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Investigation of Reactions yy -+ KK and 
YY -+ YY by the Method of Dispersion 

Relations' 

The process y +.y-+K+K has been investigated by the 
method of dispersion relations with the account of the 
two-pion intermediate state. The cross sections of the 

s -and d -waves of the process _ and of the interaction 
of the colliding beams e e -+ e e K K have been obtained. 
The contribution of the intermediate KK -state to the 
reaction yy-+yy has been calculated. 
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The interactioh proc~sses 

ha've' caused a significant i'riter• 
·an. essential r~le. played by s 

'.jl)e!r experime11tai investigation 
· - In .'the preced.ing pap~r/ 

. , -the disp~rsjo~ ~ethod. This· al 
; ~ light by light scattering a.nd to 

state to .th~ process y y ... n 

'•'' 
.~ ... 

<.'<;:; · In this'paper,,th~k!lownal 
·~· th~ reaction . YY .:.. K K at 

·· persi.on relations and .the two-be 
. . . i.s of"" an indep~·ndent ·interest a 

:.: [( K .'-state to the reaction 

. . . + y ... K~K starts from twc 
1 

• the ~oliowing hadron· intermec 
3 rr , 4 rr , etc. contribute to 
y y -+ 3 TT • , y y-> 4 TT the 

a 2 -3' ~y-> 4TT- .]0 -

... 
a · '··· '<< a · ,yy->Jrr 0 . ·yy;rr+rr-:-rr' 
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The interaction processes. of light with light accompanied by a production of hadron$ 
. have' caused a significant interest during the last time I l ~ 2

• J /, This is connecte1 with :. 
an essential r~le played by such a process in the interaction of colliding beams 

4
• 

5
/,. 

· .. ..i~:Jelr· e·xperimen.tai il,lvestigation being a subject of a few coming years. 
: · In .the preceding paper/6/ .we investigated the· reaction yy -+. TT TT by' 
·the dispersjo(l inethod. This allo~ed us to calculate l~ter the s -and d · -~aves ofthe 

· ; , light by light scattering and to conclude that tit contribution of the two-pion intermediate 

state to . .thl} process yy -+ yy is significant 
71 . . 

<.\·. .. In this' paper. th~ k!lown amplitudes of the process . yy-+ TTTT are used for studying 
' ... ·;.,.the reaction YY . .:. K K at low' energies ( E ~ 1.5 - 1.6 GeV) on the basis of di~-
' .· ·· pe.rsi.on relations and :the two-body unitarity condition. The study of the process· y y· .. K K 

.·. ' is of"' an indepe.ndent 'interest and permits to estimate the contribution of the intermediate 
/·:_· ·KK ·-state t~ the.reaction y+ y~y+y as well. The physical threshold of th~"proc~ss :· .. 

.. · +'y-+K+Kstiirts from two kaon masses: 2MK.= 990 MeV. Aside from KK, 
the f.ollowing hadron· intermediate states (the one pa'rticle sates being' excluded): 2 TT ;· · 

'·. 

3 
17 

.• 4 
17 

, etc. contribute to the unitarity·condition. For cross sections of the ·pro7essJ' 
-yy .... 3 TT • , yy ...... 4 TT the following values have been predicted in the works 

8
'
9

. : 

-33 2 2 
a 2.]0 em for (611 17 ) 

yy-> 4TT 

-35 2. 

a .·~~·<<a +- 0 -10 em· 
yy-> 3 TT· ·yy-> TT TT TT . 

l •• t· . ~ . 

for 
2 

( 4p. ) 

r·:: 

3 

:,. 



