek : £ QO@@STAR Au+Au
1| n' - yee sum L
% 107 ,%m —m— CERES Pb+Au @ 172 GeV  -.-.-. CERES Cocktail E L(E & [ ]
z - STAR Preliminary . =
X 102 * 7 - o) = (0.3,0.75)
i = = 3t o 7
h T 1l 8 (QV] +
1073 , oS = .- % =) é *
E . / ) 4 -E 2 _ _
10_4 i ‘s‘ / & LIJ : + ‘ . . :
B ! £ oc L (<) |
— R B e A S e = 1 i 1
s 10¢ Cocktail uncertainty * E —
= § ——— oL L ﬁ [ (0.15,0.75) - j
S 1 ﬁ-ﬂ%—:k _________ m —*i : STAR Preliminary |
E g O I I ] I ] ] I |
a T T TTF AR e 1T LT 10 201 1180, %50 100 200 300
M,. (GeV/c’) Vs (GeV)
» LMR excess over hadronic cocktail
» STAR enhancement comparable to CERES :
. : observed for all energies (excl. p)
note: different experimental acceptances _
» systematic measurement of LMR
STAR Au+Au at 19.6 GeV/c CERES Pb+Au at 17.3 GeV/c enhancement factor
—  min-bias (0 - 80%) CERES, Eur.Phys.J. C 41 (2005) 475

— p>0.2GeV/c, |nl<1, |y, |<1 — semi-central (0-28%)
—  p>0.2GeV/c, 2.1<n<2.65, 6,.>35mrad
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Compare to Theory: in-medium p

1
10" F
19.6 GeV 62.4 GeV
0 sys. uncertainty
A 10 — cocktalil 1E
= [ N D | - + medium modifications| |
- STAR Preliminary ® i 10
= 3
O TO=54 Au+Au Minimum Bias
3
O
= LN X
-g ~~~~~~~
107 ¢ 3 :
10 ' '

O <082 L0k S016, °50:8

O 0125 %0.4°50.6,.90:8 Tl 50s <20:2 04 06 *00:85% 1
dielectron invariant mass

»Robust theoretical description top RHIC down to SPS energies

— calculations by Ralf Rapp (priv. comm.)

— black dotted curve: cocktail + in-medium p

» Measurements consistent with in-medium p broadening

— expected to depend on total baryon density

— tool to look for chiral symmetry restoration

WWND 2013
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e 2009 -2011
— TPC + TOF + EMC ~
 dielectron continuum STAFM‘T/D Barrel
* dielectron spectra, and v, (p;) Muon Telescope Detector

— vector meson in-medium
modifications

— LMR enhancement
— modification in IMR?

for more details, see F. Videbaek’s presentation

» single W's from heavy-flavor semi-leptonic decays

— e-u correlations to disentangle heavy quark decays from
initial dilepton pairs

c+c —>e+ U (e)

e 2012-2013 » improve understanding of QGP thermal radiation in IMR
— TPC + TOF + EMC + MTD (partial) 2 I T
3107 ¢ — background
* e-| measurements Sl W
— IMR: Improve our understanding LU R AN
of thermal QGP radiation 10 bttt
— LI\/IR:. vector meson in-medium 1§ 4 N e viaAl
modifications 107t Py{eu)<2 GeVic
L.Ruan et al., g . 1 -

J.Phys.G. 36 (2009) 095001 1025 12325 6 7 8 9 10
eu invariant mass (GeV/c?)
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STAR Dileptons: Future (2)

L.Ruan et al., J.Phys.G. 36 (2009) 095001

40
e 2014 and beyond £ 200CeVdu el
O 30( i ---backgroun
— TPC+ TOF + EMC + MTD + HFT © a5t
« dimuon continuum 3
* e-W spectra andv, ‘::
— LMR: vector meson in-medium B T i s it
modifications u*u” invariant mass (GeV/c?)
(7] R e
— IMR: measure thermal QGP £ a0 0<p.<5 GeVc s
- 5 o CSrvatE - B Satls SRR et
radiation O120
100
80
60
40_—
20 - .
%5 9 9.5 0 105 11
> BES Phase Il > Fu" MTD u*w” invariant mass (GeV/c?)
— improve statistics for existing large area p ID, with [n[<0.8
low energy samples dimuon measurements:
* e.g. comparable to CERES — light vector mesons, resonances

statistics at 19.6 GeV

— further probe lower energies

* LMR enhancement vs.
increasing total baryon density

— QGP thermal radiation
— quarkonia and DY production,
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Summary

