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* Motivation for dilepton physics at STAR

* Dileptons results in Beam Energy Scan Phase |

* Beam Energy Scan Phase Il
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* Near future dilepton studies at STAR

» Measurement of 4 4~ continuum at STAR
e Studies of correlated charm in IMR
* Low p; dilepton pairs in Isobar collisions

* Summary



Motivation for Dilepton Physics at S

Dileptons provide an excellent
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penetrating probe of the medium é/ \/
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* Leptons have low interaction cross section

with QGP medium —they carry information b kgl q
to the final state AT
* Dilepton pairs are created throughout the 551340
entire Ilfetlme Of the SyStem Hard scattering QGP phase Hadron phase Freeze-out
T T g Bremsstrahlung  QGP radiation ~ Resonance (p) decay  Long-lived particle (,n) decay

7 Dalitz-decays 1 Low Mass Range (LMR) M, < 1.1 GeV/c"2
* In-medium modification of vector mesons
E * Link to chiral symmetry restoration
1 Intermediate Mass Range (IMR) 1.1 < M, < 3.0 GeV/c"2
* Dominant contribution from semi-leptonic correlated charm decays
* QGP thermal radiation

” High Mass Range (HMR) M, > 3.0 GeV/c/2
“ oeivan{  * Primordial emission, Drell-Yan, J/Y and Upsilon
suppression
L Low- | Intermediate- | High-Mass Region
>10fm >1fm <0.1fm §
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NAG6O : Low Mass Range

NA60’s dimuon measurement:

* Compare p broadening/melting

models
 Data favors Rapp/Wambach

model - p broadening through

interactions with hadronic
medium

* Link to chiral symmetry
restoration?
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NAG6O : Intermediate Mass Region

PRL 100 (2008) 022302

Measurment of inverse slope

parameter (T,f¢) from my

S 400~ : s
[ Ao hadrons (0, p, ®, ¢) N dimuons N . . .
= v LMR S distribution
$350 = LMR, w/o DY <2
- ] ':"'Qii;;-_ ® |MR (this analysis) % ¢ eff - 205 i 12 MeV
300f £ RN g ¢ Indicative of thermal radiation from
: v | DY 8  partonic medium
250 Ya Ty o
: | * No mass dependence visible in IMR
i m_.n i
2004 ; T | Challenge to disentangle correlated
g e charm from QGP thermal radiation
150 | —____ DD—p*u
: dN_/dn>30 e e STAR upgrades (Muon Telescope
1000 05 1 15 2 925 Detector & Heavy Flavor Tracker) will
Mass (GeV/c?) help — more later
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STAR Dielectron Results ir
Beam Energy Scan Phase
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STAR Dielectrons in BES |

0.5
* BES | beam energies : /syy =7.7, 11.5, _ Au+Au o oo
14.5, 19.6, 27.0, 39.0, and 62.4 GeV 0.4 @ 1020%
* Insufficient statistics available below i 3‘ 30-40%
. R | o £\ 40-50%
19.6 GeV for dielectron analyses & 1 7.7GeV ® 50-60%
= : 3L 60-70%
* Probe a wide range of initial conditions X o2 £
* Approximately constant total baryon '& 15 GeV62 i1G
: eV
density in the \/syy range from 19.6to 01 . g B
200 GeV 0' 39 GeV 130 Gev ~ 200 GeV
How does LMR excess yield evolve? 0 50 100 150 200
* Are in-medium modification effects visible at all energies down SN
to SNN = 196 GeV? . .
V Beam Energy Scan Dielectrons:
* Is the enhancement consistent with model predictions at 2010 = 2011 Au+Au at

ies?
these energies: 62.4, 39, 27, and 19.6 GeV

3/18/17 Daniel Brandenburg | Rice University 7



)

1dM,, [ (GeVicH) ]

evt acc
mb d Nee

1/N

—_
o
N

_
o
o

[
S
N

—
S
N

[
S
(o2}

BES: STAR Prellmlnary
200 GeV: PRL 113 022301

“ noe'ey
8 n‘—>e+e‘v
- w—>e e(Tr)
p—e E(n)
m™oe ey

' cc—»D//\—»ee

ceooe

Cocktall w/o p
19.6 GeV x 0.002
27GeVx0.03 |]
39 GeV x 2
62.4 GeV x 25
200 GeV x 200

| 9199'60171:A!xw

d?N3/dpdM,, (c%/GeV?)

