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THE VECTOR MESON PRODUCTIONIN PHOTOPRODUCTION ON HERA�Du²an Brunkofor H1 and ZEUS CollaborationInstitute of Experimental Physis SASWatsonova 47, Sk-043 53 Ko²ie, Slovakia(Reeived August 31, 2000)A ompilation of the last H1 and ZEUS results for vetor meson pro-dution in photoprodution on HERA is presented.PACS numbers: 13.60.Le, 25.20.Lj1. IntrodutionProdution of Vetor Mesons (VM) at HERA beome a rih �eld ofexperimental and theoretial researh. In this paper only fairly new resultswill be presented onentrating on the several properties of light and heavymesons prodution. The appropriate overview of data on �, !,  (2S), J=	 ,and � an be found in [1, 2, 4�6℄ and [3℄. Vetor meson an be produedelastially (ep! eV p, where V denotes the vetor meson) or in the protondissoiative hannels ep ! eV N , where N denotes dissoiative hannels,whih are born after proton breaks up into a low mass system.2. Current piture of VM prodution at HERAIn Fig. 1 our present understanding of VM prodution is shown. Thetheoretial bakground for the seletion of p interations (Q � 0 GeV2)from ep one is based on WWA approximation [14℄. From Fig. 1 follows twodi�erent senarios � the light VM prodution, whih an be desribed usingVDM-like models based on the Regge phenomenology, see Fig. 2(a), and theheavy VM prodution, whih today is better understood using models basedon pQCD, see Fig. 2(b).� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2357)
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Fig. 1. The urrent piture of VM prodution in ep ollisions at HERA.
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Fig. 2. (a) Non-perturbative models; (b) pQCD models.2.1. Non-perturbative modelsVDM-like models assume a simple linear form �(t) = �0 + �0t, where�(t) determines the dependene of the ross setions on the energy Wpas W 4(�(t)�1)p . The values for the �0 and �0 are 1.02 and � 0:25 GeV�2,respetively (soft Pomeron). The di�erential ross setion d�=dt an bedesribed using following formulad�dt � exp (�bjtj)�WW0�4(�(t)�1) ; (1)where the slope b rises with W (shrinkage) as ab = b(W ) = b0 + 4�0 ln�WW0� : (2)VDM-like models predit slow rise of ross setion withW � � �W 0:22:::0:32.



