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Accessing the longitudinally polarized photon content of the proton
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We investigate the QED Compton process in longitudinally polarized lepton-proton scattering both in the
elastic and inelastic channels and show that the cross section can be expressed in terms of the polarized
equivalent photon distribution of the proton. We provide the necessary kinematical constraints to extract the
polarized photon content of the proton using this process at HERMES, COMPASS, and eRHIC. We also
discuss the suppression of the major background process coming from virtual Compton scattering. We point
out that such an experiment can give valuable informatiog @®g ,Q?) in the smallxg, broadQ? region at
the future polarized collider eRHIC and especially in the lo®&r mediumxg region in fixed target experi-
ments.
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[. INTRODUCTION xg moment in the lowQ? region have been studied in fully
inclusive measurements at SLAG|, HERMES[10,11], and
QED Compton proces$QEDCS in the scatteringlp ~ JLab[12,13. The most recent measurements by CLIAS]
—lyX, wherel is a lepton, has a distinctive experimental @€ in the kinematical regioQ"=0.15-1.64 GeV. The
signature: both the outgoing lepton and photon are detectd@W Q° region is of particular interest because contributions
at large polar angles and almost back to back in azimuth ue to nonperturbative dynamics dominate here and thus the

such that their transverse momenta almost balance eaf ansition from soft to hard physics can be studied. In fact the

o . o ta in[14] clearly indicate a dominant contribution from the
other, with little or no hadronic activity at the detecfdr?2]. resonances and at high@? it is below the perturbative

In fact, such a reaction in the unpolarized p scattering has QCD-evolved scaling value af;. This in fact illustrates the
long been suggested as an excellent channel not only to dﬁecessity of further investigation of;(xg,Q?) in the tran-
termine the structure functioR,(xg,Q?) of the proton, but  sition region. In these fixed target experiments, 1Q# is
also to extract the equivalent photon content of the protorassociated with low values af;, thus the covered kinemati-
[1-3]. In a recent Monte Carlo analysis of the QED Comp-cal region is smaller compared to the unpolarized data. Data
ton process performed by some members of the H1 Collaboen g1(xg,Q?) for small xz and in the scaling region are
ration at HERA[4], it was found that, although the cross Missing due to the absence of polarized colliders s¢with
section in the elastic channel was accurately described by tH8€ €xception of RHIC, which has started operating in the
equivalent photon approximatiofEPA), this was not the Polarized mode fomp coliisions only very recently The
case in the inelastic channel. In two previous paps@ we  SMallXg region is again interesting; it is the region of high

. ; . arton densities, and measurements in this region will pro-
have suggested improved kinematical cuts for a more acc

on of th \arized equival h distrib jide information about the effects of largern?(1/xg)]
rate extraction of the unpolarized equivalent photon distribUyeqmmation and DGLAP evolution, and also about the

tion of the proton, which furthermore suppress the majokgafi» 1o “hard” scale transition [15—17. A better under-
background_process coming from virtual Compton scatteringtanding ofg, (xg,Q2) in this region is necessary in order to
(VCS). In this work we study the QED Compton process in determine its first moment, experimentally. The kinematics
the polarized scatteringp—1vyX (both elastic and inelastic of QED Compton events is different from the one of inclu-
channely where the initial lepton and proton are longitudi- sive deep inelastic scattering due to the radiated photon in
nally polarized. We show that when the virtuality of the ex-the final state, and thus it provides a novel way to access
changed photon is not too large, the cross section can @i (Xg,Q?) in a kinematical region not well covered by in-
approximated as a convolution of the longitudinally polar-clusive measurementalso forF,(xg,Q%) [4]}.

ized equivalent photon distribution of the protpn8g] and The plan of the paper is as follows: In Secs. Il and IlI, we
the real photoproduction cross section. We provide the necderive the analytic expressions of the cross section for the
essary kinematical constraints to extract the polarized photoRelarized QED Compton process in the elastic and inelastic
content of the proton at HERMES, COMPASS, and eRHK;char.meIs, respectwely. In Sec. 1V, we.d|scuss the background
(the future polarizecep collider planned at BNL In addi-  ©0ming from virtual Compton scatterify CS) and also _the
tion, we show that such an experiment can also access tHgterference between QEDCS and VCS. The numerical re-
polarized structure functiog,(xg,Q?) at HERMES in the sylts are presented in Sec. V Summa_ry and concluspns are
low Q2 region and at eRHIC over a wide range of the 9iven in Sec._VI. The analytl_c expressions of the matrix el-
Bjorken scaling variableg andQ2. g;(xg,Q?) and its first €Ments are given in Appendixes A and B.

