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Thereis now convineing vidence! tat the es-
ons have th form o strergthexpectad in the or-
{ginal example o 3 nified auge-imvariant heory
of weak 4 elctromagnetic teractions:  model
bused on s SUG) * U1 gasee groo. T
Slandard” madel, the symmely it spontanecisly
broken by vacuum expectation values of salar
doublea. The lf-arded quarks and lepons are
n'SU(2) doabets while the right-handed feds are
n sngiets. The same model adequtely describes
the eutralcurent interactions of neutrinos with
elecrons, slhough here the evidence s tati
cally weaker.

Neveribeless, ¢ 1 possible that experimerts on
other nestralcurret nteractions (such a8 the on-
Soing search for a party._violaing elecron
uciconinteraction i atoms) may require an ex-
pansion of the efective’ gasge group beyon SU(2)
C01). The qestion wouid then acie, why is the
tandard mode 40 Successalin sesourtng or te
nestral_current nteraction of neuinoe?

A possivl answer is suggested by recent papers
o Fritzch and Minkowsk” on an SU(D » U(1)
XU(1) model, and by Pati, Fapoot, ard Sala®
on an SUR) < SU(2) X (1) odel" They nae that
for sertal delinite choiees of saiar maplete,
the low-energy nekral-currest interacions of
neutines n hese models are precsely he same
a5 i the SU(D)  U() standard model Pat e .
o state hat the samo n e for 8 ide class
o scalar multilets, The models o Rets, 5 and
8 e more than on hesey neutral nermmecate
vector boon, a0 here ia consdarable flexiilly
i their predicions for lsciron ucleon nd .
cleon-nacleon ewtal-current riracions. bt
e contritons f he ndvidual eutral rer
mediate vector bosons add u to give preciely
he same nenkrin teractions 4 1 the standard
model,

i paper, w state and prov a theorem
Which eneralize th resuls of Reis. S i 6.

As  by-profct ofthe proot, e are abe o set
2 oteresting wpper bound on he mss of the
Tieheat éstral i rmediae vector bason.

Suppose that the effective! gasge group of the
ek and elctromagoetic Intractions 1 3 dir
et prodict G, G, UQ), with G, ad G, arbi-
trary rovps. ot ecessinily suple. Seppose
at hs gauge symmetry s broken by the vacum
expectation vlues of o sets of scale felds 3,
a0 5,. The &, multplel trantorms rotrivialy
oG, and U(1) but1s reutra under G, The 6,
multile transtorms nnérivially under G, and
1) b s ntral ndor G,. As usal on Hinear
combieation o the estral generators (G, G,
0 UD remaios rbroken 4 o seotited with
e electric charge. Our thorem states thet ot
2670 momentum trensfe the newtral-curvent -
{eractions of any fevmion  which is ot elecri-
caty entral  netyal e G, il be precise-
iyt same as i e gaugegroup were st G,
UC) and droben ony b (6

I tho case of grestest pyaical nteres, G, is
e standard wesk SUG), 9, 15 the usual SUG)
Scalar double, and he huiral fermion I8 the
Tft-handed nstrio. Our theorer then says that
at sers momentum transer (he newaL current
teractions of netrinos in #ch an SUD X V()
G, gasge theory ax the e 2 1 the standard
model. Also, one o the neral Inermedaie vc..
or-boson misses 1 les than the mase 74 Gev
1026 4D GoV of the 2 1 the standard model.
O course, here may be ther scalar muliplets
‘hich trastorm nontevialy under b SUEZ) and
Gy 0 case, our thearem wouldapply appron
mately to the extet that th vacuum expoctaion
valsesof these mltiplts ave amall ompared (o
) 0a ).

Betore proving these resaits, we will develop
some geaeral ntations. Consider 3 guge theory
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0 hat (19) 1 als sutaied,
[

B Eqs. (19) 1 (20) dfie 3, wriquely, 50 2.,
st el 8, and B, (15) is erifed.

Equations (15) and (17 lad smomeditely o the
thoorem saled at th begining o i paper. If
G has the sructure G, G, <U(1), we can vk 7,
o be the genertor o 0 tvariast 1) subgronp
“The mass matrix s 3 s of sontributions
from (6, am (5. The (3 contrbuton b on-
2670 elments lnking T, vith th generators of
Gy bt does o ok G, 224 G, Shearly, the
(83 contivaion s nonaero slemerts linkieg T,

I G, bt ook G, and G, The sobmatrx with
¢ ot 15 bk diagoal, withno mixing betwesn
G, a0 Gy Thus 1, am (1], are sums of term
t5om o, and terms trom (6, We can we Ea.
09304 07 towrte

anea, an
symgeg, @
a0 42 are obtained by resticing the
05 a0 (17 t run oy over gener-
S0ra f G, 81, 204 1 are determired enirely
by (8, wifie 8. and 1 are doterminnd b (6
Now Consider 3 frmion £ which e lectrically
G, The currets
. (17t (1] vaniah foral 7, 1 Gy

because {10, S0 3 does ot inolue ot
al. O th otk hand, the £ neutal-current in-
feracions %} are ust hat fhey would have deen
0 G XU(1) gauge theory brokem by (0) with o
Gyaran.

