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DIFFRACTIVE PHOTOPRODUCTIONOF  (2S) MESONS AT HERA�Dun
an Brownon behalf of the H1 CollaborationDESY, Notkestr. 85, 22607 Hamburg, Germany(Re
eived August 19, 2002)The di�ra
tive photoprodu
tion of the  (2S) meson is measured us-ing a data set 
olle
ted between 1996 and 2000 by the H1 dete
tor atHERA 
orresponding to a luminosity of 77 pb�1. The ratio of the inte-grated di�ra
tive 
ross se
tions for  (2S) and J= produ
tion is presentedas a fun
tion of the photon�proton 
entre-of-mass energy W
p. The de-penden
es of elasti
 and proton-disso
iative  (2S) produ
tion on the four-momentum transfer squared t at the proton vertex are also presented. Theresults are 
ompared to theoreti
al predi
tions 
al
ulated within the 
olourdipole framework.PACS numbers: 13.60.Le, 14.40.Lb1. Introdu
tionThe  (2S) meson is the �rst radial ex
itation of the J= meson andthe expe
tation value of its radius is approximately a fa
tor two larger thanthat of the J= meson. Predi
tions for the jtj and W
p dependen
ies of thedi�ra
tive  (2S) and J= produ
tion 
ross se
tions have been 
ompletedin the framework of the 
olour dipole model. In this model the in
omingphoton is assumed to �u
tuate into a qq pair, modelled as a 
olour dipole,some long time before intera
ting with the proton. The elasti
 s
attering ofthe parent dipole with the proton is then parameterised by a total dipole�proton 
ross se
tion. The wavefun
tion of the  (2S) meson has a largerexpe
tation value for the radius than the ground J= state but also hasa node (see e.g. [1℄). This leads to 
an
elling 
ontributions from dipoleswith sizes above and below the node. The total 
ross se
tion for  (2S)meson produ
tion is then suppressed with respe
t to that of J= and the� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3535)
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e of the 
ross se
tion as a fun
tion of W
p is somewhat steeperthan that of the J= photoprodu
tion 
ross se
tion. The t-dependen
e ofelasti
  (2S) produ
tion is predi
ted to be similar or slightly steeper thanthat of the J= meson [2℄.2. Event sele
tion and data analysisThe di�ra
tive produ
tion of the  (2S) meson is measured using a dataset 
olle
ted between 1996 and 2000 by the H1 dete
tor at HERA 
orre-sponding to a luminosity of 77 pb�1 [3℄. The kinemati
 region of photopro-du
tion (photon virtualities Q2 < 1:0GeV2) is sele
ted by reje
ting eventswhi
h 
ontain a s
attered lepton 
andidate dete
ted in the 
alorimeters. TheH1 Dete
tor is des
ribed in detail elsewhere [4℄. The  (2S) and J= mesonsare sele
ted via their dire
t de
ays into two leptons �+�� or e+e� and the (2S) is also re
onstru
ted via the 
as
ade into a J= and two 
hargedpions with subsequent de
ay of the J= into two leptons. The lepton-pairde
ay signatures are sele
ted by requiring exa
tly two tra
ks in the 
entraltra
king 
hambers, ea
h with a transverse momentum greater than 0:8GeVin the 
entral polar angular region of the dete
tor. The tra
ks must de�nean event vertex in the ep intera
tion region. The de
ay ele
trons are iden-ti�ed using the ele
tromagneti
 se
tion of the 
alorimeters and energy lossdE=dx in the tra
king 
hambers. Muons are identi�ed in the instrumentediron return yoke of the main solenoidal magnet or in the main 
alorimeter.Cosmi
 ray muon events are reje
ted using a tra
k a
ollinearity requirement.For the sele
tion of  (2S) 
as
ade de
ay events exa
tly four tra
ks are se-le
ted. In addition to two lepton 
andidate tra
ks, whi
h are identi�ed asdes
ribed above, exa
tly two further 
entral tra
ks of opposite 
harge arerequired, ea
h with a transverse momentum of at least 0:12 GeV. Triggersbased on lepton and tra
k signatures are used to 
olle
t the events. Thea

eptan
es and e�
ien
ies for triggering, tra
k re
onstru
tion, event sele
-tion and lepton identi�
ation are 
al
ulated using the Monte Carlo eventgenerator program DIFFVM [5℄. The overall e�
ien
y for the 
ombinedde
ay 
hannels varies between 5 and 10% with W
p. In the range studiedhere the variation of the overall e�
ien
y with jtj is small.3. ResultsThe ratio of the integrated elasti
 and proton disso
iative1 di�ra
tive
ross se
tions for  (2S) and J= produ
tion is shown as a fun
tion of thephoton�proton 
entre-of-mass energy W
p in Fig. 1. The error bars ex
lude1 Events are sele
ted in whi
h the proton (mass mp) disso
iates into a mass MY ful-�lling the relationship z ' 1� (M2Y �m2p � t)=W 2
p > 0:95.
