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Q ED PROCESSES WITH TRANSVERSELY
POLARIZED e e COLLIDING BEAMS

E.AsKuraev, M.Yu.Lelchuk, V.S, Panin,
Yu.P.Peresunko

Abstract
We present the formulae for radiative correctioneg to

2 R € 1

due to virtual and soft photon emisgion in the case of trans-

k- -
cross sections of QED processes e ¢ —v e e, e
=0
versely polarized initial e e  beams. The differential cross
section for the emission of an additional hard photon have

been obtained. The comparison of QED contributions with thoge

of the 22 - boson exchange is given,




1. Radiative corrections (r.c.) plaﬁf. an important role
in studying of et e~ collisionsas well as the Q ED proces-
ses with hard photons emission [1]. The case when initial lep-
tons are polarized containg more opportunities not only to
verify Q E D themselves but to look for the neutral cun'ant
contribution which is of order of Jf= ¢5/(ndh) ~ 3.1074 £ (GeV)

(G ~ the Permi weak coupling constent, o= 4437 , 2%- the
total cm. energy). This quantity reaches the magnitude of
10-15% for now accessible range of energies (PEP, PETRA), and
may be enhanced when polarized leptons are used, The studying
of Q ED processes 1s interesting for various reasons. In
the first place it is gtill an interesting question to see
whether Q E D remains vaelid at high energies. Secondly, the
QED rﬁantinnﬂ, gsince they are in principle calculable, pro-
vide an excellent tool %o test the experimental apparatus
and to measure the beam luminosity., Thirdly they are the
background to hadronic processes.

. In this paper we presant the resulits of calculations of
r.Ge-t0 Q E D procegses with the transversely pclarized
el e colliding besms. Moreover for the energy range Wyu &g {f:
4 W3 we congider the 2, .- exchange contribution to cross

section, - . ~©i . - The resulting expresgions (see sec-
tions 2-5} for crose sections have the form

W s dﬂ: -
where JF;/JO - 18 the crosg-section in Borm appruﬂmafian.
Aw, Agea - the corrections from the ¥, exchange and vir-

tual and. soft in c.m. system photons with energy u), W< AL« &
emission. Each of quantities dfo/0, A, dfe/f0 ana Amdﬁ‘/d'a
is the sum of two terms, one of which corresponds %o unpola-
rized case and gecond takes into account polarization effects
and is proportional ic quantity :

= 15113, Con(Wot2¥0) | (1.2)

—
where '!n,-;, are the polarization vectors of initial et e
vectors with momenta Pt,P,_ H




P=(2.00.P) 3:(05,0) | 4=(59, 4)
P =(5,00,-P) | 5.=(93,0) | 4,=(5,q; ~q) (13

1 . %
. -
th ;EIB 1{ - momenta of final particles, (= jl S._,_ 3
W=44, - the azimuthal engles between the polarization
vectors §:}§1 and polarization vector S, and the transverge
to beam axes component of one of final particles.

The quantities A
actiong perameter

yo e

e T

w &are proportional to the weak inter-

The results of our calculations of A,, for range of energies
m:' << g?se m;
are in agreement with computations of Bundy et al. EE,!-L] s as,
well as an E.R. limit for Agqeg for process e'e — f-x'fp" [11.
As to Agey for e"e”— e”e” our result contradictsto that
obtained by Gastmans [4], whose result contained a term of
kind Gu® (2BAL,) Con(2¢) yinadmitlle (they Gad do dS <0).
In gection 6 we give the differential cross sections of
processes eX e"veT 7)Y , e"'e'uhp",ﬂ‘a’, Y¥¥  in extreme re-
lativistic (ER) limit. Corresponding expressions have compara-
tively simple form, moreover the terms which describes the po-
larization are proportional to one of three quantities

el | —-14-4 3
& =514l C (Y, +2¢,) , .= 5,34{‘115#,2,3, (1.4)

where qf_- - 4 - momentum of one of final particles.

In the case when photon in final state in processes
et ey et e . ete ™ p"}-"b’ is fmitted not close to any
charged particles (,9.:3‘:.“,’;_). these cross-sections have the
form of product of two multipliers, one of which, W , is uni-
versal and coincides with that obtained by Berends, Castmans
end Wu for unpolarized case [3].

T

The polar angle, g s dependence of Au, ﬁaE,ﬂ for

(-

0.1 gy
)
nE= ;D GeV, é{- = Dﬁ pregented in Pig. 1.

The expression for virtuasl-photon exchange correction to
ete™—» pt, valid for ﬁ:ﬂj_—{_..; /c3) ~1 end some algebraic
identities which may be used in .section 6 are given in Appen-
dices I, II.

