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J/yw Measurements at RHIC-

PHENIX
m Better understanding of Quantum Chromo-
dynamlcs (QCD) Cross sections
charmonium production includes | Polarization
perturbative QCD aspects Relative yields (x/y etc)
non-perturbative QCD aspects In wide energy range

m Probe for new physics at RHIC

QGP physics with heavy-ion collisions at highest
energy ( (VSyn)max = 200 GeV for Au+Au)

Spin physics with polarized p+p collisions at highest
energy (\s.... = 500 GeV)

max

(Un-polarized) p+p data are important as reference
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Charmonium production In
hadron-hadron collisions

B Charmonlum productlon Gluon fusion is dominant
In a hadron-hadron
collision includes

Production of a cc pair

(perturbative QCD
calculation is applied)

Hadronization of the pair
Into a charmonium (non-
perturbative QCD
phenomenon) — not
clearly understood yet

m Color-evaporation model  o(pp—>wX)= ”dxldng(xl,Q)g(xz,Q)a(gg —>Y)

m Color-singlet model B B °
V)= — cC)P(cC —
= Color-octet model o(99—>y)=0(9g )P( )
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J/y as a probe for new physics
at RHIC

m  Heavy lon Physics

Search for the signature of the Quark-Gluon Plasma
J/y yield in heavy ion collisions can be
Suppressed due to Debye color screening
OR
Enhanced due to Recombination
Important to compare J/vy yields in Au+Au, p+p (Run

2~)and d+Au (Run-3~) collisions to separate the
normal nuclear effects

m  Spin Physics
First direct measurement of the polarized gluon
distribution, AG(x), in the proton using double-

longitudinal spin asymmetries for the J/y production in
polarized p+p collisions (Run-3~)

Understanding of the production mechanism is a key
Issue — unpolarized p+p data is useful (Run-2-~)




The RHIC accelerator complex

12 o'clock

m Two independent rings 10 —
which can accelerate OBOS -
various kinds of ions vy RHIG Teezpe
(proton to Au nucleus) .

and polarized protons 8

m 6 interaction points and 5 source
experiments o

m Vs__ =500 GeV for p+p
(251(3l GeV for Run-2)

m L. =2x 103 cm~?sect -
for p+p

STAR g

BOOSTER
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The PHENIX Detector

m e, v, h(Central Arms)
0 In] <0.35, Ap=m=

0 py> 0.2 GeV/c (charged
particles)

m u(Muon Arms)
0 1.2<|n| <24, Ap=2xn
[ Pt > 2 GeV/ce
m Interaction-trigger and
vertex Detectors
1 Beam-Beam Counters
(3.0<In|<3.9
1 Zero-Degree Calorimeters

(Inl>6.2)

1 Normalization Trigger
Counters (1.1 < |n| <2.8)

Independent measurements of J/y using both e*e- channel and pu*u- channel

Low momentum (p;) cut and wide rapidity coverage — enables the
extraction of the total production cross-section at the highest energy
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The PHENIX Muon Arms

m Detect muons with
O Pyt > 2 GeV/ce

0 -1.2>p>-2.2 (South Arm) or
1.2 < n<2.4 (North Arm)

m Muon Tracker (MuTr)

0 Measure momentum of muons
with cathode-readout strip
chambers at 3 stations inside
Muon Magnet

m Muon ldentifier (MulD)

T w/u separation with 5-layer
sandwich of chambers (larocci
tubes) and steel

1 Trigger muons

Beam Pipe

. N
QK MuTr Muon Magnet

South Muon Arm was successfully operated first time during Run-2



MulD

Muon Trigger In Run-2 p+p

Coincidence of fired planes of each quadrant gives a “quadrant
trigger”

Minimum bias (BBC) AND one quadrant for the “single-muon
trigger” and more than one quadrant for the “dimuon trigger”
Inefficiencies from hardware dead time is 1~2%

Trigger rate was dominated by non-collision beam related
background — survived with Run-2 luminosity (~100 Hz for the
single-muon trigger and ~10 Hz for the dimuon trigger)

— 7 ‘Quadrant’
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Run-2 p+p Integrated Luminosity

nb1
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36

RHIC delivered 700 nb-!
to PHENIX

After online vertex cuts
(75 cm), PHENIX
recorded 150 nbt

For J/y analyses,
81 nb* for u*p and
48 nb! for e*e” are used
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p+p Muon Event sample

