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STAR EXPERIMENT

v Large acceptance:

Solenoidal Tracker At RHIC : -1< n<1,0<¢p<2n
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PHENIX EXPERIMENT

D, Base* D,B>s pf':
Jhy »ete Iy > pipe
-0.35<y<0.35 -Zf; y<-12
AD= T . }7{24
AD=2n
2008 PHENIX Detector 2008 PHENIX Detector

Central Magnet
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Quarkonia at RHIC

v Quarkonia suppression in QGP in heavy-ion collisions due to color
screening

v Suppression of different states is determinate by Tc and their
binding energy - QGP thermometer

v Complications:
< Still unknown production mechanism in elementary collisions -
measure pr spectra and polarization

~  Feed-down
> prompt J/y production:
> direct J/y (~60%), feed down from g’ (~10%) and Xc (~30%) decays

> non-prompt: B-mesons feed-down (10-25% at 4-12 GeV/c, STAR, Phys.
Lett. B722 (2013) 55)

«  Cold Nuclear Matter (CNM) effects - nuclear (anti-)shadowing,
Cronin effect, nuclear absorption, initial-state parton energy loss, ...

«  Other Hot Nuclear Matter effects - statistical coalescence, ...
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How to disentangle color screening vs
CNM effects vs recombination

]/w production vs enerqy - VR P S s
. . . . o Au-Au (200 A GeV) |y]=0.35 0-20% ~
varying relative contributions | T ordial wite:
. [ = = regeneration « == Nuc. Abs. -
High-pt J/y - almost not af ol = Nuc Abe wifte
. Primoraia M1
affected by Nucl. Abs. and E e e —
recombination 0.8] P BRRREE TR
Y rare but clearer probe R i BTl gy S
compare to J/y - negligible S et
co-mover absorption and R AT S

recombination ‘ ,

dN/dy . ,

6. @ RHIC: 797 + 210 298 . ub. (PRD 86, 072013(2012))
G, @ RHIC: ~ 1.34 — 1.84 pb (PRD 83 (2011) 052006)

R . =
“ N coll dN / dy p+p

> uarkonia in d+Au - . : . .
I%V estigate CNM V' Measure quarkoma production for different colliding
effects systems, centralities and collision energues

= prspectra, Raa, polarization, elliptic flow ...
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J/w in Au+Au at 200 GeV at mid-rapidity
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- . M OSTAR Au+Au - -+ Prediction 3 F
o 10™ r PHENIX Au+Au — Fit (B=0) L =
© E } : } : I } I | 3 w I o
3 10% (c) 40-60% B> @o60% 1. & 01 Inflally produced {311
P . AT 10 [ coalescence from thermalized cT [32]
8,' 10°F "o 8 1, B TR initial + coalescence [34]
N 107F e ﬁ% PR .0.2[- — ' — initial + coalescence [35]
2 108k e 1:?10243 E T hydrudyrlnamic: [36] | |
(Y] % r10' —_ ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
9 10 . .o 0 2 4 6 8 10
o0 5 ' oo §10° 2 GeV/
107°F ASTARCu+Cu™ g, , 9 p, (GeV/c)
11 VS = 200 GeV #STAR f)+p 5[10 < [31] L. Yan, P. Zhuang, and N. Xu, Phys. Rev. Lett. 97 (2006) 232301
10 N OPHENIX p+p ¥..58 [32] V. Greco, C.M. Ko, and R. Rapp, Phys. Lett. B 595 (2004) 202
L | L ! L L L L 710 N [34] X. Zhao and R. Rapp, Phys. Lett. B 655 (2007) 126
0O 2 4 6 8 2 4 6 8 10 [35] Y. Liu, N. Xu, and P. Zhuang, Nucl. Phys. A 834 (2010) 317c
p (GGV/C) [36] U. W. Heinz and C. Chen, private communication (2012)
T

v J/w vz is consistent with zero at pr > 2 GeV/c

* disfavors the case that J/y with pr > 2 GeV/c are produced dominantly by
coalescence from thermalized (anti-)charm quarks

v At low pr J/w spectra softer than the TBW prediction from light hadron
* Small radial flow ?
* Recombination at low pr
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J/Y Raa VS Npart in Au+Au at 200 GeV at mid-rapidity

L A+A = Jhyex : §li2 fg; i Geviey | v Supp(ession inC{‘eases with
(Sw=200GeV & B lE A (1y]<0.35) collision centrality and
1.2f Zhao, Rapp - decreases with pr
E% ----- Liu et al.
(— L I v High-pr Raa IS systematically
‘ nigher

v High-pr J/y suppressed in
central collisions

* QGP effects ?

* Both models describe the

0 50 1\'.!}0 11;30 260 2%0 3{50 350 data at low pT

N

part
v Theoretical calculations

* color screening + statistical regeneration + CNM
* Zhao et. al: + formation-time effect and B-hadron feed-down

Y.Liu et al., Phys. Lett. B, 678 (2009) 72
Zhao, Rapp, Phys. Rev. C 82 (2010) 064905

PHENIX: Phys. Rev. Lett. 98 (2007) 232301 p=<
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J/W Raa VS Npart in Au+Au at 200 GeV at mid-rapidity

40-60% 30-40% 20-30% 10-20% 0-10%

e ] o starn |17 Suppression increases with
1.6} || p>5GeVIe & STARGuCY 4 collision centrality and
1 ak L 200GeVAuAU o sTAR= ' ] decreases with pr
L —e— Model |, Liu et al. .
n -v=— Model I, Zhao et al._ . . .
ler 1 v High-pr Raa is systematically
IS 1 N I nigher
0.8 . . .
: % + 17 High-pt J/y suppressed in
ey ~— 1 central collisions
0.4
| mlel 3 ; * QGP effects ?
0.2F ! Eﬂ .
0 100 150 200 250 s00 sso « ° Both models describe the
Noart data at low pr
v No suppression at high-pr - At high prLiu et al. model
Cu+Cu describes the data well, while
PHENIX: Phys. Rev. Lett. 98 (2007) 232301 ZhaO et_ al mOdel
STAR high-pr : Phys. Lett. B 722 (2013) 55 .
STAR low-pr : arxiv:1310.3563 underprec“cts the RAA

