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Quarkonia in p+p Collisions

1. Production Mechanism:

e Heavy quarks predominantly generated in hadronic collisions via

gluonic diagrams

e Details of hadronization process remain unclear

2. Properties of Cold Nuclear Matter (CNM):

o Initial state energy loss )

*  Gluon shadowing
e  Cronin

* Nuclear absorption

-

Relative influence on yields
needs to be determined

3. Reference for Heavy Ion collisions:

* Provide critical information needed for evaluating the nuclear

modification factor

 Allow degree of in medium modification relative to CNM to be

determined

[ Talks: A. Glenn, T. Gunji }



f]/w Production Mechanism

e Color Singlet Model:

— Color singlet ccC pair created in same quantum state as J/

— Underpredicts J/ap production cross section by a x10

— Predicts no polarization
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f]/lp Production Mechanism

e Color Singlet Model:
e NRQCD Color Octet Model:

— Includes octet state cc pairs that radiate soft gluons during hadronization

— Color octet matrix elements derived from experimental data were expected
to be universal, but are not

— Predicts large transverse polarization (o>0) at high p; that is not seen 1n

experimental data
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f]/lp Production Mechanism

e Color Singlet Model:
e NRQCD Color Octet Model:

e Color Evaporation Model:

— Phenomenological approach

— Charmonium states formed in proportions determined by experimental
data for any cc pair that has a mass below the DD threshold

— Uses emission of soft gluons to form J/Ap
— Predicts no polarization



JAp Production Mechanism

Color Singlet Model:
NRQCD Color Octet Model:
Color Evaporation Model:
pQCD involving 3-gluons:

— Hadronization mechanism includes channel involving the fusion of a
symmetric color octet state with an additional gluon

— Successfully reproduces experimental cross section and polarization
measurements
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PHENIX Data Comyencﬁum

Run  Species s"?2[GeV ] JLdt # Iy #1/ Reference
m<0.35  1.2<ly]<2.2
01 AutAu 130 1 ub!
02 AutAu 200 24 ub-! 13 PRC69, 014901 (2004)
p+p 200  0.15 pb! 46 65 PRL92, 051802 (2004)
03 d+Au 200 2.74 nb! 364 1186 )
pHp 200 0.35 pb-! 130 g |- SRRt
04 AutAu 200 241 ub! 1000 4449 nucl-ex/0611020
Au+Au 62 9 ub’!
05 CutCu 200 3 nb’! 2290 9000 coming soon
Cut+Cu 62 0.19 nb"! 146
Cu+Cu 225 2.7 ub!
—— 200 3.8 pb! 1500 8005 hep-ex/0611020
06 p+p 200  10.7 pb!
ptp 62 0.1 pb-!




PHENIX Detector: Muon Arms
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PHENIX Detector: Central Arms
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9/ Cross Section vs Ppr
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High statistics of run 5 data set
allow p spectrum to mapped
up to 9 GeV/c

Vertical error bars:
— statistical

— point-to-point uncorrelated (ie
signal extraction syst)

Boxes are the point-to-point
correlated systematic error

— Define maximum allowed
shape deviation

— Acceptance (£10%, £8%)

— Run dependent detector
efficiency (8%, +4%)



Forward/Mid Rapidity
o o
o o

-
1S

0.2

‘Ratio of P spectra

PH ENIX
hep-ex/0611020

i

—
-

llllll[lllllll[lllllllll

0 1 2 3 4

P (GeV/c)

5

* Significant decrease
observed 1n ratio of
lyl<0.35 and 1.2<lyl<2.2

Pt Spectra

Indicates forward rapidity
pr spectrum 1s softer than
mid-rapidity

At forward rapidity
longitudinal momentum
increased .. less energy 1s
available in the transverse
direction

11



12

j]/lp Cross Section vs Pr

<p;>> extracted using Kaplan function
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* x10 higher statistics available from run 5 data set relative to run 3
* Allows shape of p; spectrum to be mapped with high precision
e Within errors the p spectra for both runs agree



’Forwar([ CRa]mcﬁt <Jaqﬁ> CRun 3 vs 5
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e The increased statistics of the run S p+p data allow for an improved understanding
of the shape of the p; spectrum & allow the <p>> to be completely defined =

extrapolation in no longer necessary
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* The increased statistics of the run 5 p+p data allow for an improved understanding
of the shape of the p; spectrum & allow the <p>> to be completely defined =

extrapolation in no longer necessary

e The run 3 p+p results have been revisited and it was found that the systematic error
was underestimated.

e A reanalysis of the d+Au is underway to determine how this effects our
interpretation of that data set.
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: : part , .
Good consistency is found between the <p>> in Heavy Ion collisions as

a function of centrality and the p+p results for the <p>> integrated
over pr < 5GeV/c where Heavy Ion data exists.
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j/y) Cross Section vs CRapicfity

Global scale uncertamty 10.1%
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The statistics available are large enough to allow eleven rapidity bins!!

Data now limited by systematic error not statistics
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j/;‘p Cross Section vs CRamcﬁty

Global scale uncertamty 10.1%
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Data now limited by systematic error not statistics
The data slightly favor a flat distribution over the rapidity range lyl<1.5

But!

Remember the systematic errors on the mid and forward rapidity points are
independent ... a narrower distribution is not excluded.
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Bdo/dy (nb)
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f]/}J’ Cross Section vs CRamcﬁty
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f]/sg) Cross Section vs CRamdity
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Comparison with theoretical predictions allows differentiation among the available J/a
production mechanisms

Many calculations are inconsistent with the steepness of the slope at forward rapidity and the
slight flattening observed at mid-rapidity

B,* 0,,(JAp )=178+3+ 53 + 18 nb
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J/W Cross Section vs Energy
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Future ‘Measurements: 1’
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Future ‘Measurements:
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’Um/e'tﬁng the Ice Berg
e We have entered : an era of precision J /1p measurements at
PHENIX
a provide a challenge for produ
Pt spectrum mapped from 0-9 GeV/c

Ratio of forward and mid-rapidity py distributions shoy
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The End
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e Signal extraction assumes excess in Y mass region is strictly from Y’s
e Rapidity dependence requires mid-rapidity point to constrain fit
* Preliminary cross section appears consistent with trend in world’s data
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Cold Nuclear Matter - d+Au

e Absorption of J/Ap by nuclear matter

e Modification of PDF due to gluon shadowing

Models
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PHENIX data compatible with:
e weak gluon shadowing

e weak absorption : 1 mb (max 3mb)
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