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Physics motivation

Sequential disappearance of states:
—Color screening = Deconfinement T/Te  1/(r) [fm]
)

Matsui T and Satz H, PLB 178 416 (1986) -
—QCD thermometer = QGP 20|
Properties 1)
Mocsy A and Petreczky P, PRD 77 014501 (2008) 12 T/w(1S) Y'(25)
Milestone measurements: <Tc|ff w@ TOS)
1. Establish baseline in p+p and C

understand hadroproduction
2. Study cold nuclear matter effects in

d+Au A .Mocsy, 417th WE-Heraeus-Seminar,2008

3. Investigate QGP properties in
Au+Au
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Expectations at RHIC energies
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* Y(1S) does not melt
¢ Y(2S)is likely to melt

Y(3S) will melt
Mocsy and Petreczky, PRL 99, 211602 (2007)
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Y Pros and Cons: Physics

Pros
« Small background at M_,~10 GeV/c?

« Co-mover absorption (reduces yield) is very
small

— Lin and Ko, PLB 503, 104 (2001)

« Recombination (enhances yield) negligible at
RHIC (64, << o)
— Zhao and Rapp, PLB 664, 253 (2008)

Cons

* Extremely low rate
— One Y per 10° minimum bias p+p interactions

May 18-21, 2010 QWG 2010 - FERMILAB



Y Pros and Cons: Instrumental

Pros

 Efficient trigger - works in p+p up to central
Au+Au collisions

» Large acceptance at |y|<0.5 and Ap=2n
 Large rejection factor ~10° in p+p

« Sample full luminosity — no prescale
Cons

* Good resolution needed to separate all 3 Y S-
states
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Relativistic Heavy lon Collider (RHIC)

Species
pp,dAu,CuCu,AuAu
Energies
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Solenoidal Tracker At RHIC (STAR)

EMC Silicon Vertex

i ~Track
» Triggering — high-E; electron Coils Magnet racker
« E/p — e/h discrimination

E-M
TP Calorimeter
- Tracking — momentum | . .
e dE an 10 Time Projection
11 \l‘Tmr- — Chamber

Time Of
Flight

\I lmm-mz___;ﬁ

M

Electronics
Platforms

Forward Time Projection Chamber

May 18-21, 2010 QWG 2010 - FERMILAB 8



STAR Y Trigger

LO Parameters (pp)
High Tower E; > 3.5 GeV
Trigger Patch E; > 4.3 GeV

LO Parameters (dAu,AuAu)

E, Cluster High Tower E; > 4.0 GeV

LO L2 Parameters
E‘?Vg?r E, Cluster,
E, Cluster,
cos(0),
Invariant Mass

E, Cluster
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Y—ete in p+p at vs=200 GeV

[£dt = 7.9 pb-! of p+p (2006)
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Comparison of STAR Y cross section in p+p
at Vs=200 GeV with theory and world data

* STAR, |y|<0.5 10°L 1(1S+25+38)

Fa

o
o =
< 140F = % STAR, p+p
= L - C
T $+p,\J+E-_20-:} GeV NN, - 2{N,.N. " ® CFS, p*A
S 1200 —ee _ NLO pQCD doldy [ mEB05 p+A
Z o 3 o cen 5 102 1 coon pes
n — 9 - - - ¥ R209, p+p
T [ T —1-{90.~ T
N - g = = 1 "o —_—
N 80 = . i 1803 - i
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« STAR data agrees with Color Evaporatlon Model (CEM) at NLO
— Phys. Rept. 462, 125 (2008)

« Color Singlet Model (CSM) underestimates STAR data by 20
— PRD 81, 051502 (2010)

« STAR data consistent with world data trend
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Y—e'*e in d+Au at Vsy,=200 GeV

STAR Preliminary STAR Preliminary H LIU QM2009
go [ T T T o B A B I -
b + - unlike sign :_ + ——unlike - like : E

S like sign 1 : ly]<0.5 :
60 — 50— —

- + d+Au s, =200 GeV ] - + Integrated all p_ -
5,0:_ . 40:— —

§4ﬂ; =] ‘530; + _:

0305_ ++ _ UZ“E‘ H» + _
xSl T Ry "o ++++++++
10F L H‘ +++ E 105 + + +

0 ;.M*.ﬁ"; |"| L L :.T.:.Tﬁ*?t - - [ TR A AT B B !

S S R IS TR [ 1 S TR R VR TR T
M., (GeVic?) M, (GeVic?)

No inner silicon detectors (SVT+SSD), reduced material (X;) in 2008
[£dt=32 nb-'=12.5 pb' (p+p equivalent)

Signal+Background — unlike-sign electron pairs

Background — like-sign electron pairs

Raw Y(1S+2S+3S) yield = 172+20(stat) extracted from M__.=7-11 GeV/c?

