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'.t'he p.ravslent assumption ot a universal Fermi interaction 

in vhich the COl:Q)llng between two electron-neutrino pairs is 

identical to that between. an electron-neutrino and a muon-neutrino 

pa.1r1 (except perb&ps for a different neutrino)· otters. a possible 

experimental way far comparing the bare and the observed (renormlized) 

electron charges. '1'he proposed. measurement is based upon the 

o'bsel"V$.tion that an ef'feeti va .interaction of the farm 

(l) 

Will involve ·exactly the same electromagnetic radiative corrections 

·as . the electron-photon vertex 1n conventional quantu:n electrcdynamics1 

while the i'ad.ia.t1va corrections to s,t-mason decay do not involve 

any;- cbarSe renor.na.liza.t!on c assoeia.ted. With vacuum polarization. 

'l'he ~tere.ction responsible for the . decay ~ :.. e .+ v + v . 

(2) 

(3) 
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., · .. ,. t-Ie assume, :i.n ad.d.ition, t~ ·· mteract1on 

(4) 

An (ev)(ev) coupling wOUld. follow, at least phenanenologically1 

if' e.ny one o:t the f'olloving assUmptions is valid: (1) the complete 

universal Fermi interaction bas ~ tarm . _G~>-. ~,_1 , ~th . 

(2) the f'OlJ.'L"•:f'ermion inte~etion of Eq. (2) is due to the interaction 

ot :fermion pairs \r.l.th an intermedia.te heavy (B) boson; (3) the 

vector cu:r;orent is eonse:rved.11 ~ even. to terms of order GJ (4) in 

any weak interaction, a ( $-'V) pair tr.ay be replaced by an ( ev) . 

pair where the neutrinos may be different. lf' the (ev)(ev) 

interaction of :E-J.. (4) does exiat1 then after a. Fier.z ~e-

ment the A·V interaction of Eqs. (3) and (4) may be re-expressed. 

the perturbation theory calculation for the ~~o...a.ecay ;oa.ta must 'b$ 

decreased by a smaJ.J. finite eleatranagnetic radiative correction 

of o.4~.; Similar correationa arise in the computation ot the 

elastic sce.tter:ing of neutrinos ( ort e.ntineutt'inOs) by electrons 

(5) 



from the interactiOn given in Eq. (5}. Eowever, there is one 

additional type of rs.diati ve con"'EEetian to the matrix element 

which also follat-ra fran Eq. (5) but not Eq. (2). ln Eq. (5)1 

the vector part Of tbs electr~ current· 1S Just tba.t of Eq. (1). 

Ita re.d.1at1ve corrections include aU those Of the eJ.eotran 
. ! 

current in q~tun electrodynamics.; incl\lding the unknown and. 

possibly divergent charge renorma.Uzsticn. Eeoa.u.se there is no 
t~ .... ·:;• ::::;.:-: ., '· . . " . 

pf+ e + 1 verta.~ c~sponding to~· ·e +J e +"' vertex Of 

eJ.eetrod.yr.tat."lios, no vaouum polarization correction enters into 

the J,L-decay rate. The situation is illustrated by the Feynman 

diag:ca.ms of r~ ~ l for the eases whe~ the neutrino. intel·a.~tion 

changes a l' mesa.1 to an electron (includJ.n& &.& decay), and tor 

the elalitic scatteriXlS Of an electron by neutrinos or anti• 

neutrinos. T'ne diagrams ot F:is· l(s.) represent finite corrections 

of first order in tOO tine .structure constant a which are 

common to both cases. T'ne diagram ot lfis·· l(b) is u.nWue to 

the ra.diet:i ve cO'.r'J."ectio.ns for the vector part Of the ( ee) ( w) 

interaction, .$Jld ms a divergent •ps.rt in perturbation theory. 

D~ of'-the type of Fig,. l(b) also enter into the~ correction 
~ 

to the e:t.eetrtc c~ge ot the electron because of its net vacuum 

polari~tion.· 

U the sum of ell i.rreductble 'bubbles 1n Fis• l(b) times 

the photon pr~tot> :ts 'Written as Q(lt2 )/k2 
1 where k 1~ · 

the photon 4-m.cm.entum. and. <1o is the 'bare ('Utll:'enorma.lized) 

electron charge then, instead ct t~ ~leotron cu:rrent operator 

01)./ 2 of Eq. (1), we blve 
... 

.(6) 
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tfo c01npare this \lith the electron..photon vertex of quantum electro

~oa 4 
and 'Wt'ite 

r~ = z, ~- 1,_£1 + f'1nite terms or order al. (7) 

1£e:~te Z, . is Just the ratio of the square ot the measured electron 

charge q to the aq~e ¢f the bare charge <lo*' 
2 

q I I 

2 
a~,.~ 

·:~ 

(8) 

ln a canonical field. theory~ 0 < z, < 1. For a divergent theory, 

~ ~ o. · :tn perturbation theory, . z3 : l • (2a/;rt) Lim>. ... (X) (h/m), 

v.i.th m as the' electron mass. For the finite terms of ECl• (7) 

perturbation theory is e>::pectecl to be a.d.equa:te, especia.lly U the 

ratiO lit~ /m21 is not large •. 

