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KyxTo T.B. HAP-
PaccesrnHe 3JJeKTpoHa Ha KBapKe H rJJIOOHC 

B CJ1yt1ac nOJJ11pH3OBaHHblX 4aCTHU. 

£2-92-556 

PacCMOTpeHO Ce4CHHe ynpyroro pacceslHHSI npoAOJJbHO-nom1pH3OBaHHOro 

:JJJCKTpoHa Ha nom1pH3OBaHHOM KBapKe. Bb14HCJJeHbl OAHOneTJJeBble nonpaBKH 

B CTaHAapTHOH MOAeJJH. PacCMOTpeHO TaK)l<e H3JJy4eHHe MllrKHX H )l<eCTKHX 

cpoTOHOB. 8 CJJy4ae, KOrAa nOJJ11pH3OBaH TOJlbKO· KBapK, noKa3aHO, 4TO nOIIBJJSI

CTCll aCHMMeTpHll ssepx-BHH3 OTHOCHTeJJbHO nJJOCKOCTH pacceslHHll, KaK 

CJJeACTBHe HeHyncsoif MHHMOH 4aCTH aMnJJHTYAhl OOKC-AHarpaMM. 3ToT :xp
cpeKT TaK)Ke paCCMOTpeH 8 CJJy4ae 3JJCKTpoH-npoTOHHOro pacce11HHII. TipHBO
AHTCSI HeKOTOpblC OU.CHKH AJJll aCHMMCTPHH. l,fay4eHHe acHMMCTpHH, CBll3aHHOH 
C nom1pH3aU.HCH HYKJJOHa, MO)KCT npollCHHTb sonpoc O CKCHJJHHre B npoMe)Ky

TO4HOM COCTOIIHHH aMnJJHTYAhl KOMnTOHOBCKOro pacceHHHII Ha HeHyJJeBOH 

yron. B cJJy4ac rny6oKoHcynpyroro paccc11Htt11 Hoea11 CTPYKTypHa11 cpyHKU.Hll, 

onHCh1Bat01L1.all 4HCJ1O napTOHOB H aHTHnapTOHOB B HYKJJOHe C nOJlllptt3aU,HllMH 
nonepC4HblMH nJJOCKOCTH pacce11H1111, MO)l<eT 6h1Tb H3MepeHa. 

Pa6oTa s1>1nonHeHa s Jla6oparnptttt Teopern4eCKOH cptt3HKH Ol15U1. 

Coo6u1cm1c 061,cm111c1111oro HHcnnyrn w11cp11ux HCCJ1c11ouam1ii . JJ,y611a, 1992 

Kukhto T.V. et al. 

The Scattering of the Electron on Quark and the Nucleon 

in the Case of Polarized Particles 

£2-92-556 

The cross section of elastic scattering of the longitudinally polarized elect

ron on polarized quark is considered. The one loop corrections in the standard 

model are calculated. The emission of the soft and hard photons also considered. 
In the case when only quark is polarized the up-down asymmetry relative to 

scattering plane is shown to appear as a consequence of nonzero imaginary part 

of the box diagram amplitude. This effect also considered in the case of electron
proton sc.Htering. Some estimates of asymmetry for elastic and inelastic scatter
ing is given. Studying of the one polarized nucleon asymmetry may shed the 

light in the question of scaling in the intermediate state of the nonforward 
Compton scattering amplitude. In the case of deep inelastic scattering the new 
structure function which counts the number of quarks and the antiquarks with 

the transversal to the scattering plane polarization in the electron may be 
measured. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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In the quark-parton model the process of elastic electron-quark scatter
ing is the ingredient of the deep inelastic electron-nucleon scattering (DIS) 
process ( see figure). 

So we may present the cross section dums of DIS process as a cross 
section of the elastic electron-quark scattering being averaged on the quark 
energy fractions 

dums = J d3xf(x1,x2,x3)8(~x;- l) ~du!1 
• • 

(1) 

The distribution function f(x 1,x2,x3) of the parton-quarks in the nu
cleon over the fractions of their energies x in the reference frame where 
the momentum of the nucleon tends to infinity, satisfy the normalizati~n 
condition J d3x o(I: x;) f(x1, x2, x3) = 1, here due1 is the cross section of 

i 
the subprocess 

q\p;) + e(p1)---+ l(PD + e(pD, P? =pf= m;, Pi= p~2 = 0. 

In Born approximation and in the case of unpolarized particles it have 
the form: 

d Oi - dO' a2(e;/e)2 cos20/2 [1 Q2 2~]· (1- -2:_). 
O'e/ - 1 4d sin4 0 /2 + 2m; tg 2 2m;c1 ' 

(2) 

where we suggest the quark of the flavour i is the point-like fermion with 
charge e; and constituent mass m;, 

Q2 = -(p1 - pD2 = 2c1c~(l - cos0), 0 = p--;J/1. 



• 
e:1, €i_ = e:1 (1 + ei/m;(l - cos 0))-1 -are the energies of the initial_an<l scat
tered' electrons in laboratory reference frame, 0 -is the electron scattering 
angle. 

Expressing the invariant.mass of the hadron Mx in terms of the quark 
energy fraction 

1 . 
M; = (p+ q)

2
- M 2 = Q2

(- -1) = ((1- x;)p+ p~)2-M2 ~ 
X 

MP 2 ( ) ~ -Q; 1-x; 
m; 

and introducing the standard DIS variables 

Q
2 = -'q

2
, X = 2Q

2

, y = 2pq' S = 2ppl = 2]VfpE:,. 
pq s 

one may rewrite (1) in the form 

where 

duDis j 3 " 
dx dy = d x 8(~ x; - l) f(x1, x2, x3) x 

I 

( ) 
o· Mp I duei x "°" 8 x - (l+ (1 - x;)-)- -, ~ m; dy I . 

(3) 

· du0i 21r 1 . m 2 

d el = - 2 (l ) [(1 - x)(2 - 2y + y2
) - 2---1?. xy(l - x,-)]. (2a) . y sy X - Xj S 

Below, in part 1, we calculate the cross section duet with one-loop 
radiative corrections in the case when the initial particles arc polarized: 

u(pt) u(p1) = ½t>1(l - '}'5{), 

u(p2) u(p2) =½ch+ m)(l - '}'5a), 

a112 = 0, P2 = (m, 0, 0, 0), !iii, l{I < 1. (4) 

Together with the exchange by photons we take into account also Z 
aud nr± bosons ones. Main attention is paid to box diagrams. In part 
2 we consider the elastic scattering of electron on proton in the polarized 
case for the momentum transfer_red small compared with Z-boson mass. 
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Cross section in the Born approximation has a form 

du 
dO' -

. 1 

p = 

a
2 cos2 0 /2 t 2 (p , 2 

4e:2 sin4 0 /2 p (l + 2me), t = q = 1 - Pi) ' 

2 t 2 t )2 2 0 F1 - -F2 - -(Fi +F2 tg -+ 
4m2 2m2 2 s 

E:1 . €~ E:1€~ 2 0 
+{(F1 + F2)[F1(- a + - Q) + F2 - 2 (a - b)] tg -

2
, 

m m m 
a= i'itii, · b = n1'ii, (5) 

where ii is the a;eraged spin vector of the resting proton, F1,2 = Fi,2(t) 
are the Dirac and Pauli formfactors of the proton, m-its mas$; n = pif e:1, 

n' = p1' / e:1, are the orts in the directions of motion of initial and scat
tered electrons; E:1, e:1 their energies in the labor~tory frame, 0 =·ffil, is the' 
scattering angle. We show .that some asymmetry up-down in counting of 
the scattered electrons events relatively to the scattering plane appears as 
a. consequence of the nonzero imaginary part of the scattering amplitude 
(originating from box diagrams). Formally it is caused by terms propor
tional to the quantity I from the cross section: 