evt
mb

1/N

AR Dlelectrons in BES |

stat. errors only

$/95 6OV T:NIXIE

Sustained LMR

Robust theoretical description
* In-medium p broadening + QGP

* Expected to depend on total baryon

excess from top
RHIC energy to 19.6 GeV

density

g STAR Preliminary
LMR: O4<M <07GGeV/c ,,,,,,,,,
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STAR Acceptance Corrected Excess Spectra

Acceptance-corrected spectra for Au+Au at 27 39,
and 62. 4, and 200 GeV as well as U+U at 193 GeV

e Au+Au at 19.6 and 200 GeV

* Normalized to (dN_. /dy)._, to cancel =
ch y= =0 > ! AutAu S\ =27 GeV
out volume effects 2wy - g
s ----- HG_med
* 17.3 GeV (NA60) and 19.6 GeV SO T oo
consistent 5“ 107 b __\j -
S Dielectron excess 3 ;3 i Tl SRR, —
—e— Au+Au 19.6 GeV 0-8(3;/0 E E, g STAR preliminary
—+— Au+Au 200 GeV 0-80% - Z ol
™ —=— In+In 17.3 GeV dN_/dn>30 g T . 05 =
B SN —— HG+QGP E M., (GeV/cz)
g, < R
3 v
S - % . Au+Au m: 62.4 GeV
LI 3 E 107 E +(:a(a E
9 = | = T Sum
‘ i EE % 10° ------- g:;’ “ E
Z w0 T N .
1 2 %0 10%
M” (GeV/ CZ) 5 - STAR preliminary I
Acceptance-corrected excess mass spectra well £ . . |
. . = 0.5 1 1.5
described by broadened p spectral function (SF) M, (GeV/c?)

Hohler & Rapp: “Is p-meson melting compatible with chiral restoration?”
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Link to Chiral Symmetry Restoration

<qq>1/<qq>o
Strong Experimental evidence that p meson “melts” @
Input for Phenomenological approach: S
0.4 --- without T'°
* Vector meson SF from phenomenological model, verified against A )
experimental data o e
= T (GeV)

S S S S Y S S S HY
0.08 0.10 0.12 0.14 0.16 0.18 0.20

Py4(8) oM E C, <0n>

A

* T dependence of condensate, from lattice QCD
|
QCD Sum Rules : constrain vector / axial vector SFs individually Wfds

Weinberg sum rules : difference between vector & axial vector SFs de(Pv —0)s" = f,

0.08 Vacuum + T=100 MeV + T=140 MeV : Qua ntatively Compatible
% "l : Xi?:l)ivector 1 : X:;(l)ivector 1 : X‘:;(l)ivector ] Wit h (a p p roa C h tO ) C h i ra I
Output:: 1 1 * :
= 1 ] restoration
Ezz F | | }T=15(}) MeV} | | T | | }T:16(}) MeV{ | | j | | }T:17(}) MeV{ | | : H O h Ie r’ Ra p p
v oosl  veetor 1 — Veetor 1 — Vector PLB 731 (2014) 103
% ! —— Axial-vector ] —— Axial-vector ] —— Axial—-vector ] ) ) )
:° »& But, still need microscopic
S A — ¥ ——— | calculations of a,(1260) ...
00 05 10 1.SS (Gi,(\)/) 25 30 35 . 05 1.0 145S (Gif,) 25 30 35 .0 05 10 1A5S (Gi.;)]) 25 30 35 ( M a SS ive Ya n g_ M | | IS)
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Link to Chiral Symmetry Restoration

Effective Chiral Lagrangian

* Gauge p and a, into chiral pion Lagrangian

* Massive Yang Mills in hot pion gas — starting point for evaluation of chiral
restoration in medium

o.08f ' l \'acut;m ' I I IT:IOO .{Ie\' I ] ' 'T:HO .'\‘Ie‘.' ' ] g él:

5 o

" —_— Vector —_— Vector + —_— Vector E ?ni D

_7; —  Axial —vector : —  Axial-vector - Axial —vector o ‘;

S ub . ” f 5 t 1 % S

upports “burning” of ~..| [58
(@)
[ ] [ ] [ ] o m
chiral-mass splitting as = . u—— = TSRO * e 1%
0.08 T=150 MeV 'f T=160 MeV ] T=170 MeV ] 8
a mechanism for chlral e | — Ve ] T
~
10

——  Axial-vector [ —— Axial-vector ——  Axial-vector

restoration
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Beam Energy Scan Phase |
2019 - 2020
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RHIC Beam Energy Scan Phase |

Purpose: Refine our understanding of the phase structures of QCD matter
* Beam time : 2019 - 2020

* Revisit lower BES | energies (19.6 GeV and below), possibly add 9.1 GeV
* Gain significantly more statistics — necessary for dilepton measurements!
* Systematically study dielectron continuum from /sy = 7.7 to 19.6 GeV

Table 2. Event statistics (in millions) needed for Beam Energy Scan Phase-II for various observables.

