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Dilepton Physics e % RICE

Dileptons are excellent penetrating probes

— very low cross-section with QCD medium
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— created throughout evolution of system
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Hard scattering QGP phase Hadron phase Freeze-out
Bremsstrahlung  QGP radiation Resonance (p) decay Long-lived particle (,n) decay

* High Mass Range (HMR)
M., > 3 GeV/c?
— primordial emission, Drell-Yan

— Heavy quarkonia: J/Y and Y suppression

$99.4Q |9XY 40 As9nod

* |Intermediate Mass Range (IMR)
1.1 <M< 3 GeV/c?
— QGP thermal radiation

— Semi-leptonic decay of correlated charm: heavy-flavor
modification

 Low Mass Range (LMR)
M,.< 1.1 GeV/c?
— in-medium modification of vector mesons

Drell-Yan

Low- Intermediate- High-Mass Region
>10fm | >1fm | <0.1fm
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— fireball lifetime measurement
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What have we learned from SPS?

PRL 96 (2006) 162302
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Precise dimuon mass spectrum

* favors p broadening through
interactions with hadronic medium
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Inverse slope parameter from m; distributions
 |MR: no indication of mass dependence

* indicative of thermal radiation from partonic
medium, T=205 + 12 MeV

Frank Geurts (Rice Univ.)

% RICE

Temperature Profile of Dilepton Yields
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What did we learn from Au+Au@200GeV at RHIC?

PHENIX :: Run 4 - PRC 81 (2010) 034911
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> enhancement

when compared to cocktail (w/o p)

X Large quantitative differences in low-
mass , low-p; region

Intermediate Mass Range:

within errors consistent with cocktail

» dominated by correlated
charm contributions

» thermal QGP radiation

» modification of charm?

difficult to disentangle

v" RHIC Runs-14/16 focus on heavy-flavor
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LMR enhancement: Agreement between PHENIX & STAR

v'STAR

PRC 92 (2015) 024912
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LMR enhancement: Model Comparisons

v'STAR

% RICE
v PHENIX
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LMR enhancement: Model Comparisons
v'STAR v PHENIX
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Dielectron Production in U+U at 193GeV

Expect energy density to be higher by 20% than that in
Au+Au at 200GeV

- . . . ? I_
longer life time of the medium- 1 8 STAR preliminary
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U+U@193GeV: Centrality and p; Differentials

T T T .
U+ U ysyy =193 GeV (MiniBias) |
E: STAR = T d ® 0.0-0.5GeVic x50 i an : U+IU SI - 193 G'ev 1 L ' ' ' : : : : g
- P ls ireve xe2 ] g [ = 4 L UAU 5 =193GeV  00-05Gevie
" o L5-5.0 GeVic = 0.01 __ - 0-10% -
> *  0.0-10.0 GeV/c > 0.0001 2+ T —
w _ i | ¥
w } ! b i 1 ------------
PO % A 3 = ; - - |
AT Wi S - : |
=} %“ 5 " s N . A o
Zz 107 | N - S e e | —i-“ - |
a=| B S N i 2 |
T 1 s ]
10 8 L 1 = =¥ —] 'a 1k
Ny Cocktail % N\ ) % ’ a
10 10 | | | | | | | | | 5 4 — L .
0 0.5 1 1.5 2 2.5 3 3.5 4 E & 1.0 - 1.5 GeV/ |
M., (GeV/c?) a3 - .
&
102 7 T T T T T . = 2 o 2
U+ U (s, =193 GeV | ik :EE
|§ STAR preliminary o 0-10% x 1 ’ a .
] l * 10-40% x0.05 ] 0
o 40-80% x0.02 N J
* 0-80% x0.0002 § 4 d 1.5 - 5.0 GeV/c —
3 - -
iy - 2 2 — T
1y r —e—
: : : : it
i Oy SN ey N a|- STAR preliminary 0.0 -10.0 GeV/ie
- % M.,. (GeV/c?) .

|
0 0.5 1 1.5 2 2.5 3 3.5 4

M.,. (GeV/cz) 0 0.5 1 5 2 uz 3 Ty
M,, (GeVich)

GTOZIND ‘3uej lenys



U+U@193GeV: Excess Spectrum

ooz FU+U '“fsm =193 GeV — Rapp: HG_med+QGP —
e 40-80%

| ]

0.3 0.4 0.5 .6

ECT* (Trento) - Nov. 30, 2018

0.7 08

M., (GeV/c?)