Il. ELASTIC QED COMPTON SCATTERING

*Electronic address: asmita@physik.uni-dortmund.de We consider QED Compton scattering in the elastic
"Electronic address: pisano@harpo.physik.uni-dortmund.de process:
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Xﬁv contains all the informations about the leptonic part of
the process and is defined as

X2 1,k =JdP I +k; 1", kDOTA (1Lk; 17 k'); (2.
+ Crossed. wl 1K) ! Tk )@

Tﬁv(l K17, k") is the antisymmetric part of the leptonic ten-
sor,

4ie* R .
TEY(LK 1K) = — — et PR g (5= )] ,+ (U 1)1 ],
su

(2.9

FIG. 1. Feynman diagrams for the QED Compton process
(QEDCS. X=p (andPyx=P') corresponds to elastic scattering.

e(l)+p(P)—e(l")+y(k")+p(P"), (2.0 o
Here e’=47a and we have defined=(1—1')?> and
where the incident electron and proton are longitudinally po{= (| —k")2.
larized and the four-momenta of the particles are given in gy polarized scatterings”  is antisymmetric in the in-
nv

brackets. Instead of the electron, one can also consider (f}ces,u » and can be expressed in terms of the Lorentz
muon beam(COMPASS; the analytic expressions will be

YA .
the same. We introduce the invariants scalarX; :
~ I _ .
S=(P+D% s=(+l% t=id. (22 oo e KG9
S_

k=P—P’ is the four-momentum of the virtual photon. The with
photon in the final state is re&; >=0. We neglect the elec-
tron mass everywhere except when it is necessary to avoid KA. = —ZXﬁyPﬁ”_ 210

divergences in the formulas and take the proton to be mas-

H 2_pr2_m2 H H
sive,P“=P’“=m?". The relevant Feynman diagrams for this p«» is the antisymmetric part of the photon polarization den-
process are shown in Fig. 1, witkbeing a proton andPy sity matrix [19]:

=P’. The squared matrix element can be written as

17Kt

I
2i

wheret, is the spin vector of the photon:

1
P,XVZE(E,MEV* _ GVE’U“*)Z

1 v ! ! ! (21])
|AMQEPC 2=t—2HAe‘|’“ (P.P)TH(LKI" k), (23

HA"(P,P") and T/ (I.k;I",k’) being the antisymmetric
parts of the hadronic tensor and leptonic tensor, respectively,

which contribute to the polarized cross section. As before t(,:Nt(k(r
[5], we use the notation

2

1
_W'U); Ntzm. (2.12

dPS(P;Py, ... Py We define the functionX5(s,t,t) as
VN ot i
=(2m)*| P- > P : 2.4 X5(s,0)=2 f AT (s,4,1). 2.1
e -3 7 L o 3 oy =2r), TORAGLD. 243
for the Lorentz invarianN-particle phase-space element. The The integration limits are given by Eq2.18 of [5].
cross section can be written as X’;(s,t,t) can be obtained using the leptonic tensor given
above:
1
A0e|(5):ﬁfdPSz+1(|+P;|’,k’,P’) 402 i (U—t
2(S=m) X5(s,t,1)= T{(s—t)% f—t)—(s+t)2].
« |AMQEDCS2 _ su(s— S—
|AM el (2 5) (2_14)
Following the same approach as[18], we can write this The hadronic tensor for polarized scattering is expressed
as in terms of the proton form factors 4%,20),
A S—; OI—ASdP [+ P;l’ HA =—ie2errre 2GeGyS
O'el( )_Z(S_mz) 2 %( ) nv e“e mkp EY Mo
1 Gu(Gy—Gg) k- S
’ ’ Apv ’ A
+k’,P )t—zHe’f (P,P )XMV(l,k). (2.6 _TFPU , (2.15
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with 7= —t/4m? and S,=1/m[P,— (m?/P-1)|,] being the maxdt 2m?x?|
spin vector of the proton, which satisfi&d=—1 andP-S Aye(x)= J T 27Xt ) M
=0. G andG,, are the proton electric and magnetic form  min

factors and are empirically parametrized as dipoles:

(2.20

m?x?| Gy(Gy—Gg)
t 1+ 7

—2(1—x+
1

Ge(t)= . Gu(t)=2.7Gg(1). i
[1-t/(0.71 GeW)]? with x=s/S and the limits of integration are given by Eq.

(216 (2.30 of [5].

The elastic cross section can then be written as
I1l. INELASTIC QED COMPTON SCATTERING

a ( /S— m) maxdt max . . . .
Ao o= m t . We next consider the corresponding inelastic process
min min
S—mt o St e(l)+p(P)—e(l)+y(K)+X(Py), (3.1
X d¢XA(st t) B .
0 s—t wherePy= 2y Px, is the sum over all momenta of the pro-
S—m?2 m2 s—t duced hadronic system We take the invariant mass of the
X G2, (t)—2| = -1+ — > produced hadronic system to ¢ The Bjorken variableg
M t S—m i i
s—t is defined as
Gu(Gy—G
XM(1+TE) : (2.19 WL S (3.2
B 2P (—k) Q*+W -m*’ '
¢ is the azimuthal angle of the outgoilg- v system in the . . . .
center of momentum frame. The limits of integration are the here% = —t. The cross section for inelastic scatter-
same as in Egs(2.18 and (2.24 of [5]. These limits are ing reads:
modified due to the experimental cuts that we impose nu- -
merically. In the EPA limit, we negledt| versuss and m? Ao e S)= Wf Zmaxdv\/Zf(:s_W) ds
versusS and get (S—m?) mg
4a2 g ﬁ 2§ dA(;‘eyHey Qmalxd 2%
X5(3,1,1)=X5(s,01) = —— 7—7) =——=——, Xf 2 0f Wa qu 3.3
2 s \u s ™ dt Qi Q
(2.18