Collision Energy (GeV) 7.7 9.1 11.5 145 19.6 STAR Whitepaper for BES Il

ug (MeV) in 0-5% central collisions 420 370 315 260 205 Studying the PR
Diagram of QCD

Observables

Rcp up to pr =5 GeV/c - 160 125 92

Elliptic Flow (¢ mesons) 100 150 200 200 400

Chiral Magnetic Effect 50 50 50 50 50

Directed Flow (protons) 50 75 100 100 200

Azimuthal Femtoscopy (protons) 35 40 50 65 80

Net-Proton Kurtosis 80 100 120 200 400

Dileptons 100 160 230 300 400

Required Number of Events 100 160 230 300 400

3/18/17 Daniel Brandenburg | Rice University 13



Dileptons in BES Il

BESI:/syy =19.6t0 62.4 GeV

* Dilepton emission dominant in T region
e ~constant total baryon density

* Emission proportional to lifetime

LHC
s

=—>! SPS6-18GeV

NAGO *—‘/I'?ch top

Average temperature of medium

BES Il : y/syy = 7.7 10 19.6 GeV —
* Average temperature of medium ~constant Z § -
. . . BES 11 ! BES |
* Probe life time + baryon density dependence of the p-meson : s 5
. HADES ; : =
spectral function - —_
Collision energy ©
©
|
QGP
— | turrm-off? g
= : S
5 N
=
s
E
= centrality
g2 lifetime
o + :
T‘.?.. totalbaryon§ *—-&*//
S denshy | lifetime + '
% temperatureg Tot:;:saigon ; lifetime effect
—

Collision energy
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Dileptons in BES Il

BESI:/syy =19.6t0 62.4 GeV

* Dilepton emission dominant in T region
e ~constant total baryon density

* Emission proportional to lifetime

BES Il : /Syy = 7.7 to 19.6 GeV
* Average temperature of medium ~constant

* Probe life time + baryon density dependence of the p-meson
spectral function

e Total baryon density expected to increase by ~2x

* Close to QCD critical point?
* Increase in correlation length
* Critical slow down —anomalous increase in fireball lifetime

Linking top RHIC energies with SPS, FAIR energies

* Comparison with NA60, HADES, CBM

* At FAIR energies, probe lifetime + total baryon density +
temperature

NA60+ proposed at SPS — overlap with RHIC and FAIR

3/18/17

T
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BES || Detector Upgrades : iTPC

STAR proposal to upgrade the inner sector of its TPC R e 190
* Increase rapidity coverage e ST Collhorton
* Lowers p; threshold i

* Improves dE/dx (PID) resolution

Substantial improve dielectron systematics
* Systematics expected to be reduced by ~2x

e Purity

. . < | | | I
e Improved PID = increased electron purity > _ - Rapp: vacuum p +QGP
: O - Data - Cocktail ‘
* Lower p; threshold — better acceptance in LIMR ) —_ Rapp: broadened p +QGP
o —0-005(— N —
12r Au+ AU (5 = 200 GeV (MinBias) g O7p——r Ty ey P e PHSD: broadened p +QGP
u + AU S = e Inbilas o e SV/e Infle : | : H
: e g 0.6 Ut py20:2 Gevie i< B \; * . [__] current BES1 w/ TPC
1 I '”ml. .::::::. ...o':.”m”m..’. ig 0.5 S— sim: p7>0.1 GeV/c In‘l<1 3 2@ . '|‘ |:| expected BES2 w/ TPC |
| s P9 [ 7Y °® - ~>‘\/,~~-: '. . s
08} C 80g2%u%’ 0.4F R \: [ ] BES2withiTPC upgrade
: I
0.6} 03F E %
i 0.2 :— ---- Th.w/runit acceptance 4§ | (& Nikepmeee
04+t ® Current TPC E\‘\«-;_J"/ } sim. w/ cocktail mass 5 - ITEm e
I ® excepted with iTPC 0'15_ sim. w/ flat mass 3
02l ol5 -I| 1‘5 é 00- - ‘0.12‘ . |0.I4‘ . ‘0.16. l ‘0f8‘ - I1 = = |4 l | _|| 1 |2 =
momentum (GeV/c) M., GeV/c® 0. 0.6 0.8 '

