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Outline

e The STAR detector

* Selected Results
— heavy flavor: open charm, J/W, and Y
— dielectron measurements
— jets in Au+Au
— direct photon correlation measurements
— dihadron azimuthal correlations in d+Au

— azimuthal anisotropy in U+U
e Future of HF Measurements at STAR
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The STAR experiment

The “olenoid "racker "t "HIC (STAR)

* Large and uniform acceptance at
mid-rapidity
In|<1 and 0< ¢< 21
* Excellent particle identification
* Fast data acquisition
 Upcoming upgrades targeted at
heavy-flavor measurements
— improve tracking
— improve muon PID

=
=]

dE/dx (keV/cm)

STAR detectors in

these analyses
— TPC (dE/dx)
— TOF (1/B)
— BEMC (E/p)
— VPD, ZDC, FTPC

T T
3<p<5GeV/ic
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Heavy-Flavor Measurements

* Heavy Flavor primarily from initial hard scattering
— important probe for studying properties of the QGP
— sensitive to the initial gluon distribution & density
— parton energy loss in the medium

+

* Hadronic decay
— small branching ratio

— fully reconstructed

* direct access to heavy quark kinematics

heavy quarkonia

— large combinatorial background (if no secondary vertex)

 Semi-leptonic decay "
— large branching ratio
— single e*: indirect access to kinematics

* |
=

— background from conversion and light hadron decay  open heavy flavor
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D®in Au+Au and U+U

Hadronic channel in Au+Au at Vsy,=200 GeV

* Enhancement structure at low p-

— consistent with coalescence models
* Strong suppression for D° at high p;

. . .l_.
— similar to Ry, of Tt

— similar in Au+Au and U+U (Vs,,=193 GeV)

O’-\
Q

<
o= B U+U193 GeV, lyl<t, 3.0<p <5.0 GeV/c
1.5 ® Au+Au 200 GeV, lyl<1, 3.0<pT<8.0 GeV/c
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Zhenyu YE — Monday 14h30
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Non-Photonic Electrons

2 T T T I T T T I T T T I T
[<S'STaRr Preliminary ~ Au+Au 200 GeV, 0-10%
= - DGLV Rad. dN_/dy = 1000
Au+Au at Vs, =200 GeV 2 RSy _
1.5 = Min He at. all —
o e BAMPS -

e Strong suppression for NPE

0
— Data disfavors radiative energy-loss-only = If
models g

Collisonal dissociation.
Ads/CFT D=3

— need improvement p+p precision

— no indication of suppression at 62GeV Of————— -(Ggw')' e
. p eV/c
when comparing to FONLL ref. N
- ® NPEv,{2},0-60% STAR Preliminary N
L @ NPEv,{4},0-60%
0’2-_—Heetal. .
C o BAMPS $ .
* Significant v, for NPE 0.15F- -~ Gossaux tal : E
— coalescence with light quarks or > 0.1 ]
charm quark flow? 0.05F
oF
0.05O
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Quarkonia

* Sensitive to color screening of quark potential:
dissociation in QGP

e Suppression of different states determined by
medium temperature and their binding energy

* Production mechanism not completely understood

— QGP thermometer

— p+p: Color-Singlet or Color-Octet?

But, ...

* Measured J/W yields include significant feeddown

contributions

— B mesons carry 10-25% of charmonium yield

e Contributions from Cold Nuclear Medium effects

— suppression mechanisms, e.g. nuclear absorption,
gluon shadowing, initial state energy loss

— enhancement mechanisms, Cronin effect

e Contributions from hot & dense medium effects

Stellenbosch -- 11/4/13

— recombination from uncorrelated charm pairs
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Jaro BIELCIK — Friday 9h30

