BEACH 2002 Charmonium production

5th International Conference on
Hyperons, Charm and Beauty Hadrons

Vancouver, 25 — 29 June 2002

Riccardo Brugnera
Padova Unwversity and INFN

on behalf of the
H1 and ZEUS collaboration

Inelastic J/iy production at HERA

Outline
[ Introduction [ Inelastic J/ Electroproduction
O J/v Production Mechanisms [0 Polarisation Measurements

[0 Inelastic J/¢ Photoproduction [ Conclusion & Qutlook

R. Brugnera 1 28/6,/2002



BEACH 2002 Charmonium production

Introduction - 1

kinematic variables:

e(k”)
e(k) /
Q*=—q¢*=—(k—Fk)
s 3/9(py) s =(P+k)
Wop = /\CU +q)?
z=py-Plq-P

p(P)
= FEj/E7 in proton rest frame

e photoproduction ( Q? <1 GeV? ):
scattered e not seen in the main detector

e clectroproduction ( 2 < Q% < 100 GeV? ):
scattered e detected in calorimeter
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Introduction - 11
HERA I data almost completely or completely analyzed: 36 — 80 pb~!

o ERUS e (ZEUS
| | (mmemmer § ¢ t -=seerms | photoproduction: Q? <1 GeV~
B + 0.00 <2<09
+ i ++++ | 50 < W, < 260 GeV
) ﬂ+,++ﬂ,+m+‘+q++++++;+ ++++.+ﬁ,+:+ﬁz.,+ﬂ+,+,ﬁ oo 1< p? » < 60 GeV?
| TE v .
| | § EE,J larger statistics
R SO S T O oo
- T T T w .
eH1 | Q7>26eV" |E e-production: 2 < ? < 100 GeV*
] R K 0.3<2<0.9
i | 50 < W,, < 225 GeV
E 1 < pi%, < 40 GeV?
, ; ., - . less theoretical uncertainties
M ee [GEV]
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Introduction - II1

CDF Preliminary

I
M(S®) = 8.6 + 2.0 x 107° GeV®
10 .
: M('S®PP) = 29.2 £ 1.7 x 107° GeVj
Colour Singlet Model (CSM)
" I = E .
: 1 orders of magnitude too low
S ]
SLW um . /C\
- non-relativistic QCD (NRQCD)
- =mmmv‘mﬂwmu
-2
10 F -
- — Singlet
Y AR R _ _ _
0 2 4 6 8 10 12

P:(J/¥) (GeV/c)
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Production Mechanisms — 1

direct photon gluon fusion: 220.2

bt

A J/Y

Colour Singlet Model

¢ must have J/¢ quantum numbers
one parameter fixed from I'y_,+;-

CSM

bt

J/Y

non-relativistic QCD

cc also in colour octet state
additional free parameters
long distance matrix elements “LDMEs”
LDMEs not calculable — from experiment

CS + CO

R. Brugnera
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Production Mechanisms — 11

resolved photon processes (gluon gluon fusion): z30.2

suppressed with increasing Q?

J/y

Colour Singlet Model non-relativistic QCD
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Production Mechanisms — IIT (background)

e diffraction (_subtracted in ZEUS data (~ 10%), not subtracted in H1 data
(< 2%))

suppressed by cuts on:

¥ /\/\/\/‘H J/y " /\/\/\/‘H J/v

-2 (2<0.9) .
U ° _o U o—— . - Pi, (= pty in photoproduction)
- additional activity
elastic diffraction proton dissociation in the detector

z =1 z2~1

e decay of diffractively or inelastically produced ¢’ mesons: ¢/ — J/¢y7m;

not subtracted in datal

e decay of x. mesons: x. — J/v¢y (low z); not subtracted in data!

e decay of B mesons: B — J/¢YX (low z, high p;,); not subtracted in datal!
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Photoproduction: Comparison with CSM NLO

H1 ZEUS prelim.
|\m} I [ [
N ® ZEUS 96-97 preliminary
r— 7 | | | | | | | | | | | | | | | | o N
2 o2 Jof pricey
— 10 " = >
~ | 1 5
& i . 1
W . TP a
(0\ i T o -t =
i ﬂwwmﬂ m H i 3
| s.\\M\\\ ] “_-O [
O =7 71 KZSZ (LO, CS+CO)
10 - E 1 KZSZ (NLO, CS)
- - 0.117 < a (M,) <0.121
7 L1 7 | 7 L1 7 L1 7 I Hw < 30 < H@ ®®<
50 100 150 200 250 - KK (LO, CS+CO)
| |

W, [GeV] 1o 0.2 0.4 0.6 08

e full NLO calculation of the direct photon gluon fusion in the CSM
(M. Kramer)

e within the large theoretical uncertainties, the prediction is in agreement
with the data, both in shape and normalization
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Photoproduction: Comparison with CSM NLO