WhereXA is given by Eq.(2.9 and W4" is the hadronic
where Ag/dt is the d|fferent|al real photoproduction cross tensor:
section and(’é\(s,O)— —4sA¢. The elastic cross section then

m
becomes Wﬁ”=iesz”Vp“kp[gl(k2,P-k)S(,
S I dAo(xSt
Ao g~Ao EA= J'(l m/\3) dxf Ath)’el(X)# , K-S
Xmin m—s dt +02(K%P-K)| S, = i 5Py (3.9
(2.19 '

where m, is the mass of the electron ankly o(x) is the  with S,=(1/m)[P,—(m?/P-1)l,] being the polarization of
elastic contribution to the polarized equivalent photon distri-the proton, satisfying?=—1 andP-S=0.
bution of the protorj7] The cross section can be written as

S-m* W2 +Q?—m?
—2——+ >
s+Q? Q

mB mln

__ n (B=m? o [Qfg 1
e M P & —7<W2+—Q2T2>f

2

s+ 02 4m .
© 91(XB-Q2)+m92(XB,QZ)]XQ(S,QZ), (3.5

S—m?

2m?

e
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a® (S—-m)?2 ~ max max
A grs e O

t min t min

2w 1
xf dop——|AM ¢/?, (4.9
0 (s—t)
where
[AM of?=[AMFPE2+ [AM S
FIG. 2. As in Fig. 1, but for the virtual Compton scattering —2ReAMFPCAM Y™ (4.2

(VCS) background process.

is the matrix element squared of the subprocess. The limits
2 ma 2 2 of integrations are the same as in E2,17). The interference
here X; (S Q9= 27-rf thX (S Q%D with Xj (S Q%D term will have opposite sign if we consider a positron instead

given by Eq.(2.14). The I|m|ts of theQ?,W?, andt integra-  Of an electron. The cross section of the VCS process is ex-

tions are given in Eqs(3.11), (3.12, and (2 18 of [5], re-  Pressed in terms of generalized parton distributions, and one
spectlvely In the limit of the EPA, as before, we approximateneeds a realistic model for a quantitative estimate of this
S—m2~S ands+ Q2~s the cross section then becomes background[21]. Here, in order to find the constraints to
' suppress the VCS, we make a simplified assumption: we take
the proton to be a massive pointlike particle with an effective
v*p vertex, —iy*F4(t). The explicit expressions for the
_ matrix elements are given in Appendix A.
= f(lfm”s)zdxfo dtA ¥ iei(X, xS)w Particularly interesting for our purpose of extracting the
Z-s polarized photon distribution of the proton is the inelastic
(3.6) channel. Here we use a unified parton mog#hilar to our
analysis in[6]) to estimate the VCS and QEDCS rates. The
cross section within the parton model is given by

Ao ine(S)~A UlE:IA

X min

where againc=s/S andA y (X, xS) is the inelastic contri-
bution to the polarized equivalent photon distribution of the

) &9

proton TS (e, Q) e

dxgdQ?dsdtd¢ g dsdQ?dtd¢
1dy (o2, sz 4.3

AYinel(X,XS) = _f Q2
Qin whereAq(xg,Q?) are the polarized quark and antiquark dis-
2m2x X tributions of the initial protong=u,d,s,u,d,s, anddA o9 is
X|2—y~— 7) 2gl( QZ) (3.7 the differential cross section of the subprocess

. e()+q(p)—e(l)+yk)+q(p'). 4.4
where we have taken the scale to §eHere we have ne- (+atp) (I +>(k)+a(p") 49

glected the contribution fromg,(xg,Q?). Expressing
01(xg,Q?) in terms of the polarized quark and antiquark
distributions, one can confirm that the above expression r
duces to that given if7,8]. However, in this case, one
chooses the minimalbut not compelling boundary condi- o3 W
tion Ay(x,Q3)=0 at a scaleQ3=0.26 Ge\f. Equation A0 ine(S) = —22 j maXdWZJ ' )ds
(3.7 is free from this particular boundary condition. The 8m(S—m?) m;

limits of the Q? integration can be approximated similar to

Hereﬁ is a longitudinally polarized quark in a longitudinally
olarized proton, andj is a quark in the final state. The
ntegrated cross section becomes

e

2
the unpolarized casgsee Eq(3.16) of [5]}. % J'szax Q J‘max J' d¢
IV. BACKGROUND FROM VIRTUAL COMPTON ) )
SCATTERING me\ﬂ inell “AQ(xg,Q?), (4.9