(B— JAp)/(inclusive JAp)
R & & & &

°
—_—

T < T,

gl

I

wm

Q

i

g

YAV Y XY XL &
o

T =12T, =z

v

I o HES
i R~

11 11 m

’ w

T= 3T, &

N

oo (NN ] (o))
e e o
TRt I TR S
11 11 11 11 11 11 o
o

Y =

- -e- STAR run9 JAhp-h correlation, p+p 200GeV
- = STAR run5&6 JAp-h corrlation, p+p 200GeV
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cg‘ p+p \'s = 200 GeV
J LIJ i N + an d d +Au > ® STAR 2009, lyl<1.0
p p o I = STAR PRC80, lyl<1.0
e £ o PHENIX PRD82, lyl<0.35
- S 10s
* p; range in p+p extended to 14 GeV/c = "
© _2;
— prompt NLO CS+CO describes data g 107
. ) o 3
— prompt CEM describes data at high p; & 10°¢
. . . B a4l
— direct NNLO CS underpredicts high p; 19" pg722(2013) 55
m_ C
. . . -5_ — prompt, CEM
* Ryny consistent with model calculations "% ¢ :::: prompt, NLO NRCD
— shadowing from EPS09 nPDF o3 RN
_ S W= TO
nuclear absorption: o_,./*=3mb sy
2 | N 2 | |
18 ® STAR lyl<1 d+Au — Jp+X | e STAR lyl<1 d+Au — Jhp+X T
) o PHENIX lyl<0.35 \/Syy = 200 GeV 1.8/ o PHENIX lyl<0.35 (minimum bias) 7
16 EPS09 +o,, (3 mb) N, N 1.6~ —EPS09 +0,,, (3 mb) 7]
1.4 [Cp+p - 1.4+ [ONgg _
B OPHENIX. | : -p:p :tastt
T g B g ol g
0.4 . o4l N
021~ STAR Preliminary n 0.2~ \sw=200GeV  STAR Preliminary -
%z 4 6 & 10 iz 14 16 18 ot
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J w : A A é 25S"l‘Al‘(P‘reli‘miﬁariv o ';
1IN AU+AU v : mo
. 1.6 ;_ . 22?8;V theoretical curve g
* Au+Au at 200 GeV: suppression observed  14f = Vi
. . . - ptp uncertainty X ;e:
— increase with centrality o L I ey -
— decrease with p; 0.8} E
e Au+Au at 39 and 62.4 GeV 0.6F
— similar centrality and p; dependence g':g g
* Au+Au v,: consistent with no flow ob
. . 0 100 200 300 408
— disfavors production by coalescence of part
thermalized charm (for p;>2 GeV/c) P .
14 1.8 - STAR Preliminary 0-60% Au+ Au
16 =200 GeV

" Au+Au 200 GeV 0-80%

- =
N

——
+
(TTOZ) TOSZS TTT 14d

= 62.4 GeV(CEM as p + p reference)
L] 39 GeV(CEM as p + p reference)
[ N, uncertainty
[ 62.4 GeV p + p uncertainty(CEM)
[ 39 GeV p + p uncertainty(CEM)
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......... ] 0.8
: == non-flow estimation 0.6 % ] @ \ ‘ [ﬁ
0.1 initially produced [29] .
f o coalescence from thermalized cC [30] 0.2
LRI initial + coalescence [32] 0 x . | o
02 — — initial + coalescence [33] 2
. :. ——— hydrodyr:amic [34] 1 1 P, (GeVIcf
0 2 4 6 8 10 _
p, (GeVic) » J/Win U+U see poster Ota KUKRAL
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Y in Au+Au at 200 GeV

e Advantages over J/W:

* expect o’

Stellenbosch -- 11/4/13

— negligible recombination effect
* at RHIC: o (~800ub) >> 6,,(~1-2pb)
— less co-mover absorption effect
* Y(1S) tightly bound, thus large kinematic

threshold

~ J/W
bs~0.2mb < o'V
Lin & Ko, PLB 503 (2001) 104

S

Disadvantage: low production rate ...
— STAR upgrades!

e Suppression of Y(15+25+3S) observed
— R, decreases with centrality

Counts

Hard Probes 2013 :: STAR Overview
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Joey BUTTERWORTH- Wed 11h00

Dielectron Measurements

* Intermediate Mass Range vin Daltz-decays
— QGP thermal radiation

— heavy-flavor modification

* Low Mass Range
— in-medium modification of vector mesons .