0.9

0.03 -

0.025

0.02

0.015

’ 3
Yield/N ki x10

% RICE

L Lo il L,
Data - Cocktail g
Mass Region: 0.30-0.76 GeV/c? -3 [
—- U+U 193 GeV e

— —#— Au+Au 200 GeV = b
STAR, PRL 113 (2014) 022301 l <
L af J_ el 8
= u
% J_ i
N N STAR preliminary
0 100 200 300 400 500
Npart

» Observe excess yield in p-like mass region

» Model calculation consistently describes
low-mass range

» N, scaling similar to that in Au+Au

par

Frank Geurts (Rice Univ.)
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Dielectron Production at lower Vs, % RICE

RHIC Beam Energy Scan Dielectrons
. . Ll 2010-2011 Au+Au at
— in-medium modification effects? 19.6, 27, 39, and 62.4 GeV

Observed low-mass enhancement at top RHIC energy
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Compare to Theory: In-Medium p
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107°
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> Sustained low-mass excess radiation

» top RHIC down to SPS energies

»Robust theoretical description
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— black dotted curve: cocktail + in-medium p (Rapp)

» Consistent with in-medium p broadening
— expected to depend on total baryon density
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Hohler & Rapp: “Is p-meson melting compatible

Frank Geurts (Rice Univ.)

with chiral restoration? ”
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A Phenomenological Approach

Experiment: Strong evidence p meson “melts”

ov,a(s)/ms

ov,a(s)/ms

Input

— vector SF (p meson) from phenomenological
model, verified against experimental data

— T dependence of the condensate: from LQCD

QCD sum rules

— constrain vector/axial-vector SFs individually

Weinberg sum rules
— difference between vector & axial-vector SFs

Output ...

Vacuum

— Vector
—— Axial—vector

T=100 MeV

— Vector
— Axial-vector

S

T=140 MeV

— Vector
—— Axial-vector

T=150 MeV

— Vector
—— Axial—vector

T=160 MeV

— Vector
—— Axial—vector

T=170 MeV

— Vector
—— Axial-vector
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Quantitively compatible with (approach to)
chiral restoration

Hohler, Rapp PLB 731 (2014) 103

But, still need microscopic calculations of
a,(1260) ... (Massive Yang-Mills)
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Effective Chiral Lagrangian % RICE

Gauge p and a, into chiral pion Lagrangian Hohler & Rapp, PRD 89, 125013 (2014)
» Massive Yang-Mills in hot pion gas

starting point for evaluation of chiral restoration in medium

.08 Vacuum 1 T=100 MeV ] T=140 MeV
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I oposf 1
= I
ey L

000 e e e e S . Pl G ealis . T L Jtewer . L .
.08 [ T=150 MeV T T=160 MeV ] T=170 MeV
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;;'_ -+

=15

GTOC $9qoidplen ‘ddey

0.0 0.5 10 1.5 0 25 [i} 0.5 10 1.5 0 25 0

5 [GETJ} 5 [GETJ} 5 [GEYJ}

» Supports “burning” of chiral-mass splitting as a mechanism for chiral restoration

— “The implementation of the here constructed axial-vector spectral function into hadronic matter can thus serve
as a quantitative framework to establish the long-sought connection to chiral symmetry restoration. ”
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Acceptance-Corrected Excess Spectra

STAR-acceptance corrected excess spectra

* Au+Au at 19.6 and 200 GeV
* normalized to (dN/dy),

« 17.3 GeV (NA60) and 19.6 GeV
consistent

Acceptance-corrected spectra for BES
energies at 27, 39, and 62 GeV

Dielectron elxcess
—e— Au+Au 19.6 GeV 0-80%
—+— Au+Au 200 GeV 0-80%
—— In+In 17.3 GeV dN,/dn>30
—— HG+QGP

ch

||||u|] ||||u_|,|| ||||u_|,|] ||||u,u] L

|||||,|_|,||

(0BN/dydM)/(dN_/dy) (20 MeV)!

