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A Introduction.

The role of investigations of the process tﬂ-}s hadronsﬂ is at

present increasing,see /1/. Interesting experimental informati-

GALCU]JL‘:IGIJ OF THE %\8_ ?u ?n CROSS - | on vas q::vl:ﬁ:a:u:yah::r‘h,‘ﬁ tﬂf’m yvears at existing accelerators at DESY and
SIAC. llew prospects will be ope?l\ by linear elecctiron-positron

SBCTION AT HIGH ENERGIES o A i e poddabiasi Novostbirsk (NS~ 100

300 GeN ) and SLC at Stanford ({T~50-10 GeV e b

It is shown in /4/ that ‘E, o  peams can be converted into the

V.L.CHERNYAK, L.R,ZHITNITSKY \Y beams for these colliders without considerable losses in
the energy and the luminosity.

Institute of Nuclear Physics Tt is clear that the processes with the cross sections not
decreasing with  energy are of importance at high energies.

630090, Novosibirsk, USSR
: Thegse are the processes with the vacuum quantum numbers in the

t—channel. In this paper the simplest exclusive process of

ABSTRACT such & kind.h\,g\&%?qg’u scattering,is éﬁnsidered,fig.‘n. The cal-

' The processes with the cross sections not decreasing with culatiin of the cross section is performed in the region $»
energy become important at high energies. The simplest pro- s> W the condition |t1»>I - ensures large virtuali-
censes of this kind are \é\{)_\d’i \{‘: e N ?{; g 4 ties in the t-charnel and so allows one to use the QCD pertur-

We calculate their cross sections in the high energy Shany pation theory. We confine ourselves here by the simplest non-

angle region ’;')“;e;. \‘;})ﬁ ; The cross section \S-\S‘ﬁﬁ?e trivial diagrams like those in fig.2. This approximation can

exceeds at high energies ( g}: L0 QQ\]E) e aiiee \g%'ﬁﬁ*??_ be considered as the "bare Pomeranchuk singularity" exchange.

et i) ' . : ' 050 : : B
cnnslﬂer&bly At S “-"!L‘Jul e\ (this is the characteristic ener- The calculation of the ‘“""? N cross section is described

ik g : :
ey for the VLEPP and SLC solliders) and \"tl\ il \; e in sect.II. The discussion of the resulis and comperison with

&15: \5% 1"% \/d{g(\é\{ 3.\\ ~10 the \g‘{l\-‘fﬁtrﬁ*.,ﬁnﬁuw, %#?_ cross sections are presented in

gect. IIT.



II. The “Q&#E”?“ cross section at high energies.

Bel-ow the contribution of the diagrams like those in fig.2
r, " 5 0@
into the -‘ﬂﬁ'\j N cross section is calculated. The general

method for finding the asymptotic behaviour of the exclusive.

proccesses in QCD is developed in[.f}'-ﬂf. Therefore we give bel-ow

the results only. Let us point only the following: i) the per-
turbation theory propagators can be used at l"t\‘:v}ﬁl because
the propegator virtuaslities in fig.2 are ?:’ﬁ(_f\ y i1) only the
?1. -mgsons with the zero helicity are produced; iii) each of
the dlagrama like those in fig.2 give a contribution "“K/‘E}
Q‘ﬂ %C Q,"n e but all the logarithms cancel in the sum of the
diagrams.

The amplitudé of the K};-‘* %o?a process is pure imaginary

at S > }*1

and has the form:

VEYITMTTER %i&w mi&mw 3,
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Here: cl=%&,‘:,] E‘M‘} Cih are the photon polarization vectors,
%gklﬁﬁ'ﬂ?—\jm \Dg (ﬁ\

mined by the matrix element

<°\“Kﬁ“§m\lw dl)fy der)/ @ \?Lm\/ =0 F Ylag) .
Rla7)= “"[\Q \%\@-M w 'ib‘?:ﬁ\zh Q\*m.

The function ?kﬂ determines the distribution of the E’L ~me-

ig the ?\. -megon wave function deter-

son longitudinal momentum between the quarks: P:Pﬁiﬁh ?,L=~,{1p?

=R, 3=2%-14.

wave function \Q?kﬁ\) found inH?,,’ using the QCD sum rules:

95, perossar) = (147 ) 03 7 0.4k) g

( }\q is the normalization point of the wave function; the

We use for the numerical calculation the

\qu -dependence of the wave function is ﬁetermiz;ed by the re-
normalization group end actually is weak). .

