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RECENT HERMES RESULTSON DVCS ASSOCIATED ASYMMETRIES�R. ShanidzeFor the HERMES CollaborationUniversity of Erlangen-NürnbergErwin-Rommel str.1, 91058, Germany(Re
eived July 3, 2002)The latest HERMES measurements of the beam�spin and beam�
hargeazimuthal asymmetries in the hard ex
lusive ele
troprodu
tion of photonsare reported. The asymmetries are asso
iated with the Deeply VirtualCompton S
attering (DVCS) pro
ess and 
an provide new information onthe stru
ture of the nu
leon.PACS numbers: 13.60.Hb, 13.60.Le, 13.60.�r1. Introdu
tionOne of the main motivations for the re
ent interest in Deeply VirtualCompton S
attering (DVCS) is the theoreti
al observation that the totalangular momentum Jq 
arried by quarks q in the nu
leon (i.e. the sum ofintrinsi
 and orbital angular momenta) 
an be expressed via a sum rule [1℄:limt!0 12 +1Z�1 dxx [Hq(x; �; t) +Eq(x; �; t)℄ = Jq : (1)Here Hq(x; �; t) and Eq(x; �; t) are new, twist two, generalized parton dis-tribution (GPD) fun
tions. These fun
tions depend on the Bjorken s
alingvariable x, a skewedness parameter � and the squared 4-momentum transfert between the initial and �nal state nu
leon. The GPD formalism [2℄ en-
ompasses a wide range of observables, su
h as ele
tromagneti
 form fa
tors,
onventional parton distributions and hard ex
lusive 
ross se
tions.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3779)



3780 R. ShanidzeDVCS is an ex
lusive pro
ess whereby a single multi-GeV real photon isprodu
ed by virtual photon�quark s
attering, and is the 
leanest rea
tionavailable for the measurement of GPD's. While it is impossible to distin-guish between ex
lusive photons produ
ed by the DVCS and Bethe�Heitler(BH) pro
esses, DVCS�BH interferen
e 
an be isolated by the measurementof beam�spin and beam�
harge asymmetries. Su
h measurements 
an pro-vide information on DVCS amplitudes and hen
e on GPD's [3℄. Despitesigni�
ant theoreti
al progress [4℄, experimental information on DVCS isstill s
ant. First measurements of the beam�spin asymmetry were re
entlypublished by the HERMES [5℄ and CLAS [6℄ 
ollaborations. UnpolarizedDVCS was also observed by the HERA 
ollider experiments [7℄, in the mea-surements of single photon produ
tion rates. This paper presents the latestHERMES results on DVCS asso
iated asymmetries, in
luding the �rst mea-surement of the beam�
harge asymmetry.2. The HERMES experimentThe asymmetries presented here are based on lepton�proton s
atteringdata 
olle
ted by the HERMES experiment using the HERA 27.6 GeV longi-tudinally polarized lepton (positron or ele
tron) beam at DESY. The beampolarization had an average value of 0:55 with a fra
tional un
ertainty of3.8% [8℄. The s
attered leptons and 
oin
ident photons were dete
ted by theHERMES spe
trometer [9℄ in the polar-angle range of 40 to 220 mrad. Theele
trons and positrons were identi�ed with an average e�
ien
y of 99%,with hadron 
ontamination less than 1%. Photons were identi�ed by thedete
tion of an energy deposition in the 
alorimeter and preshower 
ounterwith no asso
iated signal in the tra
king system.Single-photon ele
troprodu
tion events ep! e0
X were sele
ted by 
al-
ulating the missing massMX �p(q + Pp � k)2 with q, Pp and k being thefour-momenta of the virtual photon, the target proton and the produ
edreal photon, respe
tively. The missing mass resolution �(Mx) was obtainedfrom Monte Carlo 
al
ulations, and was found to be � 0.8 GeV. An ex
lu-sive interval of MX < 1:7 GeV was 
hosen, with the upper limit lying 1� in resolution above the nu
leon mass Mx = MN . The 
ontamination ofba
kground events (mainly due to �0 ! 

) was found to be less then 10%in the ex
lusive interval. In addition, the following requirements were pla
edon the s
attered lepton: Q2 > 1 GeV2, W 2 > 4 GeV2, and � < 24 GeV,where Q2 is the negative square of the virtual photon 4-momentum, � is thevirtual photon energy and W is the invariant mass of the photon�nu
leonsystem.



