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The cross sections of the processes . y+y-+n+n and
'y+yay+y for the  case, when the =z phase shifts are
going to = in the: asymptotic regions, have been obtained -
‘in the work. The ‘importance. of the use of . the general so-
lution of the homogeneous integral.: equatlon for obtainlng
the solution of the ‘Tntegral dlsper51on relation has been

pointed out.
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. the amplitude

Putting in’co‘ operation ahd use "of accelerators. on colliding'

’ 2—5 GeV electron-pos:.tron beams make 1t poss:Lble to study 74- -hed—

1,2 . At these energles the two-photon procesaes

ron 1nteract1ons
become very essentlal 1n the reactlon of collldlng beam‘lnterac-

tions with production of other particles, 1.e.,thosevtwo-photon

‘procesﬂses are important ih‘whlich' the /final particles are generated:

by. a virtual photon’ pair. . TLE o - s

From ‘this po1nt of .view the 1nteractlons of two - ?/ quanta
with- ’.7'- meson»palr.productlon»are of interest’ for vexperimental in-=".
vestigation. Stud&ihg this process ellows one to obtain aome ’
us_eful informetion‘ on- AT - interactions ( on"  XX- scattering -
phases‘,‘possible 6—*' f-- “and other resonarices) and. verify:
the:validity of varlous theoretlcal predlctlons for. -this reaction.:

" In our work 3 ‘a detailed theoretical analys:.s of the. ?’+')’-’T*T
reaction at low energies has been' performed by the dlspers:Lon .
relatlon method. The d1spers:.onvs:.ngular 1n~tegr91‘ equatlons for.... .
partlal waves of“ the above- process have been derived. by using
propertles 1n the d1rect channel variable. 'f: (K*K)
( K ‘ana  k’ are four-momenta of the initial photons), and .’
the two‘;-pa"rticle unitarity conda.tlon ( 1:wo--p1on,:uflt:ermed].s_’t,e,.rx

state). These equa'uonu were.; solved by the" method of Muskhellsh-

‘v111-Gakhov 4 through reduclng to the R:Lemann boundary value .

problem. The solution. of a similar problem for the partlcular case .
T i
of zero-th'a‘symptot:.cs of- the TT- scstterlng phases, .0 (t} ’

( at t—o0 )y is unique and is written in the form 4 3

.‘Tf;)-(f)c-a XUWA, 0+ i:(*) g .
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Here T"P({)t . is the partial (- wave amplitude of the ]')".TT

reaction with a given isospin

.

T, B ({} -is the contribution of
X w,f exchange diagrams to the process. Egq, (1) is, in
fact, a partlcular solution of the-Riemann nonhomogeneous bounda-
ry value problem,"

The investigations 3 have revealed the essential role of
xk- interactj.on in the process under consideration. Experiment
and the phase shift analysis give the. two-valued solution for the

S -wave-phase of AN -scattering, 5‘:('5} ( down - and down-;up

sets of experimental points), In the work .3 the §- partial wave
cross -section of the }y’azf‘process has been calculated by making
use of the analytic expressions, whlch have been -agreed well with .
the down- and down—up sets, at the known experimental values
(V€ .£ 1 GeV), for the §; phase |

The main peculiarities of the cross section behaviour depend
considerably on the kind of pé.ramef.rization(down,down—np),. for :
the S'; scattering phase X% . The calculations show that
the contribution from inelastic processes .at high energies : ‘_s
(\F(_: 7 Al GeV) as well as the rate of decrease of the phases to
zero—th asymptotlcal value do not essentially change the low-energy

behaviour of the obta1ned cross sections ( 10-20%). On the other

hand, the changes of. the phases in ‘low—energy and threshold regions

B R - i

result, in . the proport:.onal changes of the 77’-' IK' cross sections

" in these energy reg:.ons. Recall that the resulte have been found

for the phases (r ({:/ go:.ng asymptot:.cally to zero ( th1s corres-
ponds to the zero-th 1ndex of the R:.emann boundary value problem).
The phases S (‘U nd' S (\‘/ resonant at M(_730 MeV and
MJ(“' 1260 MeV, respectxvely, -pass for the second time throughfo

in the reg:.on of M. 55 and M{ under the chosen asymptot:.cs,

and at h1gh energles they become practlcally zero.

The present work deals w:.th the other poss:.bll:.ty. the .