2, The matrix element of process

e+ () > M ()¢ o (4-)

in Born approximation has the form

2 & k. g _
M=% el T, = S, (el e g X, (4 B2 Y, 220

1 . ;
where E.l-:- ﬁnl,ﬁﬁﬂ’;ﬂ“‘li;the gecond term in r.h. 2.1 corres-

ponde to the @, - exchange, and the ¢, v, §a quentities
in accordance with standard model have the form ( ﬁw - the

Weinberg's angle %-‘mlﬂu‘-'-ﬂ.li‘» ) ;
: £ : (2.2)

& _RA gl gr g g Gg=fa=-1.

20 Mk ()  daho 1

Using the density matrix of electron

= WU = 3 (F-r)(A-¥3)

one can obtain from (2.1) in E.R. limit:

el 46 43
id% - g (1A, 2= 3EA,

A,=-31 9: + 9:1 (=22)A™'] , A= LX) 220 R @

(2.2)

where % = hin 8/ ,97-!3:,{_: and }‘: GV,

The Q E D corrections due to emission of virtual and soft
{ W<AL €€ & ) real in c.m. system photons in E R limit

have the form




ﬂ;ﬁm ‘l.[,il(%t g~ lj(ﬂ.-"--t—_’-.) 1:,-

4 {-I L -l"?i L]'.U-',t]-- > }; d—fﬂu—t}l + ;l-,q"g irrlex-?ifﬂ-x}*%lﬁﬁ(ﬂ"r*

L)+ im[@-n}(% Ly ﬁ'{rﬂ)ﬂ[b-)!}e-l*"ﬂ -2 ly] }

wuls

y A
LEL

(a.4)
' where Q.= &(&tﬁ.“] gﬂ-t-(‘ti-f"}.]and the other quantities are de-
fined in 1.2 and 2.3 ;

The expression 2.4 is in agreement with that obtained by
Ehriplovich (see [1]1). In appendix I we give the expreseion
for QED cross-section in £3 order of rerturbation theory
(psts); which is valid when M./ ~4{ , and the only terms of

- order (m.’., f"rfi[“" /)\* are neglected.

3. Combining the known expressions for integrals on virtu-

al 4 - momenta with the new expressions for traces one may

obtain the cross-section of ete”—se'e”™ in form (1+1) where

d&u a!, e 2% 2
STl B,  B=(Fpert) —y'twia, s

- Lyeng [g: (3vex2(-3p)a) +§:_(i*sx+x?~'-x(m&. )|

Ut B2 m?u ”'f-m] NI m]

where

ﬁlm == ( =1 Bp 3y g8+ 4 (11—3014-33:—-1{3:5)&1; - 2k AT +

5 Y (3-1-3% +‘wf"l’fl¥ *3 (-‘waﬂl'rﬁva’i‘lx"}l‘ﬁ-ﬂ*%(""”‘*”‘s‘?“ )i,

L g, et R,
fw- -«m-n[%-ﬁ%"l""fmrl“* ereein)s

+ %? fa?f-z-{?"!-] +£q 2 Lﬁ‘i‘{-"ﬂg‘u'ﬂ‘l .

4, For the process of electron-electron scattering the
croga~section has the form (1.1) where

2
| "dcf? P ﬁ?@?‘—l"ﬁ'} B= (4wt - 2(mie,

=+ 327 Bf‘fﬂfﬁ'*&-ﬁx‘}-m-ﬂ“]*ﬂ: o emalf
55&9 3 %1"1' 5 al 1’3‘:2‘%”)& i 1:1 B 7] 75 e ] } f(ﬂ*mﬂ(ﬂf
‘ﬂ@-—~ - g-xu-xlﬁ Ly (n-3¥"eie?) E-(Hfi +qx(f-3~ri'z—‘rx*f3f‘) by
o cptn-gyint) e bun) + [2 - (4-%),
¢, =- i}-z(m [x(e—sx}ﬂ*x +§x(ll¥ i‘tsll:x — 82 (Fx) frf{:—ﬂ]ff

«yrrg

e

5. Consider now the. two-quantum annihilstion of e'e” pair.
In the lowest order of p.t. the deviaitions from Q E D due
neutral current don't eximt. The result of calculations has
the form

e _ dfs 4. p
d0y 491.( g o




(5

S?

d o ] 2 i
e e e : = I"‘x} -f':ﬁ -t*ﬁﬂf JE“L :
d0y ~ 2AXY) Rl '

