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Summary

e T

Radiative corrections tc the processes et + 87 —>
—> 1 pions are evaluated in relation to the piahned col=
liding beam experiments. A theorem ig proved which shows
the peossibility of separating experimentally the contri=-
bution of the ¥ - n pion vertex from the contribution

A\ .
of the 2 X - n plon vertex.

In a recent work Cabitbo and Gatto (1) have discug
gsed the possibility of direct measurement of the Torm fagc
tors of the photon=pion vertex through processes of the ity
pet

et + e~ —> n pions (1)

They have also obitained in the first electromagnetic
approximation the expression of the correspending cross—sag‘
tion in the center ~ mass system. We will here digcuss in
wich way their results can be modified if +the radiative éog
rections in the second electromagnetic approximations are

taken into account. The general gituation is then characte-
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rized by Feynmann's diagrams of fig. (1), where P and C
/2
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represgent the 'complete! veritices ¥ -nn and 2 X -nn; that
ig they correspond to the sum of all the diagrams with ex-
ternal lines of this type.

Experiments on processss of iypeo (1) should precisg
1y measure F and &,

The corrections corresponding to diagrams 1b), tc),
Te), 1) do not involve new photon-pion verieces and there
fore they will be latter calculéted with the usual vechni-
ques,

The correction corresponding to the diagram with ex
change of two virtual photons (fig, 14) céntains the new
unknown vertex, 2 ¥ - pions,

On the basis of general considerations ws will show
it is easy to igoltte experimentally the contributions to
the oross ~ section hom the graphs with cxchange of two pho,

tonsy l1.e. 1t is posgible %o distinguish the contributions
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of the two form factors. Our proof is based on three poin%ss
a) In processes of type (1) the initial state, being eigen~
gtate of the charge with eigenvalue O, ig a superp051tlon‘
of two eigenstates of ths charge-pa;lty operator C rela-

tive to eigenvalues + 1 and =~ 1,
1) = 147) 4 1i7) with  C1iE) = 4+ 1) {2)

blealling S! and 8" the terms of the operator S correspone

ding to diagrams of fig. 1&) add 1d) respectively we have:
sili+) -0 sk 1im) = 0 (3)

In fact for instance:

gt 1ity = (19)2 J dxdx, 1 Ap{xyxp) Jgrxq) 1 0) (01 g (xp) a+)w0

since (01| (x2)|l+) (o c"’IcJ (zo)o-1lci+) = =(0Vfg(xp) (i),

In the same way it is shown that §'" 1i™)

¢) We will now show that if the set of final states Fdistin
guighed from the measurement is an invariant subspace Tfor
the operator C,; the contribution to the cross secfion of fhe
interference term batween the matrix elements corresponding
to diagrams of fig, 1a) and 1d) is zero, In fact in this ca
se wWe can assume as basis in P a set of vectors [fg) wich

are eigengtates of C.
¢ £y = x [%,) (5)
The contribubtion to the transition probability in e6
from the initial state |i) to the set of final stales #,

due to the diggrams with exchange of two pholons ig:
2 G S (s R) (4157 ik
2R S/ R /5 )
2he fE (e e ey ), f Vesteljer Vb= (6)
2R ST s n’hf/§7a =

4

3]
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Let us now examine to wich experimental situation the
condition that i bhe invariant subspace Tor C corresponds éo.
It is evidently sufficient that the apparatus revealing the
final particles do not distinguish the n¥ from the %—. This
condition can certainly be verified irn the experiments with
intersecting boame in project at Stanford and in Prascati.

For the sinplest processcs of type (1), that
ig et + e” —> gt 4 77y 1t follows that, apart from particu-
lar experimental situations, the term of +the cross sechion
in 0% duc to tho disgrad d4) is an odd Tunctioh of cos §
(whore & is the anglc belween the momonta of the clectron
and of the ™). Therefore it does not contribute to the dif
ferential cross~section for © = 90 and to the integral croas-—
section., As instead the coniridbutions of the other diagrams
with exchange of one photon are even functions of cos & s 16
‘i8 possible tokseparate the two types of contributionsg in

s T
an exparienoéé%ariable 63 this means *hat 1% is possibic
T meagures geparately the form factors for the veritices
2~ ¥ and 2n - 2 % . The above is wvalid also for similar

.,

processos 1ilku oFf 4+ o= — ptap™, etrom—s THiET, ote, Shusg

in an ecxporiment ot4e™ s pFip= it iz pogszidle to distingulieh the
contributions to the oroseg section in ealdue to diagram with
are wmiiportant for a check of renormaligation theory, from
the contributions of vertex and self-energy corrections.
Keeping in mind the above demongtration, we have-ca14
culated the expression of the cross~scction to he used 1if
ocne wante to measure the form factor of the 'compléitel! ver~
tes ¥ -nm through an cxperience of the (1) type.
The formuls ig valid for the revealing conditions
stated above no contribution from the diagram with vertex
2 X’~nn s wo have taken into account the fact that the clegs
trons are certalnly rclativistic, and wc have aseumed that

the maximum energy & of the bremssirahlung photons (soce



5a

fig., 1e and 1f) is emall with reference %o the energy of
the emitting particles,

In such hypothesis The expressions of the correction
ig independent of the number and type of the final picne,
and of the specific form of vertex & —n%u.,

Using the usual techniques %o caleulate radiative cor

rections we finds

. i —/",} - o .l g . - -
r%t.h = Qlé% [/ - "J; * J@ )

s&

4
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where ﬂ,§;J and :i@; arc the cross~scctions in the firsgt
end in the second electiromagnetic approximation of process(1),

~ - ‘ ‘ ] .
while ‘éé i Yy and Jg are the percentage correctiont
due to diagrams of fig. 1b), 1), iec) and 1f). Expressions
for :fﬂid are given in (1)g for the corrections we have

obtained:

oL EX L e 2 o
i@% 72 (}Vm'i% 53 (8)
i o [ Ey g A i €N 3y 26 ”#
- - %ﬁ'g‘(/--?/m )by 5w E) - F S

. 7 f9)
7 7 S £ ey g 2E T \
;'__31:3 b ~';?/:f£; {/'f )éb’ _L/‘CL( zf) J{,“ _,_6 ;

whero a( iz the consgtant of fine structure, B is the ener=-
gy and 1n the mass of the electron (or positron), & is the
nmaximum energy of the bremsstrahlung photons, A 1s the Tiom
titious mass of %the photon, that disappears in the global
correction exprecssion.

It is to be noted that (7) and (8) arc also valid for
et 4+ eT—put 47, if A 57 and A5 are the correspon—
ding cross soctions in e ani b,

In this Tormula the effeccts due to creation of vir—
tual particles heavier than elecctrong by the intermediate
photon have been neglooteds a most important contribution
could come from the two plon intermediate sﬁatos(z) (3).

In agreement with (3) they are negligible.,
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We are indebted to Professoer B, Touschek for helpful
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Riassunto,.

Lt I L

Sono sitate calcolate le radiazioni radiative al pro-
cessi eT + eg~a¢ I pibni in relaszione agii esperimentira fa
gci dincrociati in progetto. Vienc dimostrato un teorema che
indica la possihilitd 4% separarc sperimentalmente il con~

tributo del vertice | -n pioni dal contributc del vertice

2 § = n pioni,.



