


1 Introduction

Determination of the polarization degree of longitudinally polarized leptons and
circularly polarized photons at high energies is an actual problem in experiments
with colliding polarized et e™, e p, v p, ey beams [1]. In this paper we suggest as po-
larimeter processes the pair production process in photon-electron or photon-proton
collisions. and the bremsstrahlung process in electron—electron or electron—proton
collisions. In both cases we assume the target to be unpolarized. Both considered
processes have pure electromagnetic nature. The spin-momentum correlation in the
differential cross section arises.from the interference of the Born and one-loop contri-
butions to the matrix element. The correlations of this kind were considered at first
in 1959 year papers by H. Olssen and L. Maximon and then continued in a series
of papers of 1963-1964 years [2]. The main attention was paid in that works to the "
case when the target was a nuclei of charge Z, and the parameter Za = Z/137, was
assumed to be of the order of unity. They found the asymmetry parameter A in the
form
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here £ is the ort along the photon momentum, {; is the degree of the photon cir-
cular polarization, ¢ = 1¢; (0 < ¢ < =) is the azimuthal angle between momenta
components ¢, ¢z of the particles of the. created pair transverse to the projectile
photon momentum. A ~ 2Zaln2 was found to be a rather large quantity. Such
a large magnitude of the asymmetry comes mainly from the integration over the
region where the transverse components of the outgoing particle momenta are of the
order of the created pair mass |§i| ~ |&| ~ |¢1 + §2] ~ m. That means very small
angles of the pair components in respect to the beam direction, which are unsuitable
for high energy experiments.

The preferable experimental region of transverse momenta correspbnds to the angles
of created particles '
@l | :

b; = ;;;"_'7 1= 1,2, (2)
which should be accessible for a measurement (6; 2 1072); here z13 (z; =z, T =
¥, £ +y = 1) are the energy fractions of the electron and the positron from the .
pair respectively. w is the initial photon energy (we work in the laboratory reference
frame). In the case of the bremsstrahlung of a longitudinally polarized electron on
a charged target the same angle range for the scattered electron and the emitted
photon should be considered.
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So, we will suggest further

w? > |G > m2 (3)

v

In that region we may use methods, developed to describe the processes of the -

formation of a jet moving close to the forward direction.

2 Processes

Consider first the process of a pair creation by a circularly polarized photon on an
electron:

e (p) + (k) = e (p) + e (@) + eF(g). (4)

From 8 Feynman diagrams which describe it in the Born approximation the contri-
bution of only two diagrams (Bethe-Heitler ones) survive in the high energy limit.
Really, as was shown in the paper by E. Haug [3], the influence of other diagrams is
of the order of some percents starting already from w 2> 100m. Moreover, the exact
contribution of that two chosen diagrams differs from its asymptotic (w > m) value
less then by few percents for w value exceeding 500m.
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Fig. 1. The Bethe—Heltler diagrams and one-loop corrections for the pair produc-
tion.

The representatives of the relevant in the chosen high energy limit (3) Feynman
diagrams in the Born and the onc-loop levels are drawn in fig. 1. Among the one-
loop diagrams only those which have a non-zero imaginary part are to be considered.
We divide the relevant one-loop diagrams into two types: the ladder or eiconal-like
ones (fig. 1b type), and the diagrams with an interaction in the final state (fig. Ic

type).

The similar situation takes place for the classification of the one-loop dlagrams

describing the bremsstrahlung process

’

o) + lp) = ) () + (K, | )

where the longitudinally polarized electron mtcracts thh a charged target (with a
positron here).
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Fig. 2. The Born diagrams and one-loop corrections for the bremsstrahlung process.

3 Eiconal}liké in:tér'ac‘tiqnsuy

"Consider at first the diagrams fig. 1b. Following paper [4] we introduce Sudakov

variables
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where ¢;(j = 1,2) are the momenta of the particles from the created pair, k. k; =

kJ_p_qJJ_kl =g;1p = 0. Note that §; ~ 1, a; < 1, ﬂ1+ﬂ2—1 and, as we w1llsee‘

further ag, B < 1. One has in these varlables

‘ 1 . : |
d'k = S d%k, daydBy, S =2pki. (1)

We represent ¢g#” in a more convenient form

v _ o PR PR
g =0+l ' o (8)

Now if J%P and J!°* correspond to the top and the bottom currents respectively (see
fig. 1a), then :

J‘t‘oijatguu = (Jtap )(Jbotk ) + (Jtapkl)(Jbot )S Jtopral u.u (9)

Because the vectors JiP and J!°* have the components of the order of unity along

the momenta k, and p respectively, the first term in eq: (9) is of the order S, the
second ~ 1/5 and the third ~ 1. So, in our approximation we need to consider only
the first term. Because ax,fx < 1 we can replace k* = —k? and ¢* — —-¢2 > 0.
The matrix elements of the dlagrams of the fig. 1b type could be presented in the
form