2
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BES Il Detector Upgrades : eTOF

STAR proposal to install CBM TOF
* Endcap TOF (eTOF) mounted on east pole tip

* Increases PID rapidity coverage
* Takes advantage of large iTPC coverage

Dielectron Measurement:
* Allows rapidity differential

 LMR excess expected to depend on total
baryon density

* myields drop by 2x from y=0 to y=1.2
—“baryon density” drops by factor of two.

* Analysis at y=1.2 is equivalent to lowering
the beam energy

3/18/17

Collider mode acceptance
20.3°< 0 < 35.5°
1.7<n<1.14

‘/Att_;:;‘_.j

Ala

2 + e fixed target pos?
(~500 cm)

collider vertex
(~270 cm)

W= WSilum

Modules
108 Counters (MRPC3a)
Electronic channels

Daniel Brandenburg | Rice University 17



Near Future STAR Dilepton Measurements
current - 2018

3/18/17 Daniel Brandenburg | Rice University 18



Measurements of u™u~ Continuum at STAR

* STAR’s Muon Telescope Detector upgrade (completed 2014) allows for
new studies of the dimuon continuum at RHIC energies with STAR.

d
Species Energy (GeV) ~Sampled Luminosity g 2?_10%?5’}2{[:?}':‘%;?:\, i

p+p (63% MTD) 500 28 pb'! § 3 _ ¢ Jhy

p+p 200 122 pb'? S 14E m Lhesin sadrond

p+Au 200 409 nb! T .-

d+Au 200 94 nb-! o b L

Au+Au 2014 200 14 nbl N3 l':;* ‘éi*nﬂ BT ot M ¥(2S)
Au+Au 2016 200 12 nb? Qp-t e D et tm B

2
M,, (GeV/c?)

High quality p+p data set : provides baseline for Au+Au analyses
* Clear w, p, J/1, and Y (2S) peaks visible in p+p collisions @ /Sy = 200 GeV

High statistic Au+Au data samples triggered by dedicated dimuon trigger

Dimuon channel — fewer background source in LMR compared to e e " channel
Analysis of data from p+p and Au+Au @ ./syy = 200 GeV is ongoing



Disentangling Correlated Charm in IMR

Heavy Flavor Tracker:
* Provides precise tracking

* Allows charm to be better distinguished i
via secondary vertex reconstruction
¢ Analyses OngOing W|th 2014 & 2016 data | black: de-correlated + energy loss

Tracker

Muon Telescope
3/18/17 Detector

Heavy Flavor ho s

870 million 0-10% Au+Au

- red: PYTHIA ccbar-> ep

B 23 forMlep)>3Gev/c? |, o
0 051152 253 354 455
eu invariant mass (GeV/c”)

Muon Telescope Detector:
* Allows for a dedicated e-u trigger
* Gain handle on charm contribution via e-u

correlation
» Study possible charm modification in medium

Daniel Brandenburg | Rice University 20



Isobaric Collisions : Low p; Excess

* STAR and ALICE have observed significant excess productlon of J/l/) in

peripheral A+A collisions at low p; ( p; < 300 MeV/c) & TTSTAR Prelminary 3
« Two potential sources: - g g
* Photo-nuclear o Z2 O comatty: 50-80% -
* Photon-Photon « 7% i 0 ?
!
AnnRevNucIPartSu 55(2005)271 il Ll i
Investigate Z-dependence of low-p;  ewaeowiy T ' s
dielectron excess: f e SR vvsmey e e
* Measure & compare in A=96 isobars: % | o I ety
. Ru + Ru S
« ao7r + 97r 107
Proposed for 2018 “u
O S e

3/18/17 Daniel Brandenburg | Rice University M., (GeV/c?) M. (GeV/c?) 21



Summary
» At SPS, NA60 and CERES demonstrated the physics potential of accurate dilepton

measurements

STAR has developed a strong dilepton program

* Detailed study of dielectron production in Au+Au and U+U @ top RHIC energy
* BES |- Allowed measurement of low mass excess down to 19.6 GeV, compare with SPS energy

