





Productton of gauge bosons W, Zine e -, ye-and yy-colhsnons at lugh ) » $

- energies is studted without difficulties. In addition, it is an important test for

Standard Model as well as beyond it. The future accelerators (LEP2, VLEPP —
"' Protvino) with the energies \/_ 200 and 2000 GeV will provnde us opportuntty' S
for performance of precision measurements of- SM parameters. Due to this, the - -

- problem of RC in SM is actual and is discussed already for a recent time [1].

We have developed a simple technique [2] for extraction of loganthmlcally :

large RC, which was originally applied to electroweak interactions in [3] and is

‘based on renormahzatton group formalism of quantum field theory, wndely used
in QCD [4]1—[6]. This approached is developed mdependently by other grodpsy s

. too [T]—[12]).

The main idea consxsts in constderatton of the real and v1rtual electrons,‘ :
positrons, photons, emitted by an incident partlcleA as partons, and the takmg LR

- into; account of RC is reduced to calculation of a parton functlon, or structure

: OIIC, “A->a

mentum fractlon X and with the momentum squared up tosin “the parent” A Xf

(%, 8); meanmg the- probablhty to fmd a parton a wnth the mo- -

we restnct ourselves by leading logarithmic contributions, we may use the -

. Aliarelli — Panzt — Lipatov equations [4]—[6 ] in order to deﬁne D(x,s).
~.Thus, the proposed technique pretends  to description of only the
- logarithmically large RC contributions, although 1n thls case the accuracy of the
“order of a few per cents can be achieved.

-~ .. Now we shall put down the dnfferentlal cross—sectton for the process 4

"A+B->C+ Dtntermsofpartons [2]

0A+B—>C+D R
f dQ . ?-: fdxldx dx3dx4 A-—>a(xl’ s)D ->b(x2v s)
. . : a C, v
JeVEC R B L e
T(xleS)Dc >C(x2’ S) >D(x4; l 2s)) g 3

: where da/ dQ is the cross—sectton ofa subprocess a + b c+ d whereA B, a, '

_ b, are - et e”,y; C, D, c,daree ,e ,y,W+ W— YA \l_tsthelmttalenergy

“The total cross-section may be obtatned with ease of mtegratlng (l) over thev

angles

snmply [21. . =

’ It should be noted that the. contnbutton from 1nterference between the o
, mtttal and ﬁnal parttcle radtattons is not taken mto account in the gtven above ;

'Polanzatlons of the 1n1t1al and flnal parttcles may be 1nvolved rather ‘

e

expression. We shall show that in the one-loop approximation there is no
logarithmically large RC from heavy final particles, W* do not contain
logarithmically large terms too.

We introduce, for convenience, the following convolutions [2 |

X

d
goij(x, )= [ _yX D, .» S)DB_>j(—y', S) . v}
x

Put down the followmg expressions for the SM lowest-order processes:
l.ete” » wtw™, zz

daee—» ww L Geww
(s) = fdx dx,D,_ >e(xl, 5) e_,e(xz, )G — (sxlxz)x(sxlxz)"‘-:
N (&)
1 P daee WW
=;)—{ ee( ﬁ) x(sx) ——=— (sx),
where x = x x0,p = s/(4r£1W),,B = (2a/n)gL —1)and L = lns/m: is large
value. Factor x(s) = E’%Z =|1- %L) takes into account the “move” of
coupling constant in subprocess cross section.
2. ye» Ze ,
. aye_. Wi e Wy -
—a— (5) = [dxD,__ (x, 5) g (0, (4)
3.7e » Ze
ayc. >Ze ‘ “ey>Ze
—=(s) = [dx 1dx3D,_ (x,8)D,_ (%3, X,5) 0 (x,8),
dee>2Zy o
~dofe—>Zy 1 p doce—>Zy
=5 L z( ).———dQ ) )
4 .
S.yy -~ ww »
day},_>ww da;(;y—->WW,
Ta WS 9y
MWW (D

+ fdx,dx,D, 5K D, 5(xg S(sx)) T,(Sx'xz))c(sxz)f :

We specially have written the expression (3) in the form of convolution, -
where ¢ -(x) plays the role of lepton beam nonmonochromatism, like for the .

process 5, where cross-section is to be convoluted with the functton of photon
beam nonmonochromatism [14 ].
To find structure functions, we shall take the Altareh — Parizi — Lipatov .