1
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» Acceptance-corrected excess mass spectra

well described by broadened p SF

Frank Geurts (Rice Univ.)
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Excitation Functions: Normalized YieIdsM

% RICE

. Ty . A o
» Normalized excess yields in LMR proportional to 0.4F ® 1020%
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RHIC Program 2014-2016: Heavy Flavors % RICE

Heavy ions - time evolution of Au+Au

e RHIC upgrades 1200 %
— fully implemented stochastic cooling j
 STAR upgrades Heavy Fiavor .
— Heavy Flavor Tracker Tracker
» Muon Telescope Detector

1000 /
2014 Au+A

800

600

400

Integrated nucleon-pair luminosity Lyy [pb™]

- ey %
e 2014: Au+Au statistics // Lt
— 200 GeV: 1.2B events 200 [ AT
////_—’,__ 2007 Au+Au
— 14.6 GeV: 20M events 0 é/___,;_/,—f”" TR
[ . + + + Muon Telescope OF 2t 6 8 - 107 28 N4y, -T6% 18 5 20- S22
2015 p p’ p Au’ p AI Detector Time [weeks in physics]

e 2016: Au+Au (~10wks)
— 200 GeV: 2B events
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MTD Dilepton Physics
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F [ | Cocktail Uncertainty ]
_2:_ Data (Stat. Uncertainty) -
_4—p+Au at |s NN =200 GeV | = | Data (Sys. Unoenamty) -

05 1 I LB O WB5 .03

=T

Mm, (GeWc)

» Au+Au will be very
difficult at best

Frank Geurts (Rice Univ.)

Brandenburg
HP 2018 (PhD thesis)
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0.4
0.35F
0.35
0.25F
0.2
0.15
0.1
0.05
0

Muon purity estimate
(incl. secondaries)

Purity of Muon Candidates (before DNN PID)
“+ ptp —t+ 20-40% Au+Au
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New Datasets :: prospects %’RICE

STAR Beam Use Request 2017/2018 (SN670)
E . adae NN T L sdas AN L e

Run 17+: removal of HFT and i =
) ! % A_u.-iﬁudatt \San = 27.0 GeV .
restoration of old beam pipe 2 105 T Galaruntyis o
e Continue to take large data sets 8_, 2 S el .
= 10%¢ -y EcE E
Qs :
: Zz°107¢ -
 Run 18 isobars (Ru+Ru and Zr+Zr): T ¢
3B events for each species g i =
. S : N
— Dielecton analysis: virtual photon &g P m 7
| | L L
N 0) 1

* Data sets with large statistics to revisit BES IMR!
* 1.5B events at 27GeV
* 1.3B events at 54GeV



Beam Energy Scan Phase-lI

Dedicated second phase of the
BES program, proposed in 2014

Studying the Phase
Diagram of QCD
Matter at RHIC

STAR Note 598

Strong endorsement by NSAC
Long Range Plan 2015:

» “Trends and features in BES-I data provide
compelling motivation for [...] experimental
measurements with higher statistical

precision from BES-II”
ECT* (Trento) - Nov. 30, 2018

STAR Beam Use Request 2019/2020 (SN696):

% RICE

Table 8: Event statistics (in millions) needed in BES-II for various observables. This table updates

estimates originally documented in Ref. [45].

Collision Energy (GeV) (g a9 SSNM0 5 SN] 850 1 0.6
pp (MeV) in 0-5% central collisions 420 370 315 260 205
Observables
Rep up to pr =5 GeV/e - 1 6OSS125 = S0
Elliptic Flow (¢ mesons) BOF T2 IGOSSL6 0w 32()
Chiral Magnetic Effect 50 50 50 50 20
Directed Flow (protons) 200 %30-L 35 * 145 Vb0
Azimuthal Femtoscopy (protons) 35 L0 50 N5 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>bo Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400
http://science.energy.gov/~/media/np/nsac/pdf/2015LRP/2015 LRPNS 091815.pdf
S - v R o o S S
© i 4 BES-Il | _
-
&
[
-
Q|
©
Y
O 1 1 1 1 l 1 1 1 l 1 1 1 1 I 1 1 1 1 1 1 1 I
0 100 200 300 400 500
Baryon Doping - 1 (MeV)
0%-5% Au+Au; Rapidity Window = 1 A _I
C o | . T W o W o N N SR g DURNR |OVIDEE |

n A
Frank Geurts (Rice Univ.)
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Low Energy RHIC Electron Cooling RICE