Progress in thermal field theory computations of dilepton production in heavy-ion
collisions has led to robust description of LMR excess

BES Phase 11 (2019-2020): systematic dilepton measurements down to \/syy = 7.7 GeV

* Probe dependence on total baryon density

* Measure p; distribution’s inverse slope parameter (T,sr)
* Look for anomalous increase in yield = indicative of critical behavior
» Utilize iTPC and eTOF upgrades to reduce systematic uncertainties & add rapidity differential measurements

Near Future dilepton measurements at STAR
* New STAR measurements of u*u~ continuum thanks to MTD upgrade
* New methods of distinguishing correlated charm contributions (MTD and HFT)
* Investigation of low p; excess dilepton yield through isobaric collisions



Thank you

3/18/17
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10

electrons in U+U @ \/SNN 193 GeV

U+U \VSan

:_ STAR preliminary

193 GeV (MlIllBlaS)
* 0.0-0.5 GeV/c x50
© 0.5-1.0 GeV/c x 2
® 1.0-1.5 GeV/c x 0.2
o 1.5-5.0 GeV/c x 0.01
® 0.0-10.0 GeV/c x 0.0001

|
0 0.5 1 1.5

2

|
2.5 3 3.5 4

M.,. (GeV/c?)

i STAR preliminary

I I T
U+U \)SNN=

193 GeV

o 0-10% x 1

* 10-40% x 0.05
o 40-80% x 0.02
* 0-80% x 0.0002

- — Cocktail

0 0.5 1 1.5 2 2.5 3 3.5 4
M,. (GeV/c?)

3/18/17

Data/Cocktail

Rapp model consistently s

+U +U \,' =193 GeV

Rapp: HG_med+QGP 10 -40% |

%80% |

sk STAR preliminary

0-80%

1.5 2 25 3 35 4

M., (GeV/c?)

Data/Cocktail

nows good

Rapp: HG_med+QGP

0.5 - 1.0 GeV/c .

1.0 - 1.5 GeV/e .

»—1% ; T
—e—%

1.5 - 5.0 GeV/c .

- STAR preliminary

0.0 - 10.0 GeV/c -

25 3 s 4

M., (GeV/c?)

agreement across p;and centrality differentials

Daniel Brandenburg | Rice University
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Isobaric collisions at RHIC in 2018

Table 5.2: Results obtained from the Glauber model calculations [87] for different colliding
systems. The estimations of the magnetic fields are done at the time of the collisions (t=0) and at
the center of the participant zone. The multiplicity is obtained using two-component model that is

tuned to fit Au+Au data.

3/18/17

Systems
Quantities
U+U Ru+Ru Zrx+Zr
Centrality 60-80 47-75 47-75 .
Multiplicity (jn/<0.5) 12-52 12-52 12-52 source: STAR Note 657
Npat 211 211 211 RHIC Beam Use Request For Runs 17 and 18
B’ (fm™) 30.8 +0.1 30.1+0.1 26.2+0.1 _ ,
B () 1934 = 4 Tl <4 64 https://drupal.star.bnl.gov/STAR/starnotes/public/sn0657

47-75% Zx+Zr

47-75% Ru+Ru

Difference

between

Physics process (data/cocktail) (data/cocktail) | Zr+Zr and Ru+Ru
Photonuclear 143+£04 16.1 £0.4 1.8+ 0.6 (3.0 0)
Two-photon 142 +£0.4 174 +£0.4 3.2+0.6 (5.3 0)

Table 5.3: The expected di-electron data over cocktail ratios in the mass region 0.4-0.76 GeV/c
for p1<0.15 GeV/c with 1.2 billion minimum-bias isobar collisions and the projected differences

for the two physics scenarios in Zr+Zr and Ru+Ru collisions.

47-75% Zx+Zrx

47-75% Ru+Ru

Differences between

Physics process (data/cocktail) (data/cocktail) Zr+Zr and Ru+Ru
Photonuclear 17.5+1.7 20.0£1.7 2.5+2.4 (1.0 0)
Two-photon 173+ 1.7 21.8+1.7 45+2.4(1.90)

Table 5.4: The expected di-electron data over cocktail ratios in the mass region 3.0-3.2 GeV/c* for
pr<0.15 GeV/c with 1.2 billion minimum-bias isobar collisions and the projected differences for

the two physics scenarios in Zr+Zr and Ru+Ru collisions.