* STAR detector very well suited for dilepton physics

— recent TOF upgrade allows for large acceptance electron ID

* Dielectron in p+p and Au+Au at Vs,,=200 GeV: centrality and p; differentials
— observe low mass enhancement
* Dielectron elliptic flow measurements in Au+Au at Vs,,=200 GeV
— Vv,(M_,,p;) results consistent with other measurements & cocktail simulations
— need increase in statistics to distinguish HG and QGP contributions
* Dielectron measurements in Au+Au at Vsy,= 19.6 — 62.4 GeV
— low mass enhancement down to SPS energies, with comparable magnitude
— consistent with in-medium p broadening
— robust and consistent description for Vs,= 19.6, 62.4, and 200 GeV

* Future STAR upgrades enable further exploration of the dilepton continuum
— upcoming MTD upgrade allows for large acceptance p ID

— QGP thermal radiation measurements
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Leptonic Decay of ¢ and w Mesons

Lifetimes comparable to fireball 0 L Bmain o (AT T e
. 1 ) ; L + Data Fit | o0sl +DataFit S:::Lsgzgl 1
* hadronic decay daughters interact with hadronic medium  _1os- — PDG value |~ | —PDGvalue !
A% 5 = ! 2 STAR prelimi {3 003l STAR prelimi ‘
— sensitive to lifetime of that medium 3 .00 B T I | E. k|
5 5 A . @ + 1 So002k —— | dee 2
* leptonic decay daughters do not interact with QCD medium & e R AR S |
1.015- Vol |
— look for medium modifications to resonance mass & width 5 Al |
Statistical error only ———— |
— sensitive to chiral phase transition LINW 05) v | 3s5vez Nazs NEC LA TS L
p, [GeVic] p, [GeVic]

— small branching ratio

g 10 ' 1% . stesemomn '] > No evidence of ¢ mass shift or
d STAR AutAu (Cent.=0-80%) { > | ... TBW fit to light hadrons i i
g *— Rund ¢—K'K" (stat. err) - @ 10° e X STAR(Dp+pg v/ Wldth broadenlng
[ % Runt0 ge'e = O PHENIX © p+p — beyond known detector effects
g 1 [ Errors are stat. + sys. ':r 1 A TBW fit to high pT 7
gy | 1 | T y
B s r SRl » ¢ vield in dilepton decay channel
o R L e, - consistent with hadronic channel
107} [ R '
§ - 10—2 - ®-.'®’.. *“".,__%’. i ; )
o St "l w p; shapes agree with light hadrons
B . . .®.‘ N .
102 ST ar & - w mass and width are under study
[ | ! o Jaal
0 1 2 0 1 2
P, [GeV/c] p, (GeV/c)
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Dielectron M_, for 39 and 62GeV

~ i o " 3
% 10 E-\S\ = 39 GeV ps02 <09 Iy <1 Efficiency gorreCted 10 g \Sy = 62 GeV 02 mico9 y <t Efficiency Corrected
Y i g STAR Preliminary STAR Preliminary
A.[0] = 2.6726e-02 *+ 1.6e-05 e =w2. -02 + 1.5e- .

