





”‘ﬁThe small angles Bhabha scatterlng, process (SBS), planned is to use’ to ’
‘measure the lum1nos1ty at LEP 11.-The high accuracy of it’s deterrn1nat1on i
i~ 0.1% i is necessary to extract\the standard model (SM). A lot ‘of attention ', -
-~ was devoted’ to SBS (see 1] and the references thereln) In this’ paper we
suggested another variant of calculatlons based on detalled analys1s of elastic -
as Well as melastlc 253/254 srnall angles processes whlch ‘was fulﬁlled”ﬂ;
~'1n 70 80 years “and> the 1deas of renorma.hzatlon group The need of thls
gcalculatlon also followed from the’ d1screpancy at 0. 5 = 1% lev 3| of results of L
. several calculations of the la.st years. S Fhi i e b ;f? CEIa
—«"-':Bhabha scatterlng process w1th poss1ble melastlc channels e

‘+(p+)+e (p )-—»e+(P+)+e (p" )+7(k),7(k1)+7(k2)+7(k2),e+(P )+e-( )‘+

s the statlstlcally rnaln one in the e"’e colhders Malnly it caused by elec—‘
'tromagnetlc interactions.:So the’ pollutlon ‘caused. by weak interactions for
“the scatterlng angles 30 < 0 < 60 less 1% [1] We' put the result of calculatlon

n: SM of elastlc cross sectlons m Born approx1mat10n[2] T e R,
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Supposmg the angles of the detected scattered e+e are the range
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' ~u*-_—( ';—p+)~——s(1+c), c—cos0 ’0 p p_g, e

',;‘ < 9 < 50 4Gev/c< 0& < 10Gev/c '7;,'\ ' (2) e

(lt COrr‘35p011ds to moment transferred of order Q~ \/— ~ 50 -~ 10Gev /c ) ol
and the accuracy of measurement cross sectron of order PR Fa 5

The renormahzatlon group s techmque g1ve a possxbrhty to take into account:“ e
all, terms' of kind ('yL)" (first . column in fig.1). But'the" terms ‘situated in .
dlagonal are of the's same order due to the fact. 7L2 ~ 1 Our eﬂorts are devoted‘ o
- to take into account the terms (5) N S
- Paper constructed in such a way. In the part'I we cons1der the dlagrams upyl S
}v:to two level approxrmatron descrrblng the elastlc ete” scattermg Herc we v
' "‘iprove that in frames of : accuracy (3 4) one’ may cons1der d1agrams with' onlyﬁ:‘, et D
. one photon state in t- channel Our proof essentxally c01nc1de wrth the deriva- -
" tion. of . thecgenerahzed elkonal representatron of the small—anglc scatterlng
famplltude [3] The result have a form SR L + ’

ln2( 2))}’
@

: and essentrally by the results of our. prev1ous calculat1ons of . c to the s1ngleg’-
"‘;bremsstrahlung cross section [6] A L e '

contrrbute to the inclusive electron a.nd p051tron CToss sect1ons We use some ¥
," modxﬁcatlon of the 1nﬁn1te momentum frame method to obtam totally d1ﬂ'er—i_‘,

\,"

o where Ao(t) is the amphtude in Born' approx1mat1on I‘(t) is the D1rac s form 2
' factor of the electron, s the mass” of- the photon, II(t) =

mg;;{ is
“the vacuum polarlzatlon operator Representatmn (7) is v1olated in‘three- .
loop level [3a].. Howeyer we may cons1der (7) as exact one due to accuracy ™
~frames (3) adopted. From (7).one may deduce that the knowledge of electron
formfactor and polarlzatlon operator up two loop level accuracy is necessary
.'The relevant expressions present in the literature. Contr1but1on of Pauli’ s -

2% : formfactor of electron is' a quantlty of order 7| | and’ may be om1tted (4)
: Total expressron of- the elastlc scatter1ng cross section there is in the part s

