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The prevalent assuﬁption of a miﬁersal Fermi ihteraction
in vhich the coupling between two elestron~-neutrino pairs is |
identical to that between an electron-neutrino and a mucn-neutring
pair?‘“ (except perhaps f’br‘ & different neutrino) offers a possidle
experimental way for coxparing t.fxe bare and the observed (rencrmalized)
electron chayxges. The proposed measurenent is based wpon the
~ observation that en effective \in.teraction of the form

el Bewly) @

will involve exactly the same eléctromaéﬁetic radintive corrections

a8 the electron-photon vertex in conventional gquantun electrodynamics,
while the radiative corrections to p~meson decay do not invelve
eny: charge renomlization S gEsoeiaked With vacuua polarizgtion. ‘

The interaction responsible for the decay pe e+ V+ V.
is ‘_ . | , ' |
| Comt e S gt (w) g (ev) +ceee, - (2)
. ') A NS
Cne) = vtaliengly, . e

‘ol



wDw

Y Ye assume, 4in nddition, the interaction

B u L J;(ev) J)‘(ev) -t-[ CeGs | (%)

V2
an {ev){ev) coupling would follew, at least phencmenclogically,
if any one of the following assumptions is valid: (1) the complete
 universal Fermi Interaction bas the form . G%h' (}(,‘1 ’ with

CE G e Jx(uv')_jr i) . vee g

(2) the fourefermion intera;ction-of Eqe (2) is due to the interaction
. of fermion pairs with an intemdiata heavy (B) bosen; (3) the
2 sven to terns of order G; (4) tn

. vector current is conserved ™’
any weak interaction, & (uv) pair may be veplaced by an '(éV) _

~ pair vhore the noutrinos may be different., 3£ the (ev)(ev)
interac_tion of Bi. (&) does exigh, then after a Flerz rearranges
ment the A~V interaction of Eqs. (3) and (4) way be re-cxpressed "
in the equivalent form as |

H = o2 3, (ee) 3, (W) * cuce : (5)

The constent G has been determined from the p-meson lifetime;

- the pertuwrbation theory calculation forv the p«decay rate must be
decreased by & suall finite electramsgnetic radistive correction
~of 0.1%,% Similay corrections arise in the computation of the
elastic scattering of peutrinos (cr antineutrinos) by electrons
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fron the interaction given in Eqe (5), However, there is me
additional type of radiative co@mctién t6 the matrix element
which also follows fram Eq. (5) but not Eq. (2). In Eq. (5),
the vector part of the electron current is just that of Eq. (1).
 Its redfative corrections include all those of the electren

| currexit in quentun elecﬁroﬁ;mamics;, inclﬁding the unlmown and
possibly divare;ent charge renomaliwtim. Becau;sa there is no

" pe@ e+ y vertex corresponding to the e®e+7 vertex of

- electrodynemics; no vacuwn polarizatim correction enters into
the p~decay rate. ‘1‘11@ sitmtion is mustmted by the Feynuan
dia{gmms of Fige L for the cases vhere ﬁha n@trtrino intezantim
changes a i mescn %o en electron (including p dec&y), and for
the elasbic scattering of an electron by neutrinos or anti~ -
neutrinos. The disgrams of Fig. l(a) represent finite corrections
~of first oxder in the fine structure comstant « whichare
coumon to both cases, The diagram of Fige 1(d) s wique %o
the radiative corrections for the vector pert of thé (ee){(w)

" interaction, and e a divergent part in :gerturbéuon theofy.»
| Disgrans of the type of Fig. 1(b) elco enter into the carrection
o ﬁhe electric charge of the elec’ércm ‘oecauae of its net vacum

polarization, , _ _
| If the eun of ell irreducible bubbles in Fige 1(b) tines
the photon propagatcr is written as Q(k )/k , where X 13

the photon bemomentum end q, is the bare (uwrencrmalized)
 electron charge then, instead of the electron current oparé.tor
6,/ 2 of K (1), ve have -

o - 2 -

B o, (1~3°- a(z?)) N O

2 x°
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We ccmpare this v.m-.h uhﬁ elactronwphoton vertex of quantun électroe
éynamica and write

Lo 7,01+ finite terns of order ol )

\2

Hepe 2.3 48 Just the watio of the square of the measwed electron

=g

chayge q 0 the square of the bare charge qoss

2
p) -] oo .
; \g;-oc..
. ‘J .
in a cancnical field theory, 0< zs < l. Por a diverzent theory,
Z; = 0, In perturbaticn theary, 2, %1 e (20/3%) Lin » - o (NB)
with m o5 the electron mass. For the finite terms of Eq. (7)

perturbaticn theory is expected to be adequete, especially if the .