--- --I ➔ ➔, ➔ , .. , • 0 0 .... , ( .. ..,) .. = n x n a= a sin cos cp, = nn, cp = n x n , a (6) 

The phenomenon of asymmetry in the case of only one polarized particle 
· in the initial state was first considered in the case of e - µ scattering in 

1960 year paper[l]. The measurement of the recoil protons polarization 
which arises in the same manner in ep-elastic scattering was suggested in 
[2] as a test of existence of deviation from the one-photon exchange models. 
The possible manifestation of the currents with the unnatural parity and 
the T-violating effects in •ep-collisions _with the resonances production was 
considered in [3, 4]. The experimental investigation of this· asymmetry 
was first done in early seventieth in [5] in scattering of 18 Ge V electrons 
and 12 Ge V positrons on proton. The asymmetry was found on the level 

· < 10% and the statistically reliable indication on T-violating effects was 
absent. We want to point out on expedient to repeating experiments on 
elastic as well as inelastic electron polarized proton collisions at the energies 
and luminosities of the contemporary accelerators. In the case of elastic 
scattering the main contribution to asymmetry 

du(ii, 0) - du(ii, -0) 
Aei(0, e) = du(ii, 0) + du(ii, -0) 

',3 

(7) 



? <t 

goes from the many particle intermediate state of the nucleon in the box 
diagram and will measure the imaginary part of the Compton scattering 
amplitude of the virtual photon on polarized proton on the nonzero angle. 
It is described by the tensor · 

2 . 2 

·~ Im (p'IJµ(q1)JV(q2)IP, a} =~Im u(p') Tµv u(p, a)~ 
K K ' . 

= e2 
L(p'IJµ(q1)IX}{XIJ"(q2)IP, a}8((p + q1)2 - MJ: ), 

X 

p + qi = p' + q2. (8) 

As a?- intermediate states IX} in (7) can take place the state as well as 
barionic resonances 6, N+ and the many-particles states. The tensor (7) 
may be build from the tensors and the vectors of the kind 

(gµ"q1q2 - qf q~), Aµ= (A -qi A;1) µ, A# qi, 
. ql. 

B v _ (B- Bq2)" · B- ../. µafJ,y vaf3-y 
- - q2-2- , -r q2, € Paq1f3a-y, € Paq2f3a-y, . q2 . 

which satisfy the current conservation condition: (P(q1)}qf = (J"(q2)}qt = 
= 0. A lot of structure functions is to be introduced to describe (8) _com
pared to the two ones, gi, g2 which describe the DIS of longitudinally 
polarized electron on polarized proton [6]: 

_!_ Im (p,alJµ(q)J"(q)lp,a} ~ €µv>.uq>.(g1au + g2(a- pqat). 
K ~ 

The contribution to elastic cross section which causes the asymmetry ( ~ I) 
has the form • · 

da0 ~ 2a
3
(1 - y)

2 J d4
q1 d

4
q2 84((q1 + q2 + q)

2
) o(( _ )2)S T'"'>. (9) 

dQ 2 2 2 Pl qi µv). sq qlq2 . 
where. 

y = 2pq/s, S = 2ppl, 

S . 1 I ( ) ). 
µv>. = 4 Sp Pl'Yµ Pt - qi 1'vP11' 

1 • . . . . 
Tµv>. = Im - Sp (p; + m)Tµ"(p2 + m)•y5a r\q), . 4 

). . 
I'\q) = ,../F1(q2

) -
1 q F2(q2). 
2m 
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It may be rewritten in the form: 

da a 3 (1 - y)2 
( 2 - s 2 ) 

dO = q2 I 'P1(Y) Fi(q ) + 
2

m2 cp2(Y) F2(q) 
0 

tg22 

T!ie asymmetry (7) in terms of form factors cp1, <p2 has a form 

1 20 ( s . 2 
A= aP- I tg 2 cp1 F1(t) + 

2
M2 <p2 F2(t)), t = q . 

(10) 

(11) 

We had estimated (10, 11) for the case IX} = p, 6 and some model for 
tensor T 1"' for many-particles state. ·we find that the proton and 6-isobara 
contributions to the asymmetry as a function of scattering angle tends to 
zero at forward and backward scattering directions 0 -+ 0, K and has a.' 
maximal value for 0 ~ 20 - 50°. The maximal value of A gro-ivs from 
7 · 10-4 to 1 · ·10-2 ,vhen the energies of electron increases from 1.5 to 
4.5 GeV. This results are in agreement with the ones obtained in (1, 2]. 
For the energy 25 Ge V the·value of A reaches 5% at the scattering angle 4 °. 
The contribution of the same order will, presumably, arise from another 
resonances. At higher values of momentum transferred Q = A ~ mp ·' 

the main contribution will be going from the many-particles intermediate 
states IX). This fact follows from the weak dependence of the structure 
functions Tµ" (8) from Q compared with the rapid falling of elastic form
factors F1, F2• Asymmetry will have an order o( 10% for S ~ 50 Ge V 2, 

_Q2 .~ 10 GeV2; but elastic cross-section is small. 
The same effect of one proton polarized asymmetry will take· place also 

for DIS process ep -+ eX. The asymmetry will be 

d2a(0,c',a)-d2a(-0,c',a) · _1 2 0 c' 
Aine/ = d2 (0 , ➔) + d2 (-'-0 , ➔) = a I IT g3 tg -2 2- (12) _ a , € , a a , € , a 1np _ 

where 

II= (c' - c)(W2 cos2 ~ +2W1 sin2 ~) = f(x) (xcos2 ~ + €- E' .sin2 ~
2

), 
2 2 . 2 mp 

W\,2-are the structure fu~ctions in the nonpolarized case; the structure 
function g3 measures the difference of.quarks and antiquarks with the po

·larization transversal to the scattering plane: 
1 . 

g3(x) = J d3x 8(L x; - 1) f(x1, x2, x~) L :i (n~(x;) - ni(x;) -
. o i . i P 

e· m~ · m· · 
-n~(x;) + nf,(x;)) (...!.)2(1- ' 2 ) 8(x - (1 + -' (1- x;))- 1),(13) 

' • e s_ + xm; mp 

5 



where n~(x), (n?(~)) are the numbers of quarks (antiquarks) witi1 the 
averaged spin parallel to the spin of proton, nr -anti parallel. The quarks 
with the spin in the scattering plane will not give the contribution to g3. 
Function 93 is the new one compared with the traditionally considered g

1
, 

92· To measure it one need to have the accuracy better then 1 %. 
The analogous effect take also place in annihilation channel: nuclon

antinuclon annihilation into lepton pair [7] a11:d the nuclon-antinuclon pair 
creation in the electron-positron collisions due to the nonzero imaginary 
part of form-factors in the time-like region of momentum transferred. fa 

-the latter case the polarization of the created proton in directions, (s2 = 
l) Ps appears: 

P; = 2E (ii x ii+s) /32 c~s2 0 Im(F1F;) [2IF1 ·_ F2!2 -
m 

-/32(IF112 - ~]F212) sin2 0J-1 

4m . 

where (3
2 = 1 - m2/c2, ii= P-/E, ii+= tft-/ltft-1, 0 = ft?+ and P-, q+ are 

the momenta of the initial electron and the proton, m is the mass of the 
last. (We are grateful to A. Dubnickova for discussion orthis question.) 