2 -We present here also calculatlon of: contr1but1ons from 1nelast1c process

of s1ng1e bremsstrahlung, as well as soft ‘photon’s em1ss1on In the: same way‘ S
~as-in part-I we, may provethat only diagrams with’ one’ v1rtual photon in. o
y-chanel are relevant ‘Really the’ two—photons t-channel exchange d1agrams\,'_

contrlbutlon to the’ arnplrtude is pure 1mag1nary compared with real- ones'f‘ ’
““from one—photon exchange dlagrams :So. the: 1nterference ‘between them is ’
K ”absent -whereas the taklng 1nto ‘account - of square of module of the to—photon_ S

o exchange d1agrams leads: to exceedmg of requ1red accuracy (3) “When' cal—-;
culatmg the' 1nterference of Born’s ampl1tude of sxngle bremsstrahlung with
r.c. to it we-use “the. known express1ons for the vertex funct1ons Fand g [4,5] -

- In part 3 we present the d1ﬂ'erent1al cross sect1on of processes 2 — 4 wh1chj‘ i

entral cross sectlons as a functlon transversal to the bearn axes components{
of momenta of final’ partlcles and the1r energy fract1ons Further integration

; _of such klnd dlfferentlal cross sect1ons 1s convenlent because of the 1ntegrands P

: are free from s1ngular1t1es

2 In conclusron We construct the comb1ned formulas based on structure func— o

tlon method and the Drell Yan p1cture of the cross sect1on wh1ch accumulatef_,_t g
the results f“i‘.f » Ry g T :

‘ '?—s—p;, k.LPi = Q.Lpi = 0‘ d k —, —dadﬁd2kr



The four—vectors pi a.'re a.lmost llght—llke,‘ = O(—,—) The para.meters a,, ,B,, aq, ,Bq - » j (
are small i in the reglon of mtegratlon whlch glve the mam contrlbutlon to the -

_amphtude :’ S

Ia‘T Iﬁql . Ial lﬁl

, "The character1st1c tra.nsversal momenta of photons are of order transversc‘; G
"~ momentum’ |k. 1~ ‘+/=1:This fact follows from the ultrav1olet convergence of PSS
'box—dlagrams amplitudes. The smallness of Iaq[ Iﬁql follows from the mass— e

' »_—«; -shell condltlons of the scattered leptons pl—ml= (p -—q)2-— m? = sa,3,—
o +8)ay +
Jem vwrtual fermlons are near mass shell

R

/;—sa k +zO (p++k) —m —s,B k2+10
: ‘:(p r

=_z “«i e |
' or transver Nt U(P " (p- —’»+m)7 U(P )v(p+)7 (—p+—k~+ m)y* U(P+) = 233

t_ 0, lo‘ql ~ 2 We w1ll see later that the four vectors of the e

sa = (q k)2 + 10 ( )

S The relatlons (9) follow from thls fact The same conclus1on ensue’ from The’: e
e analy51s of the: situation of the poles ina,f pla.nes The nonzero contrlbu—‘ e
¥ ‘tlon Wthh corresponds to the. case when the ‘poles in o, 8 planes are 51tuated AN ;
- on the different sides of the’ eal : axes, corresoonds Ia Bl< |ozq,,6q| e s
It is convemet to present the relevant dlagrams in the symmetrlzed form ST

. The next step is the mmphﬁcatlon of the nomlnators of the lntegrands .
A V:_’]Usmg the smallnes of a, parameters and the Dirac equatlon for the spmors B
' .of the e\{ternal partlcles (p+ + m)v(p.,.) (p_~— m)u(p_) = 0 ‘one obtams '

"“"'u(p )7F1(p - Ll + m)7“’(p —kt T”)"r“’u(p Y0P (pr = ki + '")7”’
L ("P+ — ko + m)’Y"lU(p+) = ( 23)2‘8

: — “(P )7#“(1’ )v(p+)7 v(P+)~ g11(17_)17+U(p )v(p+)p_v(p+)(10)-E.:j: f

B Talmlg mto account (9) and (10) we may rewrltten the contrlbutlon of all £ -

: the 9 dlagrams as P ’;i:. -‘ f_r, T R "“f, SN
‘Ao(t){l + 1;22;/ dadﬂ¢<“(a)¢<1>(ﬂ)zz(@ )
/ (5 )2,12 d2ﬂ¢<2’(al,a2)¢<2>(ﬂ1,ﬂ2)13((®?)}

v / dzkldzltz,\”‘ B A
i+ A?)((kl ~Fp+ A?)((q k2>2 + A?)




