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BOSE�EINSTEIN CORRELATIONS IN DIS�M. Derri
kFor the ZEUS CollaborationDESY/ANL, Notkestr. 85, D-2000 Hamburg 52, Germany(Re
eived June 25, 2002)Measurements of Bose�Einstein 
orrelations (BEC) are presented fordeep inelasti
 ep s
attering using the ZEUS dete
tor at HERA using anintegrated luminosity of 83 pb�1. The two-parti
le 
orrelation fun
tionswere studied as a fun
tion of the virtuality of the ex
hanged photon, Q2,assuming a Gaussian shape of the BEC sour
e. The results do not show adependen
e of the BEC e�e
t in the range from 25 to 5000 GeV2.PACS numbers: 13.90.+i 1. Introdu
tionFor a pair of identi
al bosons, the quantum me
hani
al wave-fun
tionhas to be symmetri
 under parti
le ex
hange. As a 
onsequen
e, interferen
ee�e
ts are expe
ted between identi
al bosons whi
h are emitted 
lose to ea
hother in phase spa
e. This alters the two-parti
le density at small phase-spa
e separations and leads to Bose�Einstein 
orrelations (BEC), whi
h were�rst observed by Goldhaber et al. [1℄ for like-
harged hadrons in p�p 
ollisions.The shape of the BEC 
orrelations in relative momentum spa
e is relatedto the spatial dimensions of the produ
tion sour
e. Therefore, the experi-mental study of BEC should eventually lead to better understanding of thespa
e-time stru
ture of the sour
e of identi
al bosons.The BEC were investigated in neutral 
urrent e+p deep inelasti
 s
atter-ing (DIS), fo
using on studies of a dependen
e of the BEC on the virtualityof the ex
hanged photon, Q2 = �q2 = �(k � k0)2 (k and k0 denote thefour-momenta of the initial- and �nal-state positrons, respe
tively). If theBEC re�e
t the size of the produ
tion volume, one should see the redu
tion� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3281)
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kof the BEC e�e
t with in
reasing Q2, sin
e the transverse size of the vir-tual photon de
reases with in
reasing Q2. However, the BEC measured bythe H1 Collaboration [2℄ did not indi
ate a Q2 dependen
e in the range of6 < Q2 < 100 GeV2.In this paper, the BEC are measured with a mu
h higher pre
ision thanbefore in ep 
ollisions. The luminosity used in this study allows to extendthe kinemati
 range in Q2 to mu
h larger values than before [2℄, Q2 '5000 GeV2. 2. Experimental setup and data sampleDuring the 1998�2000 period, 83:0 � 1:2 pb�1 of data were taken witha positron/ele
tron beam energy of 27:5 GeV and a proton beam energy of920 GeV.ZEUS is a multipurpose dete
tor des
ribed in detail elsewhere [3℄. Ofparti
ular importan
e in the present study are the Central Tra
king Dete
tor(CTD) and the CALorimeter (CAL).The DIS event kinemati
s 
an be determined by Q2 and the Bjorkenvariable x = Q2=(2P �q), where P is the four-momentum of the proton. Thevariable, y, is related to these two variables by y ' Q2=sx, where ps is thepositron�proton 
enter-of-mass energy. The analysis is based on the CTDtra
ks assigned to the primary event vertex, without parti
le identi�
ation.3. De�nition of the measured quantitiesThe BEC 
an be parameterized using the Goldhaber expression for thenormalized two-parti
le density [4℄:R = � (1 + � Q12) �1 + � e�r2 Q212� ; (1)where Q12 �p�(p1 � p2)2 =qM2 � 4m2boson is the Lorenz invariant mo-mentum di�eren
e between the two bosons, whi
h is related to the invariantmass M of the two parti
les with four-momenta p1 and p2 and mass mboson.The parameter � re�e
ts the degree of in
oheren
e, while r 
orresponds tothe size of the produ
tion volume. The parameter � takes into a

ount along-distan
e non-BEC 
ontribution.To 
al
ulate R, the two-parti
le in
lusive density � was de�ned as � =(1=Nev)dnpairs=dQ12, where npairs is the number of parti
le pairs and Nev isthe number of events. The densities were 
al
ulated for like-
harged parti
le
ombinations (�(�;�)) and for unlike-
harged 
ombinations (�(+;�)), andthen the ratio was 
omputed: � = �(�;�)=�(+;�). This ratio helps to re-move 
orrelations due to topology and global properties of DIS events. The
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ontains additional short-range 
orrelations, mainly due to reso-nan
e de
ays (
ontributing to �(+;�)), whi
h should further be removed. Inorder to extra
t the BEC, a Monte Carlo sample without the Bose�Einsteine�e
t was used to 
al
ulate the �MC;noBEC, and then non-BEC 
orrelationswere removed in the double ratio, R = �data=�MC;noBEC.Charged identi
al parti
les are subje
t to the Coulomb repulsion, whi
his not simulated by MC models. As a 
he
k, the BEC 
orrelation fun
tionwas 
orre
ted in the data using the Gamow fa
tor [5℄. It was found thatafter taking into a

ount the Coulomb e�e
t, the size of the BEC radiusslightly in
reases, but it is still within the statisti
al and systemati
al errorsof the present measurement and thus does not 
hange the 
on
lusions.4. ResultsFigure 1 shows the measured two-parti
le density together with the �t(1). The regions a�e
ted by imperfe
tions in the simulation of Ks0 and �0de
ays were ex
luded from the �t. The extra
ted values of the BEC e�e
t
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luded in the �t)
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Fig. 1. The Bose�Einstein 
orrelation fun
tion with the �t fun
tion (1). The errorbars show the statisti
al un
ertainties.
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kfor Q2 > 110 GeV2 arer = 0:671 � 0:016(stat:)+0:030�0:032 (syst:) fm;� = 0:431 � 0:012(stat:)+0:042�0:130 (syst:):These two values agree with the H1 measurement for 6 < Q2 < 100 GeV2 [2℄:r = 0:68 � 0:04+0:02�0:05 fm and � = 0:52 � 0:03+0:19�0:21.Figure 2 shows that the DIS data are 
onsistent with the LEP1-LEP2measurements [6�9℄. The 
omparison is also made with the H1 preliminaryresults for photoprodu
tion data [10℄. The latter suggests that events witha quasi-real photon have a larger intera
tion radius.
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Fig. 2. Comparison of the measured BEC e�e
t with other experiments.The BEC e�e
t was also investigated as a fun
tion of Q2. The datado not indi
ate any Q2 dependen
e in the range from 25 to 5000 GeV2, asshown in Fig. 3.
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Fig. 3. The radius and the in
oheren
e parameter � as a fun
tion of Q2.5. Con
lusionsThe Bose�Einstein 
orrelations have been studied in deep inelasti
 s
at-tering with the ZEUS dete
tor at HERA. The e�e
t was measured as afun
tion of the photon virtuality, Q2, in the range from 25 to 5000 GeV2.The results do not show a dependen
e of the BEC e�e
t on Q2.The observed Bose�Einstein 
orrelations in DIS are 
onsistent with thee+e� measurements, suggesting that the e�e
t is a universal hadroni
 �-nal state phenomenon whi
h is insensitive to details of the hard s
atteringpro
ess.
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