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Charmonium Production at HERA
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HERA Physics
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Charmonium at HERA

Have measured J/1 and P(2S) in decays into e*e” and L

Andreas B. Meyer Charmonium Production at HERA
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Event Kinematics

e(k")

= Photoproduction (yp): Q% ~ 0
beam electron scattered under low angles,

(not detected in main detector)

= Eledroproduction (DIS): Q2 > 2 GeV

Andreas B. Meyer Charmonium Production at HERA
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Production Mechanisms =_

inelastic diffractive
boson-gluon fusion exchange of colourless state
resolved (hadron-like) direct p-dissociation elastic
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Production Mechanisms W
9

o
inelastic diffractive
boson-gluon fusion exchange of colourless state

resolved (hadron-like) direct p-dissociation elastic

= _ \‘\‘\ ~y J/v J /b
p p P
Mx >> mp Mx ~ mp Mx=mp
z>0.05 z~0.9 z~1

>
Elasticity
= Bacdkgrounds to inelastic sample (not subiracted):

= J/1p from B decays (5% of inelastic, up fo 25% at lowest z, resolved)
" J/ from . decays (1% of inelastic, up to 7% at lowest z, resolved)
= J/ from P(2S) decays (~15%, see later)
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Elastic VM Production at HERA N
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Inelastic J/Y Production m

= Colour Singlet Model

direct: vg — cc resolved: gg — cc

- r )
| —

R e

CS: one parameter N
ﬁxedfromF(J/w — L ) LO: Berger et dl, Baier et al, 1981
NLO (dired): Kraemer et al, 1995

Y states are suppressed in (dired) ep and Yp
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Inelastic J/1 Production TN

9
= Colour Octet Contributions (soft gluon radiation)
direct: vg — cc resolved: gg — cc
NRQCD-fadorization:
orpx =y 0(pp — ce[n]X) x LDME[n] Bodwin, Bracten, Lepage 1995

Llong distance matrix elements (LDME) - from NRQCD fits to Tevairon data

Andreas B. Meyer Charmonium Production at HERA Meson 2006, Krakow, 13/6/06 11



Tevatron qﬂ@@b

J/\p Production at CDF (Run-l)
BR(JAp—u'w) do(pp—JAp+X)/dp, (nb/GeV)
In1<0.6 )

10 P~

total E
--------- colour-octet 1S0 + 3PJ
——————— colour-octet 381
------ LO colour-singlet
N '~ N e colour-singlet frag.

10 F ."-.:. R
o csiof
\ T NRQCD calculations:
: \\\\ I 1O only
B s NLO still underway
1 4 6 8 10 12 14 16 18 20
pr (GeV)
NRQCD-fadorization:

orpx =y 0(pp — ce[n]X) x LDME[n]

Test universality of LDME at other experiments (e.g. HERA, LEP, b-facts.)
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J/\ Photoproduction at HERA e,

J/ in yp at HERA
R
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lc:I:O\\
]

CCFM evolution of unint. gluon density
confains part of NLO corrections

M.Cicfaloni et al, 1988
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z-Distribution

Q2% < 1 GeV?, 60 < W,, < 240 GeV
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Charmonium Production at HERA

LO Color-Octet Contribution
—no hard gluon
—rises to large z

Color Singlet contribution:
—hard gluon
—falling off ot large z

soft Color Octet gluons resummed:
—reasonable description of shape

M.Beneke, G.A. Schuler, S.Wolf
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Compare with J/1 at b-factories QW

(8 , , 9
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_Meg

Elastic Vector Meson Production W

9
Inelastic Diffractive

Boson Gluon Fusion Colourless exchange: 2 gluons (LO)

S 6(yp — c2[n] X) x LDME[n]) W (y = &) ® 0ipore ® P(J/1))

o x |xg(x)| moderate rise with Wiy o < |xg(xz)]?  fast rise with Wy

do/dp?,, x (p?., + Mi)_4°"5 do /dt —t—3
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Energy-Dependence m
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Transv. Momentum Distributions W
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J/V Polarisation at HERA _Ry
| “Ng

< L L L L L L L L L > L L L L L L L L
2 -[] BKV(LO, CS+CO) . 2

] BKV (LO, CS+CO)
15 L BKV (LO, CS) | 15 I — BKV (LO, CS)