2ie%(271)? d*k :
M(l) — / 1 top bot
M= e o)
o dBr s, o deg 4, .
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The integrals over a; and Sy are independent and it is possible to integrate (Jrp*p*)

and (Jb"‘kpk““) separately and to obtain the so called impact-factors.- Conmder at”’

first J""‘ it is described by .the diagrams fig. 3.
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Fig. 3. The bottom blocks for the lédderidiagra:r‘ns. :
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Pulling k; to the right, using egs. (6), ¥} = 0 and representing the denominator we
obtain

ore —S(Be(1 — ax) — t¢)
S(1 4+ ax) }/E u
S(Be(1+ ax) + i)

7= [ B s o (12)

Closing the contour of the integration over § in the bottom complex half-plane we
obtain

TP = —a(p') ks u(p). (13)

Consider now the top block. It is described by the diagrams fig. 4a,b,c and by other
three diagrams (a’,b’,c’) which differ from fig. 4a,b,c ones only by the replacement

k— (q¢g—k).

Fig. 4. The top blocks for the pair production ladder diagrams.

The detailed analysis of their contributions is given in [4] and the result has the

form

o _ ied d%k, - .
MY = S(27r)4/ k2 (q— k)2 i(q1)[26:Q1eL - (14)
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Q" = 0y KL — _ Gy
g 4m? o (k—q)i+m? gl +m?
ki ~ g5

(k= g2t +m2’

. Note that integral (14) has no infrared and ultraviolet divergences.

Integral of the first term in @), is simple: we introduce the "photon mass™ parameter

"X and obtain

3 &2k, /7 | , ,)
g */ (RT4 W) ((F — )3 + X2) o | (15)
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‘qy and k. are the two-dimensional euclidean vectors, we use further P =q¢* > 0.
Consider now the vector integral

i k(" = gt/
(k1 = 2A)((k = @)1 = M) ((k — @)1 — m?)

(16)

Vor facilitate further evaluations we combme the terms in the denominator using
FFeynman’s {formula
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L :2/9:d:1:/ dy{azy + bz(1 —y) + (1 — )} (17)
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For a = (q1 — k)> —m? b= (q— k) = A?, c = k* — A% we obtain

1 1
d?ky kR —q ~
—2/”““/‘13’/ m {(k—zl)? - (Az2 + Bz + C)}*’ - (9
0 0 ’ v

wliere

l=qg+q¢(-y), A=10, c=X ' (19)
B=qy+q¢ (1 —y)+m?y— \y.

Performing the integrations over d?k and dz using the tables [6] we put I* in the
form '

. .
dy B
w_ | Cl i —— 4 L -2 20
! /B?{ @G tl? (20)
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A A(A+B+C)

where

I I(B+2A—\/Z B+\/Z)
L =1In .
B+2A+\/Z B— VA

o B A = B? —4AC
TN+ B)) = .

¢1,9 = q1 + g2 are the two-dimensional euclidean vectors (¢2 = *>0,q=q%>
0). Using the integrals calculated within the power accuracy (we omit the terms of
the order m?/q? compared with the ones of the order of unity) we get

(21)
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Finally we obtain for the contribution to the matrix element of the one-loop correc--
tions originating from the ladder diagrams of the fig. 1b type the following:

1€’

MO = s I % afy') b (p) () 261(Q°) (23)
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We see that M) is proportional to the Born matrix element:

63

MO = _
2r2q2S

u(p') by u(p) a(q1){26:(Q%) + Q°¢} po(—qa). (21)

and M) is the second term of the expansion of such an expression

e

M) = Mb™ oxpl{—ia In 4 /\— +aln ——} (25)
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where M) is the sum of all ladder diagrams.
In the bremsstrahlung case (5) we introduce the appropriate variables "

ki =aps+ 8p1+ ki, Py =P+ B +piL, (26)

2 ‘
N . . m )
k=akps + Bip1 + ky, n :Pl—Ple, 8 = 2pipa,
2

~ m 5

Pr=p2—pi—% pi=pt=mi, p=m;
The matrix element will have the form of eq. (10). The hottom blo(k is the same as
in the pair production case with the substitution k; — p, (dlagrdms fig. 3). For the
top block we have the following set of diagrams

ky
pi Pl ~

a h C

Fig. 5. The top blocks for bremsstrahlung ladder diagrams.