Y.Liu et al., Phys. Lett. B, 678 (2009) 72
Zhao, Rapp, Phys. Rev. C 82 (2010) 064905
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J/Ww Raa in Au+Au at 200 GeV, mid vs. forward y
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PHENIX: Phys. Rev. Lett. 98 (2007) 232301

Y.Liu et al., Phys. Lett. B, 678 (2009) 72
Zhao, Rapp, Phys. Rev. C 82 (2010) 064905

v More suppression for
forward rapidity at low pr

Qualitative agreement between
data and model trends

Similar model predictions
(coalescence) for forward and
mid-rapidity - disagreement with
data
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Energy dependence of J/y Raa

é 2 - STAR Plrulilmillmrif o e ]
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" The collision energy dependence of the various
competing effects influencing the final J/y yields
are all quite different

Suppression of J/w at 62.4 and 39
GeV - no strong energy dependence
of J/W Raa

Data agrees with the prediction of
the theoretical calculations
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J/w production in various systems

2" Cu+Cu — Jhy+X 1 mid-rapidity
181 B % STAR _
O PHENIX
161 Zhao, Rapp ]
---Liu et al.

1.4l ) v No suppression in Cu+Cu at
<t2H|| m o ‘ L - high pr
I':Et 1_H_/_%_<_ Johes SEBEDEIEINA SRR ...... I

ostlf, [ , v Suppression at low pr
0.6 r,%-----{’]*_-_-{s""l; iE _|
0.4} -
0ol (S = 200 GeV, 0-60% _
0T 2 3 4 5 6 7 B
P, (GeV/c)
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J/w production in various systems

v No suppression in Cu+Cu at

v Suppression at low pr, similar to

- . : mid-rapidity
1— —
08— | . R
-~ 06— ] i L — high pr
04 i
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J/w production in various systems
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* Indication of QGP effects at central Au+Au collisions for hight pr Jiy

Need to understand CNM
effects

d+Au



J/w in d+Au collisions at 200 GeV

. . PRC87, 034911 (2013)
Initial State: d+Au -> J/¢ from PHENIX

what’s where?
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J/w in d+Au collisions at 200 GeV

___PRCS87, 034911 (2013)

25 Global Scale Uncertainty 8.3% E T -
- Kopeliovich et al. . — T $ 7
2—— — Lansberg et al. —] o
- nDSgc_ _=4.2 mb . L 08 N
% 1.5 ['}] 4 — S o6l B$
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e e 0.2 & d+Au |y| <035 —]
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2:_ ..... Enpegguicllefm_ E 04 '2"'4"'5"'3"'m"'12"'14"'4'15
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M —E.I-E.E Bl — E At backward rapidity suppression only
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i - Kopeliovich et al E More suppression at forward and mid y
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3 F . E . .
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o o P P el L — e of suppression than seen in the data
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J/w in d+Au collisions at 200 GeV

y=[-2.2;-1.2]

y=[-0.35;0.35] arXiv:1304.0901
2 T T T T T T 2

1.5

Raaupp(Pr)

10
T ITI 115 15F H1.5
: < Y Y
g Y 5
I% | 2 2 2
4 1 —0.5 « 05L s —_(}.50:
| Centrality 40-60% | Centrality 60-88% | " Centrality 40-60% T centrality 60-88% y
LAY AL TATA!
y=[12:22] pr (GeV) pr (GeV)
2 T T T T T T T T T T 2
+1s_ v Model: parton energy loss and pr
j=X
= “-’& I - _— =r (A .-"2 !
1S broadening do = 0.075 GeV?/fm
o
Ho.s .
Centrality 0-20% | Centrality 20-40% | ‘/ Descrlbes the data We”
0 —t ] } — 0
15} § } ? -__1 5
& | I' * T
g ol o a1
£ L] H I
0.5 T 10.5
| Centrality 40-60% . i Centrality 60-88% | |
o T2 4 o 2 a4 8
pr (GeV) p; (GeV)
15 January R X Y
2014 S eV MECATONDRE O |



W' in d+Au collisions at 200 GeV
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Quarkonia time in nucleus (1) [fm/c]

arXiv:1305.5516

Very short nuclear crossing time

Stronger V' than J/W suppression in
central collisions

W' suppression not due to breakup
alone

-t
[+2]

. F T NA38 p+A ]
= 1.6 O NAS5O0 p+A =
=4 ab o HERA-B p+A E
=t ® PHENIX d+Au MB
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Z o4 (%54 E
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2 0.2 11 t+\ E
0: Ll Ll . .Tf‘hml ]
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aN, /anHe

Common trend in modification of
W'/l/V vs Nch/dn

Interactions with final-state hadrons
may play a role; V' easier to break up

15 January
2014

< ~— o
R I—n
* * Q
*xox ﬁ H
* ek H
MINISTRY OF EDUCATION,  OP Education
N UNION YOUTH AND SPORTS for Competitiveness
ION DEVELOPMENT



J/w in Cu+Cu collisions at 200 GeV

1= e
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Y signhal in p+p collisions

2014

S arXiv:1312.3675
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Y sighal in p+p and d+Au collisions

arkiv:1312.3675

2014
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Y sign

al - Au+Au collisions
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Y signal

Au+Au collisions

2014
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Y in p+p and d+Au collisions at 200 GeV