Increased luminosity

Improve luminosity for low energy beams:

o 4x increase in L, l
* 2019 (w/o e-cooling): ~3x for Vs\,=14.5 and 19.6 GeV sl with e-cooling
i = i : i
« 2020-2021 (with e-cooling): ~4x for Vs,,=7.7,9.1,and 11.5 & | o l
GeV = I | | B
v
L] L] L] [] o [~ : H
» e-Cooling: a critical machine upgrade £ ot l . .
g il 3x increase in L,,
R - without e-cooling
LEReC > [ olg
Yellow Au beam cr: I
'g ® BES 2
g = l | MBES 1
Blue .F\L U:dm =
-E 1 L 1 1 1 1 1 L 1 1 1 1 1
o - 6 Ly ST vy SO UL S
. ter-of- sy [GeV
2018 BNL NPP Adv. Committee Report: Qe s inass CrChey SYS P LoV
3.1 RHIC Run 19
The PAC recommends for Run 19: 3.2 RHIC Runs 20 and 21
e Commissioning of LEReC for beams that yield Au+Au collisions with Vsyy = 7.7 GeV The PAC recommends for Run 20 and (part of) Run 21:
and, if possible, also for beams that yield Au+Au collisions with Vsyy = 9.1 GeV. * LEReC commissioning.
* The highest priority for data acquisition in Run 19 is Au+Au collider runs at Vsyy = * The first priority for data acquisition in Run 20 and 21 is Aut+Au collider runs with
19.6 and 14.5 GeV accumulating at least 400M and 300M minimum bias events Vsyy = 7.7, 9.1 and 11.5 GeV with a goal of accumulating at least 100M, 160M and
respectively. This will begin the BES II program by acquiring the full data sets needed 230M minimum bias events at these three energies, respectively. This program requires
for all analyses proposed at these two highest BES energies, where LEReC is not LEReC. Together with the data sets from Run 19, these data will enable analyses that
needed. will address the principal scientific goals of the BES I program.
ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.)
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BES Il Fixed Target Mode A

Extend energy range from 7.7 down to 3 Ge
Quark-Gluan Plasma > increase | range from 420 MeV to 720MeV

Collider | FXT | Kinetic | Rapidity | pug
SNN ﬁ AGeV YoM MeV .
\g; \/7'7 ( T ) B (420 ) Expect .1-2 days dedicated
39 6.2 18.6 1387 487 beam time per energy
o7 | 52 | 126 | 168 | 541 | =>50Mevents/day
19.6 1.5 8.9 1.52 589
14.5 3.9 6.3 " Al 633
1. 3] 8 ) 4.8 125 666
9.1 3.2 3.6 1.13 699
i 3.0 2.9 1.05 720

2018 BNL NPP Adv. Committee Report:

* The next priority for Run 19 is acquiring at least 100M events in fixed-target Aut+Au
collisions with Vsyy = 3.9, 4.5 and 7.7 GeV, beginning the fixed-target component of
the BES II program, thus extending its reach to lower energies and higher baryon
density. The 7.7 GeV data set will later be particularly important, as it will allow direct
comparison of measurements made in fixed-target runs and collider runs at the same

\/SNN .

* The second priority for Run 20 and 21 is acquiring at least 100M events in fixed-target
Au+Au collisions at Vsyy = 3.0, 3.2, 3.5, 5.2 and 6.2 GeV, completing the fixed-target
component of the BES II program and extending its reach to lower collision energies
and higher baryon densities.

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 23



° STAR Note 619 i,
Sls ———— : 2
BES-Z DI IeptonS: 2019-2021 = [ PHSD expectation at BES-II >
% : —— data for M=[0.4-0.75] GeV/e? =
e - —=a— BES-II projection w/ iTPC S
BES Phase 1: 19.6 — 200 GeV g 325 ------- Rapp's model i
* Dilepton emission dominant in T. region and constant S ShE i e T
baryon density = asf a p
» emission proportional to lifetime S ¥I E TR
: LS Nl T 2=
g1 k:
BES Phase 2: 7.7 — 19.6 GeV 03 = - o 0.05 2
» Probe life time + baryon density dependence of the p £ [San (GeV) -
spectral function 3 we S
Close to CP, expect increase in correlation lengths. Critical 2 — spseracev | e
slowing down? 2 i H/ 2
@ NAGO RHIC fop o
Look for anomalous increase in the lifetime of the fireball £ 5 i
"'é!, BES 1l :' BES | 5
Down to FAIR energies % i =
.- CBM’ HADES Collision energy
* probe lifetime, total baryon density, and temperature e
dependence g
At SPS: proposed NA60O+ 3
« overlap with RHIC and FAIR =l . contraiity
B0
ﬁ iafal.;aryun
o sty | lifetime + '
% temperature ; TO::;::;?;DH : lifetime effect
ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) . i 24
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The STAR Upgrades for BES Phase Il

