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DIFFRACTIVE EXCLUSIVE ELECTROPRODUCTIONOF �0 MESONS AT HERMES�Avetik AirapetianOn behalf of the HERMES CollaborationDESY, Notkestrasse 85, 22607 Hamburg, Germanye-mail: Avetik.Airapetian�desy.de(Re
eived July 24, 2002)Re
ent Hermes measurements are presented on the 
oherent and in
o-herent part of the 
ross se
tion for the ex
lusive di�ra
tive produ
tion of�0 mesons. Based on data taken with a variety of targets, 1H, 2H,3He,14N,20Ne and 84Kr, the method to extra
t the 
oherent to in
oherent 
ross se
-tion ratios as a fun
tion of 
oheren
e length l
oh and momentum transferQ2 will be presented. The measurement of those ratios 
ould 
ontribute tothe study of how quark�antiquark pairs intera
t with the nu
lear medium.Using the 1H and 14N targets, the nu
lear transparen
y of �0 produ
tionhas been measured as a fun
tion of 
oheren
e length. The data have beenanalysed to sear
h for a possible onset of 
olor transparen
y and are 
om-pared with re
ent theoreti
al 
al
ulations.PACS numbers: 13.60.Le 1. Introdu
tionEx
lusive ele
troprodu
tion of �0 mesons from nu
lei is 
onsidered to bean ex
ellent tool to investigate the properties of elementary parti
les inter-a
ting with nu
lear matter, su
h as the phenomena of a �shrinking pho-ton� [1℄, and Color Transparen
y (CT) [2℄, a QCD phenomenon whi
h 
on-ne
ts the transverse size of parti
le with its 
ross-se
tion. The �size� of thehadroni
 
omponents of a virtual photon at high negative four-momentumtransfer squared, Q2, was 
onje
tured to be smaller than the size of a normalhadron, thereby a

ounting for the pointlike behavior and the diminished ab-sorption of virtual photons in nu
lear intera
tions 
ompared to real photons.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3639)



3640 A. AirapetianIn QCD, the rea
tion amplitudes for ex
lusive intera
tions at large momen-tum transfer are expe
ted to be dominated by 
omponents of the photonwavefun
tion with small transverse size, whi
h give rise to diminished �nalstate intera
tions in the nu
lear medium.2. Event sele
tion and kinemati
 re
onstru
tionThe data were obtained during the 1995-2000 running periods of theHERMES experiment using 1H, 2H, 3He, 14N, 20Ne, and 84Kr gas targets inthe 27.5 GeV HERA positron storage ring at DESY. The HERMES dete
-tor is des
ribed in detail in Ref. [3℄. The s
attered e+ and the h+h� pairwere dete
ted and identi�ed in the HERMES forward spe
trometer. The�0 produ
tion sample was extra
ted from events with exa
tly three tra
ks:a s
attered positron and two oppositely-
harged hadrons. A more detailedand 
omprehensive des
ription of extra
ting ex
lusive di�ra
tive �0 
an befound in Ref. [4℄. Here we only des
ribe the method of extra
ting the ratio of
oherent to in
oherent 
ross se
tions based on nu
lear data. After extra
t-ing the ex
lusive �t0 = t� tmin distributions, where t is the four-momentumtransfer squared between the ve
tor meson and nu
leon, and jtminj is theminimum jtj allowed by the kinemati
s, we see that they exhibit the rapidfallo� expe
ted for di�ra
tive pro
esses, and that they have two 
omponents(
oherent(when nu
leus left in ground state) and in
oherent(s
attering o� aquasifree nu
leon from nu
leus without break up)) for nu
lear targets andonly one 
omponent(
oherent) for hydrogen. The 
ross-se
tion is thereforeapproximated with the sum of 
oherent and in
oherent 
ontributions as:d�dt = bNebN t0 +RAbAebAt0 ; (1)where bN is the nu
leon and bA is the nu
lei di�ra
tive slope, respe
tively.This yields the �rst observable, the 
oherent to in
oherent full 
ross-se
tionratio, RA= �
oh�in
oh .The 
oherent (in
oherent) nu
lear transparen
y is de�ned as:Tr
oh(in
oh) = �A
oh(in
oh)(Q2)A�H(Q2) ; (2)where H refers to 1H and A is the nu
leus atomi
 number. Note that forthe extra
tion of RA, there is no need to measure the absolute luminosity,as both measurements are done with the same target and the same beam,while for the nu
lear transparen
y analysis, whi
h was performed as:Tr
oh(in
oh) = �A
oh(in
oh)(Q2)A�H(Q2) = NALHANHLA ; (3)
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tion of �0 Mesons at HERMES 3641LA and LH, the luminosities (multiplied by dete
tor and tra
king e�
ien
ies)for nu
lear and hydrogen target, respe
tively, had to be measured individu-ally. 3. Study of systemati
 e�e
tsThe systemati
 un
ertainties for the measured ratios were determinedby varying the event sele
tion 
riteria or the analyses pro
edures. Theseun
ertainties in
lude: the un
ertainties arising from �nite vertex resolu-tion, the ba
kground subtra
tions that were performed to determine �0 massspe
trum and the �t0 distribution. Ratios extra
ted in parallel for the �t0and P 2t spe
tra provided a measure of the extra
tion un
ertainty. Monte-Carlo generator DIPSI [5℄ was used to 
al
ulate the dete
tor a

