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Summary — Radiative 001rect10ns to the processes et-e~—m pions.are
evaluated in relation to the planned colliding beam experiments. A theorem
is proved which shows the possibility of separating experimentally the
contribution of the v-n plon vertex from the contribution of the 2vy-n

pion vertex.

-

Tn a recent work CABIBBO and GATTO (1) have dlscussed the possibility o: gl
direct measurement of the form ‘factors of the photon-pion vertex throug

processes of the type:

1) L - et + e~ —n pions.

They have also obtained in the first electromagnetic approximation the
expression of the corresponding. cross-section in the center-of-mass system
We will here examine in which way their results can be modified. if the rad;

tive corrections in the second electromagnetic apprommamons are taken mt
account. The general situation

4 | 12 v>x>:jf:;1z then characterized by Feynman
: : P, o 6.,  diagrams of Fig. 1, where F and @
’ represent the « oomplete » vertic

> ) é 1 ymm and 2y-nr; that is they corr
. S OFNUn spond to the sum of all the di:

' ! " grams with external lines of this type.
M‘.‘.‘.; . - Experiments on processes Ol
o) Fhn [ ’Gype (1) should premsely measure F _
| Fig. 1. and G.

(1) N. CaBiBBO and R. GATTO: Phys. Rev. Lett., 4, 313 (1960).
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We have neglected the diagrams corresponding to emission of photons
from the gecond vertex. Taking into account the difference of mags between

pions and electrons, their contribution is probably negligible in comparison
~with the contribution from the diagrams (1le) and af).
The corrections corresponding to diagrams 13), 1c), le) ), 1f) do not 1nvolve-

new photon-pion vertices and therefore they will be later calculated with the
ngual technlques ’

The correction corresponding to the diagram with exchange of two virtual
photons (Fig. 1d) contains the new unknown. vertex, 2 y-pions.

On the basis of general considerations we will show that it is easy to isolate
experimentally the contributions to the cross-sections from the graphs with
exchange of two photons; 4.e. it is possible to distinguigsh the contributions of

~the two form factors. Our proof is based on three pomts

a) In processes of type (1) the initial state, being eigenstate of the eharge
with eigenvalue 0, is a superposition of two eigenstates of the charge- parlty
operator ¢ relatlve to elgenvalues +1 and —1:

@ (D=l +]iy with 'Oliﬂ:>..:i.lii>,.l

b) Calling 8" and S” the terms of the operator § correspondmg to dia-
grams of - -Fig. la and ld) respeetlvely we haJve

@ =0,  8i>=0.
In fact for instance - o
8|+ = (ie)zfdxl dm?idf("vl;_ P9) (21) | 0D <O [ J o(10,) i =0, -
since | |
O (@) 57 = 00| O T (@) 0| Oy — — (0| () i+ .
In fhe same way it is shoWn that S”[i—}— 0

¢) We will now show that if the set of final states F' dlstmgmshed from
the measurement is an invariant subspace for the operator O, the contribution
to the cross-section of the interference term between ‘the matrix elements cor-
responding to the diagrams of Fg. 1a) and 1d) is zero. - In fact in this case we
¢an assume as basis in F a set of vectors | /> wich are eigenstates of (.

(5) O =kl

The contribution to the transition probability-in e from the initial state |2>

1855



544 ] . s ‘@, PUTZOLU

to the set of final states ¥, due to the dlagrams with exchange of two photons is

2 RG{E@IS"J‘ ><fs S” @>}_
Z Re{z <%‘!S’|fs><f |8 it} =
| 2 Re{ §<@~ 0108010154, 0-1| 08"C-1| 0%y} =

—2 Re;{ R fofl 8" id} = 0.

. Let us now examine to wich experimental situation does the condition
that # be an invariant subspace of C correspond. It is evidently sufficient that
the apparatus revealing the final particles do not distinguish the r+ from.the 7~
This condition can certainly. be verified in the experiments w1th 1ntersect1ng
beams in project at Stanford and at Frascati.