. phases S(} and J(t‘} in asymptot:.ce tend to 180° . This ‘case

aiffers. in pr1nc1p1e from the above.one as for it ‘the 1ndex 2t

of the Rlemann problem is equal to u.n:.ty, the solution. of s1ngu—
1ar integral equatlon 18 nonunique and in add1t1on to the part1-'
cular solution of (1), conta:.ns also the general solution of

homogeneous equation with an arbltrary constant ( ‘a polynom:.al of

_the order of % -1 . .. )
| - & @, B
T, ',' 'l'l ) Pl + (‘ f) o
T( .T( o eus‘ (é} Jer A, @
"l’ T o .
where oL is an arbltrary constant. ‘ oo 5"’(xy

(4
The behav:.our of the funct:.on y(z) exp{ ? Zi(z-x) }

in. eqs. (1), (2)'is different for var:.ous parme:rlzatlons of the
T~ scattering. phasea. Flg.l shows the fu.nct:.on y(x) correspon-'
ding’ to different cases of ‘the: :ff~ acattering: phases. For the
cases. g(“" '"‘=.0~ ~and g("‘)

.lavq-n, E Xﬂ'ﬂ-w, ;
the resonance behav:.our in: the.range of 6' meson ( x = 7 3 )

= X both the curves Have -

but-differ-in magnitude. ~ T T -
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In _paper 5 the dlspersmn analys:Ls of the 77" T/‘ process
has been carried out under the assumptmn that the functlon
changes smoothly ( y(x) ~z const). As follows from the curves
in Flg.l, thls agsumption may be Juat1f1ed only for the smooth
(nonresonance) . rr - scattering phases ( for instance, for 5 )
For the resonance phases this assumptmn 1s not vahd.

The solutlons (1) and (2) possess nnother d1fference of
principle. Using the kmown identity, —,x—:}_— P(: ) -Lxg(z

we now rewrite eq. (1) in the follow:l.ng form

o (‘) :
(1) +) 5““(( 6" “Je .
() - XOm tp L x.(x-ﬁ)&(x),d* @)
o

+ Bd/;({) [705 ({} ezp( )

'Tl .

P
The second term in (3) vanishes at the resonance pc}nnt ge\\?- ’Z'.’
(r .
The integrand of the principal value integral (B (f/ ‘is a
smooth function) is equal approximately to ) -
T () DT )
Si.ngt(x). B, ('L)!; C et Sind, @) ] ~
ST e ~ (onst ——— — T =
X (e-t)- Yy , yox) k0 (4)
nst
= 9'—"—‘ * ()‘) %
X - t)

In the case of zero—th asymptotical behaviour of the phase
° 0 K3 N . - [3 s -
’S‘s ({) ( Sd ({_)) the function () - has two maxima V{vhlcr{ corres
pond to the 6 meson ( meson) and to passing of the phase
through % " when it goes back from A to zero, The second :
maximum ( being in the region of ener_giea'higher«than 1 GeV) -enters

into the principal value integral in (3) as a large positive. back-

-. of (S:(“J o = T

ground. The first term in (3) is nonzero at the resonance point
M‘,gjao MeV ( X =7.3) and the partial amplitud'e' is a reso-,
nance one due to the function - y(x) :

Consider now the phase hav:mg asymptotic value equal

.

. to vd (H=1) . The particolar solution of’ nonhomogeneous,

integral equation ( see the eq. (1) ) is not valid for this case.
The correct solution (2) includes now also the general solution
of the homogeneous integral 'equotion with an arbitrary constant,-

At the resonance point - ¥ (H‘} =7 (e.g., for &.(¢)

(nﬂt n(f (,’, 7 ]
phase) the second term of the express1on for T (U " becomes

© zero, as well (. -Cos gs = 0). In' this case the functlon CF(x)

1a_near1y symmetric with respect to this point:and has’ the
maximum value at it. The principal value integral over the
expression (4) will approxmately be zero at the resonance po:.nt :
and the partlel ‘amplitude #(}(4) will® poasesa in the region
of 6§ meson & minimum instead:of a peak. ‘

' Thus the part:.cular,solutlon ( eq. (1) ) alone of nonhomoge-
neous integral equation does'notvresult in the expected re“sonance‘
behaviour at the point ¥ = 7,3 ( -Ms - 730 MeV), for tho,oaso
down-p . In particular, the authors of °
have employod in their calculations the asymptotic behaviour of
the ﬁ'ff-ocattering resonance -phases, {(09) = X ., but have -
allowed for the particular.solution only. Let us note that'the
general solution of the homogeneous equation entering. into. (2) -

has just required resonance behaviour. An:arbitrary constant &

‘of this'solution can be found' by norming the resonance maximum

to 1ts two-photon’width. In the precedmg peper 3'the,const'.ant'. j'? :

Tl
in the expression’ B (f} was taken to correspond to the w:Ldth

‘
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_ The: behaviour ‘of ‘the s-wave .