— possible link to chiral symmetry restoratiof X DrellYan

: Low- Intermediate- High-Mass Region :

 Advantage: T
— very low cross section with QCD medium mass [GeV/c?]

— created throughout evolution of the system%“”% WV_(_ R

* Disadvantage e Lemmimorcam | o
— (very) low signal/background R A

— requires low material budget -,ﬂ"‘??” L
TR

=

4
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Vector Meson I\/Iodlﬁcatlon

=}

* STAR and PHENIX confirm significant LMR L - _ZOOL(R—VA(L})?;f’mffﬁmmy- 2
excess ~§ 107 c¢ :;S?sunm_oT]l;fanfelAs' t;i

- already observed at SPS energies g w AT 3

— vacuum p description essentially fails = d i

* SPS: p broadening = . §

— PHENIX: yet to be explained by models % 10° =

— STAR: less excess, agreement with models O WA 1N

. . . 0.0 0.2 0.4 0.6 0.8 1.0 12

e which involve p broadening M [GeV/c'] »

I ' I ! I ! I ' I ' I

¢ At SPS: Slgnlﬁcant net_baryon denSItyl g 10?‘ STAR Preliminary Au+Au200GeVCentral_§ o)
baryons main contributor T opozcaueirr | B

e At RHIC: vanishing net baryon density, but s 1y ks | 3
. 2 _1_ Qq """"""" HG Medium ] @)

comparable total baryon density Um? ....... oGr Radaion ] g

— STAR Beam Energy Scan: close gap between | fz +—-——-——-5’\ f\_ 1
RHIC & SPS % PER=

ol s

F 1 8

Measurements at Vs, = 19.6, 27, 39,62.4 GeV ~ _ [, . | 19

g 15} 1o

O %2 o7 o5 o8 1T 123

Stellenbosch -- 11/4/13 Hard Probes 2013 :: STAR Overview Mass(e'e) (GeV/c?) 12 3



data - (cocktail w/o p) (x 10'3)

Beam

4 0 =4 N W A OO N ®
T - 1 - 1T 7T

Energy Scan: Dielectrons

1 ]
10 19.6 GeV 62.4 GeV 200 GeV
0 sys. uncertainty
© 10 — cocktail
= STAR Preliminary (% | ™7 + medium modifications
E p y @ data
2 10 Au+Au Minimum Bias 3 Rapp, priv.comm.
2
S 10 3
.g ~~~~~
1073 3
10_4 1 " 1 1 1 1 1 . 1 1 " 1 " 1 1 . 1 1 " 1 1
0O 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
© 196Gev | | | T dielectron invariant mass
® 39 GeV STAR Preliminary 1
0 624 Gey * LMR excess observed for all energies
* systematic measurement of excess
{, * Model calculations appear to provide
— } robust description from RHIC down to SPS
energies
+ * Measurements consistent with in-medium
| | | | | p broadening
0.2 0.3 0.4 0.5 0.6 0.7

dielectron invariant mass, M, (GeV/c?)

Stellenbosch -

-11/4/13

— expected to depend on total baryon density
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Jan RUSNAK — Tue 9h00

Jets as Probes of Nuclear Matter

| y/
g q
q q
p+p

At+A
dO Jet
dE,

* In p+p: hard-scattered partons
fragment and hadronize into
collimated sprays of hadrons, i.e. jets

* In A+A: expect jet quenching in hot &
Energy shift? dense medium

— softening and broadening of
fragmentation when compared to p+p

Absorption?

Au+Au _
» Jets probe nuclear medium

— but, very challenging in high multiplicity
ET environment
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Inclusive Charged Jet R, ,

Jet reconstruction method similar to ALICE
— dominant uncertainty: tracking efficiency
Raa > 0.5 for Au+Au at 200GeV
Raa(RHIC) > Ry, (LHC)
— at same jet p;
* Central Ry, value increase with size of jet R ?

