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*’f AR WAy Bottonium?

+ |[nvestigate the properties of the Quark- Gluon Plasma (Au+Au collisions)

T/Te  1(r) [fm1]
C_

v'Color screening—> Deconfinement phys. Lett. B 178, 416(1986)
: : : . Y(15)
Y(nS) is a differential probe: sequential disappearance of states 2

Expectation at 200 GeV: Y(1S) not melt 16(1P)

Y(2S) may melt, Y(3S) will melt, J/\y family will melt -

1.2 '
QCD thermometer — QGP properties J/w(15) Y'(25)

Phys. Rev. Lett. 99, 211602 (2007), Phys. Rev. D 77, 014501 (2008)

% (2P)  Y"(3S)
x(IP)  w(25)

p+p (baseline)

o Understanding the production mechanisms of Quarkonia

o NRQCD, Color Octet Model (COM) pros1, 1125(1995) | »Models have difficulties to
o Color Singlet Model (CSM) pLB102, 364(1981)

* CSM w/ s-channel cut prL100, 032006(2008) e
o Color Evaporation Model (CEM) rLs67,217(1977) pt, and polarizations
0 3g-pQCD Eur.Phys.1.C39,163(2005) simultaneously.

reproduce quarkonia x-sections,




: 2
*’f AR WAy Bottonium
d+Au (Cold Nuclear Matter-CNM effect)

v Initial state energy loss
v’ gluon shadowing

v’ Cronin

v nuclear absorption

p+p, d+Au, Au+Au
+»* Feed-down contributions from higher states represent other source of
uncertainty to the x-section measurements.

Bottonisum vg. CAarmonium

% Significant feed-down from higher cé states and B meson decays compared to bb.

% Cleaner probe of high-temperature color screening

Co-mover absorption is very small phys. Lett. B 503, 104 (2001)

Recombination negligible at RHIC (6,; ~ 1.9 ub << 6 ;)
Phys. Rev. Lett. 95, 122001 (2005)



*fA R Practical igsues with Bottonium measurements

Branching fractions for T(nS) — eTe~ Phys. Lett. B667, 1 (2008)

T state B (%) o (nb)
T(1S) 2.38+0.11 6.60 | o, at Vs =200 GeV (NLO CEM model)
T(2S) 1.9140.16 2.18
T(35) 9 1840 21 139 Phys. Rept. 462, 125 (2008)
160 STAR — Sum
o Extremely low rate: 40 - Simulation of — Y(18)
9 .. . . . ! - 1 Resolution — Y(25)
10° /minimum bias pp interaction - F — Y(38)
] = 120 '
3 orders of magnitude smaller than G, 5 F Resolution without material from
> 100 _ Inner Silicon Tracker System
o Y(15+2S5+3S) separation require high £ L
. 'D [
resolution 8 ®F
% 60
»>With less radiation lengths (w/o inner > ,
tracker detectors) It is possible to separate ol
The three states at STAR. ;
Run2006 p+p 20068V 7 o 5 e s w0 w05 1
Run2007 Au+Au 200GeV 0 Invariant Mass (GeV/c?)

Run2008 d+Au 200GeV, Run2009 p+p 200GeV, Run2010 Au+Au 200GeV —> less X,

Needed: high luminosity, and acceptance, efficient triggers in p+p up to central Au+Au




Delivered Integrated Luminosity (nb-1)

AR RHIC mackc_‘ne
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*7. AR STAR detector

— = e e e e

Beam line

=' Barrel Electromagnetic

Calorimeter BEMC — 4800
towers
Inl <1, 0<¢p<2m
PID: p/E

Time Projection
Chamber TPC-24
sectors
In| <1,0<¢p <27

000000

o Large acceptance
o Efficient trigger




STAR Y Online & Offline analysis

AR
o

Trigger components: Select events with at least one candidate satisfies
oFast Hardware trigger — LO Cluster-1

"Er (tower) > Eyyreqnod ‘E o rser
oSoftware trigger — L2 ‘

"Forms CIUSterS: EcIuster—l > Ethreshold—lf EcIuster—Z > Ethreshold—2

=Calculates cos 6,
=\2E

=Calculates m *E uster-2(1-€0S0)

cluster-1cluster-2 cluster-1

1S mcluster-lcluster-z > rnthreshold ?
Issue decision within ~ 5 ms for the slow detectors to
continue/abort data-acquisition processes.

V6] TIIT T Match TPC tracks to triggered towers

p+p @200 GeV  e-Print: nucl-ex 1001.2745 — ‘
Geom.,, trigger, and tracking efficiency for reconstructing Cluster-2

Y ->e*e in STAR at |yy| < 0.5 BEMC: Track-blind

Quantity Value
€geo 0.57
Egeo X ELD 0.25
Egon X ELD X EL2 0.21
Egon X €ELO X €L2 X Etrack X €R 0.13
Egeo X €L0 X €L2 X €track X €R (154+25435) 0.14




