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IRREDUCIBLE GAUGE THEORY OF A CONSOLIDATED SALA1' - WEINBERG MODEL

Corrections

Page 8 : line 5 for "(w2 )" read

Page 9: line 7 for "will contribute" read "would contribut
1 ine 7 for "w± mass"0 read "masses"

line 8 for "could" read "should now"

Page 1 1 : Line 17 add "The quark case will be studied elsewhere"
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Abstract

We derive the Salam-Weinberg model by gauging an internal 
simple supergroup SU(2/1). The theory uniquely assigns the 

correct SU(2)^ (x) U (1) eigenvalues for all leptons and quarks, 
fixes dw = 30°, generates the W~, and A^ together with 

the Higgs-Goldstone 1^ = 1/2 scalar multiplets as gauge 
fields, and imposes the standard spontaneous breakdown of 

S U (2) L (x) U (1). The masses of intermediate bosons and fermions 

are directly generated by SU(2/1) universality, which also 
fixes the Higgs field coupling.
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1. Introduction

We assume that the Salam-Weinberg "standard model" repre
sents a correct description of a Unified Weak and Electro
magnetic Interaction, in view of the results of the SLAC 

e-d polarization experiment (though one would also like to
observe the W* and at the predicted masses, before "final"

2acceptance of the specific dynamics ).
There is however one further aspect which appears to 

mar the picture. This is the lack of aesthetic cohesion and 

simplicity: the non-simple gauge group (including the u n 

correlated quantum nur.ibers of left- and right-chiral fermions, 

the free 0W angle etc.); the need for spontaneous symmetry 

breakdown, and thus the necessity of an ad-hoc adjunction of 
a scalar multiplet of Goldstone and Higgs fields; the particu
lar choice of a weak-isospin 1 ^ = 1 / 2 multiplet for these 
fields, which does not fir the "extremum" requirement of 
general symmetry breakdown theory; lack of information with 

respect to Higgs couplings. Past great syntheses have pro

vided some of the most aesthetic elements in Physics.

In this note, we present an attempt to provide such a
3formulation. Postulating a simple (super)group gauge, we 

obtain a unique invariant derivation of the standard model 

with sin 0w = 1/4, and the precise SU(2)^ ®  U q (1) required 

eigenvalues (e.g. Ug(eL) = -1, UQ (e^) = -2 etc.); a direct 

gauge-derivation of the Goldstone-Higgs multiplet with its 

particular isospinor assignment, its couplings, and a non-zero
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vacuum expectation value for the appropriate component. We

cated in the evocation of the Aharonov-Bohm effect and in the 
calculation of exact solutions (monopoles, instantons, etc.), 

according to which gauge theories should be treated geometri
cally, as Principal Bundles P̂ . (P,M,G) of a structure group G 

(the gauge group) over a base space M (Minkowski space or its 

subspaces), and Associated Vector Bundles EG (PG ,M,R(G),G).

The recent identification1’ of the Feynman-DeWitt-Fadeev-Popov 

ghosts with semi-vertical components of the connection 1 -forms 

in Pg and the accompanying geometrical derivation of the 

Becchi-Rouet-Stora transformations provides additional vindi
cation of this approach.

2. The Graded Lie Algebra and Group Manifold

Let G = SU(2/1), the supergroup generated by a Graded 

Lie Algebra (GLA) isomorphic to the set of Graded-Traceless 
3 x 3  matrices A = 1***8

4have adopted the view, emphasized by Wu and Yang and vindi-

TrGl,A “ 0 (2 . 1)

a = 1,2,3
( 2 . 2)

i = 4,5,6 ,7
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[ u a , u 8 ] - 0

\
J

(2.3)

= 2ifaijli3 

= l i f 8iju j

(2.4)

{y.,y.} = 2d., y - /3~6..y0 i* j ija a i] 8
(2.5)

where an<* refer to SU(3) coefficients. G is thus
an internal symmetry based upon a GLA, and the odd (L1) g e n 

erators (i = 4***7) anticommute even though they are 

Lorentz-scalars, thus violating the spin-statistics correlation 

(like the ghosts in renormalization).