The cross section of the process in E§.1) (also the
elastic channglreceives contribution from the virtual Comp- where
ton scatteringVCS), when the photon is emitted from the

proton side(see Fig. 2 as well as the interference between |AM el 2=|AMQEPCH2+ | AMYER2
the QED Compton procesS®QEDCS and VCS. The cross
section for the elastic process is given by —2ReAMPPAMYE* . (4.6

034029-4
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TABLE |. Energies, angular acceptance, and kinematical cuts 100 prr T ———wy»

T T
. . total
for various experlments.

---------- inelastic

HERMES COMPASS eRHIC ]
E,=250 GeV

E.=27.5 GeV E,=160 GeV E.=10 GeV

0.04< 6., ,<0.2 0.046,, 6,<0.18 0.06<6,, 6,<7—0.06

E,, E,>4 GeV E,, E/>4 GeV E., E/>4 GeV 2

s>1 Ge\® s>1 Ge\? s>1 Ge\® ° ]

s>Q? s>Q? s>Q2 <

The limits of integrations are the same as in ELj) of [6].
The explicit expression of the matrix element is given in

Appendix B. It is useful to define the auxiliary invariars
=(p’'+k’)2 and U=(p’—k)?, which can be written in
terms of measurable quantities,

20 40 60 80 100 120 140 160 180 200
(a) E,(GeV)

1200 T T T T T T

T T
total
.......... inelastic

&= —t(X'X_XB), 0=t-5+02, 4.7)
|

1000

with x;=—t/[2P-(1—1")]. In addition to the leptonic vari-

ablex, we definex,=1-k/P-1, which represents the fraction 800

of the longitudinal momentum of the proton carried by the >
virtual photon[5]. In the limit of the EPA, bottx, andx,, are & 600 1
the same and become equalxto o

V. NUMERICAL RESULTS 400 ]

In this section, we present our numerical results. The cuts )
used for HERMES, COMPASS, and eRHIC kinematics are 200 LN
given in Table I. The constraints on the energies and polar foo
angles of the detected particles reduce the background con-

tributions coming from the radiative emissiofahen the 0 —
final state photon is emitted along the incident or the final 20 40 60 80 100 120 140 160 180 200
lepton lin@ because they prevent the lepton propagators to (b) E} (GeV)

become too small1,22]. QED Compton events are singled
out at HERA by imposing a maximum limit on the acopla-
narity angle¢,, which is defined aspp=|7—[¢,— ¢l|,

FIG. 3. QEDCS cross section versus energy of the incident lep-
ton; (a) polarized,(b) unpolarized. The continuous line is the total

. . cross section, and the dashed line is the cross section in the inelastic
where ¢, and ¢, are the azimuthal angles of the outgoing channel. The cuts imposed are given in the central column of Table

photon and electron, respectively. We haYe obseifd] I. We have used the ALLM parametrization &f, [23] and the
that InStead Of thIS Ilm't Ol’t]bA, the COHStI’aInS> Q2, WhICh Badeleket al. parametrization Ogl [24]

is applicable experimentally, is more efficient in extracting

the equivalent photon distribution from the “exact” result.
Here we use this constraint.

The unpolarized cross sections have been calculated usi
the formulas in[5], but for HERMES, COMPASS, and eR- : > ; )
HIC kinematics, respectively. In the numerical estimate ofN the low-Q region by the GVMD model together with the
the unpolarized cross section, we have used ALLM97 paramDreII-Hearn-GeraS|mov-Hosodza-Yamamoto sum rule, and
etrization[23] of the structure functiof ,(xs,Q?) as before, e asymptotic part of;(xs,Q”) is expressed in terms of
which is obtained by fitting DIS data of HERA and fixed NLO GRSV00[25] parton distributiondstandard scenario
target experiments together with the topad and yp cross in terms of a suitably defined scaling variable=(Q?
sections measured, and is expected to hold over the entire Q%)/(Q?+ Q5+ W?—M?) with Q5=1.2 Ge\’. The scale
range ofxg and Q2. We have takerF (xg,Q?) to be zero, Q? is changed taQ?+ Q3, so as to extrapolate to lo®?
assuming the Callan-Gross relation, similaf4¢22]. In the  region. It is to be noted that for QED Compton scattering, the
polarized cross section, we have neglected the contributioaffects of F| (xg,Q?) andg,(xg,Q?) have to be taken into

rﬁ m g,(xg,Q?) and used the parametrization [#4] for
ng(xB ,Q?). In this parametrizationg,(xg,Q?) is described