(\D sl ]n" e ‘: 1 24575: -e- FG Spectrum 0 A,[0] = 2.67366-02 + 1.5¢-05 _e— FG Spectrum €
Y 14 i - SE geometric mean 1 i - SE geometric mean

8 —e— SE arithmetic mean —e— SE arithmetic mean

8 —e— ME comb. bg —e— ME comb. bg

e 1 0’ [ syst. uncertainty 10" [ syst. uncertainty

O

<

Q i) 2

S o 10 10

Z cT contribution cT contribution

© - --0=0182ub < - =-0382ub
2+<10 3 o = 0.282)ub (x2 fit) 10 G = 0.615b (x2 fit °
E o 6 = 0.081ub (FONLL) o = 0.150ub (FONLL)

Z

e 4 -4

10 10
10° R

10° - — 10° e
0 0.5 1 1.5 2 2.5 3 O X0 0.5 1 1.5 2 2.5 3 3.5
dielectron invariant mass (GeV/c?) dielectron invariant mass (GeV/cz)
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Efficiency Correction

Ingredients:

 TPC efficiency, TPC-TOF matching efficiency

* no,(TPC PID selection), 1/B (TOF PID selection)
o- Y Y e - T N & T . T
) s T T R T T T ] ] g 2 N | |
2 £ : = Au+Au @ 200 GeV ]
5 0.9 p+p @ 200 GeV E i MinBias "
S 0.8 ° 0000000000000 H0c000Rd ) -
% *S o 3 g O W s SRS TSR
= 0.7 ? —e— TPC efficiency € § i A( ]
S 0.6k —— TPC+TOF efficiency ¥ = 061" 3
N - 3 - © i
8 - —a— Overall TPC+TOF+no, cut ] N —— TPC efficiency ]
E 0.5 ? E 0.5 : —o— TOF matching eff. 5
0.4 ? “:“"“A\A-A-mAwA-A-A-ArA\A»A-A'A-A~A-A-A-A~A'A‘A—A-A~A-A-AfA-uA'A-A-A'A'A*AwmA-mAé 0.4 :— STAR preliminary —:
03:_ .-. :nwnn|x‘,I...‘I‘."\,‘,.I‘.‘.IH g | SIS, SYRTR i ,.,,:
e ] O OIS ST L 2 25 3 35 4 45 5
0.2 ] P, (GeV/c)
0 = N v TR sl SN o L R > 1P
1 2 3 p4 (GeV /cs) 'é g Au + Au\/s, , = 200GeV
T % 0af- MinBias
g'? T b a2 : - STAR preliminary
g E 115 o =
2% p+p @ 200 GeV 21 ptp @ 200 GeV G
g 1.1 I g
? | 5105 : o7sE-
| s TS R S ooooooooo.ooo...o”.o°°°0." " 3 -@- ndEdxFits efficiency
0.9 e - ae F == TPC no, efficiecny
e osst TOF 1/8 effici
i - O ernciency
’e 0.85 OG—J.A.JH..I..,AIJIJ | I T P T i, el 50
& b ’ 0.8 . 0 0.5 1 15 2 25 3 35 4
() 1 2 3 r ] ((‘.e\"/ﬁ) 0 i 2 b, (GeVic) momentum(GeV/c)
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Efficiency Corrections (BES)

TPC Selection Efficiency & Purity RRY Y0 4 QNS R<ONO0

T T T T T 1.2 - *
4 B x1.083 = STAR Preliminary -
62.4 GeV ﬁ A , =
08 TPC o, 'I" TOF Matching Efficiency §
-o- o' Effici Pl = ' ¥
e+/. I(-:lency 0.8ttt PP SR N S . I S S 5|
0.6 || @ e Purity | E
Contamination STAR Preliminary ! o dil ; —
. 0.6 forsnirss o )
0‘4 B H‘ﬂ K ] '! H 39 G v H - 6 8
-~ T : e . S
02} @ p/p 041 —0— photonlc B el e
024 —@—— scaledx ! ‘ est. systerﬁalic unoeftainty
0 L I L L P = EE L 7.7.1_“.1 i 1 i " 1 1 ; 1 1 x
0.2 03 0.4 06 08 1 2 B A 0.2 03 04 0506 1 2 -
momentum (GeV/c) P, (GeV/c)
Systematic Uncertainty of Track Quality Cuts ' ' single track efficiencies propagated to
x 0.14 D" e e S~ pair efficiencies via 2-body-MC
© L 11<p <12 STAR Preliminary ) P, 5
—
0.12 —ph.e- . .
U,E Lo T estimated uncertainties reflect A
£ 1} —emb.e- |reproducibility of track quality 0.3
- distributions in embedding
- i — TPC Tracking — 39 GeV
0.08 0.25 — N TOFrl?A(;t?rgng ..... 62.4 Zev uncertainties depicted
o M SRR L L W TR N I W IS — +elD Selection - 19.6 Gev for 39 GeV only. 62.4 &
0.06 1Y 0 - < e TS o o 19.6 GeV comparable.
0.04 | 0.15
0.02— 0.1
0 0.05
0 50 0 0.5 1 1.5 2 2.5 3 3.5
NHits(fits) dielectron invariant mass (GeV/c?)
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Electron Pair Efficiency