The Vetor Meson Prodution in Photoprodution on HERA 23592.2. pQCD based modelsBasi onept for models following from pQCD is fatorization whihhas three stadia. At �rst one, before interation with the proton, photon�utuates into VM:  ! VM, at seond one VM interats with the protonand at last one we assume the formation of VM on the sale �Q2 = Q2+M2V4 .Cross setion of VM prodution depends on energy W as a�(W ) / j�xG(�x; �Q2)j2 ; �(W ) /W Æ ;with �x / �Q2+M2VW 2p and Æ � (0:80�1.00), where xG(�x; �Q2) is gluon densityin the proton. Therefore steeper rise with W re�ets abundane of gluonsat low x. For pQCD models no shrinkage is expeted and beause thetransverse size of the q�q is small, the typial value of b is near to 5 GeV�2and we expet universal t-dependene with b.2.3. Kinematis and observed hannelsWe measure (see Fig. 2a for the denotation of variables) Q2 = �q2 =�(k � k0)2, t = (P � P 0)2, W 2 = (q + P )2 and deay angles. The seletionof p events (in general: Q2 < 1 GeV2), e.g. for ZEUS is following: theQ2 value ranges from the Q2min =M2e y2=(1 � y) � 10�9 GeV2, where Me isthe eletron mass, to the value at whih the sattered positron starts to beobserved in the main detetor Q2max � 1 GeV2, with hQ2i � 5�10�5 GeV2.The H1 typial values for J= prodution are hQ2i � 0:05 GeV2 and for� prodution � hQ2i � 0:11 GeV2. Common to all analyses are followingobserved (and used) deay modes: �0 ! �+��, ! ! �+���0, �! K+K�,J= ! e+e�, J= ! �+��,  (2S) ! �+�� and  (2S) ! J= �+��, 0 ! e+e�,  0 ! �+�� and � ! �+��. For elasti seletion we requireno energy deposits in the main detetor other than deay partiles and theforward detetors were used to tag proton dissoiative events.3. Light VM produtionIn Fig. 3 d�=dM�� for the elasti reation p! �+��p in the kinematiregion 50 < W < 100 GeV and jtj < 0:5 GeV2 is shown. The asymmet-ri �+�� spetrum an be properly desribed using the resonant ontribu-tion (dashed urve), the non-resonane �+�� ontribution (the dot-dashedurve) and with the ontribution of the interferene term (the dotted urve).In Fig. 4 the t-dependene for �0 and � for the p! �0(�)+Y , Y � dis-soiative system from p in the range 80 < W < 120 GeV andQ2 < 0:01 GeV2is shown. The t is measured by t ' �p2t;VM, where p2t;VM is transverse mo-mentum of VM. Looking on Fig. 4 we see that for �0 non-perturbative on-tribution dominates, but for � the situation is more ompliated � pQCDmodels [7℄ an properly desribe the shape only (for pQCD models the normis not given).
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Fig. 3. ZEUS: d�=dM�� for the elasti reation p ! �+��p in the kinematiregion 50 GeV < W < 100 GeV and jtj < 0:5 GeV2.
t-dependene in pProton dissoiative sample:80 < W < 120GeVQ2 < 0:01GeV2t is measured by t � �p2t;V M
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The Vetor Meson Prodution in Photoprodution on HERA 2361The interesting piture rises for b value, whih dereases with the inreas-ing of the Q2 value: bp!�0p � 10 GeV�2 for jtj < 0:40 GeV2, bp!�0pY �6 GeV�2 for jtj < 0:50 GeV2, and b�p!�0p � 4:7 GeV�2 for Q2 � 20 GeV2� it means, for �0 prodution the inreasing Q2 we go lose to pQCD se-nario. In Fig. 5 the elasti � meson prodution in p dependene on jtjand W is shown. From Fig. 5 we see that � prodution is onneted with
ZEUS 1994
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Fig. 5. The elasti ross setion of � meson prodution in p d�=djtj on jtj and W .non-zero shrinkage and again, looking on dN=dt � exp (�bjtj), the b valuedereases if Q2 inreases: b = 7:3 � 1:0 � 0:8 GeV�2 for hQ2i � 0 GeV2,b = 5:8�0:5�0:6 GeV�2 for hQ2i = 4:5 GeV2 and b = 5:2�1:6�1:0 GeV�2for hQ2i = 10 GeV2.From Fig. 6 we see, that light VM prodution (�0; !; �) an be properlydesribe by VDM-like models. In Fig. 7 the shrinkage and jtj study of !prodution is presented. The value of b, b = 10:0�1:2�1:3 GeV�2, indiateson the soft regime, but due to too large errors we annot take onlusionabout shrinkage presentation. Finally in Fig. 8 the exponential slopes b forVM in the photoprodution are shown. We learly see dereasing of b withthe mass of VM.



2362 D. BrunkoW Dependence of �pin Photoproduction

� �, ! and � show slow rise ! soft pomeron.� J= shows fast rise ! not soft pomeronFig. 6. The ross setion dependene of VM prodution on W .
ZEUS 1994

10
-1

1

10

0 0.2 0.4 0.6

(a)

|t| [GeV 2]

dσ
γp

→
ω

p/
d|

t| 
[µ

b/
G

eV
 2
]

0

5

10

15

20

25

1 10 10
2

(b)
low energy data
ZEUS 1994

W [GeV]

b 
[G

eV
 -

2 ]

Fig. 7. The shrinkage and jtj study of ! prodution.



