DOE/ER/70004-225

OITS 98

September, 1978

PARITY VIGLATION AND THE MASSLESSNESS OF THE NEUTRINO
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We propose that the weak interaction be obtainec by gauging the strong inter-
action chiral flavor group. The neutrinos are then Zour-component spinors. We
allow pairs of right-handed neutrinos to condense into the vacuum. This produces
maximal parity violation in both the quark and lepton sectors of the weak inter-
action, keeps the neutrinos massless, and also leads to the conventional Weinberg
mixing pattern. Our approach also in principle provides a way of calculating the

Cabibbo angle.
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It is now evident taat flavor is important in both strong and weak interactions.
It is thus rather natural to identify the flavor groups of the two interzctions,
particularly given the success of the quark lepton analogy. Indeed, 2 recent
analysis of the group SU(4)L X U(1) as a candidate gauge theory of weak interactions
has shown the group to be in as much agreement with experiment as its more familiar
SU(Z)L X U(1) subgroup. Since the group unites the four left-handed quarks
(u, d, s, c) into one multiplet while uniting the four left-handed leptcns
(ve, e, u, vu) Tinto another it is particularly well-suited for studying the
structure of flavor breaking. In Refs. 1-4 it was shown that spontaneous break-
down of flavor leads tc a theory of Cabibbo mixing, a superweak theory of CP
violation, and a theorr of wmuon-number violation. Since these latter violations' !
are very small the theosry still awaits experimental verification.

While the SU(A)L X U(1) theory is both interesting and viable it is rather i
unsatisfying [as is SL(Z)L X U(1)] since parity violation is assumed ab initio.
Moreover it is a very asymmetrical theory in that it puts left-handed particles
of different flavors :nto common multiplets while requiring their right-handed
counterparts to be singlets. Consequently we shall remove this asymmetry by
introducing right-handed quartets of the same quarks and leptons so that the group
is now SU(-i)L X SU(MR X U(l)v. E Thus the weak interaction is now the local gauge
extension of the full chiral flavor group with the current algebra currents generat-
ing both the strong &nd weak interactions. Further we now have four-component
neutrinos and the weak interaction is parity conserving in the symmetry limit.

It is the mair point of this paper that the spontaneous breakdown mechanism used
below to obtain parity violation necessitates that the neutrinos stay massless.

Though our interest in parity violation derives from gauging the chiral flavor
group, the guestion of the origin of parity violation in weak interactions 1s of

course of interest in 1ts own right. While the development of the V - A theory
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established the fact of parity violation it dic not identify its origin. Trough
a two-component neutrino requires parity violation, parity violation does mot
require a two-component neutrino. Also even with a two-component theory there
is no a priori reason why parity should be violated in processes which do not
involve nmeutrimos. Consequently we should entertain the possibility tha: the
neutrino is a four-component spinor and look for theories in which its massiess-
ness is related to parity violation. The nice feature of the chiral flavor thecry
is that in it the condition that the eeutrino remain massless produces mzximal
parity violation even in the non-leptomic sectors of the theory.

Before proceeding to develop the sportaneous breakdown pattern we make 3
general remark about symmetry breaking. While the symmetry group itself is

'§pecifi.ed by the representation conternz of the metter fields, there is a priori

“complete arbitrarity im picking the representaticns which provide the breezkirg

directior, with simplicity being the orly apparent criterion. We therefore nead
a principle to knmow how to specify the Higgs multiplets. The most suggestive
principle, even though -t is not yet completely uaderstood, is dynamical symmetry
breaking, with the theory then choosing its own H:ggs :nltiplet's. We shall there-
fore use dynamical symmetry breaking as a guide tc picking the appropriate Higgs
multiplets, though what we shall present here will only be a phenomenology

The most obvious representation to use to break the symmetry is ths quark mass
term which belongs to (4, 4) ® (4, 4) . However since the quark mass matrix can
be diagonalized in the canonical (u,d,s,c) basis, we find immediately that the
gauge bosons are also diagonal in a canoniczl basis spe:ified by Wxi', Nl; Ai=15. 15)
and W,. In the notation of Refs. 1-4 we introduce (fcr convenience in the fol_owing)

0
the states

S &
W, = {(ylmnj 32 (Wz‘wu)] /2
X, = fow s w2 o
u, = fonew 0 i oigw ) Y 22 ;Q, .",,
Vi = [(vgi-w: l] i (WS+W12) ] /2 -‘f’q‘-“ ‘
R = [wswefﬁ : wlsﬁ/ﬁ] ZE foe
(1

for both L and R incices. Then the charged sector of the gauge boson mass matrix

is diagonal in the kasis specified by
i J /
¥ . V ‘ (U-\')‘/

m-0f, wwn?, wn? %)

: o
(W+X) W-X3', (V)

wex
where V, A respectively dznote vector (L + R) and axial (L - R) fields. The
currents associzted with, for instance, the vector fields of Eq. 2 are respectively 5

ﬁy)d ':eYA e, E'y., 3 v

(3)

Uy, s VoYU, cy}d Ve

Consequently tkis basis do=s net possess quark or lepton universality. Further if
we change the basis wkich diagonalizes the quark mass matrix we find that the quark
currents and gauge boson 2igenstates rotate together with the quark mass eigenstates
so that the intzraction remains canonical. Thus in the chiral theory the quark mass
matrix cannot provide an crigin for the Cabibbo angle; and the (4, 4) 6 (4, 4)

representation can onl¥ play a minor role.