s TI0N ; ) -
£ input cocktail o
% _ cocktail after detector -
2 10°pk simulation and cuts -
= 3 p+p @ 200 GeV -
Z 10°F " =
=} b W <
10.7 N e A ‘-""u . ‘n-
F (a) j
10°
0 0.5 1 1.5 2 2.5 3

M., (GeV/c?)

In STAR Acceptance
STAR preliminary

~__ - Au+Au @ 200 GeV

dN/dM (c%GeV)

-
o
LRLALL !HHW T \H‘ I HHI[ HHT‘ LA

5 L) [ i T T T =N
2 L d
& 0.15 —
2 I p+p @ 200 GeV /
= e o )
- ‘ . —
o » 00’0’ y
- 1= .. —
: ...... :
i ..'.“O““.
0.05- -
[ (b) j
2 2 a2l aaaalasaalaeaaslasasasllaeazala s
0 0.5 1 1.5 2 2.5 3
M., (GeV/cd)
g@ Q.fs '
- 'STAR preliminary Au + Au \[s,, = 200 GeV
2 !
T | MinBias
0.1} r .
0.05| r‘mo-o—o—o-ho—H—o.o—o—o—*
: Central
[ © w/o ® w photon e rejection
0 1 | 1 1 L

0 1 2 3 4
M., (GeV/c?)

pair efficiency = (cocktail sampled single e* eff.) / (input cocktail)

.-_ Li .\\ .
w0t ~ - - TMQCinput
L <Ly
107 ey B
'.‘""'."'., : S W'“"""n'.-

10-4 ? R e Con \ "': =, ’17‘* """:"fg‘,’f_? :‘l.,,:’ " 4 J" .0.'.%“»“.‘.'““
10° %

-6 i 1 1 1 n 1 L 1
L 1 2 3

Mass(e'e’) (GeV/c?)
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Systematic Uncertainties

o
w

» efficiency ~10%
e total normalization ~11% L Total Sum
e cocktail simulation 14 - 33% 2K \

0.2V U
— p+p @v\s = 200 GeV = = == BG subtraction — ; ; ’ N

LikeSign calculation

p+p@200GeV Au+tAu@200GeV
* Background subtraction 0-27% Z STAR Prefiminaly
n L — B -======== Normalization
o h d d ron co nta min atl on O i 3 2 % g /\ Hadron contamination
8 --------- Acceptance | |
=
™,

Photon rejection

H
= 1
'5 — — Contamination 0.1~
E SIEIE Efficiency _,-‘t ‘1 ) /\ﬁ
Q [ L
g Overall i ‘ __________
okl (I ol i _‘ W

'% B Coasan g 00 0.5 1 1.5 2 2.5 3 3.5 4
E M., (GeV/c?)
=
N

el Au+Au@19.6GeV

0 f '\./'~U‘ RS\ d T e 0
0 1 2 3 Tracking efficiency 7%
2 .
Mo S8y ) TOF matching 5%