At the corresponding energies the magnitudes of the. a ·Y·Y .... 1717 
/8,6/ 

are 

at least, for two orders larger. In the reaction ·y-y .... K K, also. on account of 

a (KK-+ S* ... KK) /a(""-+ S* ... KKJ=O,l, one can confine oneself with an accuracy 

of 10 to 20% with the two-pion intermediate state only. 
The lef-hand cuts in the complex t -plane in the dispersion equations are substitu-

ted approximately by the contribution of the K -meson Bo.rn terms and the K ~ and 
K f resonances. To normalize the amplitudes to the Tompson limit one subtraction 

in the dispersion equation has been carried out at the unphysical point t = 0 . 
In this work the cross sections ~f the s -and d -waves of the process 

·y+y-+ KK (T=O)· andoftheinteraction~fcollidingbeams ee-+eeKK (T= 0) 
have been obtained. The contributions of the K K ( T = 0) intermediate state to the 
s and d · waves of the process of the light by light scattering are calculated from 

the obtained partical waves of the reaction ·YY -+ K K ( T ;, 0) . The g~aph of the 
comparison of the contributions of different intermediate states to the process 
y + y -+ ·Y + y is presented. \ 

I. Dispersion Equations for Partial Waves 

Let k = ( lc0 , k) and lc '= ( k ~ , k ') be the 4-momenta of the initial photons;·· 

til and E' v .aretheirpolarizationvectorsand P =(P ,P}, P'=(P',P') 
are the 4-momenta of the final K mesons (see Fig. I.). The C -parity. of the 
initial sta.!_e is positive and. the relative orbital moment_ l is even. For .the process 
yy -• KK taking account of two-pion intermedium states only, one fin~s that there is 

only one isotopic amplitude with T = 0 . . .. (T-=OJ . 

We write down the dispersion equations.for the.invariant amplitudes T p.v (t,cos cp+) 
in the center of rnass system in the foljowing way 

i ] (4) (T=O) 
1
, 

<KK(T =0) !S!2y>=(2 )4 -k-P o (k+k'-P-P')T v ·(t, cos¢ )Ep.E, 
1T 4·00 /l + 

(/) 

2 2 
here t = ttk = 4 P 

0 
, ,~., 

. 0 ~+ is the scattering angle. 

4 

_,;., 

• Note, that 
' . . 

(T=O)-' . . · ] 

T { t, cos ¢ ) =--= T 
p.v + y2 I 

From eq. (2) it follows that ir 
2 

( T=O) 

T(~V} ..... 

2e 

v2'·, 
bl 

The dispe~sion equations forth 
limit can J:ie written' in this case 

oo· 
(T=O} t.. .. 

ReT (t} ,_,_p f 
p.v . . " " . :,2 

4 ll1T 

( T=O) 2 

-KfLV (t=-=O,M :=0~ 
. K l 

(T= 0) t 
00 

Re T p._v . (t} d =-P f2 
17 4/L 

. 11 

. : .. .. , . . . . 1 (T 
(T=O) . . ) . 

- K . . (t'-= i K 
,/lll.. . , y3 {LV 

2 7 (T" 
M = 0, y-) + B 

K . 15 /l V 

Here the /artial waves are s 
angles /6. · .. B v (t,cos¢_),. . . . . . /l . . ... 

; ) ,. .. .•,., '* 
. Born t~rms and of the K o , 

The electro~a9rietic de~~ 
. Hamiltonian of the interaction 



' · a ·Y·Y .... TT TT 
la.6l are 

also. on account of· 

mfine oneself w·ith an accuracy 

persion equations are substitu
o'rn terms and the K ~ and 
Tompson limit one subtraction 

;ical point t = 0 . 
-waves of the process 

beams e e -+ e e K K ( T = 0) 
'0) intermediate state to the 
i,llcattering are calculated from 
K ( T = 0) . The . graph of the 
1tes to the process ' 

\ 

1pmenta of the initial photons;.· 

p = ( p 'P-). p , = ( p, 'P') 
~:I.) .. The C -parity. of the 

, l is even. For .the process 
tes: only, one finds that there is . 