Re
ent HERMES Results on DVCS Asso
iated Asymmetries 3781The asymmetries were studied as a fun
tion of �, the azimuthal angle ofthe �nal-state photon with respe
t to the lepton s
attering plane. In orderto have an almost full 2� 
overage in �, a 
ut of 15 < �

� < 70 mradwas imposed on the angle �

� between the dire
tions of the virtual and realphotons. 3. The beam�spin asymmetryThe beam�spin azimuthal asymmetry ALU was de�ned as follows:ALU(�) = 1hjPljiN+(�)�N�(�)N+(�) +N�(�) : (2)Here N+ and N� represent the luminosity-normalized yields of events inthe two beam heli
ity states, hjPlji is the average magnitude of the beampolarization, and the subs
ripts L and U denote the use of a longitudinallypolarized beam and an unpolarized target.The results obtained for ALU(�) in the ex
lusive interval are presentedin �gure 1(a). A 
lear sin� behaviour is observed, as shown by the super-imposed dashed 
urve with a best-�t amplitude of �0:23. The solid 
urveshows the GPD model 
al
ulation from Ref. [10℄ 
omputed at the averagekinemati
s of the HERMES experiment. The systemati
 un
ertainty of themeasurement is represented by the error band at the bottom of the �gure.To explore the behavior of the asymmetry as a fun
tion of missing mass,the asymmetry moment Asin�LU (also termed `analyzing power') was 
al
ulatedin a variety of MX bins: Asin�LU = 2N NXi=1 sin�i(Pl)i ; (3)where N � N+ + N�. The di�eren
e of moments between the two beamheli
ity states is impli
ity 
ontained in this formula via the sign of the beampolarization Pl. The results are are presented in Fig. 1(b). All bins in theMX region bellow 2.5 GeV show a similar negative asymmetry, while Asin�LUis 
onsistent with zero for large (non-ex
lusive) MX values. The systemati
error band takes into a

ount a possible false asymmetry due to a

eptan
ee�e
ts (at most 2.6%) and the un
ertainty due to �0 
ontamination (esti-mated to be 12.5%). By 
ombining the values measured in the ex
lusiveregion MX < 1:7 GeV, as in Fig. 1(a), the following average value wasobtained: Asin�LU =-0.23 � 0.04 (stat) � 0.03 (syst).
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(a) (b)Fig. 1. (a) The beam�spin azimuthal asymmetry ALU(�) for hard ele
troprodu
tionof photons in the ex
lusive interval MX < 1:7 GeV. (b) The beam�spin analyzingpower Asin�LU measured versus missing mass MX .4. The beam�
harge asymmetryThe beam�
harge asymmetry was determined as follows:AC(�) = N e+(�)�N e�(�)N e+(�) +N e�(�) ; (4)where N e+ and N e� are the luminosity-normalized yields 
olle
ted frompositron and ele
tron beams, respe
tively. The ele
tron data were only 
ol-le
ted with negative beam heli
ity. In order to redu
e the sin� dependen
eof AC, the e+ sample was sele
ted in su
h a way as to have the same mag-nitude but di�erent sign of the beam polarization as the e� sample.Fig. 2(a) presents the HERMES preliminary data on the asymmetryAC(�), obtained from the events in the ex
lusive interval MX < 1:7 GeV. Adistin
t 
os� dependen
e is observed, with an amplitude of 0:11 � 0:04.The MX dependen
e of the beam�
harge analyzing power was measuredby 
ombining the 
os� moments 
al
ulated from positron (A
os �+) and ele
-tron (A
os ��) data: A
os �C = A
os�+ �A
os ��2 (5)The results obtained for A
os�C versus missing mass are presented in Fig. 2(b).As with the beam�spin asymmetry, A
os �C is 
onsistent with zero in the non-ex
lusive region. The average value in the ex
lusive interval is A
os�C = 0.11



Re
ent HERMES Results on DVCS Asso
iated Asymmetries 3783� 0.04 (stat) � 0.03 (syst). The systemati
 error 
ontains the 
ontributionsdis
ussed previously, as well as un
ertainties due to instrumental e�e
ts su
has trigger and 
alorimeter performan
e in the 2000 data set. A �nal analysisis in progress whi
h will 
orre
t for some of these e�e
ts and provide aredu
ed systemati
 error.
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x(a) (b)Fig. 2. (a) The beam�
harge azimuthal asymmetry AC(�) in the ex
lusive intervalMX < 1:7 GeV. (b) The beam�
harge analyzing power A
os�C versus missing mass.5. SummaryAt average kinemati
 values of hxi = 0:11, hQ2i = 2:6 GeV2 andh�ti = 0:27 GeV2, the HERMES 
ollaboration has obtained the follow-ing results from measurements of hard photon produ
tion in the ex
lusiveregion: Asin�LU = �0:23 �0:04 (stat) �0:03 (syst) for the beam�spin asym-metry, and a preliminary result of A
os�C = 0:11 � 0:04 (stat) �0:03 (syst)for the beam�
harge asymmetry.REFERENCES[1℄ X. Ji, Phys. Rev. Lett. 78, 610 (1997).[2℄ K. Goeke et al., Prog. Part. Nu
l. Phys. 47, 401 (2001).[3℄ M. Diehl et al., Phys. Lett. B411, 193 (1997).[4℄ A.V. Belitsky, D. Muller, A. Kir
hner, Nu
l. Phys. B629, 323 (2002).[5℄ A. Airapetian et al., Phys. Rev. Lett. 87, 182001 (2001).[6℄ S. Stepanyan et al., Phys. Rev. Lett. 87, 182002 (2001).
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