And ones more there are clse three diagrams a’, b’, ¢ which differ from the diagrams
fig. 5a,b,c by the replacement k < g—k. The presence of all six contributions provide
the convergence of the integration in theimaginary ai planc of the impact factor
J'°7. Closing the contour of the integration in the upper half-plane we see that only
the poles of the diagrams fig. 5a and fig. 5¢’ contribute. The correspondmg mtegral
over d?ky coincides with. I} in eq. (15). As the result we obtain

e

k q—k g g ; }:

M® = 2_5_2—ln( L)a(s}) b1 ulpa) 5(5) fa {26 05Em) (27)
brem v k?
+ﬂleLQ u(p1), Br=—,
b
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k2, (ki — PigL)?

We see that it is proportional to the born matrix element.

ra)3/? . |
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+ﬂ16LQbrm u(p1)

Comparing the contributions of the ladder-type diagrams in the pair production and
bremsstrahlung cases we see that they are not bound by crossing relations, which -
is a'characteristic feature of the Born approximation. The absence of the infrared
singularities in the eikonal phase of the pair production is due to the difference
of the electron and positron phases, which both contain infrared singularities. The
infrared singularities remains in the bremsstrahlung case — it is the known property
of the Coulomb phase in the scattering of a charged particle in an external field.
Not finally, that in both cases the ladder sets of loop corrections do not contribute
to asymmetries.

M(born)

We present here the differential cross-sections in the Born approximation. In the
pair production it reads

2a3(z% + (1 — z)?)
72q2q} q3
4=qQ+ Q= Goot = q11 + G2,

. pair __
dop™" =

dz d*q; d%qa, (29)

where z and (1 — z) are the energy fractions of the pair components, q;, g2, g are
the transverse to the initial photon momentum direction momenta components of
the electron, the positron from the created pair and of the target respectively.

Theranalogous expression for the bremsstrahlung case:

. 2031+ 1)1 —y)
brem — § d d2 d2 L , 30
4 PR (k—q(l—y)? (30)

where y and f; = 1 — y are the.energy fractions of the scattered electron and
the -photon respectively, k; and ¢ are the two dimensional euclidean vectors —



‘the transverse to the initial electron beam direction momentum components of the
photon and target respectively.

We present here also the expressions for the invariant masses squared of the produced
pair for the first process

(zq2 — (1 - z)@)?
z(l —z) ’

Spair — q? ~ q; > m2’ ‘ (31)

and of the scattered electron in the second case

goon _ (a1 =) = i

) k2~ g2 > mP ' 32
y(1-y) 1 _ | 02

4 Final State Interactions

Consider the diagrams of the fig. 1c type, which describe-interactions between the
pair components. We need to take into account only diagrams with non-zero imag-
inary part. Using the Cutkosky rules one find the set of diagrams w1th non-zero
s—channel imaginary parts:

kl 91
X
q q2 -
1 2 3 4

Fig. 6. The interference of the final state interactions dlagram amphtudes with the
Bethe—Heltler ones.

Using fig. 6 we can write the needed traces (due to the condition g2 > m? we put
m = 0 in the calculations of traces):

1. “Nay oA JO ,. AV ;A“;'A
Sz = J5p{(=@)B(—d2 + Déta(—= & = K& (61 — 4 = )& — K)},

. ]_ ’ N ny A AN A A N £\ Amf A n A as A A~ ‘
So4 = ZSP{(—‘D)C(‘II — Qpq(—G2 — k)€ (G — ¢ — k)pldr — k) }.
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here we used representation (6) for g*. The remaining traces 513 and Sy4 could be
obtaiued by the substitutions ¢; < —g, and ¢ — —q. The correspondent denomina-
tors are transforming too. So, we have

21124

(¢?)?
d*k Soz Saa
8 / ir2(0)(1)(2)(q) {(q — q2)? — m? (q1 - q)?— m2}

2ReMOMWD = _

(1+P(g1 o =gz g —q)\ (33)

where

W =(@=-k>-m’, (2= (g+k)?-m’ ’ (34)
(@)= (qn—q—k)? —m?, (0) = k2%,

P is the rearrangement operator. We use the following definition for the photon
polarization vector and the polarization den51ty matrix:

¢y = (€0, €z, €z, €y) = (07 0,e:),

(ae)(be-) = z'&g,-_,-a.-bj,—, ‘ (35)

where ¢, is the degree of the photon circular polarization.

Performing the integration over the loop momentum (the relevant integrals are given
in the Appendix) and using the expression for the cross-section in the Born approx-
imation (29), we obtain for the analyzing power (see eq. (1)) defined as

1 do ve—ete

air __ ol
A = | . (36)

: Ye—e
62 sin ¢ danonpo‘;e

the following expression:

air az 2r zTC T . 22
AP = ——————_2(12 g [—(y — —) In i 2y(z = 2cy2) In 2y (37)
TYZ z° 2,3 z? 1 R z?!
tarals VS A = T (2ot 20 - T,
|g 1

|

c=cos¢, z=1—y, z= i d=z*+y%2? — 2zyzc,

)

l

- Note the property
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AP (2,3,y) = — AP (27N y, 2), ' S (38)

which comes from the symmetry in respect to the transposition of the pair compo-

nents. In the limit || ~ |@2| ~ |§] = V¥ + 4¢3 +2q192¢ > m the expression for

AP*" does not depend on m. The value of AP*" shght]y depends on ¢, x and y; the
dependence on z for some different fixed values of z and c'is illustrated in Table 1.