· 1. The cross section of scattering of a longitudinally polarized electron 
on the resting quark of mass m and charge Qqe with the averaged spin a 
in the Born approximation in the frame of SM has a form: 1 

dao a
2 

E1m ( ) ( ) ( , ) ( , ) 
dO~ = 2s (m + c1(l·- c))2 Pq, e P1 + q P2 - e P1 + q P2 ' 

where 

s = (p1 + P2)2, t = (P1 - p~)2, u = (p1 - p;)2, 

Pq = 2s
2
[(a1 + a2)2 + (a3 + a4)2] + 4s2~(a1 + a2)(a3 + a4) + 

+ 4 a [s2(a1a3 +a2a4) + s(s - u)a2a3 -· sta1a4] + 

+ 2~ a [2s2(a1a2 + a3a4) + s(s - u)(a~ + a5) - st(-;r +a~)]+ 

+ (s +--+ u, ii1 - -ii~, a2 - :--a2, a3 - -'-a3, a1 - a1,•a4 :--+ a4), (14) 

Qq VeVq aeaq ·veaq aqVq 
2 a1 = - + --, a2 = --, a3 = --, a4 = --, T = t - mz, 

t 7 T T T 

2 -I -1 · 8 2 4 2 ] Ve = (l - 4sw )( 4cwsw). , Vq = ( 4cwsw) [bqp(l - 3sw) - bqn(l -
3

sw) , 

1 Unpolarized case was considered in [8) 
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· . -1 . . -1 
ae = -(4cwsw) , aq = (4cwsw) (bqp - bqn), 

sw = sin0w, cw= cos0w, . (15) · 

iii, ii~ are the orts in the laboratory reference frame along the electrons 
3-mo~nta; 0w, mz-are the Wefoberg angle and the Z-boson mass and 
0 = P1Pi', c = cos0 is the scattering angle. · 

The one-loop radiative corrections .to the vertex functions as well as 
to photon and Z-boson Green functions in the SM was in most complete 
form obtained in [9, 10] by groups of W. Hollik and D. Bardin. We use 
their results here. Cross section_ (14) will be modified in such a way: 

da . a 2 c1m - a a 2 
. dO~ = 2s (m + c1(l - c))2 Pq (l+ 21r A1e + 21r QqA1q), (16) 

where °A1e is the known QED-vertex correction factor: 

A1e 
S S S zS 1r2 

· = -2ln- (ln- - 1) + ln- + ln - + - ~ 4, . 
).2 m; m; m; 3 

., A1q = A1e(me -t mq), 

and the quantity i\ may be obtained from Pq by replacement a;-:--+ ii;, · 

ii1 :=;; ~q(l-ffy){l+ ::[A2Z(a;+v;+-~;+v;)+Gj,'+Q;
1
G1]}+ 

VeVq ( II ){ a [A ( 2 2 3 2 2) -lFe -lFq]} + - 1 - z l + -
4 

2z 3ae+ Ve + aq + Vq + Ve L + Vq L + 
T 7r 

~+~~II . + -'---'-- -yZ' 
. T . 

_ aeaq ( II ){ a [ ( 2 • 2 2 3 2) -lFe -lFq]} a2 = ---:;:- 1- z I_+ 
4

7r A2z ae + 3~e + aq + vq + ae L + aq _ L , 

- Veaq (l II ){ a [A ( 2 2 2 3 2) -1.Fe -lFiJ]} · a3 = -- - z l + - 2z 3ae + Ve + aq + vq + Ve L + aq L + 
· T 47r · · 

+ 
4
° [2QqvqaqA2z + G1] - .!aq.II1z, . 
7r . T 

:., Vqae c·1 II ){ a [A ( 2 3 ·2 3 2 2) -!Fe -lFq]} a4 = -- - z l + -
4 

2z ae + Ve + aq + vq + ae L + vq L + 
T 7r 

a . 1 · + -
4 

[2QqveaqA2z + QqG1J- -Qqae II1z. (17) 
. 7r T . 

The functions >-2z, F1'\ Gt\ IIz, II1 , II1z are given in Appendix 1. 
Consider now the box diagrams. The amplitudes of the diagrams with 

noncrossed boson lines (straight boxes) have nonzero imaginary part which 

17 



will caused the cont\-ibution to the cross section proportional to the quan
tity I (6). It has a form: 

du _ duo. c~ 0 
dO' - dO' (l + a-tg2- p-i IR) 

l l 2m 2 ' 
(18) 

where 

R = Q!<I>i + Q~(a~aq<I>aa + aevq<I>av) + Qq(a;a~<I>a2a2 + a;v;<I>a2v2 +. 
2 · ,T. 2 .) 3 3,T.,. 3 3,T. · 3 2 ,T.,. +aeaqVq'.!:'a av + aeaq '1:'a3a3 + ae Vq '1:'ai!v3 + aeaqVa'.!:'a3a2v + 

+a!a;v;<I>a3av +( 4 sin4 0w )-1<l>wbpq· (19) 

In calculations we use the relation: 

I: ¼ Sp -/ansbnnc1(a1 + /Ji,y5) * ¼ Sp ,1a2,s~'Ync2(a2 + /3215) = 
l,s,n 

= 8(a10'2 + /31/32) · a1a2 · b1b2 · C1C2 + ½ Sp c1a2b1c2a1b2(a1 - /3ns) X 

X ( a2.+ /3215). 

The first term in r.h.s. (18) corresponds to pure QED contribution,"the last 
present only in the case when quark is a p-quark and arises from 1,v+, w
excharige by fermions. The quap.tities <l>; free from infrared divergences. 
They are put down in Appendix· 3. Numerically main contribution to R 
go from <1>1, <l>w. In deriving (18) we put av= 0. 

Consider now the contribution of the real part of the amplitude of the· 
box diagrams. Extracting the terms w_hich contain the "photon mass" >., 
we may present it in the form: 

' . 
duo+ d~,;:x = duo ( 1 + 

2
; Qq ln(~

8
) lri(~:)) (1 + ;P;-1K), (20) 

(21) 
. 2 2 

K = QqFl + aeaqFaa + aeVqFav + Fw + .6..Fw + O(aeaq), 

where 

a ii1a, b = ii1'a, 
Fw Q;1(l - c;)(4sin4 0w)-1(Abpq + Bbqu), . 

Fi = 
1 · 2 s - u . l u s 

2(-cp(t,s)fs+cp(t,u)£u)+1r -t-+ 2.;(fu-fs)(tb-ta), · 

Faa· = 
s - u c;u s t u 
-(£ - £ ) + --((2- - -)£ + 2-£ )b -

2T s u 2 T t U s t u 

8 

~ 
' i, 
~2l 

\ ~, 

1 
(}J ., 

I 
• j 

I 
l 

{:_((2~ - !)£ + 2~£ )a·+ 7r2(a + b)(u-:- s) 
2 r t s u t s 2r ' 

Fav 
. 2 ) • t 7f ( s - u l ub - sa = c;-

2 
(-cp(t, s)fs + cp(t, u)fu) + --'---'- + -

2
(£u - £8)--, 

T T T 
28 2U S 82 

fs = ln ( - ), Cu = ln (-), cp( t, s) = 1 + 2- + 4(-) , t t . t t 

A ( 1 l ) [( Q q ae Vq) ( 2 1 . 1 . ( ) ) = -slww - QWW - - - s + -sub - -s s - t a + 
2· t T 2 2 
a, aq ( 2 · 1 1 ) ] +- s - -sub - -s(2s - u a) 

T 2 2 ' 
(22) 

B = 
l -u s s 
-
4

ln(M2 )[-Qq + -ae(aq - vq)](-2+ a+ b). 
W t T 

(23)_ 

The quantity .6..Fw is given in Appendix ·3; Iww, lQww in Appendix 2. 
We omit in (20) the contributions of higher then 2 powers in aq, Vq, Ve 
as well as the terms which don't contain doblelogarithms in Fi, Faa, Fav• 
They have very cumbersome form and give small ( < 10%) contribution 
compared with ones putted in (20). 