eptan
e.there di�erent di�ra
tive slope parameters and relativisti
 (nonrelativisti
)Breit�Wigner mass distributions were used as input parameters. Finally,
orre
tions(� 15%) were applied to the ratios due to �Pauli blo
king� [6℄ forin
oherent s
attering. For the nu
lear transparen
y measurement the DISpositron 
ross-se
tion was used as a luminosity measure in addition to thestandard Bhabha luminosity measurement. The overall systemati
 un
er-tainty was determined by adding the above un
ertainties in quadrature.4. ResultsIn Fig. 1, the measured di�ra
tive slope parameter for di�erent targetsand the �t result are presented. From earlier measurements of strong inter-a
tion nu
lear radii [7℄ an A2=3 dependen
e is expe
ted as 
on�rmed by thepresent data and the �t through the data. TABLE IFitted 
ommon slope parameter of the Q2-dependen
e of the nitrogen to hydrogenratio with statisti
al and systemati
 un
ertainties given separately. The results are
ompared to theoreti
al predi
tions [8℄.Data sample Measured Q2 slope Predi
tion(GeV�2) (GeV�2)Coherent 0:081� 0:027� 0:011 0.060In
oherent 0:097� 0:048� 0:008 0.053Fig. 2 displays the 
oherent to in
oherent 
ross se
tion ratio versus Q2.A strong Q2 dependen
e 
an be observed.
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e of the di�ra
tive slope parameter b. The dashed line isthe result of the �t. Also shown a point from E665 Fermilab Collaboration for
al
ium [9℄
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Fig. 2. Q2 dependen
e of the 
oherent to in
oherent 
ross-se
tion ratio. For ea
hdata point, the 
orresponding l
oh values are given.Fig. 3 presents the A dependen
e of the 
oherent to in
oherent 
ross-se
tion ratio. Note that it rea
hes saturation, whi
h means that multiples
attering inside the nu
leus is not growing linearly with A [6℄. In Fig. 4the published [4℄ in
oherent transparen
y versus l
oh are 
ompared with thenew 
oherent transparen
y result. As one 
an see the 
oherent transparen
y
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e of the 
oherent to in
oherent 
ross-se
tion ratio.
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Fig. 4. Nu
lear Transparen
y for 
oherent and in
oherent s
attering on nitrogentarget. For ea
h data point, the 
orresponding Q2 value is indi
ated.result shows a distin
t l
oh dependen
e. To separate CT from 
oheren
elength e�e
ts a two dimensional analysis was performed where, for �xedl
oh, a slope of the Q2 dependen
e was extra
ted. A positive slope of theQ2 dependen
e is eviden
e for CT a

ording to Ref. [8℄. Indeed, the resultspresented here support the CT assumption as shown in Fig. 5 for 
oherent�0 produ
tion. The results are also summarized in Table I for both 
oherentand in
oherent �0 produ
tion.
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lear transparen
y as a fun
tion of Q2 in spe
i�
 
oheren
e length bins(as indi
ated in ea
h panel) for 
oherent �0 produ
tion on nitrogen. The straightline is the result of the 
ommon �t of the Q2-dependen
e. The error bars in
ludeonly statisti
al un
ertainties. REFERENCES[1℄ T.H. Bauer et al., Rev. Mod. Phys. 50, 261 (1978); H. Cheng, T.T. Wu, Phys.Rev. 183, 1324 (1969); J.D. Bjorken, J.B. Kogut, Phys. Rev. D5, 1152 (1972).[2℄ G. Berts
h et al., Phys. Rev. Lett. 47, 297 (1981); A.B. Zamolod
hikov et al.,Pis'ma Zh. Eksp. Teor. Fiz. 33, 612 (1981); Sov. Phys. JETP Lett. 33, 595(1981).[3℄ K. A
kersta� et al., Nu
l. Instrum. Methods Phys. Res. A417, 230 (1998).[4℄ K. A
kersta� et al., Phys. Rev. Lett. 82, 3025 (1999).[5℄ M. Arneodo et al., DESY96-149,(1996).[6℄ T. Renk, G. Piller, W. Weise, Nu
l. Phys. A689, 869 (2001); J.S. Tre�l,Nu
l. Phys. B11, 330 (1969).[7℄ H. Alvensleben et al., Phys. Rev. Lett. 24, 792 (1970).[8℄ B.Z. Kopeliovi
h et al., Phys. Rev. C65, 035201 (2002).[9℄ M.R. Adams et al., Phys. Rev. Lett. 74, 1525 (1995).