A‘QEEI= %;i [(eeﬂi]a %E_ él‘f' 4 (Ec. 1)1 !q gx(ff:r)ﬂ(!‘i}l'
g+ () bl +ﬂt¥ﬂ*2¢)[%€'(i-r]+-'%£‘(z-rﬂ + (11

The polar angle § dependence of Aw ,Aﬂﬁ-’ﬂ calcula-

ted with the aid of formulee from sections 2-5 are drawn in
Fig. 1 where we take &£ = 15 GeV,4%; = 0,3, At theseconditi-
ong the Ay, quentity reaches the order of ﬁ & 10%. Such
considerable contribution of weak currents permit#tu _ |
distinguish it peliably in experiment organization when the
corrections to porn cross-section of Q E D mnature are sup-
pressed. We believe that organizetion of ax?eriment of this
kind will be one when the energy of additionsl quanta may be
arbltrary (roughly spesking it leads to vanishing of terms
proportional to ef% ch ﬂﬂ&&] Yo

6. The differential cross sections of processes 'Eie'—":
> exe )y, e"'e."—ur'*p'r, Yyy are known for a long time [1].
As a rule corresponding expressions are very cumbersome even
in ER limit. Recently, however the apt expressions were found

out by Berends, Gastmans and Hu[ﬂwhc had considered the unpo=- -

larized case. Here we pregent the cross gections of this pro-
cesses in E R limit for the case of transversely polarized
initial e¥* e~ beams. This cross-sections may be written in

the form

e fg(%z(z’“ ) d¢

where 7, = 2.8-10-130111 is the classical electron radius, & -
- beam energy (in s.C.m.),

£ dd s
E((t-:_ 4n s* Wy,

(P p 1: 1:.‘“‘)

‘2 ‘xl 'fIL x:— :( (3_}.{- 13, 3'_.-;1].‘.(3-.2 1—‘1 1 3!)

ig the phase volume element of final state, r‘_ is proportio-
nal to the summed over spin states of final particles square

of module of matrix element

7 L

The quantity [y for process €'(fs)te (£ MERARILCAZY(CN
has the form:
i‘a' 5[']53"'7'3“(3?:%*3?5#; Yi¥s ﬂ-sl(xr¥11;¥z} =

3 1’1?1. i I& IF '«"z
where the quantities @l; are defined in 1;4,
Yi=04:, 3=43"
— P-4 )+ YO
1‘? Lw ]'_'-{:. -t'lt;| Ut +1'E U, +2EU ﬂ'—_](’.if...'f- ?;-J‘l 55,)

%f—:— "qﬂ':
« For the case of process e*(p+)+ e ()~
one has

™ X _EI-{-“ -pj'h% {.'ﬂ'h 'l'.'l‘E“lﬂ'-r.j(_____ _‘t__‘l_"j_ + (6.2)
Tl TR E
":7. u' LU, 0 .{.‘!; H /4 1( 2— Eﬁ?)

[u@,f;ﬂ,h)m.,(&t +44) +2 58, (F+4)t 2 EE {”*5')1
and thﬂ invariants are defined as 5
A=) £=01" , u=(Pgs) |
'bt"(P-t q-r) 1 Hg 'G-t ‘l’-—)

xt=F"Pi' !

e (6.3)
= Tl L :

'51.7" {.j{-t{"‘l
The quantity W entersin the l-;-rf_- for process (P )+€(L)~>

= e (Pyre_ (b)) + (¥
[ad w[ﬁt@ﬂg 21 ot (8 ) Ul ()« 2 B (BHU K, + 34U,
4

._z[;*xﬁa_a)_l{: da, - HEua (v, x xix’tt.m'i (6.8)

._.l"&t. [(_b -11-4--4'!'z {;:.. ?;n.[(” *ﬁ ) I.'I.]




"Mc [(6: ""'g'*rl 1 2%' (:[._‘uﬁ +tu, o ’] s

_ [(’b +44) —-—-—-—-L":;Mﬂ++"=u.£[_)]

: 2 A
where = [f-;ltflﬁﬂ@f ""Wr) G = 5 i-l and the remai-
ning quantities are dafined in (6.3) where we must to exchean-
Eﬁq—s]ﬁ_?q*—&ﬂ. )
Lagtly the quantity _Q“E' for the procesa é.__(ﬂ)-y- e_(p‘)_,
S phte e Ylv- —— ' bas ihe Tom

= v [ )1, (308 3020
_L tﬂlul a_l 1 é! 7l ﬂ ](In‘ﬁ;?{?‘“lﬁuj— {Cﬁ f%ﬂ) -a]