The "photon mass" .,\ entering in (20), A1,e, A1,q will disap~car in the 
sum with the soft photon emission cross section. 

The cross section of emission. of photon of energy (in laboratory frame) 

w < D..c, D..c « c1, has a form: 

soft . ( Q' ) 1 d
3
k ( PI P2 do = dao --.- · -- - -+ 

41r2 k<Ar (k2 + ,X2)1/2 , pik p2k 

P~ . P2 )
2 

+Qq(-,k+~). 
Pi P2 

(24) 

This cross section may be naturally separated into two parts: odd end· 
even relative to change of leptons momenta Pl +-+ -p'1: 

dasoft = dusoft + dasoft 
odd ~ven· 

(25) 

The standard methods of calculations (sec Appendix 2) give: 

d 
soft d 4aQql ( u) (i (2.6..s) 11 (-t )) 

<J dd = <Jo-- 11 -- 11 - - - 11 - , 
. 0 1r . s .X 2 m2 

d 
soft d 2a {(l (-t) l)l ( me.6..s) 11 2(-t) 11.~(c~) 1r

2 

Ueven = Uo- 11 - 2 - n ~ +-n - 2 --n - --+ 7f m, .Xy s1c1 4 m, . 4 s1 12 

+Q2 [(ln(2c2) - l)ln(m.6..c) + ~ln2(2c2) - ~ ln(2s'2) + ~--- 7f2]}, 
q m .Xc2 2 m . 2 m 2 12 

9 
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The quantity ,\ dlsappears in the sum of {20), {16), {25). The auxiliary 
parameter Cl€ will also d\sappear when one add the hard photons emission 
process cross section: 

e(p1) + q(pz)--. e(p~) + q(p;) + 1 (k), 

We define first the kinematical invariants: 

k0 > ClE. 

Xi = 2p;k, X~ = 2p~k, s =. (Pt + P2)2, s1 = (p; + p;)2, 

(26) 

t = (Pt - p;)2, t1 = (pz - p;)2, U = (pz - p~)2, Ut = (Pt - p~)2, 
p; = P? = k,2 

= 0, s + s1 + t + ti + u + u1 = 0 (27) 
, 

and the chiral states of the photon, leptons and the quarks: 

e>. = { 2N1 (fthAkw_;. - _kfMi1w;.) = ef 
2N2(p~p2kw_';. - kp~pzw;.) =:= e~ ; 

' 1 
u;. = w;.u, w;. = 2(1 + A1s), 

>. B >. e1 = ;.ez, 

4N1 = ((p1k)(p~k)(P1PDt½, 4N2 == ((p2k)(p;k)(P2P;)t½, 
B+ = (B-,-)*, jB;.j = 1, B+ = 2N1N2 Sp fJ1p~kp;fi2kw_. 

To make the contraction over the vector indices we use the projection 
pperators of kind 

P = -(st1t1u(p1)fJ2w+u(p;)u(p;)p2w+u(pi). 

Chiral amplitudes M>. 1>-2>. have a form: 

M±±± = 4u(p;)p2w±u_(P1)u(pDhw±u(p2)P±±, 
M±±~ = -4u(p;)fi~w+u(p1)u(pDfJ;w+u(p2)P±±, 
M±~± = 4u(p;)w±u(p1)u(pDfJ1p;w~u(p2)P±~, 

M±H = -4u(p;)pzp~w±u(pi)u(pDw~u(pz)P±~· 

Using the completeness of the spinor chiral states and the density of 
polarization matrix of the initial particles ( 4) one obtains: 

lu(p;)p2w±u(p1)12 = -st1; 
lu(p~)fi~w±u(p1)12 = -sit; 
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.t' 

'f) 

) 

·.n 

r 
~, 

lu(p;)w±u(p1)l2 = -u1; 
lu(p~)fizp~w±u(p1)12 = -utt1; 

lu(pDfJ1w±u(p2)12 = _!st(l =f ii1a); 2 . 

lu(pDfJ;w±u(p2)12 = -½s1t1(l T n;a); 

lu(pDfJ1p;w±u(p2)12 = -½u1t1t(l ± n;a); 

lu(pDw±u(pz)l2 = -½u(l ± ri~a). 

For the summed on polarization states of the final particles of module ' 
square of the matrix element we obtain: 

where 

L IM(>.)12 = 4tt1(l + ~HP++(s2(1 - ii1ii) + Si(l - n;a)) + 

+P+-{ui(l + n;a) + u2(l + ri1ii'.))} + 
+4tt1(l - ~HP--(s2(1 + ii1ii) + Si(l + n;a)) + 
+P-+(ui(l - n;a) + u2(l - ii1ii))}, (28) 

I 

(Q ce cq ) (Q ce cq ) 1
2 

=NB _q +~ +N _q +~ P>.1>.2 l >.1 t 2 t · • ' 
1 n T 

c:f • 

c~,q = Ve,q - Aae,q, n; = ~2
' T1 = t1 - Mf '(29) 

2 

The hard photons emission cross section has the form: 
' 3 d3 kd3 I d3 I ,. ' 

da=~(""'IM(>.)12) . Pt P284(p1+P2-p'-p'-·k). (30) 
87r2 S ~ W f!, E' l 2 l 2 

As a check one may put Qq = l, a = ~ = 0 in (30) and use the relation 
[11]: / . 

IN1B± N2l2 --+-t1 t - 8:t1 ( (;~) (~~) + ~\) + (~\J 
2 

= 
1 2 ( = - 8tt1 (Ve - Vq) 31) 

to obtain the known re~ult for the differenti~ cross section of the proce~s 
eµ--. eµ1 : 

_ 3 2 + 2+ 2 + 2 d3kd3 1 d3 1 
da =~(-(Ve_ Vq)2)s s1 u u1 P1 P2 x 

8s tt1 · w ft~ 
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x8<4>(p1 + P2 - P
1
1 - P~ - k). {32) 

In conclusion of this section we discuss the pos_sibility to improve the 
accuracy of the differential cross section cited above to take into account 
the terms of kind (~ln;;;~)n by means of the renormalization group tech
nique. We may present the cross section in the form: 

da = - 1 D(-,f3e)D(xi,f3e) X i l-1< ax y 

y Xt Xt rl-,c 
x Jo dx2 D(x2,/3q)dao (x1p1, x2p2; y I I)( lY -pi, X2P2 1 + -K) {33) 

Xt 7r 

where 

f3 3 l!.1 1 
D(x,(3) = 2 (1 + 8(3)(1- x)•- - 4(3(1 + x), 

· · 2a -t 2aQ2 -t 
1,, = D..E/E, f3e = -{ln{-2 ) - 1), /3q = --{ln{-2 )- 1) 

7r me 7r mq 

and the cross section da0 = jl-II{t)j-2da0 , da0 is given in (14), where the 
substitutions of momenta according to {30) is to be done. The quantity K 
is a sum of the finite in me, mq tend to zero contributions of A1e,Iq, Kw, 
Ksoft,hard, K-y,-y, K-y,z• It may be reconstructed using the formulae cited 
above. 

2. Return now to the question of asymmetry in electron-polarized 
proton elastic scattering. We consider now the contribution of the proton 
state as an intermediate state in box diagrams. Some closed expression may 
be obtained if we consider fhe form-factors entering the box amplitudes as 
constants evaluating the asymmetry. This approximation is rather good 
for energies Et = 2 - 3 Ge V and give the result which exceeds about 10-

20% the exact numerical calculation for higher energies. Adopting this 
approximation, one obtain for asymmetry: 

(p) E' 20 -1) Ae1 = a
2

m tg 2(P e=oIR, m = _mp, {34) 

where P is given above (5) and the quantity R has a form: 

1 J d
4
k ··{ -ts s s s - u s s } R = -Im . 2 6.Q A+ B(22 + 2 + 2 ) + --(D2 - C2 ) ,{35) 

7r i7r qlq2 ql ql t q2 qI 

12 

i.,l 

,I, 
I 
! ,j, 

11 

i,· 

.Ji• 

where 

s s m2 

A=(F1 - - 2F2)(F11F12 + FuF22 + F21Fi2) + -
2

. 2(- -1) x 
2m m s 

s 
x(F1 + 

2
m2F2)F21F22; 

B=-!.,x(su - t;i2t 1{-(s2 - su - mn2)F1F22F11 - sm2 F1F12F21 + 
4m .. 