iTPC Upgrade:

* Rebuilds the inner
sectors of the TPC

* Continuous coverage
* Improves dE/dx

* Extends 1 coverage
from 1.0to 1.5

* Lowers p; cut-off from
125 MeV/c to 60 MeV/c

nner upgrade
ndcap

vent ‘lane | 'etector

Endcap TOF Upgrade:

* Rapidity coverage is critical
*PIDatn=1.1t0 1.5

* Improves the fixed target program
* Provided by CBM at FAIR

An Event Plane Detector
for STAR

aua [ Fo L owe

https://drupal.star.bnl.

goVv/STAR/system/files/

EPD_ Construction P
posal.pdf .

J

A Proposal for STAR Inner
TPC Sector Upgrade (iTPC)
The STAR Collaboration

Fane 9" 2015

EPD Upgrade:

* Improves trigger

* Reduces background
* Allows a better and
independent reaction
plane measurement
critical to BES physics

ECT* (Trento) - Nov. 30, 2018

Frank Geurts (Rice Univ.)

arXiv:1609.05102v1 o



no. of tracks

Detector Upgrades For BES 2 :: iTPC

Py distributions - negative particles

1400 ||]|"~. owE | -~ * L ; =

C _ I ;
1200} I e |(TPC sector = : " ’TILFL I secto 03q

- f ® Regular sector

- ® Regular sector E | 5
1000 - 1ll so00=— L g

o L. - P ___ c
wof- [ N, B S
Bon: ||LLL'H o m;— d L @

I l-'-lJLJ 15,,;05_ %

- _ : | 3
400'_ J Ln a o — >

F gl d?ﬂl. : | L ;
- fh?’}u\ 500 — —

& - - L

_.J.Mﬂﬁiﬂﬂmﬂu WL M L L L HEW A e

9 02 04 06 08 1 12 14 16 18 2 BEiis 18 =1 A5 Oa D5 TERLST Zoa 28
P, (GeVic) .

Videbaek@Annual iTPC Review (2018)

pg— i3 e STAR’s upgrade of the inner TPC
30000; * sector 14 0-1—_ * + SeCtorS
o I ”"-:;-,m_,.,........--........,w.-" * p;thresholds lowered
o % 0 B * increase in rapidity coverage
o ; e dE/dx (PID) resolution
0Ly ~ AutAu @ 27GeV .

AENL LT Y e T NN U el A L i Ar." Improved

10 20 30 40 50 60 70 80

no. of hits 2 2 . 1 s

n
ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 26



BES2 Dielectron Measurements

» iTPC upgrade is essential

Substantial improvement in purity of electron sample

e Purity

-

0.8

0.6

0.4

0.2l

» reduction of hadron contamination

Au + Au s, =200 GeV (MinBias)
i gooeoe, o0, So0000000000000 000
| [}
@ .:‘...Q.: .‘.‘ @ 000000000, s
L e® '. °® o ®
ge o o
L ® Current TPC
® excepted with iTPC
0.5 1 15 2
momentum (GeV/c)
ECT* (Trento) - Nov. 30, 2018

STAR Note 619

% RICE

dominated by systematics °

| |
- Data - Cocktail

e Rapp: vacuum p +QGP

—— Rapp: broadened p +QGP

PHSD: broadened p +QGP

B ;1 [ current BES1 w/ TPC
.. 1 [__] expected BES2w/ TPC _|
“\: [_] BES2 with iTPC upgrade

» expect reduction by 2x

06 08
M,. (GeV/c?)