~of the

is given by the dashed line.. In Fig.3 the A- wave

’ wav‘e at the maximum of

p.

(f""? 3k,
lie in the w1de 1ntervs1 0.1l = 0.7 MeV ( see,- e.g. the data presen-—

x 0 5 MeV. of ‘the f) meson electromagnetlc decay
o~ !L'J.M (H’ '"“')) The expermentel data for thls w:l.dth )

). In the present work the value
r{,“a O, 1 MeV has been taken for cslculatmn. ‘This value was
also used to .calculate for comparlson the curves of S - wave cross

6. (%),

))—* ZE cross section for the phases

sections for the. down-pa‘rsmetrlzatlon of the phase.

g (Ud and are given in Figs.2a and

(]

S ( )dv-w nq = I
2b, reSpectlvely ( the- desh-dotted lines are the contrlbutlons
w; /),JZ exchange dlagrams representing the. cross1ng cuts)
In F:\.g.2b the. simplest: Bre1t-W1gner approximation of. 6—.meson

77—'.11:1: cross

. . . . : o
-section corresponding to the phase Sd(va}-rf,is shown ( the Breit=

Wigner. curve for # meson is given by the. dashed line). The d- o

f resonance. gives. a contribm’xtion to

65 .+ 67 )

the total cross section (77_,“ = O imr 7 xR

comparable with the . :5-wave cross section. Comparison with

the earlier results 3 reveals thet all. qualitative features of . the

. cross section behaviour do not change when the contr1but1on from '

the Cd,f exchange d1egrams and phase asymptotics change.

On the other hand; the values of the cross sect1ons are. sens1t1ve
to s1m118r changes. The select1en of correct solutlons will be
p0551b1e after comparison with experiment. '
3;,the pertislﬂ

“From the ref.

S- and

)g»xx amplitudes found in. .-
d- waves have been calculated .later for the scattering-
8,,_as well -

of . ’)— quanta on 2— quanta. via.the two-pion. state

as for the processes 99— ki (T=0) and" g?f"K?E(T“”)'T’f)?"

e
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- i.e.ythe

-pert.:.el cross sect:\.onfor scatter1ng of

"gection for the scattering of

?/ quanta scettenng via the - /\’/7(7"‘0)‘ intermedia=

te 'state) g Tt »

In our work the partlal cross sect1ons of the llsted processes
have been obte:l.ned too. Fig.4 presents the graphs of the S- wave
Y7t JrJC-’gg cross sect:\.ons which correspond ‘to the down ( F1g.2e)
and down-up ( Flg 2b) variants of jg—- JZJ" emphtudes. The d-wave
2/ quents -on’ g/ quan- ’
ta-via the two—p:Lon stete is shown in Flg.s. Note that 'if the
correspond:mg total cross sect:l.on of. photon scatter:mg (6,7_,”

=6, 4+ 6,0H)

is- compered w1th ‘the- electrodynam:.cal cross

4 quanta on: ' 7« quanta ( via

“the electron-positron pairs ) 10 then the first one will provide’

the main contr:l.but:l.on 1n the wide energy range, ‘300-1200" MeV. -
The § ‘and . d wave cross sectlons for the’ g?-— K/( (T-”}

yEL process

resction found from the‘ partial waves of the ;
) o'

( Pig.2b and 3) by a method given i'n the work , are represented
in Fig.6. .The . curves obtalned are anelogous by form with those
g:\.ven earlier 9 “but differ from them in megm.tude. The pert1s1
cross sec'tion,s for photons scattered - .via the KK ( T=0) stste__,'
whiéh have been derived from -‘the amplitudes of the ?)—' KL ('f=0)
reactions,are also analogous by form with those given in‘the Vv’vork
and provide a contribution to 79—'-77 process negligible small
as compared- w1th that from the two-pion state. .
The authors are very grateful to 1.F. G:anburg and S.B. Gerasi- -

mov for useful discussions.
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The plot of the function Y(x)= exp'[% o)
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for the followingvparametrizations of the XX scatte~

ring phases ( see ‘the correqunding curvesa in

work 3 ):
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