N_mcm E.Q:B H1
2V ., T T T T T T T
3o - o chm. @m @ﬂ ﬁwm:EEmw% 3 —
S |1 KZSZ (NLO, CS) ] > F
= 0.117 <ay(M,) <0.121 o 4 A 075<2<09 ]
~ S 10 4 H1 = 06<z<0.75 (/10) .
& 1.3<m_ <1.6 GeV < iz e 0.3<z<0.6 (/100) 1
m i - iz CSM NLO
© ~ 1 ™ i _|
I T N N KZSz (LO,CS) - < _._ :
] cw'e "u { I .
o - @ L
e
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10} ) L] |
4 . ; }
10 - 3 L] s
B 10 | .
3 t
10| W .
10 P T= S — Hoo,,,,H,o,,,,N,o,,,,w,o,,,,a,o::m,o B oo
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PN (GeV?)

e CSM NLO good description of the p; , distribution, LO too steep in p;,,

e CSM NLO gives reasonable description in all z regions — important,

since NRQCD contributions expected to depend on z
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Photoproduction: Comparison with NRQCD (LO)

211 CS+CO LO resolved

= T T T T T

= A e Hi

M ..... CS+CO HO improved , x 3

= CS+CO LO 1

L csLo | The measurements explore

the low z region:
z = 0.05 for H1, z = 0.1 for ZEUS

[
o
N
T __-2-
o+
|

N - ‘s
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. N
RELA ~ —
» . . . BN -
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y4

e LO NRQCD calculation including direct and resolved photon processes (M. Kramer

and M. Cacciari) give a fair description of whole z range with small LDMEs
e large uncertainties in calculation due to LDMEs extracted from CDF data

e large values of LDMEs are excluded here
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Photoproduction: Comparison with NRQCD (LO)
—

Z_W - S | | E Z_W - | | B
) mw 0.05<z<0.45 1 @10 I3 ¢ HI _
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S 1oz 7 | e :
o I 1 g 4F g i

1 ", RN S 03<z<09 |

2 10 = . w - S 10 = L. :
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o ﬁwg dependence similar at low z and medium z
e CS (LO) contribution alone too steep
e NRQCD (CS+CO) shows a tendency to fall too steeply

= B decay contribution in data?
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Photoproduction: Comparison with NRQCD (LO)
ZEUS prelim.

_ I I
S | A ZEUS96-97 preliminary — ——
N | U._.VN GeV m
W [ 1kzsznLo,cs) 00 =102 LO NRQCD resummed _
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= T
©
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e LO NRQCD calculation resumming soft contributions at high z (M.Beneke, G.A.
Schuler and S. Wolf)

e A: Energy loss of J/4 due to soft gluon radiation

= resummation reduces discrepancy at high z
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Electroproduction: @ and p;, Dependence

1 T et | Z4[ adaacsico & comparison with LO NRQCD
A | £ | o daacs : calculation and CS contribution
10 b v 1 83f % % o - (B.A. Kniehl and L.Zwirner)
4 i _ 1 - B % ]
1p E E
16" cs+co — H\ M % \

e cs on_ = -~ | & CS contribution too low

0 10 0 10° by a factor ~ 2.7
Q[ GeV] QL GeV] CS too steep in ﬁ*w
t,

10 et ] S | s gawcstco ‘ = missing higher orders?
T 1 mpo " o data/CS )
0 g 18 | ‘
| W_.N 1 3 % 1
- 1E = 1
O JHLI 5[ 1 & CS+CO too high at low
16" cseco . 8 : % | @m%m@ (factor ~ 2)

] cs | 1 e CS+CO description

1 10 , °1 19 , improves at high @m%w@

Pty [ GeV'] Py [ GeV'l (smaller theoretical errors)
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Electroprodu
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ction: Normalized Cross Sections )* > 2 GeV*

> normalized x-sections to facilitate
shape comparison

OY* (Yiw): J/4 rapidity
in vp cms (lab system)

{ z: missing resummation of

soft terms for CS+CO ?

& iy, Dy missing higher
orders for CS?
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Polarization Measurements

e Polarization of J/v provides information on production process independent of

normalization uncertainties

a ~_ HLV T T T T T T T T T T T T T T T 7 T T T 7 T T T 7 T T T W
r == Braaten et al. 3

075 |
0.5 |

028 | CDF measurement compared
Y * .............. to NRQCD calculation

-05
-0.75 |

Prompt -
14 , ,tm, , ,A,m, , ,Nﬂ
L P{J /) (Gev/c .
e polarization is measured in decay angular distributions in J/1 rest system

|\_ M | | | 7 | | | 7 | | | 7 | | | 7 | | | 7 |
4 6 8 10 12

0*: angle u* to 2’ axis, direction opposite to that of the proton
gle u

¢*: angle u to plane determined by incoming photon and proton
1 do

" x 14+ Mcoso? A(=a) = +1 : transverse polarization
o d cos6* o o
1 do A v A(=a) = -1 :longitudinal polarization
- 12422 24*
- db" x 1+ 3 + 5 COS 2¢
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Polarization Measurements: Photoproduction
ZEUS prelim.
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Conclusions and Outlook

e photoproduction:

— medium z: good agreement with CSM NLO calculations

— low z: resolved photon contributions improve agreement

— NRQCD with small LDMEs gives reasonable description
e electroproduction:

— CS (LO) alone too low, wrong Pé dependence
— NRQCD OK at high ) and P% but problems in z

e major improvement in data statistics needed for conclusions from
polarization measurements = only possible with HERA II data

¢ = NLO calculations for electroproduction and in NRQCD
needed !
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