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In the framework of the QCD parton model, we study unpolarized scattering of high energy real photons from
a proton target into lepton pairs and a system of hadrons. For a given parametrization of parton distributions in
the proton, we calculate the cross section of this process and show the cancellation of the interference terms.

1 Introduction Q. to denote the polarization vector of the initial photon
the electric charge of the parton of typén units of |e| we

The inclusive virtual Compton scattering is the reaction in write the invariant matrix element as

which a high energy lepton beam bombards a proton target

and scatters off the target inelastically

1 _ _
Mc = My + My = €8 3@“(111)%1,1)(1?2)67/(16)“(2

I+p — I'+v+X, 1)
wherel and!’ represent either an electron or a muon %nd W 2T Y B 2y () (
a system of the final state hadrons. This process was stud- 2(p-k) =2(p' - k)

ied in the parton model by Brodsky et al. [1]. The basic
idea of the model is the assumption that at high energies the Averaging the squared amplitude of Eq.(3) over the
constituents of hadrons behave as if they are free point-likeig parton and photon polarizations and summing over

particles. Thus, one picks up only the lowest order electro- ¢, lepton and parton polarizations, one gets
magnetic contributions to the cross section and neglect all '

QCD corrections. In the present paper we consider inclu-
sive photoproduction of lepton pairs

1 66Q4
10X Mef = TEEL,H. @
YW p(P) — )+ )X, @ polarszations

which is a crossed process to Eq.(1). At the level of the ele- . .
mentary photon-parton scattering subprocess, the incidentvhere the leptonic and hadronic tensors are
photon can either scatter off a parton or split into a lep-
ton pair. We call these contributions the Compton and the
Bethe-Heitler process, respectively. Since we imagine the 2
reaction to occur at very high energy, we can assume that all Ly = 4 {Plump + P1pP2p — gup?} )
the relevant parton masses are negligible.
o — 4y Ac_, Be  Co

(p-k)? -k @k@ k)|’

(5)

2 The Compton Process

There are two Feynman diagrams corresponding to the
Compton contribution depicted in Fig. 1. Usiag(k) and with the coefficients
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AC — (p . k) [p’ﬂkP +p’PkN _ g#P (p/ . k;)] ,
Bo = (p-k)[p"p" +p"p" ]+ (0" - k) 'K + pPE" = 2p"pP) + (p - p) [2pMp° — pMK" — pPk"
k/2 " " ) L
o P =P g (o )] = g (0 K (),
Co = (p-k)[p"EP+pPE" —ptp? —pPp"| + (0" - k) [2p"p° — p"k"" — p k"]

+(p- ) [=p"p? — pPpt = pMEP — PR+ (- K) 200D + PR+ pPRM
+(p-p') [-p'K" — pPE" — pIEP — pPEH]
+9" 2(p-p)(p-K)+k-E)p-p)+@-K)@ k) —(-k) @ )] (6)

The next step is to integrate Eq.(4) over the Lorentz-invariant phase space in a specific frame of reference, i.e.

1 d3p/ d3p d3p €6Q3
(2%)5/<2Ep/>/(2E11>/(2E22> S04k =y == p) S H L )

SinceL,,, depends only on the momenta of the final leptons, we calculate first the integral

/d4p1 /d4P2 5O (K — p1 — p2) 6T (pf —m?) 67 (p3 — m?) Lyp, ®

wherem denotes the lepton mass and then contract it with with A/? being the invariant mass squared of the lepton
H#Ee, Thg calculation of Eq.(8) is particularly 5|mple in the:\ pair and® (MQ) _ Mz;vﬁmQ I %&L; p (]W B 4m2) .

lepton pair center-of-mass frame. After contraction, we still Th tion for phot ton inelasti ttering i
have to integrate ovet'k’ andd®p’ and divide the expres- th € cr(iss secdloln. or tl?t 0 Og'%ro on inefas :EC s%a ering IIrI
sion by the flux factor. In terms of the Mandelstam variables e parton model is obtained by summing Eq.(9) over a

for the scattering process at the parton level, the subproces pesa of partons and.all possible Iong|tqd|n§ll momentum
differential cross section reads ractionsx weighted with the parton distribution functions

fa (). Furthermore, we writé = —Q? ands = xs where
srepresents the square of the photon-proton center of ma:
) 4 o o - energy. Since the mass of the scattered parton vani_shes, 0
d*oc (204 Qa) 1 [9 +a” +2M t} P (M2, 9etsT = Q?*/ 2P - (k— K')] = x3. The Compton differ-
didM? 3 §2 50 " ential cross section for inclusive photoproduction of lepton
(9) pairs can be then written as

3 n— ]t~ 3 1
d ocC ['YP I X} _ 2& dx(i(xfxg) Zfa (’K) Qﬁ
0 a

2
dQ2dM2dz g 3 (M)

1 [(zs)+ (M?+Q* - ;1:5)2 —2M?2Q?
(zs)? xs (M? + Q? — xs)
(10)

3 The Bethe-Heitler process

The Bethe-Heitler contribution can be calculated from Feynman diagrams shown in Fig. 1. The amplitude reads

1 _ 2pYyH — 4" fy* M Ky - 2p5t o(pa)
b

Mpy = Mpu1 + Mpra = —€°Qq su()vu(p)es (k)a(p) —2(p k) T )

(11)

and moreover
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_~ ¥a LHe,
4(k_k,)4 P