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Nemchik et al.Fig. 1. The ratio R(W
p) = � (2S)=�J= for events with z > 0:95. The innererror bars show the statisti
al error, the outer error bars show the statisti
al andsystemati
 errors added in quadrature. The result of a �t R / (W
p=90GeV)�Æ isshown by the solid line and the predi
tions from [2℄ (dashed�dotted line) and [1℄(dashed line) are also shown.the normalisation un
ertainty of 0.007 from the bran
hing ratios. The num-ber of J= events is 
orre
ted for the fra
tion of  (2S) events with de
aysinto a J= and undete
ted neutral parti
les. The 
ontribution to the  (2S)sample from de
ays of  (3S) and higher ex
ited states is expe
ted to besmall and is negle
ted. In the evaluation of the systemati
 error on the 
rossse
tion ratio the errors on the integrated luminosity, the trigger and tra
kre
onstru
tion e�
ien
ies, lepton identi�
ation and the dete
tor a

eptan
eare found to be highly 
orrelated between the J= and the  (2S) samplesand, therefore, largely 
an
el. The average ratio, shown as a dotted line,yields the valueR = 0:166 � 0:007(stat:)� 0:008(syst:)� 0:007(BR) ;in good agreement with an earlier measurement [6℄. The solid line showsa �t of the form R(W
p) /W�Æ
p to the data points yielding a value of �Æ =0:24� 0:17stat:+sys:. In the 
ontext of this analysis a 
omplete measurementof the J= 
ross se
tion was also performed [7℄, yielding a W
p dependen
ewhi
h is 
onsistent with the results of [8℄.The elasti
 and proton-disso
iative t-dependen
ies are extra
ted in ea
hde
ay 
hannel using an iterative pro
edure involving �ts to the forward-tagged and forward-untagged samples. Fig. 2 shows the normalised di�er-ential 
ross se
tions 1=� d�=dt for the lepton-pair and 
as
ade de
ay signa-tures of  (2S) events in a mass window � 150 MeV around the nominal (2S) mass, 
orre
ted for e�
ien
ies but not for remaining ba
kgrounds.
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Fig. 2. Normalised di�erential 
ross se
tions 1=� d�=dt as a fun
tion of jtj for eventsin the  (2S) mass region (a) without and (b) with a forward-tag for lepton-pairde
ays and (
) without and (d) with a forward-tag for 
as
ade de
ays. The solidlines show the results of the �ts des
ribed in the text. The dashed (dotted) 
urvesshow the 
ontributions from the elasti
 (proton disso
iative) pro
esses respe
tivelyand the 
ontributions from the non-resonant ba
kground (dashed�dotted 
urves)are also shown. The shaded bands indi
ate the region in whi
h the �t is performed.The main 
ontributions to the samples are from the proton-disso
iativeand elasti
 pro
ess plus non-resonant ba
kground in the two-prong 
han-nel. The non-resonant ba
kgrounds are des
ribed by sums of two exponen-tial fun
tions determined from an analysis of the side-band events. Thet-dependen
e and relative normalisation of the non-resonant ba
kgroundsare held �xed. The t-dependen
es of the elasti
 and the proton disso
ia-tive 
hannels are parameterised by single exponential fun
tions � ebt. Themeasured slope parameters are b (2S)el = (4:31 � 0:57 � 0:46)GeV�2 andb (2S)pd = (0:59�0:13�0:12)GeV�2 for elasti
 and proton-disso
iative  (2S)produ
tion. For the J= the result bJ= el = (4:99 � 0:13 � 0:39)GeV�2 
on-�rms the previous measurement [8℄ and bJ= pd = (1:07 � 0:03 � 0:11)GeV�2.
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tion of  (2S) . . . 35394. Comparison with modelsThe 
al
ulations of [1℄ and of [2℄ both predi
t a somewhat steeper energydependen
e for the  (2S) than for the J= meson and are 
ompatible withthe data in both slope and normalisation. The t-dependen
e of elasti
  (2S)photoprodu
tion is in agreement with expe
tations in the additive quarkmodel [9℄ and the 
olour dipole model [2℄ where the di�eren
e between theJ= and  (2S) proton disso
iative slope parameters 
an be interpreted asan e�e
t of the  (2S) wavefun
tion node on the t-dependen
e. In protondisso
iation this is more visible than in the elasti
 pro
ess due to the loweroverall values of the slope parameters in agreement with expe
tations [9℄.5. SummaryThe energy dependen
e of the di�ra
tive  (2S) photoprodu
tion 
rossse
tion is similar or possibly slightly steeper than that for J= mesons. Thet-dependen
e of elasti
  (2S) photoprodu
tion is similar to that of the J= .For proton disso
iation a somewhat shallower t-dependen
e is measured inthe  (2S) 
ase. The results are in agreement with the expe
tations of 
olourdipole model predi
tions whi
h in
orporate the e�e
t of the node in the (2S) wavefun
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