The Vetor Meson Prodution in Photoprodution on HERA 2363

2

4

6

8

10

12

14

1 10
M2

V (GeV2)

b (
γp

 →
 V

p)
 (

G
eV

-2
)

ZEUS (γp → ρp)
ZEUS (γp → ωp)
ZEUS (γp → φp)
ZEUS (γp → J/ψp)
H1   (γp → ρp)
H1   (γp → J/ψp)

ρo

ω

φ

J/ψ

Fig. 8. The b value for VM in photoprodution.4. Heavy VM prodution4.1. J=	 photoprodutionIt is interesting to ompare predition for J=	 in p for VDM-like andpQCD models. In Fig. 9 the ross setion of J=	 prodution in p as afuntion of Wp is shown. Curves represent pQCD model [8℄ with variousgluon density distributions.
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2364 D. BrunkoThe ZEUS ollaboration measured the J=	 photoprodution ross se-tion with proton dissoiation at high �t. The measurement is shown inFig. 10 together with a predition within the BFKL framework by Bartelst-dependene for J= in p
ZEUS Preliminary 1997

-t (GeV2)

dσ
/d

t 
(n

b/
G

eV
2 )

1

10

10 2

1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6� alulation based on BFKL-formalism� good agreement in normalisation? redued unertainties in NLO?
Fig. 10. J=	 photoprodution ross setion with proton dissoiation at high �t.et al. [9℄. A good desription by the BFKL alulations is ahieved. How-ever, it has to be stressed that this is only a leading order alulation andthat a large unertainty is introdued due to the hoie of �s.
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The Vetor Meson Prodution in Photoprodution on HERA 2365Landsho� �hard� pomeron [11℄, the lowest one orresponds to Donnahie�Landsho� �soft� pomeron (usual soft pomeron), horizontal urve orrespondsto NLO BFKL [10℄ predition and lines around data shows the result of the�t. The �tted values are �(0) = 1:27 � 0:05; �0 = 0:08 � 0:17 GeV�2 forH1 and �(0) = 1:193 � 0:011+0:015�0:010; �0 = 0:105 � 0:024+0:022�0:020 GeV�2 forZEUS, respetively. In next Fig. 12 the extration of �0IP (using formulab(W ) = b0 + 4�0IP ln( WW0 )) from ZEUS data is shown. The result �0IP =0:098� 0:035(stat)� 0:050(syst) GeV�2 is too far from soft pomeron value.
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� error due to the unertainty of � 0!l+l� not inluded) within the present statistis the inelasti ratios areonsistent with the elasti ones 18
Fig. 13. The dependene of � 0�J= on the energy W .4.3. Elasti � photoprodutionIn Fig. 14 the �+�� spetrum together with the region where we expetof � prodution is shown. Full line represents dominated Bethe�Heitlerbakground. We see indiation on � prodution, but we do not distinguishedamong � (1S), � (2S) and � (3S) resonanes. In Fig. 15 the dependene ofross setion of � photoprodution on the energy Wp is shown, where onlythe results from pQCD alulations are presented [12,13℄. We onlude thatthe reent measurements of elasti � photoprodution are in good agreementwith theoretial expetations of pQCD.

Fig. 14. The dependene of � photoprodution on Wp.



The Vetor Meson Prodution in Photoprodution on HERA 23675. Some general harateristis of VM photoprodutionWhen Q2 inrease the exhanged photon aquires a longitudinal ompo-nent. The ratio R = �L=�T has been measured for various VM � see e.g.Fig. 15(a), where the ratio R is shown for the elasti � meson as a funtionof Q2 and is seen to inrease (the R rises steeply at small Q2 and a weakerat large Q2). In Fig. 15(b) the dependene of ratio R for the elasti �, ��F (�) (2r511 + r500)Q2
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The Vetor Meson Prodution in Photoprodution on HERA 2369Flavour independene� sale ross setion by SU(4) fators and down toW = 75GeV� � ross setion saled assuming W Æ with Æ = 1:7(Frankfurt, Dermott, Strikman, hep-ph/9812316)
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