T O e o e T e e
£ 0BE NP0z eV ic - Expected dielectron excess
3] Qg S Gevenic spectrum in 19.6GeV in BES-II
(@) ol i o o .
g with and without iTPC
0.4 -]
. : upgrade
0.3F -
0.2 ;— , ----Th. w/runi11 acceptance _:
PRRTE ) WS ] sim. w/ cocktail mass a
9359 | g _ -
L sim. w/ flat mass
0 : PR SR S [ TR SR TR NS TR TR T S ST SO S N S SR S '
0 0.2 3 0 OGAN 0.8 T
Frank Geurts (Rice Univ.) M., GeV/c 27



Detector Upgrades For BES 2 :: eTOF % RICE

Physics Program for the STAR/CEM eT OF Upgrade

2 ool St 7O i CBM TOF installation at STAR (“FAIR Phase 0”)

. * mounted on east poletip :

< * increases PID rapidity coverage = |k 2

H » taking advantage of large iTPC coverage i3 %2,0;/ :

E 1.25 dg/"*p, Ty s

= o S 1 I :%*"/00 "~ ~ e

R Dielectron measurements: € m,, W, o

2 include rapidity differential " ig/dX:‘:";droF;; -

g = To@’%LEnitguﬂt" :Y’f/ew: |

: 0t XPID /e Limit = If.

= * LMR excess expected to depend on total L ... ...
baryon denSity ’ 0 I0.25I 0.5 I0.75‘ 1 I1.25I 1.5 I1.75‘ 2

Rapidity (y)

* nyields drop by a factor of two from y=0 to
y=1.2 @baryon density” drops by factor of
two.

e analysis at y=1.2 is equivalent to lowering the
beam energy

STAR Note 0665
arXiv:1609.05102v1

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 28




G990 910N Y¥VL1S

... in numbers:

» 36 modules (=108 MRPCs)

CBM TOF involves 1,376 MRPCs
» 3 layers STARBTOF has 23,040 channels

(CBM plans on 100k channels)

» 6,912 channels
Total depth ~36cm




STAR Dielectron Measurements :: Post BES2

3 yrs ago at © Aui + Au sl = r2(2!0 éev &Minﬁiasl)
ECT* 2015 Workshop m

1

with iTPC upgrade p$>0.1 GeV/e, m°l<1ly_ I<1’
+ 4 billion events

— Cocktail |
n%n, ', o, ¢

Jhp, ¢, bb, DY
—— cc PYTHIA

g /R A s T de-correlated ¢t

Zhangbu Xu at CERN HI Town Hall (Oct.20, 2018): 3 / ; &

H ) Au + Au |s, =200 GeV (MinBias) . !
Th e rm a | D I | e pto n at LOW a n d '\g I with iTPC upgr:zde p$>0.1 GeVic, h-ﬁl<1,|yeel<17 1 0_4 L {\:
Intermediate Mass ST e - F i
Jhy, y, bb, DY i -
—— cCPYTHIA 1l { iy
Mid—l‘a ldlt . o e-correlated ¢ | — Ty ,I *ral D g
picity iTPC upgrade essential | . ‘ e | | = s : “"5 ~ } |
ee"measurement at pg~0 | 8 A B e
- . . . 10 1 & | s T (o ' ) o |
» Connection to chiral symmetry restoration 'E I ! I I I
» Thermal radiation from QGP: . A i A E I a
e ‘ ' Q 2 . —
. - B P TR T PR T & oy . J 3
Low-mass di-lepton emission: g L i g R o] Q L s 4 4 o .s +
T, total baryon density, and life time; more importantly e o ; 3 g 7 W 1-""' ffﬁ = ool gy - —
dynamics of approaching Chiral Symmetry M, (GeV/c?) © L 1
12ix10"6 o SLFAR o ‘ (] 0 I . L . ] . | |
r 0.4<M,<0.75 GeV/c? i 0 1 2 3 4
The slope T in IMR: B 10f @
. s [ + 2
the true average temperature T of the medium. Z°oF.m o i % Me (Ge\ﬁc )
. S R e
(no blue shift by flow) S 6
= C Y Au+Au 0-80%
I t %, 4 * ﬁflggﬁ/ﬁq >30
mprOVGmen . C O Rappetal.
. . . — Endres et al.
Factor 2 smaller systematic uncertainties ° i
. L. 20 30 40 5060 100 200 43
Factor 5.5 more statistics Sy (GeV)