I+ was shows in Ref. 2 that the group structure of §U(4) is such that
universality can be maintained if the SU(4) grcup is broken by adjoint represent-
ations. Consequently two left-handed 15 dimensional representations of SU(A)L,

'nL‘and 3L, were introduced and an explicit potential was constructed in which
. SU(d}L X (1) was broken to a subgroup gen;rated by W:, RL and wo, the Weinberg-

7.8 We now simply repeat the wark of Ref. 2 by adding two

" Salam U X Uil
further right-handed 15 dimensional representations ol SU(A)R, " and Tpo and break

the theory so that, in a tensor notation,

1 0 o 0 o0 1
LR L 0 1 G 0 L 0 1 o )
1 il i - i i s~ -
e 0 0 -1 0 1 0 0
6 0 0 -1 0o 0 0

This breaks SU(4)L X SU({)R X 4(1) down to an SU(Z)L‘X SU(2)R X U(1) subgroup
which possesses universality, with the flavor symmetry having been broken
spontaneousiy; Phenomelogical potentials analogous =o those of Ref. 2 c;n be
constrgcted in which the above pattern of breaking i: obtained for a range of
the parameters in the potential with the parity invariance of the potential
allowing the same breaking pattern-in the left and right-handsd sectors. Dynamically
the (15,1) and {1.15) multiplets can be built out of quark and lepton quadrilinears,
a point weAwill discuss again below.

It was further shown in Ref. 4 that a more general breaking pattern is

" possible, a typical example being

cos? .

cosB

sinB:

-sin®

cosd

siné

-cosé

. cosb

sinec

-siné

-coseC

cosé

-sing

(s)

This structure also breaks the theory down to an SU(Z)L X SU(Z)R X U{1) subgroup,

the one generated by WL, RL’ Wﬁ, RR and wo.
o oyt -
Wog s M geessc - V[ o osing

and couple to

Uy, 1.2 {ley
Fad 5

- f&e €285 \'/__sinf'c)‘,"-,i/Za’i;\'s)e + (-39 sin(—;c*»{flvcos-fc_‘,y}‘l/2(1:YS)U

Here

} d cos 8.+ = sinec} oy, 1/2(1%v_ {-4 sin &.+ s cos8
. ~ ‘ 3

(6)

[«

[the second term car also be written, symbolically, as ve(e coseC + wsin acj

-+ GU {-e sin@,_ + u cos& }i, and henze possess Cabibbu universality. Thus in

theories built on the group SU{4) we find that there are many SU(2) subgrouns

which could serve sz the Weinberg-3=

iam SU(2), and <hiz freedom is precisély what



is needed to introduce a Cabibbo angle, -Jand afso CF violation). This phenomencn
is discussed in detail in Ref. 4. Since the (I5,1) end (1,15) represenzations
involve independent chiral rotations on =he left and right-handed quarke they dc
not couple to the quark mass (thus p-oducing ne pa-ity or flavor violatiom in the
strong interaction), and hence the Cabibbo structure which was cbtained above by
gauge boson mixing is not removed by -otations of the .quark mass mtrix. The
parametexs LS and Co can be made large so that tt-e superhea_vy gauge boson sector
leads to small muon number violations, ets., analogous to the discussion of Refs.
1-4,.and will concern us no more here.

So far ihe theory ‘has Cabibbo universality and is still parity conserving.
We now want to break the tﬁeory down‘ ‘o tke Weincerg-Salam model. We .note first
that any fermion multilinear built -ou: .of powers.of Esﬁ 4 will mever break 'the
U(:) fermion mumber grogp. The simplest represemtation that will do so is
u—c '\i 2, a di-fermion. 9 Further, in ord=r that elecric charge not be droken,
the only available di-fermion is a nectrins paig. The key point is to nov notice

<
that whatever the handedness of y, only the same handedness for ¢ couples in
-,';c %, . Because of Fermi statistics we tRus conmsider 'the (10,1} and (1,i0)

representations of SU(ML X SU(4)R. W2 allow (1,10) td acquire a large expectatiosn

value, so that in a tensor basis it behaves as

0 c
o 0
0 €
0 0

[i.e. <\):~('1+ Ygv,> = <v;: z(1+75)vu> 4 0] while permitting no (10,1) breaking.