2014
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ﬁ 1401~ 1JIE_I-II-I= 200 GeV * PP ] E‘I'E_ STAR p+p Sysl Uncertainty ]
3 - T S e'e @® dAu/1000 i PHENIX .
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‘:., - $ pp - E Energy Loss (Arleo, Pelgns) 5
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& 100~ R. Vogt ] -
% - NLO pQCD CEM 1.2 o
@ 80 1 -
0 . B2 dAu / 1000 - 1E b
= 60 - - x
I - 0.8 -
o e ~ : " :
= — D_E_ —]
I - 3 * -
“F - :
ﬂ_ 4 -El ' |-|1| ' |ﬂ|| 1] -ll L1 |2 1 |3| [ 11 I_ql -E:IEIII-lzlll-l-ll.IEI II-|1III-ID|.IEI Ilull l Ilu.llsllll.-lll l I-I1.|I5IIIIEIIII.I2_.IE
Y. Au Y,
1 d
v New p+p baseline
v Agreement with pQCD Color Evaporation Model prediction - except
mid-rapidity d+Au
v Data indicates more suppression at mid-rapidity than model
predictions for CNM effects
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v Suppression in central Au+Au collisions

v Comparison to dynamical model with feed-down (CNM effects only in
Rapp et. al. Model)

v Result is consistent with complete melting of 25 and 3S states

15 January 28




Open heavy
flavor

* |Indirect measurements through semi-
leptonic decay

* can be triggered easily (high p;)

* higher B.R.
* indirect access to the heavy quark kinematics
*

contribution from both charm and bottom hadron
decays

% Direct reconstruction

* direct access to heavy quark
kinematics

* difficult to trigger (high energy .+ AutAu. Cu+Cu. U+U
trigger only for correlation ’ ! o

measurements)  How does a parton lose its energy in the QGP?
* smaller Branching Ratio (B.R.) AE>AE >AE>AE,?
* large combinatorial background « Using the HF as a probe to study properties of the QGP and

(need handle on decay vertex) their dependence on system size, energy, ...



Heavy flavor leptons in d+Au

% 2 ¢ €4, ]y|<0.35(Phys. Rev. Lett. 109, 242301) —
oc [ e w.-20<y<-1.4
- om U 14<y=<20 ﬁ
1.5 | _
: % i }
s E
0.5 Global sys.=+10.1% ] N
[ (a)1.0<p_[GeV/c] <3.0 ]
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v Enhancement in backward rapidity (Au-going)
sensitive to high-x in Au and at mid-rapidity

v Suppression in forward rapidity (d-going)
sensitive to low-x

—h
I

d+Au @ |5,,=200 GeV

e -20<y<-1.4
m 1.4<y<20

(b) 0-20%

i
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HF leptons vs J/p in d+Au

Caveat: Different kinematics
< 3 ;
I:I:ﬂ - [B1J/y, backward (=9.0%) ® HF ', backward (+11.0%)]
2_5__ [& J/p, forward (+9.0%) = HF w, forward (£11.0%) _—

1.: IHHM* ') | E

et

0.5 - ] I : E|
' Centrallty 0-20% ‘

T BT B BT B T BT BT
Y 12 3 4 5 e 7

Stronger J/w suppression at
backward and mid-rapidity

* nuclear breakup affects J/yp
production

v Similar suppression at forward

rapidity
« shorter time in nucleus, low

GeV/c :

Py { ) co-mover density
=3 0-20% centrality
e a midrapidity
2 JF'I.,: midrapidity
. T TR T S S R
p, [GeVic]

15 January 31

2014




HF electrons in different systems

2014

2 77T rrrrorTreT T
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i - i ' I8 [ .1
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S LAY N : collisions T 0.5F + * .
0.5F RTRY - ;
Z L i 1
Oc; aoero: s ' " 1/ Enhancement at low pr &7 T3S
2 p4[Gew?:] 8 10 Cu+Cu peripheral p[GeVrel
| . | .

v Different suppression collisions A Xiv: 13108986
in central collisions - ) v
hierarchy between 3 | | deu o | dehu
systems S 1.5F il o, e $ 1.5¢ T Aucu ]

Different system sizes ;:; £ % " % =Y %:f i F | h
— - ) o . & .i
- Central d+Au = < oo : %05 + d .
perlpheral CU+CU D:V . E (a) Global error: +9.9% D:V . i (b) Global error: t&.ﬂ%. i
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Open charm hadronic channel

- 2_—I | | AutAus |:|>“+><@200 GeV y1I0+y11j _
oot = 0:80% i v Low-pr enhancement described by
S5 - Heoan models with light quark coalescence
: @ . et o109 1 with charm
vy 1 v Hight-pr suppression is similar to
0508 - pions (also in d+Au)
E. | - . 1 v DO and NPE suppressions are
2% 2 4 6 8 similar M ARSI
p. (GeV/c) [ A Pty £ 0
' LsE O _Dlo10% | _
N B #2% normalization uncertainty
=)
= B U:U193GeV, lyl<t, 3.0<p <5.0 GeV/c
1.5— ® Au+Au 200 GeV, lyl<1, 3.0<p_<8.0 GeV/c
n hofm
e I
(X N N - '
,f, v Similar behavior in U+U collisions
L | | . | as in Au+Au collisions
0 100 200 300 400
<I\Iparl)
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Open heavy flavor flow

2 T T T | T T T '|' T T T I
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IIII'

v @Gluon radlatlon scenario failsto v~
explain large NPE suppression at

high-pr

It's challenging to describe

the suppression
and v2 simultaneously.

3
T A
P, (GeV/e)
Finite v, - strong charm-medium
Interaction

= = M.He 0-80%

=0 G Quark llows
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Summary of what was measured so far

» Quarkonia and Open Heavy Flavor measurements for
different colliding systems (Au+Au, Cu+Cu, U+U,
d+Au, Cu+Au)

~ And also different energies (39, 62.4 and 200 GeV)

» Crucial to understand the CNM effects - p(d)+A
collisions at different energies

~ Separate charm and bottom

* K =<
15 Januar i
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Prospects



PHENIX upgrade

Installed and taking data: FVTX

Silicon detector for precision tracking at

forward rapidity, covering PHENIX muon
arms

cc Ik ' -b/c muon separation
. ied - =y(2s) at forward rapidity

: -Drell Yan dimuon production _
& | y Front view of VTX

_l.