- vatio le/m‘?_'l is not large. .

In lowest-order perturbatim theory, the total cross sectica

. for the scatiering of a neutrino or antineutrino ‘by an electron

at rest is the sum of the separate centributions from the vectay

and pseudovector electron currents. When radiastive corrections

are included, we have for the total elastic scattering cross sectio,
for (anti) neutm o (e.nti) neutyino + e, | '

L ‘@ 2‘32 (1+ z_e) (E 2) + ofa) , N (9)

vhere G{protea mass)a = 1.02 X 10"5 and E, 1s the center-ofemuss

. energy. The second teym on the right comprises the finite (after

maas renormalization) redistive corractions of Fige 1(a), and

the smaldl correction to the vector interaction from the finite
part of the vecuum, polarization diagrams of m 1(b). Moreaver,
by definition of . z., the second term vanishes for sufﬁciently
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lowwenergy neutrine scattering. Teubtrinos or antineutrinos wmay
also seatter fyrom the clectrons of the polarizaticn charge
surrounding a praﬁcm.. For monentun ¢ransfers less than 50 MeV/e
the proten form factor is ebout mit:r, ‘and the cross section forr
elastic Vor v scatwina by 8 praton iﬂ |

2

By

Thus, in mmcipm,‘mmmamenﬁ of the vee or Ves elastic

: 2
. 2
Oy (3. z)

+ Oi‘(cs)‘ . o o (16)
eross section (2t any encrgy), together wi%;h the assunption that
the Interaction of Bge (B) 43 lacluded 4n the wmiversal Fermi |
mﬁeracﬁim can yield 25, the cherge renormalization constant
of QED. In vea ér' Vea, scobtering the initisl electron together
with all of the clectrons in the induced polarization cloud o
conbributes o the scattering amplitude. This is not true :m .

‘B e+ VeV vhere we meamws O foraaingle u.mesmuith o
anly & smll fintte redistive correcticn, o

The weaswrentnt of the 'we o v«e ¢ross Secéim, Vor
even the dencnstratica thet it is of second order® in 62, 1a
foraddable, Newtrino-palr enission may play & doninant yole in

| some phases of stellar evolubion as vag sugrested by an‘tec-owo,?

Chiuv and Mowisms and others, bub calevilations of stellar models
and related chservationg avé not yet sufficient to decide the

fiux

-

existence of the nt emction on this point. The high v
ofa saucleaz' “reacter (1 / /aec) way offer the most promising
 possibility for an eventual measurement, Por & Bd&ev (12b) 4

| ‘bhe Vee cross accticn is 1&(1 + Z )li)Mcme \ﬁth 252 .'3 i,
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thie is aboub equal to the measured 7+ pPon+ e+ reacticm9

averaged over pile antineutrinos, In the scintillator material
of that experiment; electrons outnumbered protams about 5 to 1,

‘and the production of electrons éf up %o a. fow MeV might have'

been the most comicm ¥ reaction (about 3 events/min),
Uﬁforﬁma{;ely, the gignature of the gingle electrom is not nearly
go distinct as thot of the n and o  produced together by

g i;' gbsorption by protons, so"ché.t at pregent there secms to be

an apparently Wez'whehning background yroblen in the tdentifie

cation of possible Pes peattering eventss
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FIGURE CAPTION

Fig. 1.  Feynman diagrams for elecii'omagnetic radiative correc-
tions to {(p v)(ev) and (ev)(ev) mteractions. The bubbles of (b)

are electron positron IQOps' the wavy lxnes are photons
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