equatlons o
Etmcm.nmn;i% ge;;—;m_iti %
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L 1 " _ -
Bes, ) = 20 1 4y [ [D 5 ﬂ,)Pe A
0- x

L
6w =31 2D Gx, ) +

%X'[D(y, ByP, (ﬁ) +D(y, )P (Z‘-)] :

with the following notations: Dez‘ z(x, 5) = D(x, B); Dez__e+(x, s5) = D(x, ﬂ),

D,_, (% 5) = G(x, ). .
. On solving iteratively the (8), we obtain that w1th the required accuracy
-1 % for LEP2 where ﬂ 0.1), the terms up to including ﬂ are to be kept:

D(x, B) = 2ﬂ[(l+8ﬂ)(l x)“’“——(1+x)]

—2x(1 + x)ln% 3 - x)(4 + Ix + 4x)], 9
l ﬂ [(3 + 4ln(l —-x))—(l + (l - x) ) +

+2(2 - x)lnx + ; (1-x2x - 3)].

~or for the appropriate convolution,
‘ 3 - 1
5pez(x,ﬂ)=ﬂ[(l +Zﬂ)(l —x)ﬁ ! —5(1 +x)]. (10)

In fig. 1—6 the total and
.differential cross-sections as the
functions of an initial energy are
depicted for the processes 1—35, ]
with and without taking intoac- -~ 7 .
count of RC. As you can see, the
values of RC are large for all -~
processes, besides yy>W*tW~,
where RC is practically absent  1-

o(s),pb - ete” »wtw”

—— with R.C.
- Bom

in leading log approximation, is - O .’
A 2. . . 4 Vs
the" exception. For - the total -~ ]: - : .
: " 7/
Fig.1. Dependence of the total cross- 4 ' Ty - T -
sections of two mechamsms of Ww~ ‘ ,,e» e >W We'e
production ‘at e*e” “collisions from the g4 ; —
total energy in c.m.s. f , o . ‘ 1000 P S
ota rgy in c.m.s. frame vs. Vs, GeV

+ - +y— Fig.2. <«Effetive» - radiative correction
-W'Ww \

€e (ERC) 4(s) dependence on Vs for the total

cross section of the process e*e™ - W W™,

o(s), %

cross-sections of the processes -
1—3§ the value of RC comprises
=§—7Y% for LEP2 and =15—
209, for vs = 2 TeV. Up to the
LEP2 energy they are negative,

_ then become positive. It is clearly
observed in figs.2,3 for d(s) de-
fined as (we call them “Effective
radiative corrections” (ERC))

o(s) = aBom(s)(l + 4(s)) (11) '

and for d(s, Q) defined, in its
tum, as..
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do .
496 = B°"‘(s)(1+ 8(s, Q). 12)
dQ _ .
For differential cross-sections ERC are catastrophically large. For instance,
for the processes 1 and the scattering angle 7t/2 they comprise more than 509,

3(R )% ete  »wrwo 5(9 ) % ote” » Wt w”
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Fig. 3. a) ERC for &(Q, s) for differential cross section e*e” = W'W™. as a function of angle 6
between the W~ and ¢~ morenta as Vs = 200 GeV. b) The 8(Q, s) for e*e” » W' W™ angular
dependence for .Vs = 1 TeV-.
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Fig.4.ERC 4(s) for the total cross section of the
two Z production processe*e” - ZZ.

Fig.5. ERC-energy dependence [or the single W
production in the process ye - Wv.

(sce fig.2). It is explained by the fact that differcntial cross-sections are
concentrated, practically, in the forward directions and fall very sharply beyond it.
We would like to notc onc interesting fact. If an experiment, by any reason,
has cutoffs, then, generally speaking, arises the problem of the taking into
account of other contribution for which final: particles are not observed
(cxcepting WW-production in the
reaction eec > WW). So, when
‘considering W-pair production in 10
ee-collisions, we arc to take into
account also, for instance, the
process ¢e > WW | ee, which
comes about via the transitions:
ee - yyee » WW ee and the final -1
leptons = are not" caught by
detectors. Now the expression (3)
is to be supplemented by the -2
contribution from yy » WW

ey—PZe

Fig.6. ERC-energy dependence for the single  © _4p
Z production in the process ye -+ Ze. -
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D ( ﬂ) Fig.7. Dependence of structure function
D(x,8) on x for . = 0.124 (Vs = 200 GeV)

