Section B. ELEMENTARY PARTICLE THEORY

SINGLE-SPIN ASYMMETRIES IN ELECTRON-PROTON
AND PHOTON-PROTON SCATTERING IN THE BETHE-HEITLER
PROCESSES INDUCED BY LOOP CORRECTIONS

AV. Afanasevl, M.L Konchatnijz, and N.P. Merenkov’

! Jefferson Lab, Newport News, VA 23606, USA;
e-mail: afanas@)jlab.org;
’National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine;
e-mail: konchatnij@kipt.kharkov.ua; merenkov@kipt.kharkov.ua

The single—spin target asymmetries in the hard electroproduction process e + p —>e +y+ p and in the e'e” -

pair photoproduction y+ p —> e’ +e + p, induced by the loop radiative corrections to the vertex part of lepton

interaction are considered. The physical reason to appearance such a kind of asymmetries is the nonzero imaginary
part of the respective Bethe-Heitler amplitudes (on the level of radiative correction). The single—spin target asym-
metries at unpolarized ingoing electron or photon beams and at arbitrary polarizations of the target proton for condi-
tions of CLAS (Jefferson Lab, USA) and HERMES (DESY) experiments are calculated.

PACS: 12.20.-m, 13.60.-r

1. INTRODUCTION

The parity—conserving single—spin beam and target
correlations in elastic electron—proton scattering and
radiative reaction are used to extract information about
virtual Compton scattering (VCS) amplitude. This last
is very important physical quantity which has triggered
a significant experimental and theoretical activity.

In elastic scattering the VCS amplitude enters
through the two—photon exchange diagram (TPE) with
two off-shell photons. The cross section and parity-
conserved spin—spin correlations in this case are sensi-
tive only to the real part of this diagram and, therefore,
to the real part of the double off-shell VCS amplitude.
Contrary, the single—spin normal asymmetry probes
only the imaginary part of TPE amplitude for both beam
and target normal polarizations.

If the electron beam or the target proton is polarized
in the reaction plane, the parity—conserving single—spin
asymmetry for elastic scattering is strictly zero. Never-
theless, the nonzero such kind asymmetry can manifest
itself in the process with three (and more) final particles
provided that all the final-particle 3—momenta do not
belong to single (the same) plane. The simplest such
type process that probes VCS amplitude is the hard
electroproduction (ee'y) reaction

e (k)+p(p) — e (k) +y(k)+ p(p,). (1)

The whole amplitude of this process can be repre-
sented as a sum of they real Bethe—Heitler amplitude
and VCS one, that has both the real and imaginary
parts.

In present paper we want to pay attention that the
one—loop correction to the lepton part of the Bethe—
Heitler amplitude with radiation of a photon by the out-
going electron can generate the non—zero imaginary
part, and, consequently, an additional contribution to

the single-spin asymmetries, which has the status of
radiative correction to main effect caused by imaginary
part of VCS amplitude.

2. KINEMATICAL VARIABLES

To describe the physical observables in the process
(1) usually used three dimensionless variables
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and azimuth angle ® in the target proton rest frame
that is simply the angle between leptonic and hadronic
planes as shown in Fig. 1 for two different choices of
Z -axis: opposite to direction q, =k, -k, (Fig. l,a)

and along direction of k, (Fig. 1,b).

Fig. 1. Definition of angles in laboratory frame

The energies and the 3—-momentum modules of the
particles do not depend on the choice of Z—axis and
neglecting the electron mass read

glzﬂ, {;‘zzﬂ(l—y), %o=ﬂy,
E,=pBQ2r+p), |p,[=pypldr+p), (3)
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where ¢,(¢,) is the energy of ingoing (outgoing) elec-
tron, E,(p,) is the energy (3—momentum) of the recoil

proton.