Table 1. Values of AP*" (eq. (37)) in % for different fixed values of z and ¢ = cos ¢

as a function of z.

z | AP % (c=05) | AP, % (z=0.5)
4 x=0.2 | x=0.5 | x=0.8 || ¢=0.0 | ¢=0.3 | ¢=0.6
1.0 | -.074 | .00 | .074 | .00 | .00 | .00
15| -14 | -024 | .10 || 23 | .12 | -11
2.0 -26 | -12 | .17 42 | 16 | -.28
25| -43 | -30 | .25 || .59 | .14 | -53
30| -64 | -54 | 33 || 75 | .06 | -84
35| -8 | -8 | .39 | .90 | -.06 | -1.23
40| -1.15 | -1.21 | 43 || 1.04 | -.22 | -1.68

In the bremsstrahlung case only the diagrams fig. 2c have non-zero s-channel imag-
inary parts which leads to one-spin correlations in our energy and angle ranges.

The corresponding contribution to the matrix element has the form

_ (47a)®/*(~2in?)

MO = S a0 te) w0, @9
where
o [ 4k [0 = e+ k — R - Ry |
o - | { —Omew) o (40)
L élnt k) [v'n(f)zf + b= B = k) | 1l + b= D)y,
2pikr oM@ 0)(0)
Jlir = R)i + b =By (Bt kl)ﬁ}
(0)(2)((1_) : 2paky
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0= (R ~X), (1)=(p— kP —m?, (2) = (pa— k) — m?,

(k?
(9) = (p2 — g — k) — m?.
The asymmnetry arises from the interference of the imaginary part of M) with Afto»

(eq. (24)). We use the following expression for the spin density matrix of the initial
electron: .

U(Pl)ﬂ(l’l) =pi(l = s), , | (41)

where £ is the degree of its longitudinal polarlzatlon Further we consxder the terms
from the whole interference -

Re(Mbmy MW . (42)
which contain the quantity
I = EeunoPiPip’q” = Es[fy x i = E[fallka] sin 6, : (43)

“where ¢ is the azimuthal angle between the transverse cbmponents of the photon

momentum and the one of the scattered electron, 0 < ¢ < 7.

Table 2. Values of Ab7e™ (eq (44)) in % for different fixed values of y and ¢ =cos¢
as a function of z.

z | A % (c=0.5) Abrem % (y = 0.5)

y=0.2 | y=0.5 | y=0.8 || c=0.0 | c=0.3 | c=0.6

1.0 -28 | .004 | .036 | .036 | .005 | .007

15| -8 | -.068 | .027 || .021, | -.062 | -.059

201 -1.7 -.17 .013 012 | -.15 -.16

25| -29 -.31 .000 007 | -.26 -.30

3.0 44 -.49 | -.012 .004 -.39 -.48
3.5 -6.3 -71 | -.022 .003 -.56 -.72

4.0 | -8.4 -97.| -.032 | .002 =75 -1.0

Using the integrals form the Appendix we obtain

13



Ee—Eey
Abrem _ 1 do pol
- B Ee—reey
§2 sin ¢ dgnonpol
_az(l -

{ 4(1 — y)zcln(——i:ZZ—H—z——j) + = %

T 21 4y)?
+(2 = 3y)b— (L + 22¢ +2°)(y(1 — y) + 2(1 —y)b) },
2 |72
b=y+2°(1—1y), = 53—, . c=cos ¢,
y+z(1-y) |

where _1) = 1 —z is the energy fraction of the scattered electron. Again, the analyzing
power Abrem does not depend on the fermion mass in the kinematical region |f| ~
|E1| ~ |§] > m. For some fixed values of ¢ and y it i is glven in Table 2 as a function
of 2.

\

5 Conclusions

" The formulae given above for the pair production case could be generalized for the-

case of QCD. For the two jets production process by a circularly polarized photon
on a hadron the additional factor —as/(2Na) ~ =7, (N = 3,as ~ 0.3) appears in
the right part of eq. (37) for A?*". In the case of the two jets production process
by a circularly polarized photon on a positron:the reinforcement coefficient would
be even larger: 2(N2 — )ag/a, in this case our estimation is only qualitative (it is
needed to 1nclude 1oop corrections to the non—polarlzed cross sectlon)

We do not con31der here the case of a heavy pair production where the deviation
* from the eikonal-phase multiplier could appear, which would cause the asymmetry.

