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The production of hadrons in high energy et e” collisions by
photon-photon scattering has been recently investigated by several au-
thors(l + 5). Hadrons are produced in a C = +1 state with logarithmical
ly increasing cross sections which, at high energies, dominate over the
more familiar one-photon processes. When the final electrons are de-
tected within small angles 81y and 89,4 With respect to the initial
beam direction (01 2max ~ m/E) the cross section for production of a
final state F' is

zx)zg dky diy | B2+ (B ? ] (2 —kz)z]

do” = %
ee —»eeF 7T ky ko 4E2
, E(E-k1)01mayx  E(E-kj) . BB -kp) 82 max
1 mk, TEZF(E-kZ [\ mk,

E(E - ko).
T EZH(E -k } A9y >

which is approximately given by
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with f(y) = -(2 +y)'Z Iny-2(1-y)3+y). Here m, E are the mass and ener
gy of the colliding electrons and O.." (t) is the cross section for produc
tion of the state F by two real photons of total C. M. energy squared twith
threshold t,.
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The contribution to eq. (1) of low energy processes, like C©
and ¥ production, and creation of pion and kaon pairs according to pu-
re QED have been studied in refs. (1 + 5). Some strong interaction cor-
rections to Y§—> i have also been considered. A complete theoretical
analysis of (;-F(t), for any final state F', has not been done. However,
due to the factor dt/t in the right hand side of eq. (1), low mass final sta.
tes are expected to dominate the production cross section. Once G'F( )
is expressed in terms of the lower lying resonances one expects there-
fore to get a fairly good description of the production mechanism. Re-
membering, in addition, that a two-photon system does not couple to a
JP = 1" state, the final states F therefore have the quantum numbers
JP=0-, 0% and 27,

The aim of this paper is to present an evaluation of the diffe-
rent contributions to the total hadronlc Cross sectlon from the just men
tioned states. We note that in the case of F bemg a pseudoscalar meson
the situati-m seems rather firmly es’cabhshed(1 ). On the contrary, no
definite predictions are available for the remaining cases, since the cou
pling of the two photon system to a scalar or tensor meson is unknown.

In order to estimate such quantities duality and finite-energy sum rules
are used in the way described by Aviv and Nuss1nov(6),~ Who first applied
these ideas to compute the & ~>TCO (° ¥ decay rate, and more recently,
by Gounaris and Verganelakls(7), Who succesfully studLed 7, > 1 @’QS

Briefly the procedure is as follows; consider Compton scatte-
ring from pseudoscalar mesons

@ Ryt flk) =Pl ¢ i)

and with the kinamatical invariants s = (ql —kl)z, t =*(k1 +k2) >, u=(qy -
- kz)z, vV =(1/4)(s-u) and Q = 1/2 (g1 +q9), write the Feynman - mvarlant
amplitude as
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with the gauge-invariant tensor given by
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For low values of v the amplitudes A(V,t) and B( ¥, t) are described in

terms of contributions from nearby singularities in the s and u channels,
namely the g &3 and B mesons. The high energy behav1our on the other-
hand is parametrized by the Regge trajectories echanged in the t channel



{
which, according to the two isospin possibilities, are P and & trajecto-

ties or Ag and § . The usual lowest-moment FESR is then applied to
calculate the Regge residues. The details of this calculation are accura
tely discussed inrefs.(6) and (7). Once the on-shell Regge residues are
known it is easy to obtain the representation of the A and B amplitudes
in the t channel, where the YY¥ system is coupled to the scalar and ten-
sor mesons,

For the process \6}{ —>S ,A2 - 421’( the result is
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in the C. M. frame of the two photons. The masses appearing into
X(m%, mg, mg) are expressed in GeV. In order to take account of the
finite width of the § and Ay resonances which occur at the physical re
gion in the t channel, we have phenomenologically added an imaginary
part to D{g(’c) and “Az(t). Notice also that the $ pole contributes only
to A(V,t).