"Th oniy efectof G, onth 1 couplings i o re-
dene the affctive (1) couping 80 that th elec-
ric charge comes ut igh. X1 a he nstral-
Carrent comlig 1n 3 6, < i1 theory with the
Same G, coupings 4 1 the expanded thory bt
itk th V) gonerator

g @

a the U1 coupling constan g satistying

1 el e
1 el an
TR T o

Then the G, x i) coupling satsty

)

28 thy must 1o give th right photon comping.

"Wo can now eaely drive our upper hound on the
ighestseteal tormediat-voctor-boson mas
Lt s, be the rormalized eigenvector o A1, v
he Lrgest igenvalue 4",

That s, 1 1 the ma
itermediste vector boson would hae i th gnge
roup were Just G, UL1). But a1 & pssive
s, 50

0, a0

=

It follows 1at a east one f he eigenvatues of

. st b grater than 1, ", a2 herefor st

6458 on o the massive newtral stermedise vec-
s han iy, 20

1 there wore more than ane seotral itermediate
vector boson, the the sersed inequality of 8
a0 TN neutrl-curret nterctions wool no o
e requie that parity be vioated in estral-cur-
e teractions. T th event that xperimants
Feveal that parity s n fact conserved vy he -
Lral currena, wo would have 1o sk sn expanded
e model n xhich pariy ia violated by arged
Dl ot neutral currens, withot Lesig e suc-
cesses ofthe standurd e (o v 20d PN e
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Where 4 is the “propagator”
e S aw

Oue st st i 0 show how 8, may be calew-
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Parity will b conserved by flvor-conserving
seutral curenks i I 1s 3 good symmetry of the
ndoriying thory, and I i 1s o broken b the
scalar vacwum expecation values which dominate
h Inermediatevectorboson masses. The
Charged curren veak interacions in sch  theory
can sl violte pariy  the fermion masses arise
rom amaller pariy-norcomserving vacwsm expec-
tation v

It g of the estrino-leon data, aur ih
orem suggests that he gauge roup must be o the
form SUD) G, X U1, In order for such  theory
o conserve panity, it 18 necessary for , to have
an nvariant SU(Z) sobgroup, 50 ht the ¥hole

S U <G, with

SU(2), 4nd SU() translorming ko e dnather
Snder space version, Also, our heorem sug-
ests that the scalar felds whose vacuum expec-
{ation values dominate the vector masses e
ether doublets under SULZ), aod revral s
(S X, or las neutral nder SUD). 1
order for the theory o conserve parity,
e st then b ether SU(Z, doi
trl under SU(D <G, or SU(H, doblets a0d s
tral under SUD), XG', or arbitray G muliplets
and netral under U, *SUQ)y Fiealy,
Teft-nanded formions are n SU(H, doublets ant
seural undr SU(2y G, thn right-banded fer-
mions must b in (2) doubles, ana nevtral
e SU2) *Gr.In uch 8 theory, the caiar
ekt whose vacuum expecation vales break par-

rion masses mus be of the SU(),
" trastormation type (2,2, 1). Inorder
et 1 dltur the neutrino-macieon sevtrl-corrent
Fesis, suchscala feld must e relstivels
amall vacuu expectaton values,

“Thi lat remark raacs an amsing speculation,
1 the (2,2,1) scaar felds have a typlea vacuuen
expectation value (4), then the Yukawa couplngs
o formionsof mase il e couplng constats
rpically of order o). Usualy o spposes
01 (9) 300 GeV, 4 hese Yukava coupings
are very weak. Hovever, fthase scaiars make
& rlaively small contintion to th vector-boson
mass matei then e must have (6) < 300 GeV.

s he couplin of such scalar e 10 fermions
must b rmuch stronger han s ually Eupposes
The exchange of virtual Higgs bosons n such .
oy could hve rtereting consequence

“Thers i3 another possbilly, however. I h
U2, XSU(2), V(1) model, the dominat scalr-
ied Vacuum Gxpectation vavs may come from.
two ditferet (2,2 Call th geserators of the
U, SU(2), and VD, Ty, T, ad Ty it
Q=T Tyt . Weketh'(2, 37 as two complex
22 matrs telds x, and x, They ranatorm 16

ot
ot orien
torien a
Ty T ones

i thex dovelop th (chars-conserving) vacum
expeciaton value:

(2)
o (00)

thenth vector-boson mase matrx a preisely
the same 25 1 2 model i vhich the scaar mesons
are (21 (1,2 with equal vacuum expectation
Values. A simple way o s tis i th following:
he vacuum expectation valoes of Eq. (29) can b
written a5 tensor producs o (2,1 ad (1), Let
bybea iz,

Too,mi7o,, Teoye0, T,
and et 5,502 1,2)
Tusmo, Tyolte, Tomd,. o)
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o

The 22 matrix feld 6,61 transtorms as the ten-
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