M.Durham
- HP2013

» VTX provides two new capabilities:

1) Tag and reject conversion providing an independent
measurement of photonic background

2) Measure distance of closest approach to separate charm
and bottom components of heavy flavor spectra

PHENIX request for 2015 RHIC beam includes p+C, p+Cu, p+Au

— .
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51” = Merged events
10* = B events
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Simulated DCA;,, for each process

DCA, for ¢/b separation
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=
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T |
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0.015
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By
D—p

prompt particle

2
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5 6 7 8 M %ome‘!'iulum ljaewéz

DCA, vs momentum

Decay s from D, B and hadrons have different DCA,

shapes in a given [ p; bin.

-> Fit the shapes to data or cut out to reduce background

keeping a specific window.

K.Lee -
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Upcoming p+A with PHENIX

J/y in p+(Au, Cu, Si) at 12 rapidities R

p+Au 64 nb" p+Si 193 nb™
p+Cu 96 nb"' p+C 450 nb™

e Measure J/yy Raa vs centrality for o T Iy 210 cm
p+(Au, Cu, Si). n'aé N - —
Study CNM effects vs mass at 200 GeV. ndré N X — B '
Compare varying centrality with varying T N\ | —

0.6 -
mass. = — -
0.5 '
| Yoo .
04| o y=157
. y=1.82

? 3 i i ¥ ¥ & K & w b y )
Wy’ in p+Au at forward, mid, backward y L
Target mass

e Vary mix of CNM effects on y’ production. ; |

. . .. . v, p*Au, 64 nb", Z + 10 cm
e Feasible only in p+Au case due to statistical 12
precision. ) .
0.8 1 t '
J . "l
0.6 % !
0.4/ |
_ e y=-17
0.2+ L y='ﬂﬂ
e y=17
A Frawiey T T
- HP2013 -
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SsPHENIX Barrel upgrade

l’;y;:;}‘r"v__ . . o .
L - SPHENIX is a significant reworking of PHENIX
PH }:;H:{: ENIX HCAL QUTER
¥ HCAL INNER

__ EMCAL  The proposed large acceptance
_ SOLENOID SPHENIX detector, which is designed as a
ORESHOWER jet detector, will also - with added
 ADDITIONAL tracking and electron ID, make good
TRACKING .
e separated Upsilon measurements.
[¥(1835.38)] A.Frawley
=F - HP2013
400.- e’ e decays
-“1<n<1

300

200

2 T Solenoid -
arX|V1 2076378 %35 8 85 9 95 10---' 10 (12

invariant mass (( N ® Y(18)
® Y(25)

+ Interesting because of medium properties near Tc and because of i e
complementarity with jet and quarkonia measurements from LHC

 additional tracking layers and EMCal

pre-shower provide mass resolution and ’

pion rejection to enable quarkonia program to

augment STAR’s and complement LHC s w0 s w0 g

15 January ... || Xn 3
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Forward sPHENIX

Optimized for jets and photons/DY over a large range in rapidity (n~4)

« Extension/modification of the central solenoid for B field

* GEM based tracking

* Diamond pixel for heavy flavor tagging
* Restack of current PHENIX EMCal
1+ RICH based PID (pi/K/p)

* HCal for jet energy reco

* Muon identification

o HCAL :;; |
- .l__.f'-r -______--' I i - -
____.-""-' H_E.D.._..-"--- -.--._“-___..-
e EMCal .__,-;/_/"" — - I
Salenoid St " ne2d_ =
ars !
1

ch.particle =

/

Cerenkowv
FID

TEMLCal

e
1

HCAL

..;H:Ezml piel : Q_EM-EFEE‘;?:F.E;:_... '____..-'__...---"'_____r|_—§.g____,___—-. — g PbSc
_ | e H e m — |
) -
Q)
. :L-/ Research Center
* Forward sPHENIX is being designed with ePHENIX in mind J.Seele -
* A forward EMCal + tracker on the opposite side will need to be OM2012
added for ePHENIX
15 January




Multi-gap Resistive Plate
Chamber (MRPC) - gas detector

Acceptance: 45% at |n| < 0.5
Long-MRPCs

Electronics same as in STAR
TOF

" ~— o
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Accessing muons at mid- rapldlty

Multi-gap Resistive Plate

Acceptance: 45% at |n| < O. 5

Long-MRPCs

Electronics same as in STAR -
TOF

f{l" -Emn —Y -uty

Muon Telescope Detector (MTD)

No y conversion

Much less Dalitz decay
contribution

Less affected by radiative
looses in the materials

15+25+35
15

l'h:p <5 GeVic

1.4 300 pt prp. 20 nb Au+Au, 0-20% 0.8 . 60
- 300 pb'p+p 20 nb™' Au+Au * 1(15)—>u W 40
1.2+ 0.7 STAR Muon Telescope Detector ® T(2S)—u 't
1__{~ & & : {~ ] _ D.E_— __ 20 :
- ! 0.5 | $ $ Y 9 9.5 10 105 11
308 i [ r 1] L. . a
o - m& 0.4— _ ' invariant mass (GeV/c®)
o6- C 03l b
0.4- —t 02 R S | .
: 2 P g Excellent mass resolution
0z~ Jhy R A
© 1723 4 5'6°7 8 91 %50 ioo 480 200 280 30 30 °  1rlgger capability -
pT{GeWc] Number of Participants e-muon d| muon
Full system in 2014 S
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Heavy Flavor Tracker (HFT)

Precision vertex detector: Open heavy flavor
Non-prompt J/¢: B—=J/p + X | e

DCA

S px_. Direct fopological
reconstruction of decay

vertex

Radius Hit Resolution

Detector R/ - Z (um - Radiation

(cm) length

um)

SSD | 22 20 /740 1% X,

IST | 14 | 170/1800 |<1.5%X,
8 1 2.:"r 12 ~0.4 °

PIXEL oXo
2.7 12/12 ~0.4% X,

Full system 1n 2014
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MTD + HFT