For the simplest processes of type (1), ‘that is e+ e >t it follows
that, apart from particular eﬁp’erfmental situations, the term of the cross-section
in ¢® due to the diagram d) is.an odd function of cos § (where 0 is the angle
between the momenta of the eléctron and of the w— ). Therefore it does not
contrlbute to the differential cross-section for 6 = 90° and to the total cross-
seotlon As instead the contribution of the other dlagrams with exchange of
one photon are even functions of cos 6, it is possible to separate the two types
‘of contributions in an experience with variable 6; ; this means that it is pos-
sible to measure separately the form factors for the vertices 2m-y and 2m-2v.
The above conclusion is valid also for similar processes like et -+ e~ — wh+ o,
et+e-— K"+ K7, ete. Thus in an experiment et + e~ — p+ +p~ it is pos-
sible to distinguish the contribution to the ofogs—seotion in ¢¢ due to the dia-
grams wich are unimportant for a check of renormalization theory, from the
- contributions of vertex and self-energy corrections. .

Keeping in mind the above result, we have calculated the expression of
the cross-séction to be used if one wants to measure the form factor of the
« complete » vertex Y-NT through an, eXperlenoe of type ( )_..
from the dl,a,g.ram Wwith vertex 2«{ nT; We hewe taken mt_o aooount the fact
that the electrons are certainly relativistic, and we hawve:assumed that the
maximum energy ¢ of the bremsstrahlung photons (see Fig, le and 1]‘ ) is small
with reference to the energy of the emitting particles. -

. In this hypothesm the - expressmn of the oorreotlon is 1ndependent of the
spemﬁo form of vertex vy-nw.

Using the usual techmques to oaloulate radla,twe oorreotlons We ﬁnd -

@ Ao = Ao b+ 8, ),
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where do,” and do}” are the cross-sections in the first and in the seeond electro-
magnetic approximation of process (1), while d,,, d, and J, are the percentage*”
corrections due to diagrams of Fig. 1b), 1¢), 1e) and 1f). Expresswns for dol”
are given in (1); for the corrections we have obtained

5, — 22, 2B _ 5]
(@) S S AR - |
2 2B\ ) ([ _2Ey¢ 3. 2E il
) dy = n1<1—21 m)lnﬁ_l_(an) ——]n —1—1—|—€J
. 2u(( . 2B\ 2 [ 2E on | |
(9) Op = — 7Tl<1—2ln%>h17+<lnﬁ> ln— 6]

where « 13 the fine structure COnstdnt, F ig the energy and m the mags of
the electron (or positron), ¢ is the maximum energy of the bremsstrahlung
photons, A is the fictitious mass of the photon, that disappears in the expres-
sion for global correction. - : ‘

It is to be noted that (7) and (8) are al’so valid for et+ e~ — ut+ -, if
do@ and do are the corresponding cross-sections in et and €% neglecting
radiative corrections due to the w-mesons. To take them into’a;cebunt it is

- sufficient to replace in (1) @+ 64, 46, +96,) with 1 46,,+ 9, —I—(S + 0% +
+6"”—l—5"“), where the §“”s are obtained from the §’s-by substituting the
electron’s mass with the p-meson’s one.

In this formula the effects due to creation by the intermediate photon of
virtual particles heavier than electrons have been neglected; a most important
contribution could come from the two-pion intermediate states (2-).

In agreement with (*) they are negligible. '

We are mdebted to Professor B. TOUSOHEK for helpful ass1stance and
encoumgement ‘

(!) L. M. BrRowN and F. CALOGERO: Phys. Rev. Lett., 4, 315 (1969).
() Yung-8u-Tsar: Phys. Rev., 120, 269 (1960). R

RiASSﬁNTO_

Sono state calcolate le correzmnl radiative ai processi e++e -1 p10n1 in relazmne
agli esperimenti a fasci incrociati in progetto. Viene dimostrato un teorema che 1nd10av
la possibilita di separare sperimentalmente il contributo del vertlce Y- n plom dal con-
tributo del vertice 2Y n p10n1
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