" Perforrnlng the 1ntegratlon over 32 by mea.ns of ¢(1)(ﬂ)' ve

N we obtaln

M Ao(t){l wzln (al )} Ao(t)exp{ mln(ﬂ)} (13),’1.':

/\

The expressmn (14) is known one of elkonal amplltude of the small an-
: gles scatterlng of charged partlcles [3] To generahze (14) cons1der first the, ‘
' d1agrams with the one-loop correctrons to ‘the electron lines and w1th two -
A photons exchange in t-channel (there are 8 two loop dlagrams of such a lund SR
i another 8-described the corrections to the positron lines; remalmng dlagrams !
Vw1th addltronal photon line connectlng the electron and positron ones will * -
o descrlbe the pure eikonal in the next order of perturbatrve theory) We will -~
e .,prove now that in the frames of the usmg accurasy 1t take place the general-'/"}«'if'

flzed elkonal representatlon [3]

Cons1der for definitness the diagram with the correctlons to the electron lme

Szaf d2k(¢j)2 ‘
,‘e32(®2 ((k 6)2+A2)(k2+A2)“’

corresponds to the one electron 1ntermed1ate state and_ the r1ght cut startlng
from s1= (m + /\)2 which corresponds to the one electron one photon inter-
medlate state. Us1ng the Sudakov S representatron for the photon momentum

RO

We note that 1t is: not complete ‘set’ of Feynman dlagrams S0 the quan- o
t1ty u(p_)A‘“’u(p ) is not gauge 1nvar1ant (But fpip+u(p' )A’“’u(p )d31 is 5]:

sertamly gauge 1nvar1ant) , .
The contour C of the 1ntegratlon in the sl pla.ne is. the causa.l Feynman s L
one It drawn in: the ﬁgure 2 P : T T

The srngularltles of Compton amphtude are the pole at 31 _ ‘m? whlch

k we may represent the p+ in (16) in. the form

o Let us cos1der the actlon of’ two terms in (16) on the Compton amphtude

e~ k 1n (17) to the (16) is zero:

% The statement (18) follows from the two reasons: the convergence of. the -
ntegral on ”large c1rc1e” in the pla.ne 51 pla.ne and the absence of the left cut. - -
The absence of. the left cut is the’ known property of the planar dlagrams s

fff*The convergence follows from the fact’ that ‘only ‘the phys1cal polarlzatlons IR

: photon w1th momentum k take place so 'the quantlty’ e“p A‘“’ behave



Both smgularltles it sl plane are 81tuated under the 1ntegrat10n path There-"‘t =
- fore we can’ calculate the. 1ntegra1 over S1: by deformmg the contour into scm1~“ S
‘circle of large radius (see: ﬁg 1). The result differs from the second term in - b
_‘r T.hs. (14) by a factor I‘(t) The same arguments may be. used to the dla—"". o
' grams with three photons in the t- channel and the one loop correctlons to the.
electlon line, 'as well as with the correctlons to the p051tron hne So appear

# Sl : the result (15) ,:"v, R R P

° replacement o

,':ldv(ﬁ(v)kz | )
4 n? 4(1 = w2)k2’

(1 + 7111(@ )) e

Lo ,‘_@2 (*)2
‘¢( )————(1—v2)(2—v .

i ton in" the t—channel are relevant in the case when SBS is acompamed by_,
e photons emission. Really the two-photons t- channel exchange diagrams ‘am-,
phtudes are pure imaginary as compared w1th ones from one-photon exchange\ o
dlagrams So the 1nterference between them is absent ,whereas the accountlug i :’

of the square of modul of, the amphtude of two photon exchange'dlagramsi

lt ‘may 1nclude in th1s scheme also the dlagra.ms w1th the self-energy it
o sertlons to the photon hnes ThlS results accordlng to J Schwmger [4] in’ thc; e

» : the contrlbutlons to the polarlzatlonk operator from muons T- lepfons aud
It is' necessary to’ note that in the two loop correctlons to electron hne the : : ‘,hadrons 5 i L o gy \’_» 5 » e
left cut in"sy; —plane appears and the s1mple relatlon as (19) w111 not’ ‘have e : ; : P

ra place Fortunately the accountlng thls fact leads to exceedlng the tal\en: e

Cons1der now the Feynman dlagrams whnch descrlbe the one and

two loop corrections to ‘the: elastlc e+e scatterlng W1th one photon in t- "
‘ f:",channel They are. drawn in ﬁg 3. e S