The analyzing powers of the considered processes as well as the cross sections do
not decrease with increasing of the energy of the initial particles. The suggested
processes and the angle ranges are convenient Tor the modern high energy exper-

iments. That-is an advantage in comparison with the known methods [1,2] of the,

polarization measurement. We underlme also that in our case the target implied to
be unpolarized.
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2y + 26 (44)

Appendix

In the Appendix we list the relevant one-loop integrals as for the pair production
process as for the bremsstrahlung one.

Pair Production Onc-Loop Iniegrals

The notations for the denominators:

(g — k)z_ -
(71 —q-— k)z

(1)
(q)

The scalar integrals:

dik |
’“J’”/ T 0@

3

m?,

2

—m",

1

1= L/‘—i:ll—-——————l
) (D)(2)(g)

N 'f—‘\‘s'm/ii-]-c-—1
T - amd (1)(2)(0)

The vector integrals:

dik
"= \sm/ 3
l7r

Y 4L/d4k
CT i W

kn

k“

k#

©O)(@)(1)(2)

o gm/ﬂ —
* = i (D)0

The tensor integrals:

4k L ' :
uu:(\ — nv n_v H v I " v
= [ 5 i = b et i

+hi2{q1,92}"

/d‘k
= Gm
1w

o

(2) = (g + k)? — m?,

(0) = &%

=haql + Ly + 1, ¢",
=i q +i295 +iq",

219t + 2205

+ ho{@a}™ + Lg{q2 9},

[L

=1,9" +1H‘h‘11 +l22‘h‘12 + 1949"¢"
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+ia{qr, @23 + i {q g} + 120{q2, 4}, (A.9)
where {...}** means the symmetrization: {ab}*” = a*b* + a”b*.

And the last integfa.l

dk  kPEVEP .
"7 = ‘""/ " O = a1{q, g} + a2{q1, 9} + as{gz, g} + as{q®}

+as{¢d} + as{a3} + ar{a1, a2, 9} + as{qr, a3} + ao{q?, ¢z} (A.10)
+a10{q1,¢°} + ann{q}, ¢} + ar2{g2, ¢} + a13{q2,¢°},

where we used the notations:

{a,b,c} = a*{bc}*” + b*{ac}*” + c*{ab}*,  {d°} = a*a*a®, (A.11)
{a?, b} = a*a"b® + a*b"a”® + b*a"a’, {g,a} = g""a” + g**a” + ¢**a*.

All integrals besides the last one have been evaluated in [5], but in the scattering
chanel. To convert them into our (pair production) chanel we have to replace p; — ¢,
p1 — —q2, ky — —ki, ¢ — ¢. An imaginary part appears in l, = In(~ u/m2) —
ln(—sl/m —i0) = In(s;/m?) — ix. In this way after the transformatlon we obtain
using the results of paper [5] :

1 ' . ~
I= —(lt + In — 3 ) 1= ;ls, (A.12)
. l, — 2k gt — 2k

11:_ f—l'__—llv 12:_ 1 ls+31 2lt7

2k1a 4k1k231 2klsla 4k1k231

I, i o =2 =2

I=- _ 11=~q—zls—ua

2k1a 4k1k2 a a?

;=2
.81 81—4¢q | S1
L= —;2-_13 PO ig= ;l, - 2;,

. I, 2 1
zg=—s—1, z—tl=——+ —1, Zy=zp = ——,

4a 81 - 81 81

(q2)2 3@ -4sgt -t st (@7 445 - 35T
= ) tn=—l+
2a3 a3 2a3 ’
. s )2 _ 45,3? + s? . 51472 s1(s1 — 5¢2
112:q3113+(q) L T (s = 5¢%)
, a 2a3 ad 2a3

s s1(5s81 — q?) . s2 3s?
=gkt T e ke
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1 1

= el 4 I
]g 4/\_, ls + 4}61 iy
I, = .Slkg - 2}61(;2 (Sl — 2k1)2 _ 2k1(q‘2)2 - 2k23§
e Qkfaz ’ Skfkgsl ! 4k1k231(l2
[ . _(72(}62(72 — 231k1)l, (31 bl 2k2)21 + (k2(q‘2)2 - klsﬁ)
2= 2k¥a231 ’ Sk%kgsl ¢ 2k1k23102
I *—al(kl+2kl)l + 81 ! _Sl(kl—kg)
L 2k%a? " 8k%k, ' Zkikea?
-2 2 =2
§*(k2 + 2k1) q q* (k2 — k1)
iz et TR T okka?
I, = sia +‘2/f1§2 L+ S1 —22k2 I+ s1ka + k1q?
1h?a? 8k2k, 2k kya?