2 . 1 · ) 2) s . ) +(s + m )(s - u)F2F11 F12 + 2(s(s-:-- u .+ tm (F1 + 
2

m2F2 X 

t 2) } S U xF21F22 - 2(s + m F2(F21F12 - F11F22). - tD - tC; 
s s . . 

C=-2F11(F2F12 - F1F22); D = -
2 2F12(F1F21 - F2F11), (36) 

2m . m · . 

and we have denoted: 

F; = F;(t),F;j =-F;(qJ); i,j = 1,2;· 

D.. = (P1 - q1)2 - m; + i0; Q = (P2 + q1)2 - m2 + i0; 

s = 2p1p2; t = -2p1p~; u = -2p2p~; q1 + q2 + q = 0. (37) 

We use for the exact calculation the form-factors in the dipole model: 

2.79 t t ) I Fi(t) = (1 - --
2 

)(1 - -
2 

- Z, 
4m 4m 

F2(t) = (1 -
4 

t 
2
)-1 Z, .• 

11l 

t -2 
z = (l - 0.71 (GeV/c) 2 ) • . (38) 

The result of them, discussed above, qualitatively similar to one obtained 
in [4] but the model different from (38) was used in [4] is drawn in figure 1. 

Consider further the D..(1232) isobar l(Jp) = !(t) state in the inter
mediate state of the "box" diagram. \Ve will use the following· expression_ 
for p1 D.. vertex function r;rA [12]: · 

rµ 
p-yA 

2i - ( )r"µ c· ) -
3 WvJJA up, q-pA-P, 

r,w = G ( 2) ,:r(M) + G ( 2) r.·E Q ( 2) r.·C _ G. ( 2) r.·(M) M q .ll..µv · E q .1\..JW + C q .ll..µv _- M q .11..,w , 

J((M) = µv 
3 mA + m(( · · 2 2)-1 or /3 
2 m mA + m) - q Eµvor/JPAq , 

Gor(q2
) = 

. q2 
G0 (0)Z[0.83 + 0.17 exp(0_192(GeV/c)2 )], a= M, E, €'; 

GM(O) = 2.28, G E(O) = 0.07, Gc(0) = 0.0 ± 0.34 (39) 
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Figure 1: Contribution to Ae1(0) (see (34)) from proton's inter
mediate state. 

and the known expression for the polarization density matrix for the iso
bar [13]: 

~ - · [ 1 2 Li '1.io(p)\J.ip(p) = (p + mA) 9o{3 - fYo1'/3 - 3mlPoP{3+ 

+ 3!A (Pf31'o - Po1'f3)] . (40) 

Contribution to the asymmetry has the form: 

A(A) 
el = ~p-ltg2(~)rmf d

4
q1 N GM(qr)GM(q~)(mA + m)

2 
X 

121r 2 i7r2 qfo~ b.Q m2 
x((mA + m)2 

- qn((mA + m)2 
- q~))-1

; 

N = Suµ~Re{ Sp (p; + m)(fJ2 + ii1 + m)(Au Bµ + 3Bu Aµ) x 

x(h + m)1'saf\(q), 

AO' . O'A/A AA/ O' Bµ µAA AAµ = 1' P2q2 - q2P21' , = 1' p2q1 - q1P21' · (41) 

The plot of A~f > is presented as a function of 0 for the different energies 
in fig. 2. 

The calculation of the imaginary part of the loop momenta integrals 
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Figure 2: Contribution to Ae1(0) (see ( 41)) from isobara's inter
mediate state. 

(41) may be transformed to the two fold integrals: 

~rmf ~4q(Qb.t1F(-qr, -q~) = 
7r . i1r2 . m2 m2 

·-; 1 2,r _ .!_;·d Jd 4 _2F (sE(l - c) si(l -d)) -
4 

C cpmp , , 
11" p p 

-1 0 

s = 2mE, E' = E(l + ~(1- cos0))-1, p = m2(m + E(l - c)), 
m 

c' = ccos0 - sin0(1 - c2)½ coscp. 

Discuss now th~ contribution to asymmetry from the many particles 
intermediate state. As we have noted a lot of tensor structures may be 
used to describe the nonforward Compton amplitude (8). We will use here 
such a model of it: 

1 

fµv = e-2 L IJµIX)(XIJ"l8((P2 + q1)2 - M}) = J db. p(b.) 
. X 

(p2 + q1)2 . 
Amin 

x(fJ2 + IJI + Mx) (q1q2 -gµ" - qrq~) 8(W2 + q1)2 - M}). (42) 

Really one may consider the expression ( 42) as a scaling hypothesis. The 
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• 
function p which describe the density of many-particles states with mas 
Mx, ~ = M}/s, we suggest to be normalized 

1 J dx p(x) = l. · (43) 

~th 

The estimation of asymmetry with Tµv from ( 42) give the result: 

· a s a ln(--¾-) Q2 . -( 2)-l . 
A= 4y(l - y) ln(m;)(F2)-t 1 + c ( 41ri' ) _ ii' x iia, y = --;--(44) 

In deriving (44) we neglect the contribution of.Dirac form-factor F1 and 
- the contributions which don't contain large logarithmic enhancement. The 
· estimation ( 44) is rather rough. The second term in the denomi_nator ( 44) 
represent the conti:ibution of the loop diagram. It provide the fact that_ 
the asymmetry don't exceed the unity. 

The reason for scaling ( 42) is the fact that many channels at high 
I electron energies are open. Contribution to asymmetry of each one is small, 

nevertheless the question about the total contribution is open. Naive quark 
counting rule is to be modified at higher orders of perturbation theory. 
The large values of asymI:Qetry (of orders of 10-20%) in the future precise 

· 'experiments will be the arguments in favor of validity the scaling hypothesis 
(42). 

We note also the connection of the double Compton forward scattering 

(p, a!Jµ(q1)F(q2)J\ :_qi - q2)IP, a) (45) 

which describes the unpolarized electron-polarized proton inelastic scat
. tering ?-5ymmetries 'with the odderons proble~ [14]: in both cases we have 
C-odd state of three vector particles in the scatteri~g channel. 

In conclusion we say some words about the one particle polarization 
indu~ed asymmetry in the case of deep inelastic scattering. The order· of 
it is 1 %, as.follows from (12). So to measure the g3 structure function the 
accuracy required is to be better then 1 %. The result (13) follows from 
(36) if one put F1 = 1, F2 = 0. 