Daniel Brandenburg | Rice University
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Excess yield and Medium Lifetime

* Normalized excess yields in LMR proportional to
g1e\<;lium life time (QGP+HG) for Vs, =17.3-200
e

* nearly constant total baryon density
* emission rates dominated around T

* Yields in U+U@193GeV and Au+Au@200GeV

* higher yields in central than in lower energies
* observe increase from peripheral to central

» Indications of longer medium lifetime in central
UU@193GeV and central AuAu@200GeV

3/18/17

/dy)/(dN /dy)

excess

(dN

ch
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=

-
N

-
o

- -k
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N A O O®

x107°

| 200 GeV Aura 2 —20

- € u u
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— —A— 62.4 GeV Au+Au |
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—— 27 GeV o

e 19.6GeV STAR preliminary A

[ —c— 17.3 GeV In+In Pt g —_ 14

- | B —12

- { i 10

B + - . ‘ = Theory lifetime: ] 8

B --200 GeV =193 GeV |

— | —624GeV =39GeV — 6

— =27 GeV 19.6 GeV —
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First Measurements of Dielectron v,

STAR, PRC 90 (2014) 64904

»challenge: isolate v, of excess dielectrons

N
- & ] (mee)
Np + Ng

total __signal Ng background
V57 (Mee) = V5 [ (Mee) + Vg 1

Np + Ng
cocktail simulations based on v, from 1 Dalitz decay
published light-hadron v, consistent with simulations
measurements based on published nt v,
> ) — yete .- lete” fom L L a ' ' w + - -simulation (e'e) -
10" = n — ye'e $ :eT’Ee? ¢ ¢ —e'e -Sum 02 ) M,<0.14 GeV/c? ;:e --b) +9l e % -
[~ \ i o0 | W%Q % }
....... _\\ 200 GeV Au+Au 0-80% o1 b *W“{r 9*&4 --{N_} 1 *** -1
N R # +
— N e o E— T —
T > —
0.2.— *N#f_*“* { “ ﬁqﬂ.gi_u + -
0.1 X ~'"{"'—-"Dﬁ T
e S . : | 0 40:60% ... i — 20-60% ..o i
107 0.5 1 3 ; 3 —% ——
M..(GeV/c?) p,(GeV/c)
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Dielectron v, : proof of principle

PRC 90 (2014) 64904

* based on combined Run 10 and 11 data (760M events)
* p; integrated v, of dielectrons in STAR acceptance

- A ot --- HG + QGP
0.2 °F — HG

| O Hadrons (1%, K, p+P, ¢, A+A)....QGP \;L

PP R TN p——

0.10 pro—rr RERAABRRRE

i 4{ Hadrons & ]I‘hermal D11eptons’_ ’ ]

— Simulation (e'e) I o o ]

0.1~ ccoete at M,>1.1 GeV/c? 0.08 WW ]

, i o PPN G (HM) ]

- Sum(m’, 1, ©, ¢)atM_<I1.1GeV/e® 0.06 L+ o R

) ! | ! S T Au+Au@ 200 AGeV]

024 0.5 1 15 < e ]

o M..(GeV/c?) 0.04 |- g
Vujanovic, et al., -

PRC89 (2014)034904 o . 0.02 ]
to distinguish between HG and QGP v2 E

606750 (£002) SZ D¥d

need uncertainties <4% ... o.o%'- SR SR KPSV s S

3/18/17 Daniel Brandenburg | Rice University M (GeV)

|e 32 @3fuaney)



What to expect at RHIC
Opportunities:

* expect significant increase of partonic
source contribution

* Beam Energy Scan provides unique
opportunities to

* systematically study in-medium p
broadening

* on-set of QGP thermal radiation

I | | |

== , ]
a 10° ® P+p\Byy =200 GeV =
i ® Au+Au\S=200GeV (MinBias) §
102; ® Au+Au\[5 =200 GeV (Central) : E
4 T E
3 v ! ' ]
1 R~ :
10" E ¢ Q’ TT 14 =
§ ® 0.
2L ! o o3 f '
g % 0%, 0 E
TN g ]
10° & | | \ ? | | | I
0 0.5 1 1.5 2 2.5 3 3.5

=
S
o
s .
nN
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06 ! T T

‘ ;

= o4l o -
e © RHIC Hadrons

o (GeV)

02fe o7 v g -
o Eﬁ SPS Di-muons

pOA E Q d Iy oy
| L | 1 | 1
0 1 2 3 4

Mass (GeV/c?)