/ _a§2+2k131 _31—2k2l kisy + k2q?
2T TqRar T 8k%ky 0 2kikga?

where we used the conservation law ¢ 4+ k; = q; + g2 and the notations

81

ln(m2)7 ly = ln(——n?)’ $1=2q1q2, a=s+4, (A13)
{ = —2qky = —2ky, —2q1ky = —2k1, s1— 2k —2k; = -G < 0.

Here &y, q1 and g, are the four-momenta of the initial photon, the electron and the
positron from the created pair respectively. ¢ is the four momentum transferred to
the target.

To cvaluate the last integral 1#? (see (A.10)) we multiply it by g#*:

i* = 6a1q" + Gazq; + 6asqh + aag>q* + a7(20192 ¢ + 2629 45 + 2q1945)
42080192 45 + 2090192 4% + a10(2019 9" + ¢* ¢}) + 2an1q19 ¢} 1 (A.14)
+2a12029 75 + a13(q” ¢ + 2929 4*)- : .

Multiplying by 2¢¢ and taking into account that 2¢,k = k? we obtain

" = 2d,(qugg + {@1,9}) + 402{¢ }2as({q1, 2} + 0192 9) + 2a4q19{¢*}
+2a6192{93} + 2a7(0192{ 01, 4} + na{as, 2}) + 20801 02{23} (A.15)
+2a9q192{q?} + 2a10q19{q1, ¢} + 2a11919{q}} v
+2a12(q192{02, 0} + @19{a3}) + 2a13(019{92, 4} + n192{4’}) -

Multiplying now by 2¢4 and canceling k? = —2¢;k we obtain

17.



And finally multiplying eq. (A.10) by 2¢ and taking only the terms with g**, re-
membering that 2¢k = (g1 — ¢ — k)? + 2k; we obtain

So, we have 18 equations for 13 variables. We present them in Table 3.

Using the strings 1-3 of Table 3 we find a1, a3, as. Then subtracting 13 from 5 and
solving it with 17, we find a;2, @13 and so on. In such a way we obtain the values for

a;:

—i* = 2a1(q299 + {92,0}) + 2a:({q1, @2} + ©1229) + 4a3{g3} + 2a4q29{4’}

2g + 2k21g = 2(11(]2 + 2(12(]1(] + 2(13(]2(] .

+2a5q192{q3} + 2a7(q192{92, ¢} + 29{q1, 22}) (A.16)

+2a50192{q2} + 2a0q192{q1, @2} + 2010(0192{¢*} + q24{ a1, 9})
+2a11(q192{q1, 9} + ‘12‘1{‘13}) + 2a12929{q3} + 2013¢29{ 29} -

(A.17)

S1 S1 S1 S1 — 2k‘g S1 — 2k2 $
=ty - , = I — ,
T R TT A TR T 6k ¢t 8ha
S1 — 2k2 S1 — 2k‘2 (T?
= I, ! , .
s 1682 T 16k 7t Bka (A-18)
ar = S%(Bakl - 2’(?%) - 6310k1(2k‘1 + k‘g) —_ 6k‘¥azl _ (51 - 2k2)3l ‘
5 4’k *T 168, ko3
+S?(2k§ - 3’(4‘3 + 5k‘2 k‘l) + 33?’(4‘1(1(2’(?2 b 3k‘1) - Qslazk‘f — 3’6%0,3
' 4k‘231(13k¥ ’
= s3(4k? — 6ak;) + 3sa® — 6s1kaa® + 4k‘§a31 (s1 — 2k2)®
6 8a3k:1’sl s 1681 kgk? t
+S?(3k¥—' 5]02’(?1 - 2’(?%) - 33?(1’(4‘2(2’(?2 + 3k‘1) - 33102k2(k1 + 2’02)
4‘31(13’(4‘%’(4‘2

_ k2a3(2k2 - k‘l)
45,03k,

18

Table 3. The set of equations for a;. The right sides of the equations are in the
first_ cobumn. The other columns gives the coefficients before correspondent a; (the

blanks mean zeros).

ay | ay aiy |ay | as g ar ag | ag |aypo [ ay |aiz2 |axs
y R 2p| . ' 1
—i, 2qg2mip; 2
=y — 1126 2p1q|2p2q ' - 3
I 6 ' 2p2q 2pip2l ¢ 12p1g 4
i2 16 2prg 2pip: 2paq| @* |5
i 6 g b 2p1p2 ' 215! ql 2paq |06
T il 201 P2 2p0q T
=i 2 P2 _ 2paq 8
2 o 2p1po ‘ 2mq 9
) ’ 1 20 P2 2paq 10
Tog 2y - : ©ERmpll
—igy 2p2q) ' 20 N I |
‘12 2 2p g Rpipy 13
—113 2 | 2paq 2P\ 2 1
ar 2 201 P2 2;); q . 15
- II', L ‘ 229 2pipa 16
IR S N e P2 g 1T
g | 2 e 2p11, _ o 2paq I8