The authors are grateful to 0. Terjaev and to T. Privalov for discussions 
· and pointing out the usefuf references, A. B. Arbuzov, L. V. Kalinovskaja 
for help.· 
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Appendix 1 

We use the expressions for vertex functions and self-energy functions of 
boson and fermions which was obtained in [10]. The t'Hooft-Feynman 
gauge and the on..:mass-shell regularization scheme was used in [10]. The 
renormalized vertex functions have a form: 

rZlf -,, - · ( a ){ Q' 2 2 ) Ze"fµ(v1 - ans) 1 + -A11 1 + -(v1 + al - 2v1ans A2z + 

pll 
µ 

41r 41r 
+(v1 + a1)-1Ff (1 - ,s)} 

• ( Q' 2 { Q' 2 2 ). = -ze1µQl l + -Q1A11) 1 + -(v1 + a1 - 2v1ans A2Z + 
. 41r 47r 
+Q:,1G{(1 - ,s)l}, 

where QI is the fermion charge in units of an electron charge. Schemati
cally representing the sum of Born amplitude with loop correction to the 
vertex 'functions and Green function of boson (except of "box"-diagrams) 
in the form (spinors are missed) 

mBorn + mvirt = 41rai{ Qq (l _ TI )Pee * rnq + .!.(1 _ TI ) rZee * rZqq _ t 1µ µ T Zµ µ 

_.!_Tiz1 (riee * r;qq + r;ee * riqq)} = 41rai(l + ~A1e)(l + ~Q!A19) x 
T 41r 41r 

X { al/µ * 'Yµ + a2,1,15 * 'Yµ'Y5 + a3,1, * 'Yµ'Y5 + a41µ'Y5 * 'Yµ} 

the quantities a; are listed in text in terms of A, F, G, II. 

t t t 2 t 1r2 

Au= -2lnl , 2l(lnl-2 I - I)+ lnl-2 1 + ln 1-21 + - - 4, 
" m 1 m 1 m 1 3 

pe (8 3 )-lA 3 -3A 
L = s C 2W - 4cs 3W' 

2 3 FZ = -(1 - 3s2)(8s3ct1Aw_; + 4cs-3A3w, 

Fd ( 4 2)( 3 )-lA 3 -3 Ge 3 -2 · L = l - 3s 8s c 2w-;;- 4cs A3w, L = - 4s A3w, 

Gu 1 -2A 3 -2 d 1 -2 3 -2 
L=- 12s 2w+ 4s A3w, GL=tt A2w- 4s A3w. 

In expressions for Fl, Gi we have used notations s = sin 0w, c = cos 0w. 
The functions A2w, Aaw are dependent on x = mfvft: 

A2(x) = -~ - 2x - (2x + 3) ln(-x) + 2(1 + x)2 ( .!. ln2(-x) + 
2 2 
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I 

1 · J dz + t ln(l - z)), 
l+.r . 

5 2 1 2 
A3(x) = 6 - 3x + 3(2x + l)L + 3x(x + 2)L2, 

L = ln((Jl - 4x + 1)/(Jl - 4x + 1)). 

The quantities II-y-y{t), II-yz(t), Ilzz(t) have the form 

IIn(t) = 
4
:/fn(t) - tJ;-y(o)), 

fn(t) =; L Qj(t + 2m}) F(t,m1, m1) - (3t + 4m~) F(t, mw, mw), 
I 

·· a l a fzz(t) - fzz(Mz) . ( . 2 • ) 
II-yz(t) = 41/t /-yz(t) + a-yz), IIzz(t) = 47l" t _ Mj + azz , 

4"" 2 1 2 1 /-yz(t) = - 3 L,, Q1v1(t + 2m1) F(t, m1,m1) + c)(3s + 6)t + 

2 1 2 
+4(c + 3)mw] F(t,mw,mw), 

( 4 "" 2 5 -t 4 "" [( 2 2 2) fzz t)=- L,, 2a1t(--ln-2)+- L,, v1+a1)(t+2m1 -
3 3 m1 3 . 

where 

l=e,µ,r f,fiv 

3 . 2] . 1 {[ 4( 2 ) --
8 2 2m1 F(t,m1,m1)+-

12 2 2 -40c t+2mw + 
CS CS -

+(c2 - s2)(8m~ + t) + 12m~] F(s, mw, mw) + 
2 2 

2 2 mH - mt] } +[10.lvlz - 2mH + t + --=---'- F(t, Mz, mH) 
t 

J 

mI + m~ m1 
F(t,m1,m2) = -1 + 2 2 ln- -

m1 - m2 m2 
1 

-jdx ln -tx(l - x) + x(m~ - mi)+ mi, 
m1m2 , 

0 

F(O, m1, m2) = 0, 

and finite renormalization constants (a-yz, azz) are listed in [9, 10]. 

Appendix 2 

\Ve use the Wick rotation for loop momenta k: 

k2 = -z, d4k = i1r2z d~, 0 < z < A2
• 
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Here we restrict om;sel_ves to integrals concerned to "box" diagrams and 
containing from 2 to 4 propagators of kind that are contained in "straight 
boxes" 

(.6.) = (-k + P1)2 - m;, (Q) ::::C (k + P2)2 - m2, 

(l)=k2 -,\2, (2)=(q+k)2-,\2, 

(lZ) = k2 
- M2, (2Z) = (q + k)2.- M 2, 

1\12 1\12 ,2 - 2 - 2 · = z, P2 - P2 - m , ,2 2 2 
Pi =Pi= me, I I 

q = Pi - Pl = P2 - P2 · 
I 

Integrals corresponding to the "crossing boxes" contain propagator ( Q') = 
(p~ - k )2 - Jvl2 instead of ( Q) . .They may be drawn from the integrals listed 
above by the change P2 - .-p~. Let us define the kinematical invariants 

s=(p1+P2)2, t=(p1-p~)2, u:=(p2-pD2
, s+t+u=2m2 

and we shall assumes~ I - ti'.'"' lul ~ Mj. For the case of denominators 
(.6.Q) we have 

1 1 . . 

((.6.)(Q))-1 = J dx [k2 - 2kpxr~ = J d~ [(k - Px)2 
- p;r2 

0 0 

and after integration over the k 

1 

J {ln~: - 1},p; =:== m;x + m 2(1 - x) - sx(l - x). 
Q X 

As a result we have 

1(1::.Q) = Le +1- ln(-:~t0
), I(!il) = J(A2) =Le+ l, 

I(tQ) = I(2Q) = Lm + l, 1(12) = L~ ~ ln(~) + 1, 

J(2,2Z) = I(l,IZ) = J(A,lZ) = J(A,2Z) = I(Q,lZ) = I(Q,2Z) = LM, 
. 1 

I(l,2Z) = I(2,1z) = LM - J dxln(l - x~), 
0 

1 

l(lz,2z) = LM - f dxln(l - x(l - x)~2)- l, 
0 

19 



where Le = In!:, Lm = In!:, LM = In~. It is possible to use these 
integrals for che;king of vector and tensor integrals with large number of 
denominators. Here and below we use notations 

·1 d4
k ( 1 1 1 .. ) 

(I(ij), I(iik), J(ijH)) = i1r2 (i)(j)' (i)(j)(k)' (i)(j)(k)(l) .. 

Scalar integrals with three denominators. As an example let us 
. consider 1/(.6.Ql). Combining first denominators (.6.) and (Q) with the 

aid of parameter x and then the result with denominator (1) with the aid 
of z, _integrating-over 4-momentum in loop we reduce it to the form 

l -J d4
k. . . 1 _ 

(AQl) - i1r2 ((P1 - k)2 - m~) ((k + P2)2 - m2) (k2 - .,\2) -

1 e 1 1 
= _ J z dz dx · = _ J z dz dx _ J !!.:_ dx = _ ~ J dx 1~ p;. · 

z 2p;, + .,\2(1 - z) · z 2p;, + .,\2 zp;, 2 p;, V 
0 0 e 0 

Further integration over X may be done with the aid of relations 

·1 

J dx 2 -s -iO 
2 =--ln---
Px s mem 

0 

1
1 

dx p; l {. 1r
2 

1 2 (-s) 1 2 (-s) · (-s) m;} -ln-=-- --+-ln - +-ln - +In - ln-p;, m2 s 3 2 m~ 2 m2 m~ m2 · 
0 . 