034029-5
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30 — T — T
et total — T —
. e 300 b Exact total ]
inelastic 3 YW o/ T inelastic
25 b EPA: - - Fotalll e | EPA: ------ total
---------------------- nelastic 250 b e inelastic ]
20 t E
S vvvvvvvvv 200 ]
E 2
IS e E ~
2 © 150 F 1
10 | E —
wor 1
st E 5o [ F= 1
0 C 1 T T O B | 0 i 1 T BN B B P [
(@) 0.5 1 ) 005 0.1 0.5 1
a b
Xy
0.5 ———— — T 10°F ' ' QE‘DCS‘ e l
Exact;  —— ;gte;ﬂlstic o J— (GRSVOD);
EPA: - total ] VCS; - {GRSV00)y
04 L 0 e inelastic l ] o'F INT: - (GRSVOO)g1
______ ‘.E‘.‘ 1
= .
03 F 1 &
- I E '
S
< ) ]
<
02 F ]
0.1 F ] ]
0 L Lur==t==oA==T"TTT7Y 1 | L L1 L
005 0.1 05 1 20 %
© Xy @ §-§

FIG. 4. Cross section for QED Compton scatteri@EDCS at HERMES in bins ok, (a) polarized,(b) unpolarized(c) the asymmetry;
for the polarized cross section Badelketkal. [ 24] parametrization ofj; (BKZ) and for the unpolarized cross section ALLM parametrization
of F, have been usedd) polarized inelastic cross section for QED(@&ng dashey VCS (dashed-dotted and the interferenc@ashed at
HERMES in the effective parton model. The bins aresinS, expressed in Ge&/ The continuous line is the QEDCS cross section using
the BKZ parametrization ofj;(Xg,Q?). The constraints imposed are given in Table I.

account in a more accurate study as their effect may become A. HERMES

non-negligible in the low@? region. However, this is be- Figures 4a) and 4b) show the totalelastic + inelastio
yond the scope of the present work. _ __polarized and unpolarized QED Compton scattering cross
Before discussing the results for specific experiments, it ISections, respectively, in bins ®f, for HERMES kinematics,
interesting to investigate some general properties of the to@ubject to the cuts of Table I. We have taken the incident
cross section. Figures@ and 3b) show the total QEDCS ' gjectron energf,=27.5 GeV. We also show the cross sec-
cross section, polarized and unpolarized, respectively, as g, cajculated in the EPA. The same in the inelastic channel
function of the incident lepton enerds; . We have imposed 5 4150 shown. The cross section, integrated ougragrees
the constraints in the second column of Table | on the enelyith the EPA within 7.1 %(unpolarized and 4.8 %(polar-
gies and angles of the outgoing particles, as well as those Qg From the figures it is also clear that the agreement in
s. Both polarized and unpolarized cross sections increasge inelastic channel is much better than for HERA kinemat-
sharply withE;, reach a peak at arourif=20 GeV and ics [5,6] (2.5% in the polarized cakeThis is because at
then start to decrease. The cross section in the inelastic charERMES Q? can never become too largémaximum
nel is also shown, which has similar trends except that the3.7 Ge\f), subject to our kinematical cuts, which is ex-
peak in the polarized case is broader. pected in a fixed target experiment. The agreement is not so

034029-6
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good without the constraire>1 Ge\2. Figure 4c) shows 0.07 F ' R
the asymmetry, which is defined as
0.06 | 1
O, —04_

AL o to,_ .1 0.05 F :
where + and — denote the helicities of the incoming elec- 004 | 2.6 ]
tron and proton. They are calculated with the same set of <~‘ 39
constraints. The asymmetry is quite sizable at HERMES and 4.9
. A : . : 0.03 | 1
increases in highex, bins. The asymmetry in the EPA is
also shown. It is interesting to note that the discrepancy in
the cross sections with the EPA approximated estimate, ac- 0.02 ]
tually gets canceled in the asymmetry, as a result it shows an
excellent agreement with the EPA, except in the last bin. We 0.01 £ .
have also shown the expected statistical error in the bins,
which have been calculated using the formula, valid when 0 B : PR SR
the asymmetry is not too large: 0.1 0.5 1

XB
1 . . ) -
OA  ~ —————; (5.2 FIG. 5. Asymmetry in the inelastic channel in bins xf at
PePpNLO pin HERMES. We have used Badelek al.[24] parametrization o).

The constraints imposed are as in Tabl@xcepts>Q?), together
whereP, and P, are the polarizations of the incident lepton with S—s>2 Ge\2. The averag®? (in Ge\?) of each bin is also
and proton, respectively; is the integrated luminosity, and shown.