Challenges:

* increased particle multiplicities at higher
Vs, lead to significant increase in
combinatorial backgrounds

* STAR at 200 GeV for M_.,~ 0.5 GeV/c?
e p+p: S/B~1/10
 Au+Au:S/B ~1/250
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urpu~ in Runld Au+Au @ /Syy = 200 GeV

a0 Data Triggered by dedicated

(:E C 2014 AutAu at s, = 200 GeV (60-80%) . .
g CF i lacevericos Dimuon Trigger
g 305_ l Raw Unlike-Sign -
g 25;_ B Like-Sign Background
© 20;_ ‘ Signal .—.—Fli.
S . S W In 60-80% Au+Au :
10F o0 TR ' ",
sE wgr é - — Clear ¢ and J/ peaks
o, IPUTTITOU X S
e T R s Sy e 38 ks —S/B >~1/10
?\g 103% STAR Preliminary - (Nl/loo to 1/250 in e+e—)

C 2014 Au+Au at Vﬁ 2 ;oo GeV (60-80%) . L . .
0% e Significantly more data in semi-
10g . ? ) central and central collisions

C o ?

1 * fh@*ﬁ—ﬁ f ﬁ"

T A s
10’1%— -T— Tf— T
10-2;g
L TR - - S

2
M,, (GeV/cY)
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J/U Ry, for Au+Au collisions @ /Syy = 200 GeV and
U+U collisions @ w/SNN =193 GeV

<102 T T 11 T T T TTT] T T T TIT]

S Prellmlnary
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e Au+Au 40-60%
+ Au+Au 20-40%
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1
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J/LIJ RAA

>
o g 5 ALICE, Pb-Pb |s,, =2.76 TeV
6" 25<y<4
5t 4 0<p_<0.3GeV/c, global syst=+15.7 %
4 -
03< p, < 1 GeV/c, global syst =+ 15.1 %
3r + 1< p. <8 GeV/c, global syst =+ 11.5 %
ol * Common global syst = + 6.8 %
1
as-‘ g
0.7
0.6 i
0.5} -]
0.4llllllllllllllIlllllllllllllllllllllll
0 50 100 150 200 250 300 350
(N ?

PRL116, 222301 (2016)
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In|< 0.5
Azimuthal coverage ~ 45%
Precise timing 0~100 picoseconds

e AN /WO - ¢ Precise spatial resolution ~1 cm




— Excess is consistent in

S (L

Au+Au and U+U Data - Cocktail STAR Preliminary
— Excess cannot be . 08F gj‘;triﬂtisﬁ)eif P02 GeVie, i<l Iy J<t - -

explained by hadronic G ' . UU@193GeV |

contributions modified by 3 [ # ‘ I Med p ]
medium : ol T ]
2 4+ 1 |
AN 4+t _
........................ 4_4“&:#—#—*

03 04 0.5 0.6 0.7 0.8 09 1
M., (GeV/c?)
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STAR Dielectron Results in Au+Au & U+U
Collisions @ RHIC Top Energies




Dielectrons in Au+Au @ +/syy =200 GeV

Run 10: PRL 113 (2014) 022301; Run 10+11: PRC 92 (2015) 024912

Hadron Cocktail excl. p

S10°F ]
> I
(3 i Au + Au \s,, = 200 GeV (MinBias) |
o @ pe>0.2 GeV/e, °l<1,ly_|<T
= ‘ —— Cocktalil
~ ‘ 0 . ]
S0l % 000000 TN, o0
[ Jhy, v, bb, DY |
R —— cCPYTHIA
10} f :
o :
s 0 4 |
o 2 o0
o
R YR X ¢
g 1_—’-"87” ”‘0"”‘*’ * -
055 ] 5 1

R. Rapp, Phys.Rev. C 63 (2001) 054907
O. Linnyk et al., Phys. Rev. C 85 024910 (2012)
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2 Au + Au \ s, = 200 GeV (MinBias)

) © p2>0.2 GeVi/c, el<1,ly_ |<1 |
C ]

2 —__ Cocktail

P

©

Data/Cock.