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 30



Summary % RICE

At SPS, NA60 and CERES demonstrated the physics potential of accurate dilepton measurements
At RHIC, PHENIX & STAR both developed a strong dilepton program

— BES phase-1 program has systematically tied top RHIC to top SPS energies

— first dimuon mass spectra from STAR for p+p and p+Au

Recent data sets will allow a revisit of the IMR for some of the BES-1 energies
— at STAR: back to Run-10/11 material budget (HFT removed)
— large 27 and 54 GeV datasets
— isobar program provides large datasets for virtual photon, but also LMR/IMR dielectrons

BES Phase 2 (2019-2021): systematic dilepton measurements down to Vs, =7.7GeV
— measure baryon density dependence
— measure p; slopes both in LMR and IMR
— look for anomalous increases in yield, suggestive of a critical point
— STAR detector upgrades in place to improve/expand its dielectron measurements
STAR 2021+
— take advantage of BES-2 detector upgrades
— proposal for high-statistics revisit 200GeV

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 31



BACKUP

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 32



First Measurements of Dielectron v, % RICE

STAR, PRC 90 (2014) 64904
» Challenge: isolate v, of excess dielectrons

total __signal NS background NS
v T e ) 3= Mee) + U 1— m
o mer) = 37 | 5 | e et 1 T )
Cocktail simulations based on v, from nt® Dalitz decay
published light-hadron v, consistent with simulations
measurements based on published n° v,
> -t = yete .- o 7nlete __ e =Sy [ Nga)" & ' ﬁele- 1b) - -simulation (e'e) 1
T =F M - ye'e -0 >e'e e LS o Is M.<0.14 GeVi? e .y : % |
N i o | W%?ﬁp{_ <
1 e, e~ 200 GeV Au+Au 0-80% o1 R A “= [
. 2 it 2 I ﬁ — ﬁl--{ )
e T e s ro e - ........ : i:ffl'l""ﬁ". ....................... L T—_, ......................... i'l']'-":ii'i@i': ..................... . ........... -
Ry o) A TR ' ' ‘} :
0.2 - W%{, 5T .
i G U | |
0.1 - Q** L-"i"'—- Eﬁ P~
- |1 L Gl . : | 0 b A0 sl e i b 11771 i || !
0 0.5 1 —
M.,.(GeV/c?) p,(GeV/c)

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 33



Proof-of-Principle Measurement

PRC 90 (2014) 64904

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

~l

> >, --- HG + QGP : L
0.2 7% €' Ea > Given the current precision:
| O Had (%, K, p+P, 0y A+A) -... QGP ; ' y ; .
g i =y Q J{ dielectron v, is consistent with cocktail
0.1

| simulations and measured hadron v,

%

Ll e g G s e o= oy s o -

.l’"“ [ Hadrons & ]I‘hermél Dilepltons’_.l—‘
— Simulation (e*e’) S . *g E
0.1 ccoete at M, >1.1 GeV/c? | WAM % %
- Sum(n’, 1, ®, ¢)at M, <I.1 GeV/c? __ 0.08F} o §
-0.2 ' ' ' =) i N3
=0 0.5 1 1.5 3 s 0.04L 19
M.,.(GeV/c?) s L
i 1 &
By : 0.02 ] =
to distinguish between HG and QGP v2 ] ©
need uncertainties < 4% ... o.o%'O ' ;3‘0