* 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

* 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

Heavy Flavor Tracker
B.Christie -
HEP2013
15 January 45 Efw L S
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148 STAR projections for Run 14,15

unique high precision at low pr -> medium thermalization, total charm production

| —
20 ¢ 200 GeV Au+Au Collisions at RHIC X o5 :_ 200 GeV Au+Au Collisions sesas Hydro __
o | (D™ 500M min bias events; |y|<0.5) : Eh{iggi ?3;! rons -
1.0 iy - I
- ' & N, sealing E} 20 - i
i R e | 1 © -
i Mo | & __
5 [ SR | & ®f
Y — - + * | & :
N, scaling " I* - + k o 10k
0.2 . E x
O 5
D—e 1B minimum bias TPC+HFT + _
{]'1 [ -1 . ] O B
- BE—e o n 1nb" Lw HT trigger @D o b ]
i . | . I . I . | E IS T AT N S RN I
0 2 4 3 8 0 1 2 3 4 5 6
Transverse Momentum P, (GeV/c) Transverse Momentum P, (GeV/c)
Assuming D° R, distribution as charged Assuming DOv, distribution from quark
hadron. coalescence.
500M Au+Au m.b. events at 200 GeV. 500M Au+Au m.b. events at 200 GeV.
-Charm R,, [ - Charm v,
Energy loss mechanism! Medium thermalization degree
Color charge effect! Drag coefficients! B.Christie -
Interaction with QCD matter! HEP2013
15 January 46 gfw .
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STAR forward upgrade

X
proton nucleus

[ (= 25 <1<

' =‘ Forward Calorimeter System (FCS)

I] |TF’C
|||||

Pb-Sc HCal

| ' \ W-Powder EMCal

_

Baryon/meson
separation?

 Forward instrumentation optimized
for p+A and transverse spin physics

— Charged-particle tracking
— elh and y/mr? discrimination
— Baryon/meson separation

15 January
2014
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STAR future

. N
i ) - HFT: Charm - QCD phase AA: HFT: B, A;
> H F | (20 14 20 16) - Di-lepton structure Jet, y-jet
— Au+Au, p+p, p+Au sQGP properties - Critical Point pA: CNM, p-spin

— HFT and MTD upgrade |
significantly improve -
STAR’s hard-probes --I_--- e

potential
_1 | BEsI

HFA, (e,p)
» HF-11/pA (2021/2022) | wemm HF-Il, p,A

e-Cooling, iTPC

— A+A and p+A I
_ fU rther upgrades to HFT’, Tracking, EM/HCAL (West side)

improve B, A, and jet
physics in A+A

— CNM physics |  upgrade 4 Nu Xu

EMCAL (East side)

o
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B - J/y feed-down

Phys. Lett. B 722 (2013) 55

. = | e STAR2009 (c)
Model based extraction > [ O STARPRCE0
using PYTHIA >0.3F — FONLL+CEM
16T T T T a -
d-l:l*:p ‘:ED ,{_ = -3.“! E -
1.4% E‘F"m . E’U oF o
| STAR Preliminary ~ - —
12 PYTHIA | = f
| PromptJiy = -
g LBy p O1F
g - — Sum m .
E"E'E: - -.|.|.|.|.|.|.|2G“::|GewFH_FJ
2 | O3 %456 789101112
<.0.6f | p_ (GeV/c)
0.4f- + + ] Extracted from near side J/y-h correlation
o el B-hadron feed-down contribution of 10-25%
S | o at 4-12 GeV/c
ull I = - I = I ] ]
LRI Result consistent with FONLL+CEM
calculation
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Charm and bottom decomposition

e (b->e)/(b->e + c->e) ratio for p+p collisions from
partial reconstruction of D>e*"K/*X

o E
T o9 /\
'f DBE @ PHENIX PRL 103, 082002 (2009)
* ~F —FONLLYy=0 | 1
— e @ —
o 0-TE 1 09 ® 2012: p+p 200 GeV , |y| <0.35 /\ PHENIX
— — N M .
O 06— 'E — @ PHENIX PRL 103, 082002 (2009) Preliminary
- 08—
— @ — -
E 0.5 1 -~ —FONLLy=0 | e i
D4E O U.T:— ...............
A = — ]
— 1 Q 06—
0.3 B /-""‘
- _g 0.5—
0.2— . - < 90% C.Lg
0.1~ = &[ ----------------- - 90% C.L.
— L V 03— . .
[]mll oo b b — K .
0.1
: §+_1.,'
[
U'_‘~"|“"|'|||y|||||||||||||||||||||||||
1 2 3 4 5 6 7

Electron pT(GeWc)

7 ~— o
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2 | T T | T T T | T 2 | T | T T
1 gk ® STARIyl<i d+Au — JAp+X 1al ® STAR lyl<t d+Au — JAp+X
"1 EPS09 40, (3 mb) . T DNEPSOQ il |
1.4 g;pwx 1.4 pf‘;'mm —
- Mp+p syst.
_1.2f 5 127 OpHENIX, m n
3 1 3 1 [i
T 0.8 iEar! | - 0.8 I L
| [}J -% .WH Eﬂ l] 4
0.6]- 0.6|- -
0.4} o 0.4}
STAR Preliminary STAR Preliminary
0.2} 0.2} \S, =200 GeV
0 | | | | | | | | 0 | | | | | |
0 2 4 ® 8 10 12 EE1'?.!' F-!’?’ R‘;B [ C.Saleo, Nucl PJ{E]' A K30 ‘991(2&!'?5‘) 2 3 4 >
NCnII R Vogt, Phys. Rev. C 81, 044903 ;J'f;l?uj- o - pT (GeVic)
V' Measurement of J/¢ in d+Au collisions provides information on CNM eftects
v Good agreement with model predictions using EPS09 nPDF parametrization
for the shadmﬂng,, and J/ l|J nuclcar absorption cross section
Gabd /P = 2.8") (stat.)ss (spst.)1 1 (EPS09) mb obtained from a fit to the data
v STAR results consistent with PHENIX measurements
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J/w Raa VS prin Au+Au at 200 GeV at mid-rapidity

1.8
1.6

1.4
1.2
1
0.8
0.6

0.4}

<0.2
<

0”18
1.6
14
1.2

1
0.8
0.6

Zhao, Rapp (a) 0-60%
--Liu et al.