Hadron Cocktail incl. vacuum p

o |- . h
[ ]
1_‘9_’_0__’_ ________ ’_‘o_ e
09— 02 04 06 ois2 T 12 1«
Mee (GeV/c9)
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Low Mass Range

* Significant enhancement w.r.t.
hadronic cocktail w/o p

Intermediate Mass Range

e Dominant contribution from correlated
charm decay

* Consistent with cocktail within
uncertainties

Heavy Flavor Tracker
Upgrade:

Data from 2014+2016

* Includes Heavy Flavor Tracker upgrade
for precise secondary vertex
reconstruction

* Will help disentangle contributions in
IMR (Charm modification, QGP thermal
radiation, etc.)

* Analyses are ongoing
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Dielect iIn AutAu @ \/ 200 GeV WS
; 1 1 I 1 I 1 1 T_g 4 bI 0 0 5 G V' ; T T 1 T 1 T ] ] % bl A Al ® i M L4 M
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o ® 00-05 x50 O 7 Y 2 ) : . O - .
g 0 05-10 x2 o e . . ® 10-40% x0.05 o oW
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> o b megmed o000 | & 3 W\ 2 e MinBias x0.0002 g3 (b2) 10-40%
5 1&‘4 - M—‘b— - S 2 ”* i3
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21 o : : PR
5 @ g ' - 2
10 e, 41(b4) 1.5-2.0GeVic 10°F
3 o) 1
2 / 0
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107} — 107+ 3}(b4) 0-80% (MinBias)
(a) g (b5) 0-5.0 GeVic 2
B - =
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10-941 | 1 L 1 [ 1 1 N A A 7. 10'9k1 [ 1 | 1 | 1 = 0 ) ) L N L L i L
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 S5 4 0 05 1 156 2 25 3 35 4

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

 Data/Cocktail “enhancement factor” in LMR does not show strong
dependence on centrality or p;

* Model calculations (Rapp & PHSD) give a reasonably good description
across prand centrality differentials.
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| I | |

U+U {syy =193 GeV (MiniBias) 3
p:>0.2 GeV/e, hl<l, ly <1 4

[
(—]
)|

|

Expected to have ~20% higher energy .
density compared to Au+Au @ 200 GeV !

STAR preliminary

* Kikola et al., PRC84 054907 2011 ~ 10 — Cﬁ"““‘ai" ]
* Expect longer medium lifetime E = AL E
« Expect higher excess yield in LMR T 102 [N I, v ]
= BN - (T, bb, DY (PYTHIA) 3

Significant excess yield in p-like mass S 00 [
region ( 300 < M,,<760 MeV/c?) 2

10 SN
* Data/cocktail =2.1 + 0.1 (stat) £ 0.2 (syst) + 0.3 (cocktail) F V _

10° i 47/
* Large contribution (~48%) from charm in this range / L

* 0,797 pb, 0,,=3.7 ub, o,=42nb =
* Model vs. data shows good agreement g |
3 & gL
Model simulation: ]a " R AT T A S
R. Rapp — Adv. High energy Phys. (2013) 148253 v R ey

Cocktail simulations:
STAR, PRC 92 (2015) 024912
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Dielctrons in Au+Au and U+U

What have we learned?

* Excess yield in p-like mass region
increases faster than N, , scaling

- ~(Npa,,)% a¢=1.4440.10
(Au+Au @ 200 GeV)
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Dielctrons in Au+Au and U+U

What have we |ea rned? 0.002 —Il‘{+IU m:ll% 'GeV'— ll{app: lllG_me‘(l+QGl;—
| 40 -80% 1

* Vacuum p disfavored by data

* Both Rapp & PHSD models
consistently describes the data

~
. W
* LMR excess shows little <
- )
dependence on p; or centrality :
=
g .02
Au+Au @ 200 GeV Z
;0 01l I I H | | | o
ORS Data - Cocktail ;= Rapp:vacuum p +QGP g 0
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ol I N
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@ \ : 12
() a0
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© N
pa @ .
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Dielctrons in Au+Au and U+U

What have we learned? 0002 U+ U 5. =193 GeV
* Vacuum p disfavored by data

* Both Rapp & PHSD models
consistently describes the data

AR

Tu @%

Rapp: HG_med+QGP —
40 -80% 1

0.01

0.005

* LMR excess shows little
dependence on p; or centrality

=

s
E

dN/dM . (¢*/GeV)

=

Strong motivation to further explore

production dynamics + models” ability
to describe data Koss
* measure excess yield in p-like mass 0

region vs. \/Syn R T VR A T R TS R K
M, (GeV/c?)
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