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For polarized «~ and e~ high-energy collisions we present the differential cross sections
for two different kinematics: emission in large angle for final state of two and three particles and
quasi-peripherical final state of three and four particles.

Z[HSI TIOJIIPU30B HHBIX BBICOKOOHEPIETUYECKUX COYA peHI/lﬁ TIPEACT BIIEHBI }_mcpcpepemm JIBHBIC
CEeYCHMA I ABYX P 3IUYHBIX KUHEM THK — HU3IIYYCHHUA IOX GOJBIINM YITIOM 11 KOHEYHBIX COCTOSTHUI
JABYX U TpEX 4 CTHUL U KB 3Hnepmbepnqec1mx KOHEYHBIX COCTOSHHI TpEX M YETBIPpEX Y CTHULL.

A new laboratory for studying the hadron processes as well as ones with heavy
vector beams will be opened with planned linear e™e™ high-energy colliders [1].
It will provide a possibility (using the backward laser Compton scattering) of
obtaining the photon—electron as well as photon—photon colliding beams.

The problem of calibration as well as the problem of measurement of the
degree of polarization of photon beams is important for this kind of colliders. The
QED processes at yet collisions are relevant for these purposes. For colliding
high-energy electron—photon beams with detections of large-angle emitted final
particles, the totally differential cross sections can be useful.

This type of colliders can also investigate similar processes in v~y collisions.
The general theory of polarization phenomena in colliding photon beams was
developed in [2]. The polarization phenomena turn out to be essential in our
analysis also.

1. EMISSIONS IN LARGE ANGLES

In this section we will consider photon—photon(electron) collisions with emis-
sion of particles into large angles in c.m.s. (M;/\/s < 6; < 1, where /s is the
total c.m.s. energy and m; are the masses of particles)

Y(k1, A1) + (k2 A2) — ' (g4) + 1 (g-), (D
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Yk, M)+ (k2 Ao) — p(a4) + 17 (g-) + (K, V), )

Yk Ay) + e (pAe) = e (0, Ae) + (kr, M), €)

Yk, Ay) e (pAe) = e (P N) +Halg—, Ao) +algs, At ), a=e" 0, (4)
Yk, Ay) + e (P Ae) — e (0, N) + 77 (g-) + 7 (a4, (5)

Yk, Ay) + e (o Ae) = e (0, N) + (K1, A1) + v (k2, A2). (6)

For the matrix elements of processes (1)—(6) we use notation

5 26 Ay A1 AN N PYPYPY
M3y, M2y, My ,MMA s M3\ M7

(7)
A5A17)\1;A25A+7)‘—5A756:i17
with scalar products
s=2p-p, s1=2¢ -qy, t=-2p-q-, t1=-2p"qs,
u=-2p-qy, w=-2p'-q-, x=2k-p, X' =2k-p, N

X1+ = 2k1 - q+, Xox = 2k2-q+,
X+ =2k-qx, x;=2kj-p, X;=2kj-p, j=1,2

Photon polarization 4-vectors with the definite chirality A, el); (k), X = 'y“eﬁ can
be put in representation [3]

x(k) = N[g-qhw x —ki-qrwi], N =[six_x4/2 "% ©)

For calculation of the cross sections for processes (1), (2) in the case of
partially polarized photon beams with momentum k; (i = 1,2) we will use po-
larization matrices of density p; = p;(k;) in the helical representation determined
by Stokes parameters & @) in the following way [4]

_ g g - g _
pi = pi(k:) = 3 <—i fiz) B Eéz) 1_ Eéz) , Tr(pi) = 1. (10)

Let us introduce 2 X 2 matrix building from the amplitudes of process (1)

MS, M?S
mi= (3 ) an

Then the probability of process (1) will be reduced to calculation of a trace from
the product of the next matrices [2] [M} , |* — Tr(p] M9 p, M‘lﬁ).
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The cross section in general case has the form [5]

do VY

2
o = TR - 266 €0 ol - )R-,
(12

where ) 5
X1+ T X1-
Ry =22 vif = xor. (13)
X1—-X1+

For the case of completely circularly polarized photons (right (R): 551’2) =
+1, left (L): 5(1’2) = —1) we will have

dUL’Y—WH da;ﬁ%—’liﬁ 0 dO.L’Y*HH da%}‘—’liﬁ a2 R
= = s = = —Iliy.
0, 0, 0, 0, s

The corresponding cross sections for process (2) for definite chiral states of
initial photons are