< • • " 

. · (T=O) . 
u1tamplitudes T p.v (t,cos cp+) 

(I) 

.• 

! 
I 
I 
I. 
I 

.. ' 

- t:Jqte, that 

- + - -
(T=OJ. 1 K K. 1 KoKo 

T (t,coscf.> )=--=T (t,cos¢+)--=T (t,cos¢+). (2) 
p.v + -J2 p.v -J2 f1 v 

2 

From eq. (2) it f!JIIows that in the Tompson limit t -> 0, 
M _, 

K 
0 the amplitude 

. 2 
2e 'r(.r=oJ .... 

(Jl.V). 
because of 

. + -
T K K 

fllj 
_, 2e 

2 KOKO 

. and T 
fl II 

... o. 

The dispersion equations for the partial s -and d -waves normalized to the Tompson 
limit can be written· in this case as follows (see I 61 ): 

' ~ : -· . 

(1'=0) t 
ReT ft) ~,_::.p 

p.v . s TT. 
r 

•2 
4 p. 1T 

!rn T (T=OJ(i') 
p. 11 s . • (1' =•0)' 1 

----- cl t + K v ( t • --=) -
t'(t'-t) . f1-. ,p· 

2 e 
2 

( T=O) 2 1 . (T= 0) J 
-.K /LV (t == 0, M K ='0' ]3) + B p.~ (t, -;rrJ + 

-J2 

(T=O) 
JmT (t') · 

fll' d (1'= 0) 7 
-·-. ----- d t ' + K 1111 ( t , ..,; -- -

t'(t'-t} r 15 . 

(T= 0) 
Re T (t) 

p.v. d 

t 
=-P f 

11 4fl 2 
1T 

. ~... . J (T= 0) 2 
-K(T=OJ (t·,· __ ) -i·K 

I . (1'=0! 

---,.~) - K ( t = o , 11 (t=O,_.MK=O 
, r • • -J3 fL V -

2 
M 

K 

-J3 flV 

Here the ,. artial waves are singled out by the method of the fixing of definite scatt~ring 
,angles I 6 . ,. Bp.v J t, ~os cp_j,K

11
Jt, cos cp+) are. the contributions of the K mes~n 

; ) ·~'. ·:·: ' .: * * 
Bor:n t~rms and of the K 0 K + resonances. . , 
.. ' The electro~'cignetic de~~ys of the K * mesons are determined by the effective 

. Hamiltonian of the interaction 
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aK * (x) 
II = 0 fl flVao 
· K*

0
-> Ky gK*K y ----v- F ~> (x)K (x)f 

. () 0 0 . a X au 0 

IJK±-> K±y 

a K! · (x) 
. iJ~ v fl F ao (x) K± (x) f flv'ao 

gK* K+y 
' ± -

where K~.± (x) 
fields and f~ 0 (x) 

K o. ± (x) are the operators' of the· 
is tensor of the electromagnetic field; 

K * · ·i( +-meson 
0 + • ..u,_ 

fLVaO 
( is an antisymmetrical tensor. The- constants 

. -

g K* K y . and g K * ~ y 
0 0 ± ± 

are connected with g·cu TTy in a known way I 11 I · 

1 2 
gK± K±y =:rgcurry' gK*K y =-3gcurry 

0 0 (4) 

Making use of eq. (4), the contributions of the Born and resonance terms can be evaluated 
according to the formulas analogous to those from the work I 61 , if the replacements 

M ~-> M ~ * ,. fl ~ -> M ~ are carried out and th~ relation (2) is. taken into 
account. 