477 2k - :MA’Y') . i;li([z(izkj = dak) _ ulis I, + sils +-a.? + 2hiky ¢

R DAtk ~ o 16k ks
+s'f(3k'f = 2k3 = Skiky) + Asia(3kF— 2k2 = Skiky) — a2k, hy
dadkik, ) o ’
19



—252(2k2 — 3ak,) — 4s1a(4k? + 5k1ky + 2k3) — a*

= . 8k3a® ts
(81 - 2k2)q l ?(2]0% + 5k1k2 - 3k12)
16k3k, F 4a3k?k, -
+51(l(4k§ + 8k1k2 bl 3k12) + a2k2(3k1 + 2k2)
163kk, ’
sf(2k§ el 3ak1) + 251(1(5](?12 + 4k1 kg + k%) + 2a2k1(2k1 + k2)l
B 4a3k3 )
(s —2k), |, SH3K — 2 —5hiky)
16k3k, 4a3k?k;
| 91a(0k} — Thiky — 2k3) ~ 20k1 (3K} + kuky — 2K A)
4a3k2k2
Qi = *s¥(2k§ et 3ak1) + 251(1k1(2k1 + kg) _ 31(81 - 2k1)l
10 4a3k3 ’ 16k3k,
| 532K + Sk ks — 3KD) + siaky(2k; — 3h)
4a3k7k; ’
P sf(3ak1 - 2k§) _ 481(lk1(2k1 + kg) - 2a2k12 _ (Sl - 2k1)2
e 403k * U 16k3k,
83(2](?% + 5k1k2 - 3k12) - 251(1k1(3k1 et 2k2) - 3(12](?3
103k k, ’
S _sf(2k§ — 3ak;) + s1a® — a3k21 3 (51— 2k2)2l
12 4a3k3 ’ 16Kk,
2(2]{)2 + 5k1 k2 — 3k2) + 251(1k2(3k1 + 2k2) + azkg(kl + 2k2)
4a3k3k, ’
- s2(4k2 — 6ak,) + a331l + s1(s81 — 2k3)
2 8a%k3 N 16k3k,
+S?(3k2 - 5k1k2 - 2k2) ot slak2(3k1 + 2k2)
4a3k2k2

Bremsélrahlung One-Loop fntegrals

We will use the conservation law p; — ¢ = p; — k; and the definitions

(0) = (k* - vx(n:@_wf—mf(ms@rwf—m%
(q) = (Pz—q—k) ~m? 5 =2p2ky, t=-2pk;, u=—2pipy,
b=s+u, ¢ =-7° =s+l+u,

20

(A.19)

= ln(—s/mz),

dk 1
X=Jm/53mmr :
o [k
'":Jm/'ﬂ(muxw’ .

dik 1
]‘Jm/mamwm

d*k 1
’_Jm/ i M2

dtk kv )
¢ = [ 55 g et =

fm [ s = (= 0

= In(=¢*/m?), I, =In(—u/m?).

SRR d4k E y . ) g
u:%m/————-:]pu+] u’
_]. WO T
I* = Sm/ _(.i.‘i_L = jlp;‘ + Lpop + Iqqn’
ar® (0)(1)(2)(q) -
d*k kekY
nyv — c\\rm/ ex_FrY
! i (0)(1)()
—n{p1,p2 — ¢}, e e e
dik kR
WY MR . 2 . 2 )
J \rm/ in3 (0)(2)( ) Je9 +]22{P2} +]qq{q }+]2q{P2,q},

g [ R
r=om [ 5 e b e + )

+Ilq{P1,é} + IZq{P% ‘I} + Iqq{q }

= n,9 + mU{p}} + n22{(p2 — 9)*} e

d*k  kPkVEe S T DB
nrp ) .
I - \rm/ Z7T3 (0) 1)(2) q) al{q’g} +a2{p1,g} +a3{p2)g}
+as{g®} +us{p}} + as{p3} + ar{p1,p2,q} + aB{Plapz} + as{Pan}
+a1o{P1’,q }+ aii{pl, g} + ar2{p}, q} + (113{1123(11} . '

The values of the integrals are the folld\;ving:-

x=—bh m=_?ﬁ?”>zﬁv

2 .11 '
I = Elult, ] = b(2l 2l¢l ), . 171‘= — e —lh

(A.zo)
(A.21)

(A.22)

(A.23)

(a2

(A.25)

(A26)

(A27)

(A.28)

(A.2§)

(A.30)

(A.31)