Yy—puty
dURR(LL) sy xox+ 02 +x3)
dr w2 D ’
w25 (14)
Yy—puty
dURL(LR) _ o®sy xi-xa+ (G- +xi4) + xe-xer (G- +x34)
dr m2s D '
For (3)—(6), the matrix elements of the chiral matrix m;; are constructed
from the chiral amplitudes of the process M /{\W‘)\A:A as
AN AL |2
mi1 = Z |M i |7 ma2 = Z ‘M7++ )
AN AL N (15)
A )\ N ANy
mio = Z M + _++ ), mglzmTQ.
AN

We put here only half of all chiral amplitudes which correspond to A, = +1.
The other half can be obtained from these ones by a space parity operation.
For the case of muon pair production we have

u? + 12 ui + 83
mar =4[sy][s-] e 2= 4[5+][5—]18va
4 2
iy = = S [(as0)2 o (t41) + (wun)? — 26ty s (16)
(s51)

— 881 (tt1 + wug) + 4i(tt; — wuq)A|,

where A = €,p0¢'Lq” p?P'” and [s1] = sN, + 51N, S



QED CALIBRATION PROCESSES FOR POLARIZED ~vy 159

For the electron pair production we have

4 _ 4 _
mi1 :7[S+][S ] [t3t1 + wPuy + 8381}, Moy = 7[8+][8 ] [t?t + u?u + s?s},
ssitty ss1tty
(17)
4[s]? 1
mi2 —(85[1%)2 [(uul)Q — (s81)% — (ttl)Q} [5((uu1)2 + (s81)2 + (tt1)*—
— 2uuq(ssy + tt1)) + 2iA(uuy — s81 — ttl)} .
For pions one gets
ma = [sq][s-]tu,  maoz = [s4][s_[tius,
2 (18)
[s4]” 1 2 ;
Mg = [E(uul — tt1) — ss1(uug + tty) + 2i(tty — uul)A} .
1
For the double Compton scattering we have
8sT - ) 3 8s 3 3
mi =7 [x‘fx’l + X35 + X x}, m = & [x’l X1+ x5 x2 + x?’x’],
8s (1
mi2 25{§(X1x'2 + X2X1) [XlXIQ +xex1 +s(s + X - x)} + (19)

+ 2iB(x2x} — xlxé)}

with D = xx/x1xixexb and B = €,,,,0k5 kY pPp'?.
The differential cross section of the Compton scattering process (3) has the
form

- a2 2+ 12 2 2
doe :@[X xx?C +§2A6XX3< }dOV. (20)

The cross section of processes (4), (5) has the form

do a?

T 27y [mu + mag + a2 A (M1 — maa) — 263 Re (my2) + 2€; Im (mu)};
d3 /d3 B d3

ar = $L2 9= 0 s,

; +k—p —qr —q-).
Po 9-¢ 4+

(21)
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The cross section of processes (6) has the form
do 1 a3s
dl,  2!272xD
+4&B(xaxz — x2x1) — &axs + x2x) (xx’ = xaxi — xaxa)+
2 2 2
+ Al (X7 = x) Fxaxi (A = x17) + xexa (06 — xb )} , (22
B d3p' d3ky d3ks

dr., = 54 k—p — ki — ko).
T a5 (p+k—p =k —ke)

2 2 2
[xx’(x2+x’ )+ XX 04 + X3 + xexa (G + xh )+

2. QUASI-PERIPHERICAL COLLISIONS

In this section we will considered quasi-peripherical photon—photon(electron)
collisions

Yk Ay) +em(phe) — e (P, N) +alg—, A=) + alge, Ay), (23a)

Yk Ay) +em (o Ae) = e” (P, N) +alg—, A-) +algs, Ay) + (ki A), (23b)
a=e,pu,

vk, M) + (k2 A2) — a(py) + a(p-) + blg+) + b(g-), (23¢)