15 7 o ZzEUS (prel.) 96-00 (114 pb™) ] 15 " o ZEUS (prel.) 96-00 (114 pb™) |
-2 |- ® H196-00 (87 pb™) - -2 |- ® H196-00 (87 pb™) -
C1 L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L [ C1 L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L [
01 02 03 04 05 06 07 08 0.9 01 02 03 04 05 06 07 08 09

: = pr-range at HERA:
R o o0 low for gluon splitting

2 - ] BKV(LO,CS+CO) - 2 - ] BKV(LO,CS+CO) -
15 l ----- BKV (LO, CS) 1 L BKV (LO, CS) |

-
I
|

*  Results not conclusive yet:
05 T — | ] — more siats. UnderWQY

| | .
°r * ] |
| |
05 - = 0.5 - =
1 - B 1 - B P e i T SO s e e B I SO I B
Sosl- M } 808 } Fit I 1 8osl } .
© [ 1 © B 1 © B
15 4 - 15 - A SRR HI 1o b b 30-6?{ PRI
. ® ZEUS (prel.) 96-00 (114 pb™) . ® ZEUS (prel.) 96-00 (114 pb™') So4l Ii 4 o4l if $ }, o4l { { g
i i i i L r L r 12
-2 - ® H196-00 (87 pb™) - -2 - ® H196-00 (87 pb™) - TO20 azeos | TO?[ oeez<ors | TO2[ o7sczc0s |
RN TR R B IR TR RN B I NI TR B
T — T — %9 045 0 045 09 %0 045 0 045 0.9 %0 -045 0 045 0.9
1 1.5 2 25 3 3.5 1 1.5 2 25 3 35 4 coso cos® cos®

Andreas B. Meyer Charmonium Production at HERA Meson 2006, Krakow, 13/6/06 24



J/\ Polarisation
at the Tevatron

1 Prompt J/ Polarization ~0.4 F = prompt J/y ‘ .
—0.6 F @ CDF data =
-08 F — direct CDF Rumd -

I . PN T NN T T Y T Y T T Y N T W
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Both Run- and Run-ll dafa in contradiction to NRQCD expectation
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J/\ Electroproduction W
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J/\ Electroproduction

Additional cut on p* > 1GeV:
remove regions of largest theor. uncertainty

ZEUS
p_—, [ | [T 11 | [T 11 | [T 11 | [T T 1 | [T 11 | T 171 | [ N [ | T 11 | T T 1 | T 1T | T 171 | T 11 | T 11 | [
Q3000 4 N 5l i
& ] ) B ~ [ ] NRQCD | ]
N e ZEUS 1996-2000 O i _
B 2
5 1000~ H11997-2000 ERE i xgg |
LA AT I I S R ? ....... I"i"l T |
R S e $ ----------- B % ) e B
- ? y } ] NRQCD (CS) -
- . - 05 | .... kt-fact. (LZ) _
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Z Z

Andreas B. Meyer

= Agreement between ZEUS and H1 data

= CS underestimates normalization but describes shape

= CS+CO too high at high z
= CS with kifadorization ok

Charmonium Production at HERA
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Conclusions mo%

= Published Measurements: HERA-I
= ZEUS and H1 measurements of cross sections and helicity in agreement
" Wedalth of measurements of elastic vector meson production (not covered in this talk)

" Color singlet model @ NLO or using ki-factorization describes Yp data well
" NRQCD (LO) predictions not satisfactory at HERA (or other experiments)

Description of Charmonium Production sfill causing frouble
Expect improved measurements and theory calculations

= Upcoming Measurements: HERA-II
"  Increased Luminosity, improved Statistics
= Larger @, p, Polarization
" Measure contributions from B-decays
"  Look for CO contributions in X. production at medium z, (where CS is suppressed)
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Delivered and expected luminosity in HERA in 1992-2007, pb-!

Outlook

deliveredi 300
luminosit
¥ 250

T

N\

expectedi 200
luminosity,

/
(conservative 150 i
7 minisity 50 O

1992 1994 1996 1998 zggro 2002 2004 2006 2008
published data ) recording and analysis
< > <« —>
HERA-I HERA-I

30-40% of Integrated Luminosity still ahead
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