— uncertainties large

— careful assessment of correlated/uncorrelated
errors

Charged jets 15 HQ’12 arxiv:1304.5945

R s Pb-Pb |/s, = 2.76 TeV
< 1.4:— Run 11 AutAu 52200 GeV, 60 b —¥— AuAuPythia 14 0-10% Centrality
|:|_: [ 0-10% Centra Collsions %"aﬂinse"-""w"ﬂiﬂw Charged+Neutral Jets

12— Anti-k, R=0.2 unfolding uncertainty - -
& 2 2o - Anti-k; R = 0.2 [n[<0.5
3 B> 50 ceVle ] m_ 1k Leading charged track p_> 5 GeV/q
< o = I p.  >0.15GeVic
5 : T,const
< 08 Biased pp reference

< 06 oy b ALICE

¥ - wp S PRELIMINARY

04l B |

4 |
02 * STAR Preliminary
r "
L L1l | |- ‘ 111 ‘ L1l | |- ‘ 111 I L1l
00 5 \Illl!III|||||||III‘II!I‘IIII‘IIII|IIII|IIII
pereed (GeV/c) % 40 50 60 70 80 90 100 110 120
T, jet pi’?*tem (GeVlc)
)€
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Rys (AU+Au/PYTHIA)

Ryua (Au+Au/PYTHIA)

Rys (AU+AU/PYTHIA)

Charged

jets

18
E —+— AuAu/Pythia
E e "
16— Run 11 Au+Au s, =200 GeV, 60 ub [ tracking eff. uncertainty
4 £ 0-10% Central Collisions [ unfolding uncertainty
- ; X |_____| T, uncertainty
12F- Antisk; R=02 Uncertainties added linearly
E piet> 0.2 GeVie R - O . 2
1
£ py™>7.0GeVic
08—
E Accojer > 0.09sr e T——
06— -u-!!! 5
c e el
0.4— .
E = -
E " STAR Preliminary
0.2 L]
= -
P SRR NP SN PN A EE I I RSN B
0 5 10 15 20 25 30 35
charged
) pshareee (GeVic)
Charged jets T, jet
1.8
E —+— AuAu/Pythi
E_ Run 11 AutAu {5,,=200 GeV, 60 ub”" uAulPythia )
16 [T tracking eff. uncertainty
£ 0-10% Central Collisions [ unfolding uncertainty
14— ) [0 Tan uncertainty
12F Antik; R=03 Uncétaiiities added linearly
= peenst> 0.2 GeVic i
o R=0:3
C p"""'"g >7.0 GeVic
08 E Ancojer > 0-28F _._-u-’ ;
06— o
E -,
04— ]
= = STAR Preliminary
02— -
- -
oC |\ oo™ | L PPN U B R R
0 5 10 15 20 25 30 35
charged
perereed (GeVic)
T, jet
Charged jets
18
1.6 Run 11 AutAu {5,,=200 GeV, 60 b
14 0-10% Central Collisions
Anti-k, R=0.4
12
peonst > 0.2 GeVic —
T — —‘——i—+
08 Ao > 045 _‘.""
0.6 -¥- —>— AuAu/Pythia
| [ tracking eff. uncertainty
0.4 e [ unfolding uncertainty
STAR Preliminary == [ T,y uncertainty
0.2 Uncertainties added linearly
Mg A IR IR B B
0 5 10 15 20 25 30 35
charged
pehereed (GeVic)
T, jet
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Ahmed HAMED

V2 Of d | re Ct p h Oto NS @High-pT Physics at LHC (Sept.2013)

At high p;, the azimuthal anisotropy could constrain the path length
dependence of energy loss “jet quenching”