*rA R Firgt G, measurements in p+p @ 200 GeV
Jedt = 7.9 pb of p+p (2006)

o e- Print: nucl-ex 1001.2745 60 e-Print: nucl-ex 1001.2745
S L e Unlike-Sign, N__ g : STAR
o060 o F p+p,\s=200 GeV
L I Pt & - .
° I o S_'Q”}.fJ”-*N" = 50 y,.1<0.5
5|:|:— IKe-51gn 1l E :_ ® N__ _9 |N++N__
: £ 40p — Y +bb + DY, Fit
sl o u -- Integral of Fit
B ) = S0 "7 b-b+DY
B = B
201 1o
10: x ' 1"
— or 111
- C TT | | 4
u B 1 Ii | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 | -1ﬂ [ | 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1
4 6 8 10 12 14 16 4 6 8 10 12 14 16
a v m.. (GeV/c?) m,. (GeV/c?)
;Bi”ﬁ,ﬁ xon8) = =57 | 0Dy + 0y p)ljy1<05, s<cmair Gevyer = 38 £ 24 pb

€ = €geo X Eyertex XELOX EL2 X ETPC X ER X €dE /dx x €L /p

Y B(nS) x o(nS) = 114 £ 38 73] pb
n=1




T(1S+28+38S), B- da/dy (pb)

Gy (ng) MCASUIements vs. theory and world data

%

R
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SR \ T - —— NLO CEM. MRST HO.
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STAR Gy(,s) in p+p at 200 GeV at midrapidity |y| < 0.5 is:
» in agreement with CEM at NLO,

» inconsistent with CSM (2c effect),

»consistent with world data trend.
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*TA p  STAR Preliminary Y measurements in d+Au @ 200 GeV

ledt =32 nb ~
STAR Preliminary

12.5 pb? (p+p)

Bﬂ __I I | I I 1 | I I 1 | I I I I I I I I I I I | 1 I I__ Gu
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M., (GeV/c?)
BR x (% }1":)“25”5} = 35 + 4(stat.) + 5(sys.) nb.

STAR preliminary oy, in d+Au at 200 GeV
at midrapidity |y| < 0.5 is:

» consistent w/ CEM calculations at NLO
including anti-shadowing.

(H. Liu, QM 2009) nucle-ex 0907.4538

[ ——— STAR Run8 d+Au Vs, =200 GeV |y|<0.5 §4DU
I anti-shadowing(EKS98)+no absoption, R. Vogt 535u
E —#—— Raw Counts g 300
- “ps drAu200Gev 4
N # STAR Preliminary
L gﬁ % ]
- “, —{200
C o ]
o :d b 150
- i. !'- .
B —100
n i' ' :
- o —f—| ]
- —50
_I | u’l | | I I | L1l 1l | [ L1 11 | ] G
-3 -2 -1 0
Rapidity
2 B dIN ddu ! d 3%
ddu dflu pp
M o >d‘V d.j‘

Ras = 0.98 + 0.32(stat.) + 0.28(sys.)

CNM effects are not large, need more p+p
statistics in order to quantify the effect.
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*[‘A R Summary and Outlook

» |y|<0.5 preliminary meas. of Y+Y'+Y"—>e*e" cross-section at Vs=200 GeV
@ p+p 30 Signal Significance with

3
Z B(nS) x a(nS) = 114 £ 38 J_r%i pb
n=1
o in agreement with CEM at NLO,
o inconsistent with CSM (2o effect),
o consistent with world data trend.

Report the combined continuum cross-section of (Drell-Yan+b-b->e*e")
(DY + 0 5)|jy)<0.5, 8<m<11 Gev/e2z = 38 £ 24 pb

& d+Au 8c Signal Significance with

BR % (%):‘Elﬂﬂlhﬁ} = 35 + 4(stat.) £ 5(sys.) nb.

o consistent w/ CEM calculations at NLO including anti-shadowing.
Rgg = 098 £ 0.32(stat.) £ 0.28(svs.).

o Follows Binary Scaling (in 200 GeV dAu collisions)

» Large luminosity at RHIC and full azimuth acceptance at the STAR experiment enable these
measurements. Expect reduced uncertainties from further analysis and future runs, 20 pb! of
p+p (2009) with low x, vs. 7.9 pb! (2006).

12



*TAR Summary and Outlool

» Y-hadron correlations and polarization measurements of Y are underway.

CSM hard g

» Y Cross-section result in Au+Au Run (2007) is coming soon

Sy = 200 GeV Au+Au

(e ]
.
~
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—
w
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Projection for statistical uncertainties
in Y(1S) measurements.
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» Muon Telescope Detector (MTD), one of STAR upgrades, will enhance its capability for the
qguarkonia measurements.

* online trigger enhancement factor: 10-50
13
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AR

Systematic uncertainties on the measurements of c

Quantity Value Syst. uncertainty on do/dy (%)
Ny_ —2/N N__ 827 o
c 7.9 pb~! +7
€BBC 0.87 +9
€geo 0.57 32
Evartex 0.96 +1.0
_ . 7.5
ELD 0.43 is_g
€L2 0.85 o
ETPC 0.852 2% £5.8
€R 0.93 2xtid
€4E /dx 0.847 2 x £2.4
€E/p 0.93° 2 x £3.0
Combined f%if
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Drel-Van and 6-6 continuum contriGutions

2 )
go-’ EED 2 Contour
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=)
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107
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