_This gives la:gé masses 'ta the right-handed galige ‘bosons.. Following the

notation of Ref. 2, if we dznote the gauge couplings of SU(4)L and SU(d)R by

/72 and that of Ugl) by g'., we obtain a heavy neutral boson

: e, 2 2.1/2 9

Zp= (8 Ry~ g" Wi / (e *g')/ : ®
: T S . . . 10 A
leaving W£, F.L_. g Rl +.8 -ho 50 far massless. Further, since the breaking is

in (1,10) only. the vacuum remains invariant to all chiral rotations -on the left-
handed neutrines. ‘Fence the neutrinos stay ;::ass'less. .

Finally we now break according to the quark masses and/or electron and muon
masses, the last and smallest stage of breaking. This then gives masses to \:;:
and RL— RR We now have to rediagonalize the neutral sector. Defining

new eigenstates

/ , 2 2, 1/2
= - + V / !
A ;[g' (R;+ Rp) + g Wy ] (8 +22™)

2 3 ) 5 2 5
2= [-6® - e DR 877Ry a2 ‘wo]/ [e?2 D @2 J] 12

(10)
then leads to a low emergy interaction Lagrangian for the neutral sector
{ = - B8 I\X -
- . .2 2,177
vz
- » Y2, R _ .
-p “e2g 1T z - -
gl(g+") 2p fuv,us ey, - dy,d- sygs
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Defining
gg' o g :
A S Y s Ay 2 T gy (12
ig »Zg"’)l/: (g +g' Y (12)

we obtain the conventional Weinberg mixing pattern. Also the standard relations
2,2 s :
12 = =
GF‘ 2=g /SMH’ Mw Mzcos aw follow from the same breaking pattern. Moreover, since
there is no breaking in the (10,1) representation we are free to rotate the left-
handed neutrinos amongst themselves to remove the argle in Eq. 7, and thus obtain

for the current that couples to V.YE

uyy LdL cos ec * sLsmec) + ey .(_~dL sin@ c chosec)
e fL T L (13)

the usual Cabibbo current. Thus our pattern of breaking produces all the usual
phenomenology, with maximal parity violation -everywaere in the low.energy structure
of the theory.

It is importan.t to note that whichever handedness of dineutrinos goes into
the vacuum, only the other handedness appears at low energies. Consequently in
ordinary laboratory éx;;criments the disappearance cf a pair of neutrinos into the
vacuum will not be observablz, and hence cdnnot i{umediately be i;westigated ex-
perimentally. The more likely place to look for such effects would be in astro-
physics '(perhaps the high temperature normai symmeiry limit of the early m;verse,
‘or the missing 'solar neutrino flux), though this remains to be studied.

Returning to our motivation of dynamical symmitry breaking we now see the
role of the quadrilinears. The fermion bilinears ere used up in breaking

SU(Z’)L X SU(.‘!)R X U(1), and hence we need more representations in order to break

the full chiral gfoup. Quadrilinears are then the next obvious choice. u While
it remains to be seen whether the pattern of breaking we have described here will

ever emerge dynamicaliy, we note that if it does then the orientation of the (15,1)

representations relat.ve to the diagomal (4, 3) @ 4, 4) (i.e. the Cabibbo angle 4

and CP violation paransters 3, such as in the examle qf Eq. 5) will then be
determined by the _pdi -=tial (analogous to the analysis of Ref. 4). Since dynamical
symmetry breaking al: dctormines the parameters that appear in the potential in
terms of the basic g:.;: zcuplings of th; theory, it will then in principle be
possible to calculaL_A'.'..». labibbo angle. However “that Temains a re;xnfg prﬁspect
for the moment. ‘ -

A detailed des. ', ion of our work will be published elsewhere. I would like

to thank Professor. .. Ne'eman and E. Gotsman for the kind hospitality of Tel-Avivs

University where par: of this work was carried ou=.
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The very recent proliferation of quarks and leptoas may necessitéte the use
of grouwps. such as. SU(G)}& P 3 SU(6).R X U(1). The group: theoretical anatysis of
this paper will remain valid in tre bigger Zroups
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-— — 4

Sey,e -y, u Thus in terms of the gererators F\i the electriz charge
3 -1s

S. Weinberg, Phys. Rev. Lett. 19. 1264 (19€7).

is given by Q =_Fv + FX/ /3 - /7 = /Y3 F), the Gell-Mann Nisiijima formula.

A. Salam, in Elemenmtary Particle Theory: Re.ativistic Groups and Aralyticity,
edited by N. Svartholm (Almqvist znd Wiksell, Stoc<holm, 1968), p. 367.
Quantities such as uzc Ai ¥ may be obtained from v A Y by a Pa;zli-clh*;q' trans-
formation. They thus correspond tc standard )‘i v bilinears written in the

particle-hole basis.

The standard Weinberg mixing is obtained by breakirg according to the fandamertal.

Since the dineutrino is a pair of fundzmentals i< gauges the same way as a
fundamental only wizh twice the cownlirgs (just iike a Cooper pair:. Hence

the pattern is the same.

11.

In dynamical symmetry breaking it is natural to use the fermion composites

of lowest dimeasion sirce they are the most infrared singular.