- phys. Rev.'c77 (J008) 0bagor | | T T Expect v v-dir ~ 0 at high D
o v, EP Method v, EP (Full TPC) 7 2 _ _ T _
o3[O V2 4-particle cumulant °vgh 3« no preferred direction w.r.t. reaction plane
[ @ 3" EP Method (Off-n) . 1 v Event-plane reconstruction biases.
i 10-40% AusAu + 1 v Fragmentation photons contributions?
0.2 C STAR Preliminary .
: e R LN U N B I B I
0.1 e ‘} 3 g T vI"{EP} FTPC .
ST + ] Loal 10-40%  \=gpy FTPC -
01 ‘4 E!]] i _: O\; E STAR Preliminary V;rim{EP} FTPC E
y - 0.3 —
,},’l"{',l, Hitl E - .
Run 2007 . - Run 2011 :
R R e e T oaf- E
p, [GeVic] B :
oifhb- i
> v, (FTPC) of direct photons is zero 4 | g
> v, of m® using the FTPC apparently dueto  °F=F 7 T 777" T f :
the path-length dependence of energy loss. oiFe, | R TR
e 22 24 26
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Fugiang WANG — Thu 14h30

Dihadron correlations in d+Au

Ridge seen in smaller systems at LHC Central — Peripheral

. . §04025:— FTPC cent. 0-20% - 40-100%, 1 < p_ < 3 GeVic
° ? s T
Ridge in d+Au at RHIC: 2 F o pios-pes 102 STAR Preliminary
o 002 o |Agem|<t - [Ag-A¢ | 1<0.2[ ]
> STAR: large acceptance |An;pc|<2 s I I
‘,';‘04015_— — 'S .
— with FTPC 1.8 < |Angrpc|< 4.8 L B 7 i G
9 0.01— AT
. . ° . 2 >y s N
e central-peripheral technique s f I L
. . % 0005 - C=0.004:0.005, 5=0.73:0.28, 1 2/ndf=1 et —
— should remove centrality-independent 2 F C=0.008:0.004, G=0.68:0.70, nd=1.416
s Const=0.013+-0.001, y*/ndf=23.8/8
corre I ati ons § - IConst|=0.011[1:0.001|, ;(zlndf|=3.818| [
R
An

» Central-peripheral resembles jet correlations

0.01

— FTPC-Au multiplicity selection biases jets in TPC o000 1 < p,ire, passoc < 3 GeV/c

> Fourier decomposition of correlations STAR Preliminary
functions: T goou T }
— correlations have V; and V, components ;N gzz: \ﬂ + ﬁ
— V, appears ~1/multiplicity 0003

o002 V2=7% % FTPC cent. -4.5<An<-2

TPC cent. -4.5<An<-2

— V, is approximately constant vs. multiplicity

0.001

_IIIIIIIIIIIHIIlllllllllllIllllllllllllllllllllll

OO

5 10 15 26 25 30 35
Uncorrected mid-rapidity dN/dn
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Azimuthal Anisotropy in U+U

* Prolate shape of Uranium nucleus
provides possibilities to study ...

— multiplicity dependence on N

and N_, Pert
— path-length dependence of jet
qguenching

e (Can we see the differences
between Au+Au and U+U?

— and, can we separate between
body-body and tip-tip collisions?

Au+Au Collisions U+U Collisions

Oblate

Paul SORENSEN — Mon. 16h00

PRL 105 172301 (2010)
ikttt

S 0.035F a =
© : . .
~ 0.03| . =
> G \\ ;
0.0251"-_ S E
0.02f .. S, =
E "-mm’“+ ““N E
0.015F TR
0.01F & 2 £
- -1 ~ ]
0.005F < = -
51.111.41,.1.,.lll/..‘ll.jl.ljll.z
600 700 800 900 1000 1100 1200
What to expect? dN,,/dn
* body-body:
— large initial €, thus large v,
* tip-tip:
— larger N, (given N ), thus larger
dN/dn

»large dN/dn correlates with small v,?

h.~ =7 7 . .
4-§§é +€ 2 — simulations say yes
. > "' . .
N = — knee structure in v, at high dN/dn
Prolate
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Multiplicity dependence of v, in
Central U+U and Au+Au Collisions