0 pin IS the unpolarized cross section in the corresponding
bin. We have takenP,=P,=0.7 and £=1fb~! for _ A a .
HERMES. The expected statistical error increases in higheﬁhe constraints of Table |, in bins &~ S calculated in the
x,, bins because the number of events become smaller. Howeffective” parton model. The VCS and the interference con-
ever, the asymmetry seems to be measurable at HERMESlributions are also shown. QEDCS cross sections using the
The background from virtual Compton scattering is re-Badeleket al. parametrization ofj1(xg ,Q?) are also plotted.
duced at HERA by the experimental condition of no observn fact, the cross section in the effective parton model lies
able hadronic activity at the detectors. Basically the electroglose to this. Within the parton model, VCS is suppressed
and photon are detected in the backward detectors and thghen s<S, similar to the unpolarized case at HERAI.
hadronic system in the forward detectors. In our previousunlike HERA, the interference between QEDCS and VCS is
work, we have observed that for unpolarized scattering afot negligible at HERMES, although smaller than QEDCS in
HERA, such a constraint is insufficient to remove the VCSthe relevant region. Since the interference term changes sign
contribution for higherx, . We have proposed a new con- hen a positron beam is used instead of the electron beam, a
straintS=s, whereS ands can be measured experimentally, combination of electron and positron scattering data can
to be imposed on the cross section. Here, we investigate th&liminate this contribution. In order to estimate the VCS in
effect of this constraint on the polarized cross section. Tghe elastic channel, one needs a suitable model for the polar-
estimate the inelastic_contribution_coming from VCS, we usgze(q generalized parton distributions. However, in the sim-
Eq. (4.9, together with an effective model for the parton ,jified approximation of a pointlike proton with an effective
distribution of the proton. The effective parton distribution is o tex as described in Sec. IV, the elastic VCS as well as the
of the form interference contribution is much suppressed at HERMES.
- — Similar observations hold for unpolarized scattering.
Ad(xs,Q%)=Ad(x,Q°+Q}), (5.3 Figure 5 shows the asymmetries in the inelastic channel in
bins of xg. In addition to the cuts mentioned above and
Aq(xg,Q?) being the NLO GRSVOO(standard scenaio  goun in Table I, we have also chosér >2 Ge\? to

d|§trlbutlon function25]. In the relevant kinematical region, suppress the background. The asymmetry is small, but siz-
Q- can be very small and may become close to zero, where

. . . dble and could be a tool to accegd xg,Q?%) at HERMES.
the parton picture ‘is not applicable. The para.mﬁ In fact, QED Compton events can be observed at HERMES
=2.3 GeV preven_tg the sc.ale of th? parton (.1|str|bu'F|on i the kinematical regionxg=0.02—0.7 and Q2=0.007
become too smallx is a suitably defined scaling variable, —7 Ge\2 (small Q2, mediumxg). However, from the fig-
x=[xg(Q*+ QS)]/(Q2+ xBQg). ure it is seen that the asymmetry is very smallxgrbelow
To estimate the unpolarized background effect, we use th8.1. We have also shown the expected statistical error in each
same expressions as [i] with an effective parton distribu- bin. The averag€? value in Ge\ for the polarized cross
tion given in Eq.(22) of [6]. Figure 4d) shows the polarized section for each bin is shown, which has been calculated

cross section in the inelastic channel at HERMES, subject tasing the formula
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FIG. 6. (a), (b), (c) and(d) are the same as in Fig.

Q?%dAo
2 bin
Q)y=—F—
f dAo
bin
B. COMPASS

(5.9

Figures 6a) and &b) show the cross sections in bins

for the polarized and unpolarized QEDCS for the kinematic

beam to be 160 GeV, the target is a proton. The final muo
and the photon are detected in the polar angle region 0.0
<#,, 6,<0.18. The cross sections in bins, subject to th
kinematical constraints shown in Table |, are much smalle
than at HERMES because they start to decrease with the
increase of the incident lepton ener@y as E, becomes

greater than about 20 GeV, as observed in Fig. 3. As befor
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T T T