= A[pup), + D0, — 9up (0~ 1)),

- ApH n Bpy n Crr
a ( ? (p1- k) (p2- k) |’

p1k)? (p2-k)?
= (p1- k) [P5 k" + phk" — 9" (p2 - k)] — m® [ph'p§ + piph — 9" (p1 - p2)]
—|—m2 [pgkp +p§k“ _ gup (pg . k)] _ m2 (p1 . k‘) gup + m4g”p7
= (p2-k) [PVK” + k" — g (p1 - k)] — m? [P + pips — 9" (p1 - p2)]
+m? [pik” + plk* — g (py - k)] — m? (p2 - k) g7 + m*gH*,
= 2(p1-p2) [PVP5 + piPh — 9" (p1 - p2)] — (p1 - k) [PA'Ph + PPl — 2ph ph]
—(p2 - k) [P P5 + PIDh — 2pV'PY) — (1 - pa) [PYEP + PYRY + phEP + pok"]

+2¢"° (pr - p2) [(p1 - k) + (2 - k) — m®] — 2m>kH kY. (12)

Following the same procedure as in the previous section and after some tedious algebra one obtains the subprocess

cross section,

= (aSQi) 1 IS

dzUBH [
822 (M2 —1)

_ _Chis + Cuf] .
didM? 183 + Cot

(13)

The coefficients in Eq.(13) are the functions of the invariants A/? and(k - k') = (M? — ) /2 given by

S 6M>  4M* N M 20m*M?  4miM? +6m2M4 N 16m? N 8m*
' (-E) (k) (k) (kR (kek) (k-R) (RK) (k- k)2
1—+/1—4m?2/M>2
X In ,
1+ +/1—4m?2/M?2
2M* 4m2M? 8mt 1—+/1—4m2/M?
Cy = |4(k-K)—4M? + + - }m
: {( ) G e e
404

+{4(k~k’)78M2+

. 4m?2M? /1 B 4m?2
(k- & M2

(k- )

Finally, one finds the Bethe-Heitler differential cross section for inclusive photoproduction of lepton pairs namely,

Popy [yp — 1T~ X]
dQ2dM?2dxp

4 The interference terms

Four Feynman diagrams give us eight interference terms. ItMc1 Mpy, and Moy M, -

= a3/0 dx(;(.T*-Z'B) Zfa(w)Qi

1

2 2 2
(ms)2 OO 1 Q) [01 (M +Q .I'S) zs + CQ ] .

(14,

integrated over the final lepton momenta. To prove this
us focus only on the integrals over the first two terms,
They contain the following

turns out, that they mutually cancel each other after being expressions

J

/d4p1/d4p2 5 (K —p1 — p2)

/d4P1 /d4p2 W (K — p1 — p2) #Tr {(1?51 +m) 7y, (P2 — m) %’m

T [ ) (o = )¢ P

K— P2+ m 75} )

1
(p1- k)

(P2 ’ ]f) (13)
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First, we use the delta function to integrate ow&p,. After we perform the transposition of the trace and the momentum shi
p1 — k' = —p of the second integrand in Eq.(15), the latter assumes the form

S 1 T _er (K= Btm)” T
4 T — N L e AP o 16
/dp(ﬁ,k) 00 B )5 T ()" (16)
Since the proper'@v#é—1 = 775 holds, where” represents the charge conjugation operator, one ends up with
.1 p— K+ m
_ 4 I 5 S i
!
The last expression is exactly equal but opposite in sign to
the first term in Eq.(15). Thus, by adding them we get zero. &*o/ (d (cose,) dM’dx) [pb/GeV?]
In fact, the result of cancellation is known in general as 40
, i ; . 35
the Furry’s theorem: Feynman diagrams containing a closed 30
fermion loop with an odd number of photon vertices can be a5
omitted in the calculation of physical processes. 20
15
. . . 10;—
5 Kinematics and Figures 5
25 5 7.5 10 12.5 15 O [deg-]

As z — 0, the differential cross sections in Eqgs.(10)
and (14) become singular. However, since- M? >
(k—k + P)2 > MPZ, one finds in the laboratory frame,
which is the rest frame of the proton with maks,,

1+ (2ME - M?)/Q* " <z< 1, (18)
where E denotes the initial photon energy amgf =
2EE' — 2EVE? — M? cosd., — M? is the invariant mo-
mentum transfer. The energy of the pair and the angle be
tween photons are denoted B/ and?,, respectively. In

Fig. 2 both differential cross sections are plotted against

v, at fixed values ofE = 40GeV, M = 3GeV and
E’ = 10GeV. Muons are taken as leptons and the follow-
ing simplified parametrization of parton distributions in the
proton is used:u,q; (z) = 1.8927%4 (1 — z)*° (1 + 62),
dyar (z) = 0.542796 (1 — 2)"* (1 4 8z) and sea (z) =
0.527075 (1 — )" [2].

+ crossed diagrams

Figure 1. Feynman diagrams for Compton and Bethe-Heitler pro-
cess. In two crossed diagrams the real and virtual photons are in
terchanged.

Figure 2. Differential cross section for Compton (solid line) and
Bethe-Heitler (dashed line) contributions.

6 Conclusions

In this paper we have applied the parton model formalism tc
_the inclusive photoproduction of lepton pairs from a proton
target. We have calculated the unpolarized cross section fc
Compton and Bethe-Heitler subprocess at particular kine
matics. Furthermore, we have illustrated the cancellation o
the interference terms.
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