Strong 80 signal | Nycl.Phys. A830: 235¢-238¢ (2009)
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Nuclear Mod

Y+Y'+Y"
=35+ 4(stat) £ 5(syst)nb
Y+Y'+Y" 3 =
do,,. J < ff
x dy y=0 + ?:_%_;_‘
Y+Y'+Y" $
Ny X P B x do ,, O %
ee dy :
o, =42mb o, =220
N,, =7.5%0.4 for minimum bias d + Au RdAU~ _
o
Rup,=0.98+0.32(stat)£0.28(syst) | 3
» Consistent with N, scaling Q.
» Cold nuclear matter effects (shadowing) ==
not large o)
» 2009 p+p data will help reduce

uncertainty on Ry, (improved
statistics+reduced material)
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Y-hadron correlations in d+Au at
\/S 200 GeV

hard g
M. Cervantes, APS2010

Unlike Associated Hadron p_> 0.2 GeV/c | deltaphi_ptBINO
T Entries 4040
g— Mean 1.598
s 10~ trigger = US RMS  1.803
é trigger=7
Ez 8 d+AU
o

rigger

1IN,

STAR Preliminary

200 GeV

EPLE e f&* o
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A¢ [radians]

Current models can’t
simultaneously reproduce
quarkonia cross section, p;
spectrum, and polarization
— CDF, PRL 99, 132001 (2007)
— DO Note 5089-CONF
— Lansberg, arXiv:0811.4005v1
[hep-ph]
Look for increase in hadronic
activity on A¢p near-side peak as
discriminator between CSM (Color
Singlet Model) and COM (Color
Octet Model)
— Kraan, arXiv:0807.3123v1 [hep-
ex]
Significant underlying event
contributions seen in d+Au
collisions. p+p in the works!
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Summary and outlook for Au+Au

p+p at Vs=200 GeV
Q Box(do/dy) ™" _, = 114+38*23 ,, pb
J (Opy Oy )iy(<0.5,8<m<7 Gevicz = 38124 pb
d+Au at Vs=200 GeV
d B, x(da/dy)™ ", = 35+4(stat)+5(syst) nb
Q Ry, = 0.98+0.32(stat)+0.28(syst)
Au+Au at Vs=200 GeV

4 Cross section and R,, coming soon!

Higher integrated luminosity (20 pb-') from 2009 p+p
4 Low material
 Reduced uncertainty for Ry,
O Possible separation of Y states
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Systematic uncertainties for Y in p+p

arXiv:1001.2745 [nucl-ex]

Quantity Value Syst. uncertainty on do /dy (%)
Ni_ —2/N,  N__ 827 T
L 7.9 pb—?! +7
EBBC 0.87 49
€ geo 0.57 +3-2
Evertex 0.96 +1.0
€L0 0.43 tie
€L2 0.85 s
ETPC 0.85% 2 x +5.8
€R 0.93° 2x 1
€dE /dx {]842 2 x +2.4
€E/p 0.93% 2 % 4+3.0
Combined f%i?
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Drell-Yan and b-bbar contributions

=
503 =1 g
8 ‘; &0 i 2o Contour
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£t (1#m/m )"
s r L
30“' 3 Shape in STAR v
i v'Obtaining the expected shape from bb simulation
10_2'_ PHYTIA and Drell-Yan (NLO pQCD).
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Yield (arbitrary units)

STAR Y Mass Resolution

Dm} SR — s '+ STAR detector does not resolve
006/~ yResoluton  [i1] ... Y(2S) individual states of the Y
05 mientiee . — Finite p resolution
D_mj:_ — e-bremsstrahlung
| * Yield is extracted from combined
0% Y+Y'+Y" states
0.:}2;- « FWHM =1 GeV/c?
T e e W.-M. Yao ef al. (PDG), J. Phys. G 33, 1 (2006):
0T _éﬁgﬂ . In _--.L‘:-______ﬂ - R. Vogt et al., RHIC-1I Heavy Flavor White Paper
m,, (GeV/ic?)
State Mass [GeV/c?] | B, [%] |(do/dy),-o |Bgex(do/dy),-,
Y 9.46030 2.38 2.6 nb 62 pb
Y’ 10.02326 1.91 0.87 nb 17 pb
Y 10.3552 2.18 0.53 nb 12 pb
Y+Y'+Y" 91 pb
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Y AnaIyS|s Electron ID with TPC and EMC

| TPCionization energy loss forE = >3 GeV |

dEdx [ke\ﬂcm]

Iog1 n(dE.‘dx} [keViem]

i STAR p‘fe-

Y trigger enhances electrons

Use TPC for charged tracks 3 .
selection wl <
Use EMC for hadron rejection % s
Electrons identified by dE/dx 1 S
lonization energy loss in TPC e HI ‘l ‘éf/”g
Match TPC track to EMC tower L

0.8 1 T2
log ) o(dEIdx) [keViem]

and require 0.7<E/p<1.3
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