Exact total
~~~~~~~~~~ inelastic
25k EPA: - total ]
inelastic
3 S NS 1
~
=
NS
5 15¢F 1
L 1
05 Fo oo ]
0 L1 L L L L
(o) o " 1
Xy
10 T " i
QEDCS: —— BKz
_______ (GRSV00)gq
VCS: - (GRSVO0) 4
0k INT: -~ (GRSV00)gy 3

AGinel (pb)

(d)

4, but for COMPASS. The constraints imposed are given in Table .

14.2 %(unpolarizedl and 15.5 %polarized. The agreement
thus is not as good as at HERMES. From the figures it is
seen that the cross section in the EPA actually lies below the
“exact” one, both for polarized and unpolarized cases. This
discrepancy is due to the fact that the EPA is expected to be
a good approximation when the virtuality of the exchanged
photon is small. At COMPASS, with our kinematical cuts,
Q? cannot reach a value below 0.07 Ge¥nd can be as
large as 144 GeX/ whereas for HERMES smaller values of
SQ2 are accessibldsee Sec. VA Figure &c) shows the

of COMPASS. We take the energy of the incident muon@Symmetry in bins ok, , the asymmetry in the inelastic

ghannel is also shown. The asymmetry is of the same order
f magnitude as in HERMES and is in good agreement with

dthe EPA. We have also shown the expected statistical error in
gach bin, calculated using E.2). We have takerP,=7P,

0.7 andL=1fb~! for COMPASS. The statistical error is

large in higherx, bins. Figure 6d) shows the polarized
QEDCS, VCS, and interference contributidiselastig cal-
the cuts remove the initial- and final-state radiative eventsculated in the “effective” parton model, in bins &f-S. As
The x,, integrated cross section agrees with the EPA withinin HERMES, VCS is suppressed, fexxS. The interference

034029-8
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04 —r————t : -— agrees with the EPA within 1.6 %. The agreement in the in-
elastic channel is about 6.3 %. The polarized total cross sec-

035 F 3 tion agrees with the EPA within 9.8 %. The EPA in this case

lies below the “exact” one in all the bins. The agreement in

03k ws| 679 E the inelastic channel is about 19.6 %. More restrictive con-

straints instead 06>Q?, such ass>10Q? makes the

025 E 348[ ] agreement better, about 1.2 % in the polarized case and 1.9 %
' ' l in the unpolarized case. FigurécBshows the asymmetry for

227 1

eRHIC, in bins ofx,. The discrepancy in the cross section
cancels in the asymmetry, as a result good agreement with
015 E ‘ ] the EPA is observed in all bins except the last one at higher

ALL

X, . The asymmetry in the inelastic channel is also shown.
We have plotted the expected statistical error in the bins
0.1 ¢ ; using Eq.(5.2. For eRHIC, we have takeR,=P,=0.7 and
L£=1fb~ 1. The expected statistical error increases in higher
X, bins. The asymmetry is very small for smal] but be-
o bl . o comes sizable as, increases. Figure(8) shows the polar-

0.05 0.1 0.5 1 ized cross section in the inelastic channel, in bins-ef, in
the “effective” parton model for eRHIC. The VCS is sup-

pressed in all bins, especially fex<S. The interference con-
tribution is negligible, similar to HERA. The effective parton
model QEDCS cross section is also compared with the more
exact one, using Badelekt al. [24] parametrization for
9:1(xg,Q?). Similar effects are observed in the unpolarized
case. In the pointlike approximation of the proton with the
effective vertex, as before, the elastic VCS as well as the
interference contributions are very much suppressed. Figure
term is not suppressed, but usipng andu~ beams this can 9 shows the asymmetry in bins ®§ in the inelastic channel,

be eliminated. We have also plotted the QEDCS cross seghich may be relevant for the determination gf(xg ,Q?)

tion using the Badeleketal. [24] parametrization of using QEDCS at eRHIC. The asymmetry is small but siz-
01(xg.Q%. The VCS, and the interference contributions able, however, the error bars are large; therefore, good sta-
(elastig are much suppressed in the pointlike approximatiortistics is neededxg can be as low as 0.002. A wide range of
of the proton with the effective vertex. Figure 7 shows theQ? can be accessed at eRHIC starting from 0.008 to
asymmetry at COMPASS in the inelastic channel plotted i2000 GeV; the averageQ? value in the bins ranges from
bins ofxg with the same set of constraints and the additionab 4 to 315 Ge¥. Figure 10 shows the total asymmetry in
cut S—s>2 Ge\?. The asymmetry is sizable and can give Q? bins for eRHIC. The asymmetry in this case is bigger in
access tog;(xg,Q?), the kinematically allowed range is each bin and the error bars are smaller than xpebins
0.07<xg . We have also shown the expected statistical errorgxcept the last bin for higkp? where the number of events

in the bins and the averag@? in each bin. Comparing Figs. are smaller.

5 and 7 one can see that there is no overlap in the kinemati-

0.05

Xp

FIG. 7. Asymmetry in the inelastic channel in bins xf at
COMPASS. We have used Badelekal. [24] parametrization of