Toe STAR

(b) 0-20%

- U PHENIX i

v/ J/g suppression decreases with
Increasing pr across the
centrality range

Strong suppression at low pr
( < 3 GeV/c) for all centralities

At high-pr:
* suppression for central collisions

* Raa consistent with unity in
(semi-)peripheral collisions

Data agrees with theoretical

0.4 '
. AusAu 200 GeV calculations
| ] ] . . .
£ 6 8 10 ° colorscreening + statistical
regeneration
PHENDC s Ko Lot o 000 2230 * Zhaoet. al: +
STAR low-pr : arxiv:1310.3563 format|on_t|me effect and
Tl ol Py et 5 070 2000 7 B-hadron feed-down
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40-60% 30-40% 20-30% 10-20% 0-10% 50-100% 40-50% 30-40% 20-30% 0-10%
1.8F 1 | | | T 1 | | —
L (a) 1 ® STAR 1 (b) |
16F p_r:-:5 GeV/c * STAR Cu+Cu | @STAR, 200 GeV Au+Au, |y|<1.0, pT:n-S GeV/c 1
| o PHENIX {p_r:s-(])

200 GeV Au+Au {} STAR 1
—— Model |, Liu et al.

1.4 g

1+ oCMS, 2.76 TeV Pb+Pb, |y|<2.4, 3{}>|:}T>6.5 GeV/c

1ok —v— Model I, Zhao et al._| |¥|

@ _
l:‘-;‘-I....I....I.. .I....I....I....I....I..-I....I....I....I... T B TR T T
50 100 150 200 250 300 350 O 50 100 150 300 350
Npart Npan
v Higher Raa for STAR than CMS for all
centralities
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Energy dependence of J/y Rcp, Au+Au

= . 200 GeV, PRC 84, 054912 (2011)
1.4~ global sys. =+ 19.6%
— Peripheral (60-93%) : -'.‘Nm“‘.:z 145+2.7
1.2 = 62.4GeV
C global sys. =+ 11.6%
L Peripheral (60-86%) : <N = 14.3+1.7
1 N - .
&0.8— iy = up, 1.2 <ly| < 2.2
e r
0.6 mm
0.4 EElEl i @
0.2 gl (I
0556100 150500 250 500 350_ 400
Forward art
rapidity
) T+ . 200 GeV, PRC 84, 054912 (2011)
1.4 global sys. = + 14.4%
— Peripheral (40-93%) : -:Nm;: 446 +6.2
1.2 A 39 GeV
B global sys. = £ 8.5%
L Peripheral (40-86%) : <N >=43.5+3.7
U e eeeeaa.
G081~
e | m
0.6 m m
04F B ;
0.2 @ @
_ Jhy —pp, 1.2 <ly| < 2.2
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
00 50 100 150 200 250 300 350_. 400
part

-
= I &

—

A —y
[+ I - =]

—

cplreference centrality: 40-60%)
o
o

R
e =2 2
M R oo

N I I [ I | I I [ I I I [ I | I I I ]
- I B 200GeV |y|< .
__STAR Premilinary = 62GeV [y|<I -

~ B 39GeV |v[<1 -
- - ] 40-60% N__, uncertainty —
[ [ ] 20-40% N_, uncertainty_|

| U [ 0-20% N uncertainty
[~ n - ]
. 20-40% 0-20% Mid-rapidity
: 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 :
0 100 300 400

arl

v Similar suppression for all

energies
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Flavor similarity

e Different quark flavor may give different interaction.
- Mass ordering (dead-cone effect, etc.)

e At high p+(p>5GeV/c), electrons from heavy quark (c,b) show
similar Ry, and Ry, as n’s from light quark (u,d) or gluons.

PHENIX, PRL. 109, 242301 (2012)

- ¥ eiRaa 0 7 Ryp
2 B Ry, 7 ® Rpa
S1.51
3 tLJ,
= 1F - - B - Y- o
0.5 o B E o o
- . . Y = ! il mll? ® v DR
U I T B IR T T T T T T T T A T T T AN SO T A AN S SN AN A N M A A A
0 1 2 3 4 S 6 7 8 9

P, [GeV/c]
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HF electrons in different systems

2 L L E A L AL
i +d+Au  0-20%
- s Cu+Cu 0-10%
' « Au+Au 0-10%
1O 1M Hassassbih 4 i -
P i l ]
- W W
EEE 1_ I : i * ] I I
il AT :
T T Y
D 5— res —
B ®
i Global error: +9.9% ! *

|||||||||.l||||||
b2 4% 38

Suppression in the o -

central relative to 2% . [
peripheral Cu+Cu <* -I”HH + ;
collisions i D'SJ t 4 + ‘_-

Enhancement atlow pr %323 4 5 6

: p.[GeV/c]
p_[GeV/c] Cul?'-(':u peripheral T
v Different suppression collisions
INn central collisions - ¢ 125 PHENIX Preliminary . 0-20% CutCu o [y|<0.35
hierarchy between 3 ek = 020% cuscuy 14cyies
SyStemS 140
Different system sizes 1.2
1
 Central d+Au = osf-
peripheral Cu+Cu 0.6~
0.4—
 Central Cu+Cu = 02E-
peripheral Au+Au % 1 2 3 4 5 6 7
Py
1> January >8 wo | T3] KW FY
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Soon to come: MPC-EX

PHENIX upgrade

>

n

Preshower for enhanced capability
of forward calorimeter

Far forward direct photon
measurement to constrain low-x

PDFs

EBS09 Nuclegr Mod. R, [Q*=9GeV?]
PR ¢

(=]
b,

M.Durham

- HP2013
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Quarkonia at RHIC - Motivation

Charmoma: 1/9, ¥, y Bottomoma: Y(1S), V(2S), Y(3S), ys

v Quarkonia suppression in QGP in heavy-ion collisions
due to color screening

v/ Suppression of different states is determinate by Tc
and their binding energy - QGP thermometer