The' imaginary ·part of the partial amplitudes is determined by the condition of the 
two-body unitarity with the two-pion intermediate state 

l 
2 

4 fl (T==O) (.T=O) 
]m T (t)

11 fl I' l. 32 TT y 1 - _.!!_ T ( t Jn ri h ( t ) , 
t fl v [, [, (5) 

where 1' 
ITe. (tJ 

The 

(1'=0) . 161 
flV (t)e are the partial waves of the process_yy-> rrrr(T=O) , 

are the partial amplitudes of tl;te reaction TTTT -> K K ( T. = 0) · 
s ~wave of the process' ir TT ... K K ( T = 0) was conside'red in ttie ~Qrk/12( 

We took from that work the resonance solution which agre~s well with the experimental 
data (see Fig.2.). The d -wave of the reaction TTTT '4 K K ( T = O) was approximated· 
bythe_ . .f -mesonwiththetotalwidth T 1 .·s. 150M~Vandthe0,ass M

1
s. 1~.60MeV, 

·. - ·~ ' . 

. 6 

in the maximum or the resonan 

For calcul~tions according.·· 
TTTT .:. K~(T:"O)were anal 

2. The Light by Light Scatteri1 

. From the. evaluated parti: 
one can obtain the cross sQ.~:tio 
ing ,through the state . K f ( 'l 
tial a.mplitudes T Jiv !8 (tle 
are the indices of the pol?ri: 

]mT{lvio (tJe 

(T=O) 

1 
3211 

where T . ( t) are th 
flV 

T~e .. real part of . the 
imaginary part on the bas.is of,: 

.· . .. t . 
ReT .~> (t)0 =-P· 
· ·· flVIIJ L TT 

. ,,,".~: 

ne~~~ting .the narrow res~nan 
to . . ). .. 

· 3. Cross Sections of the Proce 

.For. the. nonpplarized ini: 
, 1 , 

evv = 8 vv· . . . . 
· 2 : _ _. the partJ: 

can be written as follows 

ae 
(2e+1) 1 (T=o; 

--- .;_ T 
16rr t flV 

e = s, a . 



, l\± (x)~ ~v~o 

ield; 

s g K* Ko y 
. 0 

l rry 

·f{ ·+-meson 
'"'),_ 

and g K *~ y 
± ± 

(4) 

resonance terms can be evaluated 
1e work I 6/ , if the replacements 
1d the relation (2) is. taken into 

determined by the conditi~n of the 

(T==O) 

( t)a n h ( t ) ' 
l!-' t [. 

(5) 

/6/ 
process_ yy -> rrrr( T = 0) , 

TTTT.'-> KK (T.= 0). 
). was'consideredin ttie ~ordt2/ 
I agre~S well withthe experimental 
+ K K( T = O). was approximated· 

-A~'( andth~_.0ass MI. s ·p,60MeV, 

d 2 

in the maximum of the resonance the cross section being arrrr-> K K(T= O) (M 1 h:.l mb. • 

For calcul~tions according to .the formulas (3) and (5) the ~m_ylitudes of the process 
rrrr ... K K(T=O) were analytically continued tothe region. 411 TT < t < 4 M ~ • 

2. TheLightbyLightScattering Through the KK( T770) Intermediate State 

From the. evaluated partial amplitudes of the process yy. .... K K ( T = 0 ) . 
one-can obtain the cross s~tions of the s and-.. d waves of the light by light scatter
ing Jhrough the state . K Y ( T = 0). The condition of the two-body unitarity for the par-
tial amplitudes T ,Lv fo (t J e of t~e light by.lightscattering t. 11, v and j , o 
are the indices .of the polarization of the initial and final photons) has the following form 

(tJe (6) 

(T=O) 
where T. . ( t) are the described above partial waves of the process y+y->KK(T=O) 

/LV 

The . real part of . the amp I itude . T fl v; 0. ( t) e can be restored from the· 
imaginary part on the basis of the dispersion integral with one subtraction 

ReT .~:> 
: flVJV 

t "" Im Tlll'i8 (t ')e , 
(t Jn = -TT P ( ------·---- dt 

[. 2 t'(t'-t) 
~ 4 mk. 

(7) 

ne~;/ting the .narrow .reso_nances- in the direct channel and the crossing _cuts (an_alogically . 
to . , .. ). . . , -. . . ·' . . . . 