PR ‘ F1g3 L : e
Usmg the I\nown expressxons of vertex functlon 1n one [4] and two loopsl,':

N [5] as well as the polarlzatlon operator [7] one obtam thelr contrlbutlon to s

;' dao{l + 2mb + mc + 2m, (m;,)2 + ZmCmb + (mc) + m‘, + 2m,} g

L= 1)(E (e

SoUp B
7[ L2—§+H +r[ +th,

mg 4 my

Hlaua Hh : :"“

where 7,__7!1 Ly ='In( ),L2 ;j,‘ln( 2,)\ is the ”photons mass’ H,,,

T S e Y 2 PSR ——Inzl;
2 e b - 0t




where a‘ € ""(s) is the cross sect10n of e+e anmhllatlon to the ha.drons ‘ ‘ The sum of the cross sectrons (22 23 24) do not depend on parameter /\
‘Note that due to the fact that the momentum transferred is large compared : e Gy a.nd have the form : : cre e S
to the mass of the light leptons we may use asymptotxc express1ons for the - : ERREN poE ‘14 R S
functlons T H R . . T « i day + days + dass = dao{l + 7[4(L2 - 1)L,‘ + ?Lz = + 2(r1 + II + nh)]
; cons1der now the s1ngle bremsstrahlung process ﬁg 4 62 '
SR S (B - +(7)”l--(Lz)3 (S(Lk)’ —LE+3~ -w’)(Lz)’+( 16(Lk)’-—4n+ec(3)
5 . ) , L P 13,4351
: i +ﬁ mt - 6 )Lzl+v’(n +r1 +n,.)[3(n +n +n,.)
i ; + o . + + L : SERo ;‘
: ‘; gt RS '+4(L2 = 1)L,, + -3—1;2 - _..]}, ; Ll: Z ln—(24);
g Flg 4 S The term in’ (25) of order (7)2(L2)3 a.nse from the dlagrams lm ﬁg 3 It

‘In the ‘case of the soft photon one’ may use the result of the work[8] of' o

dlsappea.rs if one takes 1nto account the emlss1on of the soft e+e pa1rs (see s
PI Formn neglectlng the terms of order —'y one obtalns : ; '

ﬁg 6) ‘the: tota.l energy ‘f the pa.1rs component don’t exceed Aé >> m in- the:(‘ el

dasv = d002'y[(L2 = l)ln(mAE

)% (L2)2 : 1{1’+‘,1[(1:; - 1)(L3+1) 5

’ | : ;—-—L2 -—‘-(L2)2 ] + 7( L2 v —)}2

[N

In (23) the Ae 1s the aux1hary parameter VVe w1ll suppose for itm << Ae <<f‘,v
‘€ Fmal express1ons wrll not depend on' 1t when one cons1der the em1ss1on of =
l hard photons w1th energy W > Ae We present here also the cross sectlon of
process of emission of two soft photons w1th energles wl,wg "Ae (see ﬁg 5) 4

rectlons to it's cross sectlon due to v1rtual and soft photon emlss1on [9b] :
‘ Cross sectlon “of ithe process ha.rd bremsstrahlung accompamed by soft‘
‘descrlbed by d.lagra.ms ﬁg‘ure 7 1sl glven by the express1on

The ﬁrst term in'r. h s. (24) descr1bes the double7 bremsstrahlung by elec-' o
trons onIy and by posrtrons only (1n1t1a1 and ﬁnal) The second one corre—f(




o where pi = ln—;,q:t = 26ie’ (1 = cos(G:t)) & 66’ 0 and Ae 1s the 1nax1mal

R

:"_ da_e+e —oe+(€‘7) = d0'8+e —ve+(€ 7){1 + [4L3(p_ T 1) - p_ + 3p+ + SRS _]}(27)

ye

= e '+d b “")27{(;4—1) (Lr’is)

Y

oty O
Ea o L 4\_ =

SOV ) L9 2 o — ‘Tf
~,+Z”+ +(p-‘.\.- 1) (Lk L3)+ ”-w- 127

i

*‘energy of the soft photon LT

Basmg on the results of the papers [6] for the case of small scatterlng anglcs
we: obtam for. the cross sectlon of em1ss1on of the hard photon by clectron e