T/T¢ 1/(r) [fm] Screening radius:
5 ) Y(1S) ro(T) < 1/T H.Satz, Nul. Phys. A 783, 249 (2007)
} 9 T =12T, T 3T.
— IP C C
A A P |1 | E 11
Thermomete gl 7/v1s)¥(2s) R i R
VAN Y 4, Y X v Y XpY Y
=Tl %55y iy Quarkonia spectral lines as thermometer

Tiss (W) & T (1)< Ty (Y (3S)) < Tyis (W) & Ty (Y(2S)) < Ty (Y(1S))

A Mocsy, Eur. Phys. J. 061, 705-710 (2009)
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Solenoidal Tracker At RHIC : -1< nN<1,0<dp<2n

Magnet | [_ Bam:l E]:cn'Magncﬁc Ca]m‘im:.tcr |

AT -
i ) .,___-"' e |1‘1. || . ]
|\ Tim:ij:ctinn Chamber } _f,f l,’ Pt I\I \/T Time Ot Fii

T &

)
: | [T Bcachmn Cuunlc:r ]

g mimi

lll\‘.“ W o oo e — —

v Large acceptance:

*Inl<1,0<¢<2nm
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Solenoidal Tracker At RHIC : -1< nN<1,0<dp<2n

Barrel El::c‘l:mh"]:agncﬁc Calorimeter |

. it‘\' I\ :/T Time Of Fright J
- " [T Bcdm Bcdm Cuunu:;r

)

UL ST Y

1'1'-":"'! W o w o —

v Large acceptance:

'Inl <1,0< @ <21

v TPC
*Tracking: pr, N, ¢

* dE/dx: PID

Momentum {Gev/c)
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Solenoidal Tracker At RHIC : -1< nN<1,0<dp<2n

| Time ijccliun Chamber

TS

‘l‘.l\‘l L L

Momentum {Gev/c)

Magnet | [LBMI El::c‘l:mﬁ"jagncﬁc Ca]urimctcr |

Au + Ay 200 GeVo

Large acceptance:

‘Inl <1, 0< ¢ <2n

TPC

- Tracking: pr, N, ¢
- dE/dx: PID

TOF

* 1/B: PID

* Timing resolution < 100 ps
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" TOF

‘I 1 1 IIIIIII 1 | | | 1 IIIIIII

/p-11<0.03

el L)

0.3 1 5 0.3 1
Momentu mk ( ?ﬁ_\fjg)

Al

dE/d -

5 -v-u;;.;;n_: : ' i

Momentum {Gev/c)

F

TPC

- Tracking: pr,
- dE/dx: PID

TOF

* 1/B: PID

Large acceptance:
‘Inl <1, 0< ¢ <2n

n, ¢

- Timing resolution < 100 ps
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STAR EXPERIMENT, PID

<Y I v Large acceptance:
m_ffﬁcut <ph<2n Inf<1,0<¢<2n
s e /' TPC

E': Au200 GeV - Tracking: pr, n, ¢
1 - dE/dx: PID

| I / ﬁ 1/ TOF

j | ; ilf;;f * Timing resolution < 100 ps
L Y- R - B S ' | 1/B:PID
LI - I:_gj_gentur‘ sounl- : 4

A zmg- ' : JJF Tower An x Agp = 0.05 x 0.05

_ L "'W';- ’ *Energy: E/p ~ 1 (for electrons)
: : _ PID
2 DIJ 02 04 06 08 1 12 14 18 1.8 2 22 24

Elp - Trigger
2
Momentum {Gev/c)

15 January 65 ... || Xn 3

czech republic  EUROPEAN UNION SO0 s Sroare ON: for Compotitiveness
2 O 1 4 INVESTMENTS IN EDUCATION DEVELOPMENT




dE/dx (keV/cm)

Large acceptance:

‘Inl <1,0< ¢ <21

TPC

- Tracking: pr, N, ¢
- dE/dx: PID

-, 1 TOF
| - S phb A . 1.0<na, <15 . .
4 T 00 GeV | : g __::GWEW * Timing resolution < 100 ps
" c el 00l 4000 1 2.0 <p<3.0 GeV/
i TTos 5 | Fhepeanne d- 1/B: PID
v alOEENtUE
o | W 1 - - BEMC
sl o ,/  ~Tower Anx Ag = 0.05 x 0.05
_ L 1000f~ ’ *Energy: E/p ~ 1 (for electrons)
: ; _ PID
2 | DIJ 02 04 06 08 1 12 14 16 18 2 22 24 u
” T Elp - Trigger
Exce entb el&nmentum (GeVic)
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J/w spectra in p+p collisions

p+p — Jiy+X, Vs =200 GeV
® STAR 2009 EMC
¥ STAR 2009 MB

v prompt NLO CS5+CO
model describes the data
for pr > 4 GeV/c

| 3 ﬁﬁ

N
2
>
A
N
o
o
&)
Qo
)
o
>
|

o PHENIX 2006
STAR Preliminary

v prompt CEM model can
reasonably well describe
the pr spectra
(overpredicts the data at
pr ~ 3 GeV/c)

—
=
o
BRI

104L Inclusive J/y
production

v direct NNLO* CS model
misses high-pr part

Bd’s/(2np_dp._dy) [nb/(GeV/c)’]
S

} IIJII| | IIIIIII| | IIIIIII| | IIIIIII| L Ll

[ ldirect NNLO* CS

----direct NLO CS+CO
— prompt NLO CS+CO * J/y pr range extended to

|III|III|III|III|III|III|I 0-14GeV/C

0o 2 4 6 8 10 12 14 ,
p. (GeVic) STAR results consistent

with the PHENIX result

—
<
ﬂ

CEM: A.D. Frawley, T Ullrich, R. Vogt, Pys. Rept. 462 (2008) 125, and R.Vogt private

NLO CS+CO: Y.-Q.Ma, K.Wang, and K.T.Chao, Phys. Rev. D 84, 51 114001 (2011) and
communication

direct NNLO CS: P.Artoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and
private communication

STAR 2005&2006: Phys. Rev. C80, 041902(R) (2009)

PHENIX: Phys. Rev. D 85, 092004 (2012)

J.P.Lansberg private communication

STAR EMC : Phys. Lett. B 722 (2013) 55
STAR MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543
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J/p spectra in p+p collisions at 200 GeV

p+p = Jy+X, Vs =200 GeV
® STAR 2009 EMC
¥ STAR 2009 MB

10°
10°

p+p— Jy+X \[s=200GeV
== NLO CSM (direct J/y)
—NLO NRQCD
-CEM
- B-meson— J/y+X
_ o |y|<0.35x 1000

ke w 1.2<[y|<2.2

o J

¥

g ﬁﬁ

T

o PHENIX 2006

—
- <
T
|
@
>
A
N
o
-
on
o
N
-
-
| ||||||ﬁn| namm

T

inclusive |/y

B,/2n p.. d*c/dydp_ [nb/(GeV/c)?]