In contrast with the energies, the scattering angles
depend on the choice of Z—axis direction. For the sys-
tem K (Fig.l,a) one has

y(1—y—2x7)
cosf, =— )
(1= y)y* +4xyr
cosf, =- b/iAs ZT('D: 1) ) “4)
Jpdz+p)(” +4xy7)
whereas in the case of system K (Fig.1,b):
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-y " Jpldr+p)
2k
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where 6,(6,) is the electron and proton scattering an-

gles in system K , ée (ép) is the same but in system K

and we introduced for a convenience new dimensionless
quantity z that has to be expressed through azimuth
angle and invariant variables Eq. (2) in the final results.
In what follows we will present the analytical for-
mulae only for K -system. Usually the photon is not
recorded experimentally and therefore we have to ex-
clude the photon 4-momentum from the phase space of
final particles by means of the overall 5 —function.
Thus, we have to define
_d’k, d’p,

& E,

dF S(k). (6)

Elimination of §(k”) is trivial in system K
5(k*)d cos O, = ;,
21q,[Ip, |
that leads to
LI

2 |y +axyr

The invariant variable z can be expressed through
x,y,p and cos®, namely (see also Ref. [1])
1
y+4xr

dF = dxdyd pd ®. @)

X[2K cos @+ 2x7(xy + p)+xy+ p(l+xy—2x)];  (8)
g2 =y on)y-w+)(p. - p)(p=p)
y
Quantities p, in the last expression have a sense of the

minimum and maximum value of p at fixed x and y

P. +[(l—yc)(J/J_m/yZ +4xyr)+2xr}. 9)

T (l-x)+7]

3. THE SINGLE-SPIN TARGET
ASYMMETRY IN ELECTROPRODUCTION

In this paper we will concentrate on the single—spin
target asymmetries. They can be written in terms of
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contraction of leptonic and hadronic tensors. For the
hard electroproduction process (1) we have [2]
)
__% Hy By
1 >
4z H,,B,,,

where H ,, and H,

[uv]

(10)

are the symmetrical and anti-
symmetrical parts of hadronic tensor. They can be ex-

pressed through the proton electromagnetic form factors

(see Ref. [2]). Tensor B, is the leptonic tensor in the

Born approximation and B

v 1S antisymmetrical imagi-

nary part of leptonic tensor that generated by the loop
radiative correction. Here we bear in mind that the lep-
ton beam is unpolarized and the target proton has an
arbitrary polarization. We use the result of Ref. [3] and
write one—loop corrected unpolarized leptonic tensor in
the form

iB[(/,lz)v] + B((L)V) = (Tg + T; )g,uv + (]-{l + T]"; )]gllu];lv

+(7;2 + 7-;2 )122/4];2v + (7;2 + TZ*I )Iglyl‘é’ZV

+(]121 + I;;)];Z,ulglv'

It is easy to divide the right-hand side of above

equation by its symmetrical and antisymmetrical pieces
and we arrive at

B[(;l:)v] =3(1}, _Tzl)[/a/gz]yv- (11)
Quantities 7, and 7,, are found in Ref. [3], and the

extraction of the respective imaginary part leads to re-
sult

B, =270 (R ooy = Frvkin) T

2
T = 1[2—?+4u(11nw—lj},
st| ¢ t u c

(12)
where we used the same variables as in Ref. [3]
u=-2kk,,s="2kk,, t =-2kk, g  =s+t+u,c=u+t.
Note that quantity 7' does not have singularity at t —> 0
and goes to zero when ¢° — 0.

The denominator in Eq. (10) in terms of invariant
variables reads
H B

(uv) = (uv)
:—# 2 2 ﬁ 5 . 13
(z—p)(z—xy)["‘(sz) +2a(h *475)}’( )
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2
+7(p+xy) —p[l—z+(l—y)2J,
where we used also s=V(z—p),t=-V(z—xy), and
F (F,) is the Dirac (Pauli) proton form factor.

The numerator in Eq. (10) is expressed via the tar-
get—proton polarization 4-vector S

o __ ArMpF+F)
V(z=p)z—2)

[uv]=Tuv]
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z z Z—Xy Xy
G. zz(klkzqg)(F] _ﬁszJFMFZ’
4r Vt



where (abed) = ¢,,5a"b"c’d’ .

In general the one-loop correction to the leptonic
part of interaction generates the three types of target
single-spin asymmetries when the target proton has
three different directions of its polarization 3-vector in
laboratory system.