(A.32)



1 . b— 2q* .1
m=glh 2=~k — 2+l p » dr=gh
1 ,
= gl - 2Bkl + 260, Ty = ﬁ[%lu = 23],
1 st, st—ug ==
12 = ém[‘é‘lt - 2_b—ltllq - 2(t+ u)ltl“]’l 79 4 b
1 3
1 = .2—tl? — ?lt, M2 = 'é?lh , Mg = —Elt’
. t o2 1, 3t? t 1
Jo= El” Jz = ﬁ(il? —20lg) + b( PR :‘j)’
. 1 . b—t
= mgple Jw=E

she coefficients for I* (eq. (A.30)) can be expressed in terms of I, 712, Ji2:

I22

I,

Here

’ 1
as = =[ba11 + 7u1],
u

Iqq

we

1
a) = E[tulq-}— lt], . ag

1 .
az = .E[“t(“ + )1, —

RN

2 :
ar = _t-?‘ -}2-522(1 u‘qu o 2t ‘lt, ag = %[Za;;— (t+ u)a7],
2
ag = %[4‘12 C(t+uan],  aw= 2‘(51tu[2ustblq + (2u + s)u L,
B 35 +2u | o
m= gl T
(w+t), =34 2uP(u+t) +3s(u+t)? + 25% + 2ut® + 2tu21
Gnz=g I, + T omsn
1 2utt(u + t) (s - (t Fu)(s+ 2u))u .
a.13 = 2stu - S, bs

1 o
ltI,,,. In = ——[(u +8)2 0, + (u + s)m + s,
= [t(u+t)21 +q (u+t)1q + sta,
= ;[(u +9) +ml, Iy = E[—t(u +1), - ¢*jal,

1

list the coefficients a; of the expression for I** (eq. (A:31)):

1
= E[tblq + lt],

1 2udt (2u — s)u

q v
L = Ly S LAl L)
b u, [ 2stu[ s L+ s s

1.
ag = "[,722 — (t+u)aiz),

22

(A.33)

‘ 1
Ny = —[—ug’l, — (u+t)na),
sSu . .

(A.34)

ty
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Ap6y30BAB WAp.© s ED.0544

Onnocnnnonbre acnmmerpnn B npoueccax poxnennn nap
nTopmosnoro nanyuenmr Ei ,

Paccmorpenbr acmmerpnn B npoueccax Baanmonenc'rnnsr unpxynxpno-
nonnpnaonannoro q)OTOHa " npononbno nonxpnsonannoro 3/ICKTPOHA C 3aps-
XEHHOH MHIUEHBIO TMPU BHICOKUX sneprnsrx l"lpeucmmenm nonpo6nocrn BbI-
qncnemm Hoxaaano, uTOo, acnmmerpnn rIpOrIOpIIHO}{aJIthI CTENEHU nomrpn-‘

BBU,HH Haua.nbnon qacrnum "HE- HallalOT c pOCTOM :—mepmn Pl MOI‘yT IlOCTPlI‘aTbv

'HECKOJIbKHX npouemon IUTS YHCTBIX KBI[ NMPOLECCOB MJTH necsmcon TPOLEHTOB
‘B C1yuae POXEHUS KBApK- anrnxnapxonon napel. l'lonepetmhle K Hanpa}me-
HHIO HAYaJIBPHOrO nyyka xomnonenrm BRIXOJISILITMX uacrnu cunrarorcsr 60nbum-'
MM no cpannemno c Maccon snexrpona (xBapKa) 3 '

PaGora BblHO]IHeHa B Jla6oparopnn reopernqecxon q)nanxn PIM H H Bono-‘ ‘
mo6oBa H Jla6oparop1m xuepnmx npo6neM OI/ISII/I

" " penpunt OGBEAMHEHIONO MHCTUTYTA sAepHEIX MccnenoBanmit. lybra, 1995 -

ArbuzovAB et R
-One-Spin Asymmetrles in Pa1r Productlon
and Bremsstrahlung Processes :

Asymmetrles m the mteractlon processes at’ hlgh energres of c1rcularly
polarrzed photons or longltudmally polarlzed electrons with charged targets are-|
consrdered The derlvatlons are shown'in detail: The asymmetrles are shown ~
tobe proportronal to the degree of polarrzatlon of the initial partlcle they do not
decrease w1th increasing of the energy and could reach several percents for pure |
QED processes or tenth percents in ‘the case-of a quark-anthuark jets -
productlon Transverse to the beam’ dlrectlon components of the. outgomg
partlcle momenta are assumed to be large compared wrth the electron (quark)
mass. B , , PR gy

: The mvestlgatlon has been performed at the Bogohubov Laboratory;
of Theoretlcal Physrcs and Laboratory of Nuclear Problems J INR
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