N

w1th I. c in the one loop level : "j 5 Lol e SR g

Hvo o,

ete —»e"‘(e 7)
daHs+Hv :

1+ ‘z'?ﬂ
“ddy

: e+e _.e+(e 7) (CY) 1 2"2 I’
‘)dO'; It d dp{
g = e

d‘m’( x)2+(p~—zp+)2 dl

| of replacements from the (29 30)

: of hard photons by pos\ltron electron and both of them (see ﬁg 8,, b c)

(20) |

g'by dlagrams al,bl,cl of the ﬁg 9:and, in’ prmc1ple the processes e"' - -‘—'+,
eten 7r+ , e+e 7+7~ But’ the ﬁrst have too ‘small’ cross sectlon and it’s-con-
N 'ﬁtrlbutlon don t. e\ceed 0. 1% The second’s one have the same order of magul- :
‘tude'i ln the. scatterlng angles range (3). : '

. 3.We' denote as da.,,,, do"7, do] the cross sections of double brenlsstrahlung

There are. two dlfferent mechanlsms of hard paJr ( €y + > Ae >> m,
G ) of the processes ete™ = 2€+26 creatlon bremsstrahlungs and two - -
" photon’s ones, The arnphtudes is descrrbed by the: Feynma.n dlagrams in the
- ;ﬁg 9; where the s1gns also deplcted the Ferml statlstlcs of leptons is to be
! tahen mto account » B , -

¢

We are | lto cons1der the processes e"'e = e"'e u u Wthh is. descrlbed

It is. convenlent to draw the dlagrams for cross sectlons for the processes

'zdsodd dG d6-d6 da d6,,,-a'6
"dsfz a6,4



B For the process e+e —+ e+e ;1 [l, the contrlbutrons bl - b5 only remalned
| -
| .

L V ,‘:; L ,x?.dge*e —'e“e p I‘ ‘4— da + daT+ dap+ 2doodd+ 2do°‘” (31)
All the contr1but10n whrch are not mentloned here 1ncludmg the dragrams of
the annlhrlatron type grve the contrrbutlon of order | |t compared w1th the

ones listed above . .

All the processes of ﬁg 8 9 was: consrdered in" [9] where the totally drffer- -
entral cross sections where calculated i in terms of - energy fractrons and the
transversa.l momenta of the final partrcles In [10] some analytlcal results for

the case ep - scatterrng a.re g1ven

5,

i 1

The Sudakov s parameter modlﬁcatlon of the 1nﬁn1te momentum frame v

3 method [9] is very convenrent in this case. i o
The most srmplest expressron may be obtamed for the double bremsstra.hlung
1n the opposrte srdes cross sectlon ( see ﬁg 10 a3) it bt

P ';T.V&%(i‘.;é)('l

2 and z, ;ql(y, qg) are. the energy fractron and the tra.nsversal momentum of
the. scattered electron (posrtron), 61 l"—‘l l;—’l aré: the correspondmg

:c’

scattered angles fggf,f., : : : , ,
The expression (33) is convenlent for ana.lytrca.l as well as for numerrcal

the energy cuts

- We present here the result of analytlca.l 1ntegrat10n (33) by k wrth the;;
logarrthmrcal accuracy, usrng the m thod of the quasrrea.l electrons [9a] It ‘

further mtegratron It is necessary ‘to 1ntegrate (33) over- whole 2- d1men- '
s1onal pla.ne k and by ql,qg, y 1n the fra.me aperture of the contours and

o rentral cross ‘section have more complrcated form [9b 10, 11] We will present
'~“Vhere the result of calculatron wrthm the quasrrea.l electron approxrmatron’fi

e may consrder four regrons where 3 momenta of photons are parallel to one

of the charged partrcles

o] (Llllp_ kzllp+)+ (kl ||p-,k2np+)

d‘”(m ||p_ 3 np+> (kl np_,k2 np+) (34) |

d0'4

1—']1 SN

/ dilp(xl) / d-'L‘2P(552)((1 “5'31)(1 “‘1‘2)) 1‘

“For the double bremsstrahlung in the sa.me direction process totally. drffer-:’ i