Using (41),(3) we have for the helicity amplitudes ( ¥ indi-
cate the photon helicities):

N i&\mﬁk\x‘uﬁ L L

é E“" U\u&\@ﬂ&é\ 0.%.
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(4)
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The ratio AE(K& R \/&GQ&\Q.*\J[ t’l) in the region @ﬁb\*\ﬁy

ig therefore:

&Ek?x?/( 3 _1\{0\-&&& ? %_\_ (6)
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The production cross section looks as follows:

K ' \ 2w Wl s 'Lllt
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9.5 nkwn R A
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The coniributions of the fig.Z diagrams to the YL‘}S"U:]L&

and \&\& QW cross sections are evidently given by the
game formula (1) with the repl.a.cemert Lg?\*? b\—*" 3%?‘9 K%\

for the W -meson and %?\Q?kl,\% —i—%q\‘{’qh\ for the W -meson.
The \Q ~meson wave Tunction has been found in /42/ and has

the form:

| , 3

fox i =200Ney, R )= T{{xi—?{l\ (9)
Using these wave functions one has at “‘}\H }}}"

K??‘ ??")1%2" .\‘“}:‘]Lm‘-\l@" kQFL\1¢1 (?u‘\ﬂjgéf !L‘. "%‘E ! ;%);0 1 {'ﬁ-ﬁ ! (10)

‘"he most characteristic feature of the production mechanism

ghown &t fig.2 is the existence of the 1%-5 ?u"? cross secti-

oni. Using the wave function (9) one obtains at Sb“?\ﬂb‘:}\l

E’G‘K‘&K-fiﬂ RGN 4
AR 8 e '

The p**ﬂdm,‘L on cross section is

3539 £ s
f&’k"i ‘Q\ &&JC( >~ 340 whn f \ltm\'tlﬂwj (12)
R
iet us compare the cross section (8) with the totel light

meson production cross section'at high energies (see Tig. 5,

/43,14 i
’)eﬁ‘ dy UU d \ 1'\7\"

-‘E‘ 2T\ &% *:_Mn Hat (13)

1
where W  is the infrared cut off ( }\12 <Q}'> -:@Q,G M\ ) \
AL \x[,'l"-u.m\ = ?-{&"5\1 i 1 dﬂ. =0

=~ Swkw, ::;.“\%'i?i\/% s el Rers
S

I11I. Discussion.

o
[‘u
Dl

1.The cross sections calculated above can be considered as the
ﬁorn approximation. . The loop corrections due to the diagrams
1ike those in {ig.3 become importent at high energies, $ \-H
Tach loop in fig.3 gives the factor

tistis‘}q’ é./
At H‘.\ &Ga\i this factu;}- is NUQ._‘} J.n the VLEPP or SLC region
é. iE} ‘f:.e\ and so the leading lmgarlthm corrections pruld be
taren into account in this region (we expect that at $=ioh
&‘C) G:QM' the logerithmic corrections can be neglected).
The pesult of summation of the leading logarithm contributions
in the non-abelian geuge theories /45/ shows that these coni-
ributions increase the cross section. We expect therefore that
the above calculated cross sections °¢°, gb'{’ give the limits

fprom pe - —ow and the real cross sections are larger.

o Ty is of interest to compare the Xﬂ E’ ? croSs sec-
-‘u ~Z0 30
100 ua = fig.2 contribution with that of \S‘g"*' T T 3 ?

7



cross sections due to fig.4 contributions. These cross secti-
ons have been calculated in ILGK in terms of the mescn wave
functions. The wave functions used in /6/ in order to obtain

the numerical predictions are however unrealigtic,from our

point of view. We use in the numerical celculations the T - . ﬂ

and ?Lﬂ -meson wave functions obtained in fi?d?f using the 1“'

QCD sum rules. :i
The W -meson wave function is determined by the matrix ele- |

ment <E}\E{ki\ﬁvﬁ;u‘\'?)\mkﬂ>:‘b?p Y S_itl\ﬁ R a)enpf v3 @b,

and has the form: y
§¢ = 133 MeV, \Q—&h}lbﬁ L,:?‘ ki-?ﬂ?, , Mov0B5 GV, (15)

The wave function of the ?L -meson with zero helicity is
given by (2),(3) and that of the Q. -meson with the helicity

elewewt

\\\= ! is determined by the matrix ( Q is the §, -meson

polarization vector)

\ 1?}

T Tk i B
%'T(M = 200 MeV , \?TL%TVQE I% (&thﬁir T\i“‘ 05 GJ?_V?_UE.)