‘rﬂ. [({.l 1—%—‘11 -d:]-_-- [( {_-rt] 256U (ué(ﬂﬁu!ﬁa )]
[( e (u{-.a,-tu,l.-a,)‘_l

where

w'= & A E150 0 ﬁu.né;(’c U+ u.ti-rma;({*&)ﬂ%ﬁ(u*m}]
@ﬁp,.a =R, U= (AR), K= R
5= (RR) b=, u= AT .-xhﬂ_- P2

and the quantity ¢51 and a}- were deﬁnul earlier in 1. 4
and 6.4. g

(5.5)

S It's pleasaﬁt to us to express our gratitude to prof.
V.N,Baier, who swggesied thig pvoblem some years ago, o, .
N.P.Merenkov for verifying scme formulag and to S.I.Eidelman,
who prnvideﬂ us by pnasihili‘ky t0 make an independent check
of results by means the system "Riduu 2" fpr analytic calcu-
lations.
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Empendls. I

. Here we give the expression for cross-section of €T(f¢)+
+e_(_f_]_=.m@*}.tﬂ-{q-,l up to 0{_3 order of p.t. for trans-
versally polarized efe” valid in the intermediate relativistic
region W.<<% 9:’%»5['“ (When inferring it only terms of order
(ﬂdﬂ?‘, (WMe /™ ]:L were omitted). This smpression is the sum of
charge-odd and charge-eie:ﬂ parts (odd and even under the inter-

change ¢ = N—6 |, Q:EJ{: ) e

The charge odd part is commected with the interference of
amplitudes in first My and second 3, Born approximationa:

dﬁ.nﬂ ,L P 3 JRLI ;
4o (R(HJ -8 ul), R( R%,H*-EE._ 2‘;&(:-‘) 68,) e

f\ﬁ
: e 2, \k
where ﬂ: is the velocity of muon (in s.c.m) /E-.:({- ”'/i“‘) a.)

1= (0= mo26(HRR) , U= (Aqel=m2252(1482), 2260

Q@ - scattering angle,

Astl= 167 (e-2Y [f'?ﬂ‘mﬂl HFIa0-n @ g a0 (e
~mi(0-A)(T+38%) +8°m [+ 4F, [28 20 0 +20% mia e a0 (At -
= mi(v-a") (8043070 ) e 2(0-) (8 e a2+ 4 Fe [(v-a*)20-a%)-
~tm® + & 57 ( (-8 (&% 4 42p2) - m*(C-8%) (T +30a%A" )+
+Tam)] + 4 bp (8" £T 4 - @0 (gl ]+ 4 Hg[h
-A' -2 mial - o (ate)? 1 ;

where @ = |Z4|[{.:]|Co3((&+2qﬂ)
A'=—--’) 8 = (bl 457, Qama®, o =z(U-t), D= a0,

12

C-803 =15 b=, (efIF=-Lh Lt
e B TR A G
-lrg (“ﬁ]-—g t/“;_)*{'z g 2 UH/@,

*

L 5P ( f.. +3Fg).
The cha.rga - even part has the form:
do " 44 (H gl uE |+ 5 B, (e
where

%i@ f«*)(w o _,_,%, 3 g.,)};

ol g Z
Fz.='ﬁ"rf‘£{1 ( f:

The ER limit of I.I, I.E with the E R limit expression
for soft photon emission (aee [Sj)lnda to 2.1,

Appendizx II

Here we give some algebruic identities whieh are useful
for calculation of hard photon cross-seetions.

With the definition of invariants (6.4) one can obtaim in
ER limit:

S5¢4,¢tetituey, =0,
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Qp_= Atttu 2 vl = Aehru |
17:-[-':'5“"*'“' ) 21{%"‘5*&*“! 3
§ 4,7, + ST+l (et vo¥e)- LR rL) +2() e ¥= _-
' g £

f 3
= 4, ¥+ S U (2 - b (R ARK) Y-

- -ji [ ’]ﬁ_&ﬂ'—:*hé.'& = ?ff. &ét "'fi 5t 1 =

-} [Wstesb U] =

AR AL ARV A VI A A -2%4) - S ¥ (ke

+u, ¥, ) A Xk v (£ 02Xl) = (A4 -uu-tu)w
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e

The dependence of mstli:tudas Aw , AQE.‘D (-"‘"' %)_

- from the scattering angle @ for 2& = 30 Gev, 434 = 0.3

The signs £; O corresponds to the values of polarization pare-
meter @ = £ 0.85; 0. (AggySolid cwwe, Ay~dashed cunre)
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