. 3. Cross Sections of the Processes 
.e .. /111 '· · 1 · flll' 

for.the.nonpplarized. initial photons with the;densi_ty _matrices =To , 
vv' 1 vz.:' 

e = 2 ~- .: ·the partial cross sections of the process yy ,.._ K K ( T 
can be written as follows 

( 2 e+l} J (T=O) (T=O) 
--- "-- T (t )* T ., , (t) 

J6TT t flV f flV f 

e = s, d. \ 

17:-

e 
1111' w' 

e 

0) 
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(T=O} _ . 
The amplitudes T 11 v. (!_ Je _satisfy the e'quations (3) _and (5). For the s -wave 
~f the process yy ~ K ~( T==O) there· exis~6t)"o solutions which correspo~_d to the two 
s -waves of the react1on yy->7777(T==O) · : ..Q.own and down-up. The curves of the . 

. partial cross sections· tif the· process·' yy ... K K( T=O) are presented in Fig.3. One 
can· notice the anomalous incre·ase' of the cross sectio-ns of- the s -wave at the thresh~ld 
ofthereaction y-+:y->KK(T==O) .Thisisduetotheprocess 1717 -> KK.(T = 0) • 
for the down-up ·s~luticin it· is. '!l~re. disti_nct. The contribution of the d '-wave to the 
total cross' section at the threshold. is small, however, when going to the region:of.the 
. f -meson, . its cross section strongly increases :.exceeding the cross sectio~ of the. 
s wave in the-maximum of the resonance, _ · 

The cross sections of the· reaction y y -• K K ( T = 0) in the region from-the. 
th'reshold to the values, .where _the twobody unitarity' becomes a rough approximation (i.e .. 
to y'e --,, 1; 4-1,6 Gcv), are of the order of the cross section of y + y · -• 1717 given . 

· . I 61 . · . . · . --
'" the work ,. . . . · · . - . 

I~ Figure ~ the cross section of the interaction of the ccill iding beams ee ... e'e KK rr.::o )
calculated- in the approximation of the method 'of the equlval~nt ph~tons I lj i' is shown. 
It is at least, for two orders smaller, than the cross section of ee -> ee 1717 6 • . 

. The partiai s. -and d _-cross sections of the reaction YY -> yy , . 
ob~ained from eq. (6) and eq. (7) are shown in F ig.5a and Fig.5b. The· magnitudes of these - · 
cross sections are ~mall in comparison with the cross seCtions of the I ight by _I ight scatter in~ · 
th~ugh the two-pion state 171 and could lead ·in the region of the p'roduction of the_. 
KK -pair to the negligible fluctuations of the total cross section of the YY -> YY · 
Note a!so, that due to the positive parity the contribution of the K K ( T = 0) inter- • 

:.mediate state, to the process y+y->y·+_y ·.obtained in this work, aswellas:the 
COI)tribution of the two-pion intermediate state described in th~ work I 71 "do not 
interfere with the pole contributions ofthe pseudoscalar mesons~ In Figure 6 the qua.!Jtativ~ 
compariso?' r the cross sectionof the I ight by I ight scattering through the K K and. 
the . 17_17 

7 intermediate states with the cross section of the resonant light by light 
scattering / 131 and with the cross section of 'the photon scattering within the framewo·r~i' 
of quantum electrodynmics I 141 , is presented. The cross section cifthe.light by · 
light scattering due to the vacuum polarization by the pairs of the 11;; mesons must 
be smaller (in the ratio of -the square mass ( 11lme ) 2 , in 4 ord;rs) that the cross 
section of the y y -> y y with the electron-positron polarization of the vacuum and 
should be compatible only with the contribution of the : K K -state to the process yy-> yy. 

At the end we express our gratitude to Prof. D~V.Shirkov for discussions and v~luable. 
indications. 
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