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 34



STAR BES-2 TOF Acceptance: PID in Collider Mode % RICE

2 2 4 2
2l |s ANE
1.75 So ? S 8 8 ? T g 8 o g g
n DS/V/Q,‘ = ;'__ : 1.75 05 P = = = 3.5 CH> ‘: = 1.75 - = & 8
—— - i 1 —— - Uiy 2 = = T ~ e 1 =4
0, ™ = 1op ~ n iy S - v
1.5 00,03;[/\ ~ 1.5 Ops]r//( ~ "3 3 1.5 /*,o/\ i
LU Upyie N % 0, N
Mit ® it 0, %%
1.25 D 2 1.25 R ** d&d), 2
i Barrel TOF PID 2\ 7 i JO\ %, 1.25 2 2% §
2 O\ %, = o I — 7 N
> O\ 7 ' ' g Barrel TOF PID 0: L g — \‘bd*p/ 3
o 1 2 > (7 > 1 7} ~
- ) [C] ; & U] N, ~
& —— ’4)\ = —— ; - -~ p/D . \(//;7
2 6._ o Q'._ '4//[-/7 \/1‘
0.75 e~ eTOF PID 0 0.75 Omp,:
XPipy ~ . 2 4’:,,,61 N
Tk, N 7
[//77/ A -/ g, ~
t [~ — — GI)(P/D nq 1o/ ~
0.5 0.5 — /ey & ~
dE/dxPID 5 = S SNE iy . o
X 100ps /e Limjt ™= = N e
& /mit
0.25 0.25 =
7 o JE/dXPID /e Limit
,,,,,,,,,, Lowpy for dE/dxPID_ [ B Al === mw aad LOwpy for Tracking
0 ‘ —_ L : 0 = [ o e e [ | i) |
0 0.25 0.5 oj?iapid?ty (y)1.25 1.5 1.75 2 0 025 05 0.75 1 125 15 1.75 2 0 0.25 0.5 0.75 1 1256 15 1.75 2

0 025 05 0.75 1 125 15 175 2

Rapidity (y) Rapidity (y) Rapidity (y)

* Lower p; limit — from track length of the TPC (multiple scattering);
* for BTOF lower p; limit from minimal track rigidity

* High p; limit — from the TOF time resolution (o5 = 100 and 80 ps ranges)



27 GeV — analysis details

Electron Identification

Au+Au = 62 GeV

AurAu @ 62.4 GeV
Epurity
[Jextrapolate region

A0 2 T & 5 05 1 15 2 COCKtaiI

p (GeV/c) p (GeV/ic) p (GeVic)

27 GeV TBW Fits

% Uses the TOF’s precise timing & High-purity detection of electrons » Contributions T o[ T o atia
i ) iy = 1% 0, 0, o ¢ Jy, cc [Note: no p] 3 S o K*
4 Remove slower hadrons % Integrated purity > 95% | ¢ =0 = ok K
_ ey : o = Inpu Es P P
& Extends and improves the TPC’s PID reach = Flat ¢ [0, 2x] £ j:._ r \“ . +p P
e 1 % - .
= n[-1.1] & 'E . g
- Flat for 39 & 62 GeV. i B S
- — « GENESIS for 19 & 27 GeV w" b
e = py from Tsallis Blast Wave [TBW] fits E e
Background s Pr i - TN
g 10* — e - Decay " STAR Preliminary T =
o . " . prlev e Lo Lol w1y L n 1 P
= Pair Background Sources 2’103 Normalization Region: ' Brelt-WIgnen,KrO”-Wada Formalism oz o o o ! ' " ' pTW&Ech-%)
= Combinatorial, Correlated, Conversion g Mo > 0.9 GaVic? = Yield
+ Like-Sign Same Event Method %102 = Meson-to-n? ratio from NA45 w/ =*- dN/dy from STAR
- ;Dmbme all Ilk:_-SI?n .PTI‘;S and IaVlEFdagE 10' F relative statistical error on = c¢c Contributions 70 n a ¢' ‘l’li ‘”"lj
- Removes combinatorial & correlate normalization factor: 9.3x10™ « PYTHIA: Scaled by N
= Acceptance correction w/ mixed event method 10° Y Peinary 1.0 0.085 0.069 0018 0.078 6.2E-6
ME+_ 0 0.5 1 1.5 2 25 3 35 . . .
2 §5E+s§F — —————— diglectron invariant mass, My, (GeVic?) J.Butterworth : Rice University 8/20/2014
ZA/ME++ME—

Conversion Rejection
» Unlike-Sign Mixed Event Method 27 GeV Data
= Combine e*- from different events w/ similar properties™
= Z Vertex, Ref. Mult., and Event Plane Angle
= Pools of 20 events

= Removes combinatorial

Mo [Geve?

Support
- Structure

Data Cut

= Conversion Rejection*
. Selection based on pair’s orientation in 5

#Cr e riava yforeach \fsyy

ECT* (Trento) - Nov. 30, 2018 Frank Geurts (Rice Univ.) 36



MTD Acceptance Effect on Cocktail
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