150nb-1
Number of p+p minimum- 196M
bias triggered events
Number of single-muon 34M

triggered events

Number of dimuon triggered |4.8M
events

m Minimum-bias triggered events and single-muon triggered
events are used to evaluate detector performance
m Dimuon triggered events are used to obtain the number of

Jhy — Contains most (>90%) of J/y statistics
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Analysis procedure

dGJ/l// . NJ/(//

_ Jly Jly _ Jly
dy NaccEmupEmurn € secl-AY

B (J/y—>u )

N;,,- Number of observed J/y’s in 1.2<y<2.2

Na.cer SOUth Muon Arm Acceptance times reconstruction efficiency
for Iy (1.2<y<2.2) — p*u with100% chamber efficiencies

m &, " Efficiency correction due to real chamber efficiencies of
MulD

m 5,7 Efficiency correction due to real chamber efficiencies of
MuTr

&apc”V: BBC trigger efficiency for p+p — J/yX events
m L: Luminosity with good vertex cut (|z-vertex|<38cm)
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Dimuon mass

|Collision z-vertex| < 38cm
Track z-vertex matching < 30cm

fé‘ Eu:.:ﬁad: unlike sign pair | 1.2¢y<2.2 E Eﬂ__
e [Blue: like sign pair - - ' E’ : 1.2<y<2.2
e | ' i -
= [
a = 10
L e
= 10 —— — —— = —
E r E i | —+ |
=] 1 : T 0 | |
i : 2 F | L
iy S BN I Mean: 3.156 +/- 0.074 GeV
it | e |_+_ | = _ Sigma: 0.257 +/- 0.075 GeV
0 ; | i I | i |_+_| Il 5 -101- | . I . | ! |
1 2 s 4 5 1 2 3 4 5
Dimuon Invariant Mass (GeV) Dimuon Invariant Mass (GeV)

m Significant enhancement of unlike-sign pair in the J/y mass region
v' Peak (3156 + 74 MeV/c?) is consistent with the J/y mass
v' Mass width (257 + 75 MeV/c?) is consistent with expectation
m 36 counts in 2.5<mass<3.7GeV/c2 assuming the same count of unlike
and like-sign pairs from background — confirmed with simulation
m Systematic error on the count ~10% by changing mass cut
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J/yw Acceptance x reconstruction
efficiency with real chamber efficiencies
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m Dead HV and electronics maps and chamber efficiencies obtained

from real data are used

m do/dy in 1.2<y<2.2 can be measured with the South Muon Arm

m p; dependence is small

m Uncertainty from unknown J/y polarization ~ 10% assuming |A|<0.3



Jly
S = €gac Nage
BeC - =

BBC efficiencies FE G
~ 0.741.72x10°

and luminosity =051 42mb

=59nb™

m ;v BBC efficiency for p+p — Jy X — gy events

p; and rapidity dependences are small > <« Simulation
gapc "% BBC efficiency for p+p inelastic events
Ngge: Number of BBC triggers with avertex cut (|z|<38cm) «— Real data
O 4. PP inelastic cross section = 42mb (Vs fit — 3% error)

+ Systematic error of gzg"¢"2 from the uncertainty of initial
particle distribution is estimated to be 15% comparing PYTHIA
with the UA1 (p;) and UAS (rapidity) data

+ Consistency check with the real data for g /e

v' Relative trigger efficiency g8/ 5" is consistent
with the relative trigger rate measured
V' e, IS CONsistent with the machine value

inela
(18.5mb) within their uncertainties



Summary of systematic uncertainties

Systematic Uncertainty

Ny, 10% (cut dep.)