Similar computations yield the following expressions: . 
I1 = l(AQl) = l(AQ2) = ..!.[ ln2(-=L-) - 2lnL ln(-=L-) - "

2 
- ln

2
(.!!!.)] 2s • mem mem mem 3 me ' 

'I(AI2) = J(Q12)'= ½(½ln2(;;;;} +· j1r
2
), 

J(AQlZ) = J(AQ2Z) = ¼(~
2 

- F(81:f )), 
I I 1[ ( t ) F( t ) M

2
-t M2 2(M2-t)] (Q1Z2) = (Q12Z) = t F w + 2 t-M2 + ln ""j\[2 ln m2 + ln ""'i\f2 , 

I(A1Z2) = J(A12Z) = ½[ F(,S2) + 2F{i_~2) + ln M;-;t ln ~; + ln2( M;-;
1
)], . 

1 ' 1 

h1z2Z = IQ1z2z =ff ~ln(l - ,S;y(l -y)), F(x) = - f ¥- ln(l -.zx). 
. 0 0 
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Scalar integrals with 4 denominators and various ~ass relations are consid
ered in (9] and recently were analyzed in (15] with the dispersion relation. 
The method we apply is similar to ones used in [16]. So for J(AQ12) = I we 
obtain · · 

, 

J(AQ12) = J vx2 dv dx dy [x2v2p; + x2(l - v)q2 
- x(l - v)(q2 

- .,\
2) + 

+>.2(1 _.;.;. x)t2. 

The sequence of operations (16] gives 

, 1 -t J dx 2 -t · -s I= I(.6.Ql2) = -- lnl-1 - = - In(-) In(-). 
t .,\2 p~ ts >.2 mme 

In complete analogy with [16] we get 

Iz = J(AQ1,2z) = I(AQ:~Z,2) ~ j vx2 dv dx dy [x2
v

2p; + x2(l - v)q2 -

' 1 

' 1 / dy { p
2 

-x(l - v)(q2 - >.2) + 1\12(1 - x)t2 = ---- - ln2-+ · 2(M2 _ q2) p2 .,\2 
0 y 

·dv . 1 . } 
+2 j a.6. [b + vcp; - 2M2a(M2 

- q2)vp;.6. -l/
2 L~ , 

where 

0 ' 

v; = ym2 + (1 - y)m; - sy(l - y), 

a = q2(l - v) + vp;, b = -q4(l - v)(M2 + q2(1 - v)), 

c = 4M2q2 + v(q4- 5q2M 2
) + v2(4M2p;- q4), 

.6. = (q2(1- v) - M 2)2 - 4M2v2p;, 
L ·= ln[4M2p;v2(M2 

- q2(1 - v) - J~)-2
]. 

An integral with two Z- or Hf±_ boson propagators may be reduced 
by the describe~ routine to the single-fold integral. It is free of infrared 
divergencies and· has the form 

I(AQZZ) = I vx2 dv dx dy [x2(p;v2 + (l - v)s) + x~(M2
- m 2

) ~ 
-.1:(l - v)(s - m2)i-'2 
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It is possibl~ to put m2 = 0 here. Direct integration yields 

1 . 
I = I _ J dy I (-s - iO)(M2 

- ty(l - y)) 
zz - AQZZ - tsy(l - y) - M2(M2 + s). n M4 

0 
1 . J dy . 

Im It.. z z = -1r ---,---___::.--,--- . 
Q ·· sty(l - y) - M 2(M2 + s) 

0 

Let us to note that the combinations which are free from infrared diver

gencies are 

l[• 2 (-s-iO)" 2 (-t) 1r
2 

2 m] <I>= tic..Ql2 - 2Ic..Ql = -; -ln -t + ln mem + 3 + ln me ' 

J dx j dv { 2 · 2 2 -1/2 
<I>z=Tlz-I1=- 2 6.A b+vcp.,,+2Mavrp.,,6. L}, 

. · . Px 

2 . 21r ! s 
r = t - M , Im <I> = - n-.. . s t 

Taking into account the symmetry properties of expressions under integrals 

the vector integrals of the form 

J d
4
k µ ( 1 1 )· _ ( k _k ) 

i1r2 k (i)(j)(k)' (i)(j)(k)(l) = (i~(j)(k)' (i)(j)(k)(l)· 

can be reduced to the following expressions 

k 
6.Q12 = a(pi :+ P~) + 'YP, 

k 
Q12 = OQ(P1 + PD + 'YQP, 

k 
6.l2 = 0 c..(P1 + PD, 

k I k 
6.Ql = f31P1 + 'YIP, . 6.Q2 = f31P1 + 11P, 

where 
. 1 . 1 · 1 s 
a= -hQ1 + -

2 
h12 + -

2 
IQ12 - -<I>, 

t u u 2ut 
t u-s ·. 1 · 

1 = -h12 + -.--IQ12 - -<I>, 
2us 2us 2u 

~Q = ¼ c~, • 'YQ = IQ1~ - ¾c~, /31 = hQl - ~cc:+ C!), 

l lJ• lot 
'YI = -{,q, 0 c.. = -{,,, P = PI + P2 

s t 
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In the same way: 

k I 

6.Q lZ 2 = 0 z-rPI + /3z1P1 + 'YZ-rP, 
' ' k .. 

6.Q 1 2z = 0 z-rP~ + /3z1P1 + 'Yz1P, 
' ' 

0:z, = hQ,1z,2 - (2stut1[s(u - t)<I>z - stIQz-r - s2hQz - sthz1], 
. -1 2 . . 

/3z1 = -(2stu) [s <I>z - tsIQz-r + s(t - u)hQz - sthz,l, 

1z1 = -(2stu)-1[ts<I>z + t(s - u)IQz, - stic..Qz - t2hz1], 

k /3 , . s + 2M2 2 • . 
6.QZ ~ zP1 + 'YzP, /3z = . 

8 
hQz - -;(CM - 1), 

M 2 1 . 
'Yz = --hQz + -(CM - 1) 

s s ' 
k . 

6.Z2· = Ot..zP1 + f3c..zP~, 

1 [ 2 M
2 

·t ] 1 ·I O:t..z = - M hz1 + 1 +ln-2 +zM, /3c..z = -zM, 
t me t · 

k 
6.QZZ = azz(P1 +PD+ 'Yzzp, 

s+ 2M2 1 1 
azz = 

2 
Izz + -IQzz - -hQz 

u u u 
t - 2M2 i 1 

'Yzz = 
2 

Izz - '-IQzz·+ -hQz, 
u u u 

Q!z = aQzz(P1 +PD+ 1Qzzp, 6.~Z = aQzz(P1 + PD, 

1 [ . 2 r ] t - 2M
2 

r 2 ( ') 0:QZZ = - 1 + J + m .LQZZ , 'YQZZ = ---.1.Qzz - - 1 + J t . t t . 
Besides of integrals defined we use notations 

CM= lnM
8 

2' c; = In-;, c; = ln-;., 
me m 

1 1 

i~ ~ J dxln(l - x ~ 2 ), j = J dxln(l - x(l - x) ~ 2 ). 

0 0 

This method of computation 2 requires no additional integrals. 
We put here the scalar integrals of "box" diagram with excited state of 

the intermediate nucleon: Ji= hQ<i, I0 = It..Q*I2, which may be obtained 
2one of the authors (EAK) is grateful to D. Yu. Bardin for useful discussion on this problem 
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!. 

from the cited above by replacement ( Q) -+ ( Q*) = (p2 + k )2 - Ml, 
M} :_ m2 > 0. }n the similar manner one obtains 

1 1 

Jt = - J dx J dy [p;y + xM
2 - iOJ-1,. 

0 0 
1 1 1 

It= Jaz Jax Jay{z[p;y2+(l-y)q2]-q2(l-y)+xyM
2
-i0}-

2
, 

0 0 0 . 