—
=}
IS
R

Bd’c/(2np_dp_dy) [nb/(GeV/c)’]
=

production
5 | 2
10 E - CEM 3 =
" [ 1direct NNLO* CS J ?
10"°E --- direct NLO CS+CO = =
- — prompt NLO CS+CO - 5
-7_| | | | | | | | | | | | | | ] | | | ] | | | ] | | | ] j:}".‘
100 2 4 6 8 10 12 14 ”‘g
o

P. (GeV/c)

STAR EMC : Phys. Lett. B 722 (2013) 55
STAR MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543
PHENIX: Phys. Rev. D 85, 092004 (2012)
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|/w polarization in p+p collisions at 200 GeV

Discrimination power between different

J/w production models at high
o)

< 0.8

0.6
0.4
0.2

1

2011 500 GeV data can
help improve precision of

polarization measurement 0
and permit analysis of the -0.2
full angular distribution 0.4
-0.6

~1.8 pb? vs ~22 pb -0.8

STAR: arxiv: 1311.1621

PHENIX: Phys. Rev. D 82, 012001 (2010)
COM: Phys. Rev. D 81, 014020 (2010)

CSM NLO": Phys. Lett. B, 695, 149 (2011) and

'pT private communication
[+ ¢ T T T I 1 1 1 I 1 | | I 1 1 L) L) I L) L) L) | | -
F p+p = Jiy+X %  STAR data, |y|<1 E
- Vs = 200 GeV e  PHENIX data, |y|<0.35 -
- y|<1 ™ com g=
- e m  CSM - direct NLO* -
- CSM - direct NLO" + approx._J
= RS A =
C LA K AKX T X X > -
- P 0. 0.0 00 0. 0.0.0.¢ $.0.0.0.06'a'a"S -
E R R R R S R R R RIS
= RSN AT S 0 i e e - e Ya e
— 0’0’0,0¢<>.0’0’0;v.~‘:,4494. S a2 % e % % % % %=
: helicity frame xzfnfiﬂ 1'5!4| - :

1 5 5 3 5 1 4 3 3 1 L1 1 1 L1 1 1 L1 1 1

e

1 2 3 5 6
P, (GeV/c)
Polarization parameter Agis measured in helicity frame at |y| < 1 up to
pr = 6 GeV/c
v RHIC data indicate trend towards longitudinal polarization with
Increasing pr
v Different trend seen in the COM prediction
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J/w yield in Au+Au collisions at 200 GeV -
S comparison to models

Viscous hydrodynamics

prediction for two J/y decoupling
temperatures: T = 120 MeV and
T = 165 MeV

Fails to describe the low-pr J/y
yield (< 2 GeV/c) and J/y
elliptic flow at pr > 2 GeV/c

Au+Au 200 GeV

(c) 20-40% (d) 40-60% |

| Initial | v Liu et. al.

= = Regeneration
4 —Initial+Regen. 4 o I

T Fiveiro Tos20 MoV J/p suppression qlue_ to color
T =-v-Hydro T=165 MeV l screening + statistical

regeneration + B-meson
feed-down + formation-time
effects

6 p8 (GV/(E:) ¢ 8710 Describes the pr spectrum
.

Hydro: U. W. Heinz and C. Shen (2011), private
communication STAR high-pr : Phys. Lett. B 722 (2013) 55

Liu et. all: Y. Liu,Z. Qu, N. Xu, and P. Zhuang, = STAR low-pr : arxiv:1310.3563
Phys. Lett. B 678 (2009) 72
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Energy dependence of J/y Rcp

New measurements at 62.4 and 39 GeV

”5:._: Au+Au 39GeV MB = unlike-sign. same event 33 ‘E T 'm 200GeV ||‘.|‘._-_'| S
2 O<p_<4.0 GeVic — unlike-sign, mixed event % 1.8 [ STAR Premilinary = 62GeV [v|<1 =
=t B STAR Preliminary  — Ike-sign, same event 3 = B 39GeV |v|<1 —
=10°f "':2 iy 464 18 . [ 40-60% N_, uncertainty -
'E = - B: 4374 Ly - [ ] 20-40% N__, uncertainty_|
3 i = /@ 010 I - . ] 0-20% N_, uncertainty
S/(5+B)"% 6.54 e 12 T
- u — 1
l 2 u
200 208 i
o < b 1 _
100 ® 0.6 |— —
102 N '7', mlu H"I - ]
T of i) B B
B 041 20-40% 0-20% :
- 25 3 0.2 —
! | B ]
i‘!-d EIE == = == = - =" n [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
& s 0 100 200 300 400
g F Au+Au 62GeV = unlike-sign, same event art
S 330[1.0<p_<5.0 Gevic — unlike-sign, mixed event
n e —like-sign, same event
%300 | STAR Preliminar vy 447
'g il t B 975
R0 || sm:04s
- S/(S+B)"": 11.84
2001
150 v Significant suppression at
100 200 and 62.4 GeV in central
5o} collisions
e | L gl | |

I Lol L I L L L L 1 Lol L Lol L I L
\/¢é 28 3 32 34 38 38 4 !
M, (GeVic?)

~— o
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J/w Raa VS Npart in Au+Au collisions at 200 GeV
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J/w in U+U collisions at 193 GeV
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