Mace 10% (J/wy pol. dep., |A|<0.3)

Y 11% (run dep.)

aute Y 10% (consistency with the real data)
EapcY 10% (initial particle-multiplicity)

L (Ngpc/&spc"?0; 1) | 15% (initial particle-multiplicity)
Total 217%
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Results and discussions

m p; distribution and <p;>
m Rapidity distribution
m Total cross section (o)

s dependence
Absolute value
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J/y p; distribution and <p;>

B,, (1/2np,) d’o/dydp, (nb/(GeV/c)’)

.
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e <p> = 1.5GeVic

p+p, Vs = 200 GeV

12<y <22
Stat. errors only

. I - . ,
s PHENIX . >

...... =py> =22 GeVic
=p;= =19 GeVie

—6

Hlstngrurn F'"'I'THIA {dlﬁr:r_'l..i 3 ‘if 1:}

{1 2 3 4 5
This analysis /¥ Py (GeVic)

<p;>,-; ;= 1.66 £ 0.18 (stat.) £ 0.09 (syst.) GeV/c

Average p, of J/y (GeVic)

1.5

2_

- PYTHIA <k= = 0.82 GeVic

Fit (p + q In\s)
Experimental data

50 100
s (GeV)

m p.-differential cross section (at low p;) and <p;> are
mainly sensitive to <k;> — consistent with PYTHIA
(color-singlet model) predlctlon with a reasonable

value of <k >



J/w rapidity distribution and

O

J/
5 E LT
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m  Rapidity-differential cross section is mainly

sensitive to gluon distribution function ] 10" 107 10° 10" X

g(x,Q) in the proton and consistent with 2 puenn

some typical PDF sets g [rremesw

o : ——
m  Global fit including J/y—e*e- (y=0) data [ee o ;
gives total cross section 107 107 107 10" u

Br (J/y—I1*l") o (p+p—>IJ/yX) =226 £ 36 (stat.) £ 79 (syst.) nb
c (p+p—>J/yX) =3.8+ 0.6 (stat.) £ 1.3 (syst.) ub



o, ur[p b)

oy, (Vs dependence)

10 = a=M,
F s S L dx
1 e 751, (VS) o [ —9(0)9(x/ %)
E i T X
-1
10 | Jr=2m./+/s
2 GRV4LO, M =1.45GeV/c®
10 F 4 MRST2001LO, M _=1.5GeV/c®
10° L o CTEQ6L, M .=1.5GeVic?
| - Experimental data
10"
2
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m  Our new result and lower-energy results are consistent with
typical gluon distribution functions — confirms the gluon
fusion picture of J/y production in hadron-hadron
collisions in a wide energy range



oy, (absolute value)

m Absolute normalization for g, Is sensitive to production model
Color-evaporation model (CEM)

can explain ¢, using p,, (fraction of J/y to all produced cc
pairs) ~ 0.06 determined %y photo-production data

Color-singlet model (CSM)

disagrees by a large (~20) factor

Color-octet model (COM)

consistent but has large uncertainties from
m Extraction of color-octet matrix element
s Charm quark mass
m Scales
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Near future measurements

m Polarization of J/y
Critical to separate production models
CEM - zero polarization
CSM and COM — sizable positive (transverse) polarization
m Double-longitudinal spin asymmetry (A, ) for 3/y production
In longitudinally polarized p+p collisions
Polarized gluon density (AG(X))
Large difference in a;, according to production model

= ~+1 (CEM)
= ~-1(CSM)
» -0.3~+0.7 (COM)
Jly+X G++ _O-+_ AG AG X g+g—J [ y+X
A == by) A506)
o +o  G(x) G(x)

AG(X): polarized gluon density

g+g—>Jd /y+X

a . partonic subprocess asymmetry
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Conclusion

m  With the South Muon Arm in the PHENIX detector covering 1.2 <y <
2.2, J/y particles have been clearly identified with a small
background via p*u decays in the first p+p Run at RHIC (Run-2) at
Vs =200 GeV. pQCD

m p;distribution and <p;> _,,=1.66+0.18 £ 0.09 GeV/c are
coknsistent with PYTHIA prediction with a reasonable value of
<k >.

0 Ragidity distribution including the e*e- decay channel is consistent
with gluon distribution function as well as Vs scaling of the total
Cross sections GJ/\V(\/S =200 GeV) =3.8+ 0.6 (stat.) £ 1.3 (syst.) pb
and lower energy results.

= The absolute normalization for ,,, can be reproduced well by both
the color-evaporation model and the color-octet model.

m These results are also important as reference for Au+Au and

polarized p+p data.
m Further critical measurements to separate production models are

planned in the near future at RHIC.
J/y polarization Non-pQCD
A, for J/y production in longitudinally polarized p+p collisions
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