If the longitudinal (L) target proton polarization in
laboratory system is chosen along direction of k,, the

transverse (T) polarization belongs to plane (k,,k,)
and the normal (N) one — along direction k, xk,, the
respective polarization 4-vectors S“"" can be ex-
pressed through the particles 4-momenta as Ref. [4].
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Fig. 2. The target single-spin asymmetries that are suit-
able for choice (16) of the target-proton polarizations
as a function of angle ®
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where (S/S/)=-6, and (S/p)=0; I,J=L,T,N.
For this choice of the target polarization we have

(kk,qp,)

GSL1 2—7(21‘7] +ZF'2), (16)
G = (kikyqp))

—_—— X
V(1= y—xyr)

{—nyﬁi +§—2(p+xy—yz(l+2xr))}; 17
T

3
Gfl’:_l AX (Fl_ﬁsz
2N (A-y—xy7) 4t

_ 4F, (kkyqp, )2 } (18)

x[z2-y)-p-xy(1-p)] I

where the proton form factors depend on
g’ =—Q* =—pV. The target single-spin asymmetries
corresponding to above choice of polarizations are
shown on Fig. 2.

In principle, one can choose other directions to de-
fine polarizations of the target proton. The case when
the longitudinal direction is along the 3-momentum of
the recoil proton and the transverse one — in the plane
(k,,P,) were considered in [2].

4. SINGLE-SPIN TARGET ASYMMETRIES
IN PAIR PRODUCTION

The amplitudes of the BH-processes (1) and the
electron-positron pair production
y(k)+ p(p) —> e (k) +e (k) + p(p,) 19)

are connected each others by well known substitution
law [5].

By means of this substitution law one can calculate
both, the symmetrical and antisymmetrical parts of lep-

. ;o .
tonic tensor L, in process (19), using the known re-

sults for leptonic tensor in process Eq. (1), namely

L, ==L, (k > —k,k —>—kk, > k).

uv
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In one-loop approximation we have
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and the interesting for us term 7 has the following

form
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Liy(x) = —I‘i—yzna -

u=—2kk,,

G’ =G (t > u),

where s = (k, +k,)*, t=-2kk,,
b=s+u,

and
also a=s+t, c=u+t.
The quantities L, in Eq. (21) are defined in the follow-
ing way
L, =L-L, ik=stuq,L = ln_—lz.
m
Quantity 7), can be obtained from 77 by change

t<>u.
The extraction of imaginary part leads to

T -T) =
u+t s

_ 87q° [ﬁ In S (22)

2
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(u+t)

ut |t t u u

It is convenient also to introduce the appropriate for the
process (19) dimensionless variables

_ (k_k2)2 :2p1(k—k2) :_(pl_p2)2 23
20 (k—ky)’ oy

2
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In terms of these variables we have
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where
2=-plz-p-x) +(p-2) |;
1=t[=p-0) +(p-w) |
—p[1+ =2+ p-xy-(1-2)z-p-2)].

The function G7, that depends on the target polari-
zations, has the same form in terms of variables of
Eq. (23) as function G, in Eq. (14) in terms of variables
Eq. (2).

The single—spin target asymmetry in the photopro-
duction process (19) is

(1)
A’}/ — _i H[#V]B[/IVV] ) (24)
4r H, B/

()2 (uv)

In our numerical evaluations we use the parameteriza-
tion Eq. (15) of the target proton polarizations in which
k, changed by k. The results are shown on Fig. 3 for

CLASI experimental condition.
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5. CONCLUSIONS

In present paper we studied the single-spin parity
conserving target asymmetries in the Bethe-Heitler
processes of hard electroproduction (1) and electron-
positron pair photoproduction (19). Effect arises due to
appearance of non zero imaginary part of the amplitudes
on the level of radiative corrections. During the calcula-
tions we used the substitution law to obtain the one-loop
corrected leptonic tensor in process (19) using corre-
sponding and known tensor for the process (1). The
numerical estimations in conditions of current experi-
ments CLAS (JLab) and HERMES (DESY) indicate
very small values of any kind asymmetry in process (1).
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Fig. 3. The ® -dependence of target asymmetries in
photoproduction for clasl conditions. From top:
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In fact, in this reaction there is additional suppres-
sion due to used kinematical restrictions: small values

of invariants ¢ and ¢’ .This suppression leads to asym-
metries which do not exceed 107*. At the same kine-

matics the asymmetries in process (19) can reach for
about two order more values. Such situation, in princi-
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ess e +p—e +y+p induced by loop correc-