* No evidence of kink structure - S8R prefiminary oo
— additional fluctuations besides NBD? P o
* v,{4} data distinguishes central Au+Au from U+U ol i ., o
— Vv,20 due to intrinsic prolate shape e e e
. .. >N0.04—% . U+U V{2} aﬂo(‘ "o : P
* V,/g, drops in very central collisions ST R N
. . . +U, v . °.§.o. eebaus
— overestimation 82? 0.02— Au+Au,2v2{2} | PSffiooOooOéo ¢?++ §+‘ ++
— non-flow, fluctuations? © 0 AurAu, v{4) (N
. e ge . 0 T
» Combine slope of v, vs. multiplicity and compare et B 1
'\glt%ZDC to enhance samples for body-body and o+ 1. gl TN B S
p-tip . !
— expect in central (ZDC) larger v, with small dN/dy 3//5\\(7\3 Preliminary e U+U
00325_\ JS\ﬁ\R Preliminary : \\ : _ Glauber 0.005/~ " Au+Au
5”0.“0\\ i :
0028:— % | * {*H" \ Mult: I n |<1 -0.01;
- , \ n "ﬁ* é' : 28
>‘“0024;1 * "y, AU+AU \_—_E_’ + + \ 1’{;"** 0015:_ + . :
0.025:—_ o —‘.:}—s-‘_\.-"'"'"'t‘ + + Wkﬁ 1 i + +
3 “top 1% ZDC top 0.1% ZDC * T
* Mult/(Multy “Mult/(Multy ool T
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STAR Upgrades: HFT +MTD

 Heavy Flavor Tracker + Muon Telescope
Detector on track for RHIC Run 14

— major focus: heavy-flavor & dilepton
measurements

— revisit Au+Au, p+p, and p+Au at Vs =200 GeV

Muon Telescope Detector

e Separate charm and bottom, study open heavy
flavor (HFT), quarkonia (MTD), thermal
dileptons (MTD)

— combine HFT+MTD: separate secondary J/W
from prompt

— combine MTD+BEMC: trigger on e-u pairs to
disentangle charm contributions to the dilepton
IMR

Heavy Flavor Tracker

Stellenbosch -- 11/4/13 Hard Probes 2013 :: STAR Overview 20



Summary

» STAR @ HP2013: wide range of results from hard probes,

electromagnetic probes, initial conditions based on TPC, TOF, EMC
— but also forward detectors such as ZDC and FTPC

> HF-l (2014-2016)
— Au+Au, p+p, p+Au

— HFT and MTD upgrade

significantly improve
STAR’s hard-probes
potential

» HF-Il/pA (2021/2022)
— A+A and p+A

— further upgrades to
improve B, A, and jet
physics in A+A

— CNM

Stellenbosch -- 11/4/13

- HFT: Charm - QCD phase AA: HFT: B, A¢
- Di-lepton structure Jet, y-jet
SQGP properties - Critical Point PpA: CNM, p-spin

-

4 - N
s ot s e 207 aots. 22 | oo | s | 202
HF-l, (e,pn)

HFTIMTD - oling, ITPC I HF-Il, p,A .

BESII

HFT’, Tracking, EM/HCAL (West side) I ﬁ

EMCAL (East side)

physics upgrade 1 Nu Xu
L J
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STAR Contributions at HP’13

Monday

Parallel: High Transverse Momentum Light and Heavy Flavor Hadrons ...

— 80 Zhenyu Ye - Measurements of Open Heavy Flavor Hadrons in STAR Experiment
Parallel: Initial State and Proton-Nucleus Collision Phenomena ...
— 83 Paul Sorensen - Azimuthal anisotropy v, in U+U collisions at STAR

Tuesday

— 187 Jan Rusnak - Fully Reconstructed Charged Jets in Central Au+Au Collisions at
Vs, =200 GeV from STAR

Wednesday

— 197 Joey Butterworth - Dielectron production in Au+Au collisions at Vs, = 19.6, 27, 39,
and 62.4 GeV from STAR

Thursday

Parallel: Initial State and Proton-Nucleus Collision Phenomena ...

— 86 Fugiang Wang - Dihadron azimuthal correlations at large pseudo-rapidity difference
in multiplicity-selected d+Au collisions by STAR

Friday
— 209 Jaro Bielcik - Quarkonium measurements in the STAR experiment
Poster

— Ota Kukral — J/W production in U+U collisions at 193 GeV in the STAR experiment
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