For deﬁmteness we consrder the emlssron of twc ‘photons by electrons Agarn'



: 1t is: convement to con51der four reglons 'f o

‘ do.'ry dal

(1»1, E, || p_),: By

. ' o L aloew‘qf_-nE 910~ za d2q1d2qz &k dﬂl {(l»)2 (‘Il)2 x(l-l)[(( )2 ;' o
= (kl,kz | p-)fr (Al || p_,l»z n p_)+ (kl Il P_:_"»z || ) < = T

- ﬁwhere xl = l ql, l k ‘are the. energy fractlons and the transversal to” the_f

~ated partlcle is m.The energy fractrons and the tra.nsversa.l momentum of .

The pa.rameter 0 enterlng (34 35)\ s the mlnlmal energy fractlou : of the:_
Jet hlttmg the detectors The case when the scattered lepton is accompamed,

A2+ (@2)+m(xz+(A)“)+(f)2l— A(R7) (dy — dy) -
- (madh - Aa) £ 2RV 4 (@)°) + 2R B+ (@)

i‘m (34b ¢ d) and 35c) We glve in. (34 35) ‘the. expressxons for the scattermgf;
.angles of p051tron 0+ 1n terms of 6 and encrgy fractlons It must be taken

im0+ 2D () - (5 -

\Where we use the notatlonS'

oF = 1‘2(‘11

ase whcn the created pa.lr ha.ve the energres much less than the 1n1t1al et

e e ot ((Q1)2)2 ((k)g)g 51 7 5
| ,j_gj,?+2(q1q2))((1»)2f— 2<kq2))+2(kq1)((m @) )1 ) =§ m <1
":‘jc— m +(Q2)2+.’t((]1)2+2.’t(‘I1‘I2), SR 7 - f. 5 o

o =m +(qz -y +ﬂ:(m)2+2x(ql(qz—k)), e (38):‘_5}7?

beam a.\ls component of the mornenta of scattered e ‘and’ et Mass of. cre-’f L

S thze crfz:ated ncgatlve and Posxtrve charged partlcles are; respectlvely 1ﬁ1 LR
o i__i(QL ~&; (1 )61+ ~m ()" i=q +q2+k “The created paxr moves mto} o

sz 2

-5z (1-z)?

- the electron s dlrectlon if. the condltlons are fulﬁlled , sl e

. <—i(q‘)" <o

4d2(]1¢12q2 d2’» xldx1dx2I(Q1) [(

7r4 (@)D (k2 & - 2 , g
+m2(x2 + (A)2) + () +2(dy = d)(wady + Ada)(ﬂ F) + (1»)2(1:2(1'2 - T
‘”,’+(Ad2) )] - 2(d’ — d2)2[2m $2A - (22 + m? + (q2)2)(m e

4y = o) dy(FD) (@ +m” + (@) +dz(’»qz)((A)2 +m * (‘ll )t o

L)+ (1 —1‘1)42, o A— 1 -1‘1 —x5
-m 1'1(1 - 1'1) + 1‘2(1 — xl)A + 1‘2(1 — 1‘2)((]1)2 +1‘1(1 — xl)(qg) + 21‘11‘2(111QQ)\~ R
dg"' 2xlx2(kq1) + 1‘1(1 - xl)((k) - 2(kq2) b S

; ll;




We put m, = 1 in (37‘) The energy fractlons and the transversal momenta of o -
vz ’ “the scattered e_,e+,p+,;z_. are respectlvely z1,: Zq 1,k AN Ty, =@ £7
" We give here also’ .the express1on for the pair productlon process cross i

sectlon in the collinear c1nemat1c It means that the components of the pair - RN Bhabha pro cess cross sectlon (see ﬁg 11)

;‘ " move.in the direation close to, one of the charged partlcles e+ € 1n ﬁnal or 7
o 1n1tlal state So, naturally R ’\‘»’L e e T e
el g da""ﬂ :,{da e
R etem —»e"‘e q+q o 1 s
e d,, ER s (Q+,q— 15 )+d0(q+,q- llp ) k
L R el R . _" d0'3 ‘ B P
e L e (q+,q- II P+)+ dO (q+,q- Il p+) (43);