OJHOCIIMHOBBIE ACUMMETPHUU B 3JIEKTPOH-ITPOTOHHOM U ®OTOH-TPOTOHHOM
PACCEUBAHMMU B ITPOIIECCAX BETE-TAUTJIEPA, UHAYIIUPOBAHHBIE NETJIEBBIMHA
HHOIMPABKAMM

A.B. Agpanacves, M.H. Konuamnotit, H.I1. Mepenxoe

HccrenoBaHsl  OMHOCIIMHOBEIE AaCHMMETPHHM MHUIIEHH B  TpoIeccaX ““KECTKOTO”  DICKTPOPOKIACHUS
e +p—>e +y+p uB GOTOPOKICHHU e'e -map ¥+ p —>e +e + p, UHIYIUPOBAHHbIE METIEBHIMH PajUally-
OHHBIMH TOIPABKAMHU B JICNTOHHOW YacTH B3aMMOACUCTBHs. DU3MUecKOW MPUUYUHOMN, 00YCITaBIUBAIOIICH TAaKOTO
BUJa aCUMMETPUY, SBISETCA HEHyJIeBas MHUMas 4acTh bere-I'aiiTaepoBckoil aMIUIUTYIbl, KOTOpasi MOSIBISETCS Ha
YpOBHE paJHalliOHHON rmomnpaBku. OTHOCIMHOBEIE aCHMMETPHUHU MUILICHH B CITydae HETIOJSIPH30BaHHOTO SJIEKTPOH-
HOro (MM (POTOHHOTO) My4yKa W MPOU3BOJILHOM MHONSIPHU3ALMK MPOTOHA-MHIICHH BBIYHCICHBI B KHHEMAaTHUYECKHX
YCIIOBUSIX 9KCIIEpUMEHTOB 110 Anekrpopoxaennto CLAS (Jefferson Lab, USA) 1 HERMES (DESY).

OJITHOCIITHOBI ACUMETPIi B EJIEKTPOH-ITIPOTOHHOMY I ®OTOH-TPOTOHHOMY
PO3CIFOBAHHI B ITIPOIIECAX BETE-TAUTJEPA, IHIYKOBAHI ITIETJEBUMHU ITIONTPABKAMHU

A.B. Agpanac’ee, M.1. Konuamnuii, M.I1. Mepenkoe

JlociKeHi 0THOCIIIHOBI aCUMETPIl MIllICHI B TIPOIecax “KOPCTKOIro” eJICKTPOHAPODKEHHS € +p —>¢e +y+p
i B pOoTOHApODKEHHI e'e -map ¥+ p —> e +e + p, IHAyKOBaHi NeTICBUMH palialliiHUMK HOIPABKAMH B JICITOH-
Hilf yacTHHI B3aeMo1ii. Pi3MYHOI0 IPUYMHOIO, 110 00YMOBIIIOE TAKOTO BHJY aCHMETPIi, € HEHYJIbOBA YSIBHA YaCTHHA
Bere-TaiiTnepiBchkol aMILTITY M, sIKa 3’ IBIETHCS Ha PiBHI pafiamiiHoi nonpaBku. OJHOCIIHOBI acUMeTpii MimeHi
y BHUIAJKy HEMOJSPU30BAHOTO €IEKTPOHHOro (4M (POTOHHOTO) MyUKiB Ta AOBUIBHOI MOJspU3allii MPOTOHA-MIIIEH]

o0uuciieHi B KiHEMaTHYHMX YMOBaX eKcCIepuMeHTiB 1o enekTpoHapomkeHHio CLAS (Jefferson Lab, USA) i
HERMES (DESY).
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