(solid line). Dashed line shows the depend-
ence on x =aw/e of lhe probability of
backward Compton scattering of lazer beam

on electron beam with energy e. ’
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Fig.8. The lowest order diagrams which . produce oY
large RC: real and virtual photons emission by -
initial leptons. et ws ¢ I
e WW ’ : «
do*®
g ()= fdx dx2 e_,y(xl,s)x (13)
ad 44 '
X %*Y(xz, 5) (x,x,5)

which turns out to be dominant at Vs = 1— 2 T¢V:and comprises = 2.7 pb,

whereas the cxpression (3) gives = 0.9 pb.at this encrgy. Thus, under such

obscrvational conditions a lepton collider transforms into a photon one! Thc;

same situation may occur for the rest processes. Sh
The quantity ¢ - plays just:the same role of “nonmonochromatism”

that onc for the rcal photon beams occuring as a result of laser conversion [14 l.

*

Fig.9. Initial particles radiation-final particle radiation interference diagrams: block-scheme. .

T
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Fig.10. Diagrams of Fig. 9 in t'Hooft — Feynmann gauge.

In fig.7, for comparison, - Pos together with the factor of real

nonmonochromatism, taken from [14 ], are given.

Thus, we go to the discussion of RC, related to final heavy particles, w=,
and its interference with the initial ones. Let us discuss in detail the process
ee » WW. The Feynman diagrams in the one-loop approximations (its total
number is = 200), involved in (3), which describe virtual corrections and take
into account real photon radiation as well, are depicted in fig.8.

The diagrams in which a lepton and a W-boson as well as the final WW-
bosons exchange a virtual photon, and, besides, interference of the amplitudes
of real photon radiation by leptons and W-bosons is considered, as in fig.9, are
not taken into account in (3). We shall show that its contribution does not
contain large logarithms L = In(s/ mg). It is numerically small and can be taken

into account by the so-called K-factor. The contributions of the diagrams in
which a virtual photon does not interact with leptons (figs.9b) as well as ones
referred to the squared amplitude of real photon radiation by W-bosons are also
finite in the limit m, > 0 and can be introduced into the K-factor.

The assertion on absence of the contribution of the diagrams like those,
depicted in fig.9, to a total cross-section is evident. Really, interference between
the Born amplitude and the amplitudes of fig.9¢ is an odd function of cosf = c,
6 =p . ¢ and, on integrating, it gives zero. As for the differential cross-

sections, the situation, in large, has common with that for the process

8

Tk g

Fig.11. One-loop diagrams of initial-final virtual photon radiation in * Hooft — Feynmann gauge. ~

e+e >u ;4 , where the taking into account of the box dlagrams like in fig. 9c,

forces the occurrence of charge-odd asymmetry for the quantlty

da(6) - do(z — 6)
do(6) + do(m — 6)"

A9) =

which dies not centain In(s/ mz) This fact can be illtxstrated in the lowest ofder .
of PT. The soft real photon radtatlon deplcted in flg 10 ‘can be calculated and
glves the well known result B y ‘ «
fdsk P po\[% o
2.7;2 p+k p_k q+k\qk

. =__ 2Ae l+/32 2ﬂc , o
ST (*) + 7+ 2% +-9(l)”°’

where A is the photon “mass”, §is W-boson velocnty inc.m.s.’

The hard photon radlatton do"®® can be taken into account, in the leadmg
logarithm approximation, using the replacement In(2Ae/2) - In(e/2).

Finally, the parameter . A will be dropped when considering the virtual

da=

) fdomﬂ.
as

- corrections, for which a loganthmtc contribution comes about from the region of

“soft” virtualities (| k%| < m?,, see fig.11):

9



dort =42 g d M + 0(1) | do, s
T 1+ B+ 28

The virtual photon contribution to the interference between the initial and
final particles radiations gives the logarithmically large contribution (15).

The net contribution dasoh + dahar d + daVin is finite at m, > 0

In the conclusion, we would like to stress once more that a simple technique
for consideration of logarithmically large RC in the lowest-order processes of
SM is proposed and grounded by one-loop calculations here. Unexpectedly
large values of RC contributions to the processes ee > WW, ZZ,Zy; ye = Ze
are revealed. However, RC is practically absent in the processes yy - wtw,
ye > W v, Large values of RC in differential cross-sections are explained by
catastrophically rapid falls of the lalters beyond the region of forward and
backward scattering.
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