g,. The constraints imposed are as in Tablexcepts>Q?, to-
gether withS—5>2 Ge\2. The averag®? (in Ge\?) of each bin
is also shown.

cal region covered at HERMES and COMPASS. Higher val- VI. SUMMARY AND CONCLUSIONS
ues ofQ? are probed at COMPASS in the samgrange as . ,
compared to HERMES. To summarize, in this paper we have analyzed the QED

Compton process in polarizeéd scattering, both in the elas-
tic and inelastic channel. This process has a distinctive ex-
perimental signature, and we showed that the cross section
The cross sections for eRHIC kinematics, both polarizedcan be expressed in terms of the equivalent photon distribu-
and unpolarized, are shown in FiggaBand 8b), respec- tion of the polarized proton, convoluted with the real photo-
tively, in bins of x,. We have taken the incident electron production cross section. The EPA is a useful tool to estimate
energy E,=10 GeV and the incident proton enerdy,  high-energy scattering cross sections; however, the accuracy
=250 GeV. The cross section in the EPA is also shown. Thef this approximation and the kinematical region of its valid-
kinematic constraints are given in Table I. The polar angldty have to be checked by experiment. In this work we pro-
acceptance of the detectors at eRHIC is not known. We hawgided the necessary kinematical constraints for the extraction
taken the range ob, 6, to be the same as at HERA. We of the polarized photon content of the proton by measuring
have checked that the constraints on the energies, and titiee QED Compton process at HERMES, COMPASS, and
polar angles of the outgoing electron and photon are suffieRHIC. We showed that the cross section and, in particular,
cient to prevent the electron propagators to become too smathe asymmetries are quite accurately described by the EPA.
and thus reduce the radiative contributions. The unpolarizetlVe also discussed the possibility of suppressing the major
total (elastictinelastig cross section, integrated over,  background process, namely the virtual Compton scattering.

C. eRHIC

034029-9
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FIG. 8. (a), (b), (c), and(d) are the same as in Fig. 4, but for eRHIC. The constraints imposed are given in Table I.

We pointed out that such an experiment can give access to 4
the spin structure functiog;(xg,Q?) in the region of low |AMQFPCY2=—
Q? and mediumxg in fixed target experiments and over a tsu
broad range ofkg, Q? at the future polarizeap collider,

eRHIC. Because of the different kinematics compared to the 4 2m?2
fully inclusive processes, the QED Compton process can |AM\{3,C 2= — — + < C
provide information org;(xg,Q?) in a range not well cov- tu’s’ SIS
ered by inclusive measurements and thus is a valuable tool to (A2)

have a complete understanding of the spin structure function. i
Wi

2

A+ 2m B|F2(t) (A1)
ts | 2

F3(b),
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C=(s+u)q—2S ?+su—2S'u—u?+2m?(s+u—t)
APPENDIX A: MATRIX ELEMENT FOR THE ELASTIC
BACKGROUND VIRTUAL COMPTON SCATTERING —t(S'+0)]— (5+U)[ 2t2— 3ts+ 2+ 5(S' — 20)
PROCESS

~ Y r_ 2 2_ o n2_ PTIRY r2
The explicit expressions of the matrix elements in Sec. IV F3U(SHW U2 su+ 2uT - t(3sFu) JUT
are given below: (Ab)
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FIG. 9. Asymmetry in the inelastic channel in bins xf at

eRHIC. We have used Badelak al. [24] parametrization of;.
The constraints imposed are as in Tablexcepts>Q?), together

with $>s. The averag®? (in GeV?) of each bin is also shown.
CSp p g VCS
2 ReAMYFPCAMYS
4 ’E
tsutu’s’

F1(T)F (1),

!

(AB)

whereD andE read:

D=[2t?+(5s—2S'—u)(s+u)—2t(s—2S8'—U’)—2uU’"]
x{(s+0)[tu+S'(s+0)]+[t(s—u)+s(s+0u)JU'},
(A7)
E=[s(s—t)%(s—2t)+ (2t3—t2s— 3 U+ (— 2t2— 3ts+5?)
X U2+ (t+39)uPU’ — (s+u){—2t3u—(s+u)
X[$3(S' —20)+S'U%+2sU(S' +1)]
—t[—7sS'U+U%(—2S' +U)+5%(—3S' +50)]
+t20(u—S')+s(5u—2S")]}. (A8)

We have introduced the invariantd)=(P—k’)?
u=(1-k’)? and S=—(s+u+U’'-m? and used the
notations S'=S—m?, U'=U-m?, §'=5-m? for com-
pactness.

APPENDIX B: MATRIX ELEMENT FOR THE INELASTIC
VIRTUAL COMPTON SCATTERING BACKGROUND
PROCESS

PHYSICAL REVIEW D70, 034029 (2004
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FIG. 10. Asymmetry in bins 0©? ( GeV?) at eRHIC. We have

used Badelelet al. [24] parametrization ofj;. The constraints im-
posed are the same as in Fig. 9.

QEDCS2_ 4.2
|AMREPCS —4eq—Q2§a, (B1)
|AMYE 2=—4e‘1i (B2)
inel qf'\Sol
with S= —(s+u+xgU’), U=xgU’ and
F=s2—02+2Q%+2Q%
—2xg[sS' +U(S' +U")+ Q325 +U")]. (B3)

Here g, is the charge of the parton in units of the proton
charge. Finally

GH
2 ReAMQEPCS) VO — _ 462

inel e onA~A A )
with

G=2Q*+s?—2s5S'xg—U[U+2(S'+U")xg]

For the corresponding inelastic channel in Sec. IV, the

explicit matrix elements are given by

+2Qs— (258 +U")xg], (B5)
H=Qs(u—U)+u(u+U0)].—xg(s+0)
X[S'U+s(S'+U")]. (B6)
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