The behaviour of the cross sections is shown in figs. 6,7.
Let us point the following:

a) the numerical values of all the cross sections ( except

Nt .
for %\{)—‘fﬁ W ) differ essentially from those given in pa- }

per /46/;
b) the two-gluon exchange contribution,fig.2,into the §{>¢7¢°
cross section (4.e. (?L? ‘ ,8ee fig.6) is at %-gg

0

of the
same order as the two-quark exchange contributions into the

ST, 80

cross gections,fig.4. At smaller angfes,how- '

-

cross section is much larger than any

ever, the (?E ?ﬂz%t

other 1“%E-+-two mesons" crogs section (see fig.6). Even
{4~ 2
then  Y\Y—= ©'9, T'W

e are grateful to V.G.Serbo for the useful discussion.

cross section is lerger at small angles

(see fig.B).

REFERENCES

/1/ 4=th Intern. Colloq. on Photon-photon Intersasctions,
Paris, April, 1981

f?f V.E.Balakin,G,I.Budker,A.N.Skrinsky, Preprint INP-78-101,
Hovosibirsk, 1978
V.E.Balakin,A . N.Skrinsky, "VLEPP Project (Status report)",
Preprint INP-81-129, Novosibirsk, 1981

/3/ EHD Report 229, 1980
B.Richter et.al.,, Preprint SLAC-PUB-2549, 1980
P,Panofsk&, Report at Intern. Symp. on Lepton and Photon
Interections at High Energies, Bonn, 1981

/4/ 1.F.Ginzburg,G.L,Kotkin,V.G.Serbo,V.I.Telnov, Pis’ma v
Zh, Bksp. Teor. Fiz., 9 (1981) 514 |

/5/ V.L.Chernyak,A.R.Zhitnitsky, JETP Lett,, 25 (1977) 510

V.L.Chernyak,A.R.Zhitnitsky,V.G.Serbo, JETP Lett., 26(1977)
594



/6/

T
/87

/97

0/
LY
/12/
[13/
.r'”i ’1-}"
L5y

/16/
AT/

V.I.Chernyak,A.R.Zhitnitsky, Yad.liz. 31 (1980) 1052

V.L,Chernyak,V.G. Serbo,A.R.Zhitnitsky, Yad.Fiz.31 (1980)1069

¥, 1. Chernyak, Proc, XV-th Winter LINP? School, vol. I,
pp.65-155, Leningrad, 1980
U.R.dJackson, Ph., D. Thesis, Caltech, Pasadena, 1977

G . [ TFarrar,D R.Jackson, Phys Rev.lett. 43 (1979) 246

A 1 Vainshtein,V I Zakharov, Phys.Lett. T72B (1978) 368

A V.Bfremov,A V.Radyushkin, Phys Lett 94B (1980 245,
Teor i Mat.Fiz 42 (19803 147

G Parisi, Phys. Lett 84B (1979 225

¢.P Lepage,S.J Brodsky, Phys Tett 87B (19797 359,
Phys.Rev.Lett 43 (1979) 545, 43 (1979! 1625(E) ,
Phys Rev. D2z (1980} 2157

A Duncen, A.H Mueller, Phys.Rev D21 (1980) 1636,
Phys. Lett. 90B {(1980) 159, Phys. lett 93B (1980} 119
V L Chernysk,A R Zhitnitsky,l R Zhitnitsky, Preprint
INP-82-26, Hovosibirsk, 198%

H. Cheng,T.T iu, Phys Rev D1 (1970 3414

I, 1 Lipatov,G V TFrolov, Yad Fiz 13 (1971 333

E A Xuraev,l, N Lipatov,V 5 Fadin, Zh. Eksp Teor Tiz
TUl19T76) BAo, T2 eTaT Y T
S.J.Brodsky,G.P.Lepage, Phys.Rev. D24 (1981) 1808

V.L.Chernyak,A R Zhitnitsky, Preprint INP-81-T4, Hovosi-

birsk, 1981

o

—

.

Figure clQptions

. s . ; +__— r T
Fig. o, Predictions for the KK o I i ‘? S} ?‘i ?n
S SRIE TR

and rﬁs'—’}‘f ¥ cross sections ( S’L denotes the E‘ ~neson
with the helicity N=" ). The wave function of the §, -me-
gon is given by (2),(3). The contributions to the eross section
e,
WA=y

due to fig.2 and fig.4 are denoted by (?“g
’ L j
> ] ¢ |

e \\?1. ?:\zur respectively ( dg was taken ds=0.35 ),

Ay

Mig. 7. Predictions for the \f& = Tﬁﬂﬁu q ?t_ ?1
. o O
and \é\&-} ?J_?;_ crosg sec:iions ( ?_L denotes the P -meson

with the helicity \\ =41 . The wave functions of the T -

and 9.L -mesons are given by the Tormulse (15),(16) respecti-

vely ( s was taken d¢=0.35 ),
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