Pair uncertainties (summed) 17%
cocktail uncertainties 12-20%



PHENIX & STAR Enhancement Factor-

w T e )
=S el AR R T e U 2 10'k-min. bias Au+Au at\/s,, = 200 GeV = 2
Q g ® STAR Preliminary Au+Au 200 GeV MinBias g E |;| EGEAS +++ ¢T - ee (PYTHIA) R.Rapp & H.vanHees E ~—
Né’, B p:>0.2 GeVie, fl<1 7] 8 p, > 0.2 GeVic ™ ¢€ — ee (random correlation) —cocktail — w
= | I §10_25 —sumw;pvacuum. - D
o E E x = --sum w/ p broadening 3 z
= - 3 5 C -+sum/ p dropping) . o
= = Cocktail Sum . uI_ - —partonic yield (PY) =)
P i 1S —] = a3l — |
< 10 £ 3 :10 § § =
= 3 % - iR 3
B - SR ]
£ E 8310“‘ = =
= ; 3 o F -
- 8 z r
s ? e LB ‘:,-’: ‘:‘-. ‘—*—:; 105 Ly
i i et l \"-.l‘:': | ""-.5 L 0_':' o 0.|2 . 0.|4 P o.'e - 0?8 . % = 2
g - l o m,, (GeV/c?)
O - T
S [ i .
% 1 __’ .................................. f+-+h+
PR TR RGN T LT Enhancement factor in 0.15<M_<0.75 Gev/c?
Mass(e'e’) (GeV/c?)
Minbias (value + stat & sys) Central (value + stat & sys)
T 1.53 £ 0.07 + 0.41 (W/o p) 1.72 + 0.10 % 0.50 (W/o p)
1.40 % 0.06 =+ 0.38 (W/ p) 1.54 £ 0.09 + 0.45 (W/ p)
PHENIX 4.7+04+1.5 7.6+0.5+1.3
Difference 200 4.2 ¢
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i

1l I (i | | | L | Il |l | |1 | 1 | L LR Ei m
® PHENIXAutAuMB ----¢0—ee&($—>mnee 3 O
10" — PHENIX cocktail ~ ----p —ee E‘ b Reproduce the 2
PHENIX ct ===~ N> Yee 3 2 A 4 N
10-2 =+ n"—w{eecc_)ee ----Jy — ee ] COthall Wlthln PHENIX 8
-- - yee ---- € > ee (PYTHIA) J 5
10—3 .. - 0 —ee & ® - Tee — sum _; aCCEptance by Our
oy ‘ \ STAR preliminary E methOd.
10° i <
10°E 4 ¢ The momentum
107 & / ‘ A resolutions are still
Elin gy o AT s T AR e 9
-8 _"‘Ill”l [l J|\\I< ''''' | L1 rﬂlll\‘|l“\| :.I:'ItlF :/h‘i\:fn"i\"‘\"d:h:'l'i":{\."u ':‘ |"'I|: 110 1’| Ly I‘n"‘r\‘(p |
1070 08 * 1 1.5 2 2.5 3 3.5 4 from STAR.
M., (GeVic?)

Scaled by all the yields from PHENIX paper[1], STAR reproduces the PHENIX cocktail.
[1]. Phys. Rev. C 81, 034911 (2010).



Sector

Support—Whest —

PC;C2 gleanglﬁl( O STAR
— 12 sectors east and west barrel
— 2mcoverage, |n|<1

RICH
Phsc B8 () . PHENIX
MVD

— 20 sectors east and west arm

!

e — T coverage, |n|<0.35

\\ "\\ Ti frame T . T ! T p T T
West B mVicy East “‘;‘"““‘ window:

T Anode & Pad

—
>

<))

)

~

N

_— Sectors [&]
=

o

-~

Z

©

Outer Field Cage
& Support Tube —_

® STAR with PHENIX acc

Au + Au \[s,, =200 GeV (MinBias)
—— unLikeSign

—— unLikeSign (mix)
—— LikeSign
LikeSign (mix)

,mn, oo
J/y, ' bb, DY

ct PYTHIA 0.96mb

—— Cocktail Sum

STAR Preliminary Au+Au 200 GeV MinBias _|

® PHENIX data pe>0.2 GeV/e, [n°l<0.35ly, |<0.5 |

12k STAR with PHENIX ¢ Acceptance T
p,: 0.0-5.0 (GeVic) %
0 g 2 3 4 8
M, (GeV/c?) &
©

() ll " I ! 4 ] =

_ _ 0 1 2 3 4
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