In loweat ... ordor perturbation theory, the total cross section 

for the eca.ttering ct a. neutrino or antineutrino by an electron 

at rest 1a the sum of the separate contributions t-~an the vectOl" 

and pseudov"ector electron currents. When rad.1atiw corrections 

are included, ve ba.va for the total elasti.O scattering cross section, 

tar: (anti) neutrino+ e .-.. (anti) neutrino+ e1 

ove ·= 2~· (l + z
5
2 ) .(E,/~) + o(a) , (9) 

Where G(proton Dl!J,Ss)2 = 1.02 X 10•5 .and. 1\, is the center-of-mass 

energy. ~ second term on the right compriseS. the .. finite (e.fter 

mass renormali~tion) ·radiative corrections ot Fig• l(a.), and 

the sma1l correetion to the vector interaction trcxn the finite 

part of the vac~polat'iza.tion diagl'ams ot Fig.· l(b). Moreover, 

by definition or . z
5
, the second term vanishes tor sufficiently · 
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low--enez-gy neutrino scattertns. Neutrinos or a.nt1neutr1nos r.illlY' 

also aca.tter fl:'om the electrons of ~ pol.e.r:tzation charge 

su:rrOilnd.ins a proton. For tnOl:nentun transter$ l.aaa tban 50 MGV/c 

tM prot= form. taet~ is e.bout unitY.; and the C2'0as section tot' 

elAstic v C>:" v s~tter:tns by a proton u .. 

"2G2 . 2 2 
I . ' ~ ' ' \. . . . ; . 

aVp = 7 (l ·01> z3) ~ + o•(c) • 

.... . 

'.rhus, 1n li¢'1neiple1 tneaS'I.tt'ement ot the v~ or v-e elastic 

cross section (at any energy), ~ogethel.4 with tba assumption that 

the interaction of E'l.• (4) .is incl'Ud.Gd. in the universal Fermi . 
interaction can yield Zy the charge renormal.1zat1on constant 

<io"> 

of QED. ln v-e or v-e; aca.ttering the in:ttieol electron together· 

With all or~ el.eet:rans 1n t.he induced polarization cloud. 

contributes to the .seattering amplitude. 'l?h1s is nat tr.ue in 

* . . 
tJ. l;.j; e + v + v tmere tva mee.S"'.lre G for a s1ne;le &.&. meson with 

only a amall tinite :t"a.die.tiva correction. · 
. * '!'he measurement of the v•e t1tf v-e cross section1 or 

even the demonstration tbat it 1a or .Gecond ~6 in a2
1 is 

f'orttddable.- Neutr:tno•pa.ir em1aa:t.ou may play a: dominant role in 

. $ane l?l'lases of s_tel.lar evolution as 1-ra.a SUggested by ~ecorvo1 7 

Chiu and M.OJ;*ris¢n
8 

·a.nd others, but ealcula.ticms ot stel.l.s.r models 

and related observations are not yet sufficient to decide the 

existence of the interaction on this point. ~high ; flux 

ot.e. nuc~i::'~ar (lo13 /om2/s«;) mp.y ofter the most pral11sing 

possibUity tor an eventual measurement~ For a ::S~V (lab) Vs 

the v-e c:rosa aeot!Orl is 4(1 + z, 2)lO~ort1~j ~th. z, 2 i l; 
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. + 9 
this is about eque.l to the measured v + p ... n + e reaction 

averaged over pile a:ntineutrinos. In the scintUl.ator material. 

or that experiment; electrons outnumbered vrotons about ' to l, 

. ..._/; . and the l'l'od.UCt16n ot eleCtrons f.,'f up. 'to ·a,' few MeV might have . 

been the most common v rea.otion · (~boui ·:s ~~ts/min). 
Unfortunately1 the signature ot the single electron is not near:!¥ 

. . +. 
so d.istinet aa tha.t ot the n . and e . . px-od.uced together by 

; 1 • . . . . 

v absorption by protons1 so tbat at present there seems to be 

an a.p:pa.rentl.Y overwhal.ming background problem 1n the 1d.entii'1• 

·, .· 
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* rus work was done under the auspices ot the u, sf Atanic Energy 

C0il11lission, 

1· 
e. 

a. Feynma,n end M. GeU·Mann1 Pbya. aev. ~p, '!e (1958). 

s. G-ershtein and J• Zeldovichj} Soviet ~:lh~ @t 

576 (1957). 
~i1 q l 

' \, ~.:.. ' 

s. M· ~~ l?b;(a. Rev. ~~& 267 (1958). 

'Viz. S~ Schweber, An Introduction to .Relative Quantum 

.F:teld The?£% (Ro-1'11 Peter$on and Ccmpe.ny,··mew York, 
I 

(1961},. sec •. 3. 7-c. 

It the interaction of Eq. (4) ia an approximation val1d. 

only for: low ..momentum. transfer, a.a in the case of an 

intermediate boson, then Eq. (7) is :no longer nece$sarUy 

precise. The v&J.ua ot an irred.uei'ble bubble of Fig. l{b) 

then is Q. anl,y' if it ends with a photon vertex, e.nd ~ 

if it ends With a neutrino pa.ir vertex. In this ca.~ 

instead of G .. z
3
G feN the vector interaction we have, 

fer small 1r.21 G .. z~G + q2G Lim 2 (l! .. Q)/k2 • 
"" . . 1t .. 0 

V • Shekhter1 Soviet Pbys,•....mrP :L 179 (1958). 

:e. ~teco:t:Vo1 Soviet. Phys.~ 2,. ll~ (19'.59). 

!.· Cbiu and. p., Morrison, j?hyth Rev, Letters 2,. 573 (~960)., 

r. ·Reines ana .c~ c~m.n1 Pbys, Rev. u;;, 273 (1959) .. 
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FIGURE CAPTION 

Fig. 1. . Feynman diagrams for electromagnetic radiative correc• 

-~· 

' ... 

tions to ( (J.l v)(ev) and (ev)(ev) interactions. The bubbles o! (b) 

are electron positron loops; the wavy lines are photons. 
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