Cl,b: 6_7/1/_577_7

it means, in the case when the aa, bb pairs move close to the direction of initial
photons. Besides the latter, we will restrict ourselves by the case when the
invariant masses aa and bb are large in comparison with the mass of muon and
much less than the centre of mass total energy /s

mi L 81,82 K 8, X+ ~S1, Xy~ Sa. (24)

The corresponding matrix elements have a factorized form

_ _ . 2(4ra 3/2 A1) 1 ~
Miem —aae (7)) = s il = Sl ulp),
2(4 2
M('Y'Y N €+€7M+,LL7) _ ZSLQO[) [mi\lkem)a)\u + m?lemg\lku,]’ (25)
q

L 1 v Ao, 1 o
myte = gkgel(/ﬂ)Mwu, my* = gkl g5 (k2)Maop.

The cross section of process (23a) will be

(2

do = = |mJ]§|2Tr(pmzl)‘”)qudsAde)AdsBCI)B (26)

with s4 = (¢ + k)? ~ sa, sp = (p— q)% =~ s03.
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For the elastic subprocess e~ — e~ * one has the integral form [ dspd®p =

(27)~% and |m5|?> = 1. For the subprocess e~ — e yy* 2(in the process
dond*k
ve~ — aae” +y) one has the integral form /dsBdQJB = 0517_ and
2(27’()6041041
2q° _ k? (ark; — agp’)?
+12 2 1 !
m — 1 + ay), = —, = (27)
Im 1X11( 1), X1 o X1 oo
. dp_d%q_
For the upper block the integral equals [ dspd®4 = ———~——— and the
2(2m)6x_x 4
trace Tr (pmzl/\”) has the form
2 Q)2
Tr (pmiy ™) = (2} +a2) ~ & |QPr_ay + G
X+X— S1
q-Q
Fa6e — (e QL ]Z} 08)
with
g+ =axp+ Pk +qi, Q=p-aqy —fra-,
Q’ qai (29
$1=20+q- = 77—, Tx=—.
! - B+B- S0t

In the case of (25) let us assume that the pair a(p_)a(p,) belongs to the jet
moving along direction of photon k1 so we have

p+ = asky +xiki +pg, (pi)>=-pi, pi-ki=pi- k=0,

2 2 (30)
X1+ P3 2 Qi
N—=—,8=(p+ +tp-)" = y Qo =24p- —T_p4,
s ST+ 1= ) T4T_ “

a+

where p4 are 2-dimensional Euclidean vectors (p—+p4++q = 0); 4+ = 2kops/s
are energy fractions of pair components (x4 +xz_ = 1), and s; is squared invariant
mass of the pair.

The similar relations are valid for the pair b(q_) b(q.) from the opposite jet
moving in the direction of the photon k,

g+ =y+ko + Bikr1+qr, qf=-di, qf -ki=qf ko=0,

Xor _ 9 Qs G
ﬂiz%:sy—i’ 82:((]++qf)2:y+—yv Qv =y+d- —y-d+,

where energy fractions y4 = 2k1¢+/s, (y+ +y— =1) and q- +q+ —q =0.
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It is useful to construct 2x2 matrices (see [6])

+ _ ar2n2.42 xi/sz exp {£2ip, }
Ml(e) _Nl Qaq (eXp {:F2i50a} xq:/x:t ) (32a)

 AT2()242 1 exp {2ipa ) A -
Ml(Tr) = N1 Qaq (exp{—?i(pa} 1 y  Pa = QQQ~ (32b)

For the cross section of two different pairs production (i.e., a # b) one
obtains

_ . at de_dy_d*p_d?q_d?q
do(yy — aabb) =TT Yty ) X
S1(a)S: S1()S2(a
x[ 1(2) 2(b) ! 1(12 2(a) 2], 33)
(a+q-)*(a-p-)* (a—q-)*(q+p-)

and for the case a = b

_ . ot dr_dy_d%q_d’p_d?q
do(yy — agad) =—r4x_y y— X
T

piq®

S1(a)S:

% 1(a2) 2(a) -, (34)
(@+aq-)*(a—p-)
where T M ) - ( M

T a r a
Sua>='—j§lirlélw 55w>=:——4?—53%22 (35)

q’Q*Nj q?Q*N;
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