Using the knowri relation Im (x - i0)-1 = m5(x) one obtains: 

I * 1r l ( s ) * 27r ( s ) m I 1 = - n - 2 , Im I0 = 2( M 2) ln - 2 . • 
s me q s - me 

The cross section of emission of soft (in laboratory frame) photon in 

ep-scattering has the form 
!lo 

dasoft = dao(- 41ra) J d3k (-E!__ - ~+_El_ + P2 ) 2 
· l61r3 w P1k p2k P1k P2k . 

0 

2 ,2 2 2 ,2 2 ( o o 0) 0 · :;-:;, l P1 = P1 = me, P2 = P2 = rn , P2 = m, , ,. , = P1P1 ~ , 

-t = 2(P1PD2 ~ m2 ~ m;, s ~ -t ~ -u, y = s;Js1 ~ l. 
Common but somewhat cumbersome calculation yields: 

( 
41ra) J d3k { m

2 
m2 · m2 m2 } 

- l61r3 -;::;- (pJ.)2' (p1k)2' (p2k)2' (P2k)2 = 
k<llo 

= -~ {i me6.c 1 me6.c 1 26.c _ 1 1 m6.c} n , , n , , , n , n., , 
7r ACl Ac1 m , ACl . 

( - 4ia) J d3
k. P1P1 =_::{in me6.c ln (-t) + 

. l61r3 w (p1k) (p1k) . 1r .Xs1 m; . 
k<llo 

1 2 (-t) · 1 • (-t ) 1 2 1r
2 

} +- ln - - - lny ln - - - ln y - - , 
4 m; 2 m; 4 12 

( 
41ra) J d3k . p1p2 a { .,jiiiin;6.s · s 

-l61r3 w (p1k)(p2k) = --; ln ),~ lnmme-
k<flo . 

2 . } 1 2 €2 1 c12me me 7r 1 2 s 1 2 s 
--ln (-)- -ln (-) ln- - -+-ln (-) +_-ln (-) , 

4 s' 2 s' m m 12 8 m2 8 m2 
1 1 . e 

( )2 ( I · I )2 .. 
s = Pt + P2 = Pi + P2 , 
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( - 41ra) J d3k P1P2 = -~ {1n .,jiiim';6.s ln~-
l61r3 · w (p1k) (p2k) . 7r ),~ mme 

k<llr 

--In - - -ln -- ln- - - + -ln - + -ln - , 1 2 (€2) 1 (c2me) nie 1r
2 

1 2 (-u) 1 2 (-u)} 
4 E:1 2 c1m m 12 8 m2 8 m; 

( - 41ra) J d3
k P1P2 = -~ {inme6.c ln (4d) + 

l61r3 w (p1k) (p2k). 21r .Xs1 . m; · 
k<llr 

+-ln2 
-

1 
- - = J(s m ) 1 (462) 1r2} 

4 m 2 · 6 - ' · e ' 
e 

(- 47r0') 1· 

l61r3 

k<llo 

d
3 
k P1P2 = J(s1, me), z:;- (p1k) (p2k) 

( 41ra) J d3
k P1P2 = J(E;, m), 

- l61r3 . w (p1k) (p2k) 
· k<llr · . 

Appendix 3 

The quantities W; entering (18) may be expressed in terms of imaginary 
parts of coefficient functions of vector integrals listed in Appendix 2: •<I>; = 
Fm!,.. The first term <I>1 = : 5 Im 'Y2gg = 1 and the last one 

8
2t Qq _ ae(aq + vq))(l - ~)Im Iww, 

<l>w = 27r ( t T T = t_-M;, 

corresponds to 11 and w+w- exchange by leptons; ~ is the degree of 
longitudinal polarization of the initial electron. To simplify th~ notations 
we put lYfz = l and introduce the correspondence table 

a1 a2 a3 a4 a5 a6 a7 as 

etzz f3zz /3zg ,zz 1Zg 199 12gg 12gZ 

In terms of a; the remaining quantities may be written in the form: 
r.p; = I:; C;iai, i = 2, ... , 10. The nonzero elements Cii are: 

C22 = -4t2 + 4 + 8s 
c26 = 4s(u - s) 
C2s = 2t - 2 

C23 = 8s( t - u) + 2t - 2 
C21 = 4t- 2 
C32 = 4(t - l)~ 
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C35 = -2(t - 1)( 
C3s = -2(t...:.. 1,)( 

C43 = 4t2 

C45 = -8ts - 2t 
C4s = -2t - 2(t - 1)( 
Cs1 = 4t( 
C5s = 2(t - 1) + 2(3t - 1)( 
C53 ~ 4t2 

C55 = -2t2 

. C5s = -2t2 
- 2t(t - 1)( 

C1s = -2t( - 4t 
Css = 4t + 4t( 
Cgs = 2't 
C101 =4t 
C10s = -2t 
C54 = 2(t - 1)(4s +-1)(1 + () 
Cs4 = 2t(l + 4s) + 4t(l + s)( 

C31 = 2(1 - 2t)( 
C41 = 4(t- l)(t + 2s + 1)( 
C44 = -2(t - 1)( 
C41 = -2t 
C55 = 4t(l + 2s )( 
C53 = -4t(t + 2s + 1)( 
C51 = 4t(t - 1)( 
C54 = -2t(t - 1)( 
C51 = -2t2 

Cn = 4t - 4tu(l + () 
Cs1 = 4t{ s - t - 1) - 4t( s + 1 )( 
Cg1 = -4t(t + 2s) 
Cg4 = 2t(l - 2s) 
C104 = -2t 
C51 = 4(t - l)(s - t - 1)( + 4st + 4 - 8s · 
C14 = -2t(l + 2s)( - 4t(l + s) . 

The expression for 6.K w have a form ( only crossed W legs diagram works): 

6.Kw = - - - w1 + -w2 1 - ( -.-' . [( 
Q q ae Vq) · aeaq ] ( ) bq n 

t T r 4sm4 0w 

The quantities w;(i ~ 1, 2) we put in the form 

w; =a;+ b;j + cJww + d;idQW + e;lQww, 

where i; = l;(s .:....+ u), and the coefficient functions are equal (Mw = 1): 

. s 3s 
a1 = s - i - 4 a; 

s 1 t u s3 u 
a2 = s + -( ...;..- + - - -)b - -(- + - )a· 

2 2 2u t 2 2 t ' 
s s u s 

b1 = 2(1 + a); b2 = 2(1 + tb + ta); 

t - u 2 t2u u2 s u 1 t + tu u2 
c1 = ---u --+-+-(-+--+u+-)b 

2. 4 .2· 22 4 2 
s(l 3t 5tu tu(t - s) u2

) 
- - -+-+-+u- ---+- a· 

2 2 2s 4s 4s 2 ' 
_ t - u 2 t2u u2 s u 6 + t + 6u - tub 

C2.- -2- - U - 4 + 2 + 2 4 
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· s ( u - 1 2t + 3tu - t2u tu 2) 
- - --+-----+--:+u a; 

2 2 4s · 4 
2 tu u t(u+l) s t(3+u) 

d1 = -u - u - - + -(1 + u + -'---'-)b - -(1 + u + ---)a; 
2 2 2u 2 2s 

d · 2 tu u ( . t( u + 1) )b s ( t( u + 1)) . 
2 = -u - u - - + - 2 + u + -'-,,-------'- - - u + --- a; 

2 2 2u 2 2s 
t2 u t + 1 s . 1 - t t(t - 3) 

c1 = -t - us+ - + -(-u - --)b - -(-s + -- + ---)a· 
2 2 2 2 2 2s ' 
t2 u u t-5 s . 3-t t(t-1) u 

c2 = -t - us+ - + -(-- + --)b - -(-2u + -- + --- + -)a. 
2 2 t 2 2 2 2s t 
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