Consider now the reaction Y¥ - T °7t° with the £ meson as
intermediate state, From the smallness of the LP«')’;‘E“QTE Y decay rate
( P‘?»Tc‘“ﬂ’ £ 0.16 MeV)(g’) and considering the £ meson as a member
of an octet, one gets from VMD g_., = (—2/3)(e>/f3 ) g This re

lation together with the results from)/fxef. (6) yields ewy
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where f-Z'A 1. 12 ( e/f ). It 1s worth noting that SU(3) symmetry gives for
the ratio R = gawyg E i’ /g sYy gzg ~ the value Bf% /4e2 which agrees
well with R = 210 as can be eas1ly déduced from (5a) and (6). This factpro
vides a good check for the above calculations.

For the reaction ¥y —f—> TTOT° we obtain from ref. (6) and
SU(3) symmetry the following results for the invariant amplitudes A(V, t)
and B(V, t)
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The evaluation of the cross sections for two-body processes is
straightforward., From equation (3) we have
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where the photon polarizations have been explicitly averaged and T : v is
determined through egs. (5), (6) and (7). An equivalent expression for

F (t), valid near a resonance R of angular momentum J, is
€Y Y g
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Comparing egs. (8) and (9) we find



(10a) U (f-> )Q{)F(5'>“77f)=3.'71v1ev2
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where in the €,f -»7w T decays all the ¢harged pion states are included.
Taking (' (§omT) =70 MeV, T (g-77) = 250 MeV, ' (A 5> T )=
=15 MeV and (f »Tw) =120 MeV(S) we also obtain

TR

F(\Az = Y'Y} = 0,3 keV [ - Xb‘ ) £0.8 keV.

It

50 keV ['(esYY) =6 kev
(11)

The production cross sections are easily evaluated by substitu-
ting eq. (8) into (1). They are shown in Fig. 1 in the case of § and & me-
sons. The contribution coming from A9 and f turns out to be negligeable.
For 7t 71 - production we have shown the pure QED predictions and the
complete cross section which is deduced from:
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where ﬁ= (1- 4-.17113\f /t)l/z.

For the sake of completeness we have also plotied in Fig. 2 the
cross section for productlon of T ©°, 7 and m'. They have been obtained
usmg U(m°- XX = 7.8 eV, T(’Q—?}(h’ = 1 kev(8) and [ ( Nz'.-»'”’)=

= 55 keV. The latter partial width has been deduced from SU(3) symme-
try assuming a quadratic mass formula for the n-m mlxmg( 10).

Let us briefly discuss our results. In the reaction ee —» eeTC -
the Born terms practically dominate over all other exchanges. Similar
conclusions have been drawn by Lyth 5 using dispersion relations and uni
tarity. On the contrary our result is smaller by a factor of about 8 than
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FIG. 2 - Total cross section for production of w©,
7 and 7!, 6., refers to the total hadronic twe
photon cross section,

FIG, 1 - Total cross sectioas for & and & pro
duction, The values mg = 0,8 GeV and mg =
= 1 GeV have been used,
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that obtained by Brodsky, Kinoshita and Terazawa(2), A reason for such
a discrepancy can be traced to the fact that in the superconvergent sum

rule used by these authors only the ¢iresonance was taken into account.
If we had used only the £ and ¥ poles to explain the w — T °7° ¥ and

v - O ¥y decays, our results (10a, b) WouJLd have increased by more
than a factor 10. .

For high multiplicity productions we find that the ¢ and /in-
termediate states dominate over all others. Adding together the different
O ee _» cep for any state F we show in'Fig. 2 the total cross section for
hadron production by ¥¥ scattering. It can be seen that the predicted ra-
te fgr hadron production by two-photon mechanism would exceed 10-32
cm2 at E = 1.5 GeV and is therefore comparable with the eTe™ annihilation

cross sections. If follows that the use of tagging systems is necessary to
separate the one-photon from the two photon processes.

After this work was completed we have received the paper
"Finite-Energy Sum Rules and the Reactions ee -» ee & (750) and ee —
- eef(1260)" by B. Schrempp-Otto, F. Schrempp and T.F. Walsh, DESY

71/20, where some of the arguments discussed above are studied in a si-
milar way.

One of us {A. B. ) acknowledges G. L. F. T. for financial support.
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