Cnaa) :d—al—v— G/ dxFe+e (x), w L

- cat + (1 - a:) + 3(1‘+ x)lnx]

’ Both bremsstrahlung and two photon mechanlsrns afe cons1dered in; derlv-“'.;
mg (40) 2m << Ae << €is the aux1llary parameter of the energy of the soft‘

N

o where ,Bq = 2I‘(ln(9—r—””) 1) Q2 = (69)2 the structure functlons are Lnown ‘ "l

S s "'(1 )-‘+*[1+—ﬁq

lj correctlons of two- loop v1rtual one loop corrected smgle bremsstrahlung, and

() - :

“Itis necessary to note that (40) don ¢ takes into: account such effects as 2

f R = ’the colleagues from IHEP, Protvmo and to Lelden s: Physxcal Institute theo--
,'charge odd 1nterference of the bremsstrahlung s and two-photon s amplltudes~f' -

e e “ reticians ,to E: M. Levm for frultful dlscussmns and to A Arbuzov L Kalmovskaja
d odd as well as the 1dent1ty of the fermlons effects They cons1dered in detalls’ e ; ; . g o R

- 1n [9b] In [14] the spectral dlstrlbutlons in the fragmentatlon reglon also o
: con51dered “hl(‘h may be: used for’ ‘the. numerlcal estimates. Ll
“In conclus1on we ‘present’ here the Drell—Yan s type representatlon of the =

: Flg 11 L ,
Remclnberlng that 1f the detectors are constructed such that they regls- ‘

S

5 & tered the general energy of the jet. Wthh hit them then one’ may omit . the
= structure functlons on the scattered partlcles llnes So we have-.

o

»D Dy De+e D““ :' @y F‘“Z( ) A

ﬁq(— (Q 5'313:2)- —+() )] i
, (1 +4$),3q T+ (,Bq)2[4(1 ; x)ln( ) + 1 + 31 (_‘__ 5 E (47) .

The quantlty Ii (1'1,2:2) have a contrlbutlons from nandrolonc telnls in':

from the processes 24y

K K +K"+I +KW+K;;{+KV5+K;g+I'77+ASS' +I',‘:,,"’ . (48) ff‘“%i
: All the contrlbutlons to. (43) e\ccpt Ix,:’, K I I ’e+e . may be estabhshed -

: from the. calculatlons glven above The contrlbutlons K,:’, K7 o Ih ej may

“-be found by numerlcal mtegratlon tmkmg mto account the ekperlmental con-
dlthIlS ‘ S s :
The authors are grateful to part1c1pants of the Zeuthen 1992 \Vorl\shop,to

: nand V. Vasendlna for help



“f,~References

[1] W Beenaker, F A Berends - van 'der Marck Nucl.','Phys ‘B355(1991
- "281.-S. Jadach’s lesson in- Proceedmgs of- the 1992 Zeuthen Workshop,
‘Nucl Phys B(Proc Suppl ) 29A(1992) N e i

L._;,[z] R\Budny, Phys Lett, 55B(1075), 227 DBardm, WHOHII\TRlema i
P MPI-PAE/Pth 32/90 PHE 90 9, June 1990. i RN

B [3] E.A. Kuraev, L N Llpatov N PMerenkov Phys Lett 47B(1973), 33,';
A Preprmt 46 LNPI 1973 H. Ceng, T T Wu Phys Rev 187(1969) 1868

" [4] A I Akhlezer V B Berestezkl, Quantum Electrodynarmcs 1981> o

[5] R Barblery et al IL Nuovo Cunento 11A(1972), 824

[6] E. Al Kuraev N P. Merenkov v S: Fadm, k Yad FlZ

47(1988), 1593

;f[7] 7. Schwmger, Phys Rev . 76 (1949), 790
% [8] ’PI’Fomm, JETP 35 (1958), 707  ‘

o [9] a)V N. Baler et al Phys Reports 78 (1982), 293
‘ b)E A Kuraev v s Fadm, Preprmt INP 78 56 1978 '

[10] N P Merenkov, Yad FlZ 48 (1988)1782

[15] E A‘Kuraev V S Fadm ‘Yad’Flz 41 (1985), 733

i Recelved by Publlshmg Department ; RIS
: r:'f;.v' “on December 30 1992