The normalization corresponds to the matrix in the a d 

joint representation, where the identity happens to be graded 

traceless. For the L^ subalgebra it is thus as in SU(3),

T r O V V  = 2 6 a b Tr(y8)z = 2 ( 2 . 6 )

The diagonal matrices therefore define the Cartan sub

algebra basis,

1

-1
/ 3

-1

-1

-2
A

i ;

(2.7)
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Cp q is extraneous to SU(2/1) but fixed by orthogonality in U(2/l).
3 0The Group Manifold G is obtained by exponentiation of L and

by multiplication of L* by Grassmann parameters. The latter 

action thus yields bosonic variations which, however, would 

not be produced by SU(3), since they are obtained by c o 

efficients .

We identify the following quantum numbers:

TL = I y 3 ’ U 0 = ’ x = / V y 0 (2.8)

where x is the chirality. Note that the algegraically imposed 

assignments (2.7) thus reproduce the quantum numbers of all 

lepton multiplets (v®, eL , eR ; uL , y R ; v£, x^, t a ) .

They also reproduce the eigenvalues for all quark multiplets 

provided we displace them by AUq = -4/3 for a <f)g letpon-to-
7quark transition (as suggested in our "Primitive" model ).

The uR , cR , tR are thus SU(2/1) scalars. As far as the X a
7and X q are concerned, the alphon forms an SU(2/1) triplet 

(a£, a L , a R)-singlet (aR ?) set, perhaps hinting at some 

larger structure. We thus have a natural assignment of lep

tons or alphons to the 3 of SU(2/1).

3. The Gauge Bundle and Goldstone-Higgs Fields

We gauge G = SU(2/1), working in (P,M,tt,G,») where 

7t is the projection and the dot denotes the right-action of 

G on P.^*® The Lie algebra-valued connection 1-form to = w^X^
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defines the gauge fields. We do not deal here with the semi-
5 0vertical components defining the ghosts. For L , we have 

U(2) gauge spin-one fields (o is the space-time index,
in fact on a section)

However, for the gonerutors, the would have been anti- 

commuting spin-one mesons, forbidden by the spin-statistics 

correlation. This is why "internal" GLA cannot generate
9S-matrix symmetries, though they can provide useful "super-

gauges" as in our theory. Spin-statistics do allow however

a realization of the w 1 themselves: contraction with the

anticommuting dx° ensures that the w 1 are spinless bosons.

Gauging SU(2/1) thus provides a gauge-field multiplet whose

composition is exactly that which is necessary for the

standard model, including a Higgs-Goldstone multiplet behaving

as an Il = 1/2 (eqn. (2.4)).

We can also calculate 0 , the SU(2)T x U(l) mixing angle.w L
Using the standard notation for the Interaction Lagrangian,

7e.g. for the leptons \p (or our a of ref. )

^ g ^ LYaT 3^ LW^ - ( g W g )  (4>LY°ipL + 2^ RY°^r)b^  (3.2)

to be compared with
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we find

tgew = g ’/g = 1//3 , ew = 30° , sin2e = 1/4 (3.4)

which seems close to the present experimental value.^ The 

Lagrangian fur the gauge multiplet can be written as

*-n = g(F aFaaT + F 8F 8ax + F 1 F ia) (3.4)0 ax ax a J

j g ^ Y a vi3^Wa  + ( 3 . 3 )

4. Spontaneous Breakdown of the Gauge Symmetry

Observing the lepton multiplets, we realize that the 

masses behave as y& or y 7 under (2.4), violating U(2)w (ya ,yg ). 

This implies that the vacuum behaves partly like a (C- 

conserving) component, and thus, for the spinless u6 ,

X = <0 | to6 | 0> f  0 (4.1)

j 6 6* and w = w + x •
We now turn to the realization of SU(2/1) on physical 

states. The U(2)w subgroup can be represented conventionally 

and linearly, and we have noted that (2 .8 ) reproduces the 

standard-model assumed assignments perfectly. However, the
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odd part of the group action should not be realized (linearly)
gon physical states and we assume Goldstone-type realizations

via the to1 . The gauge multiplet itself can be realized
linearly on U(2), either in the IT = 1 ©  0 multiplet (oja ,cĵ ) 

j  ̂ ' W  L  ’ G O
2or in the 1^ = 1/2 multiplet (u> ). In both cases the "missing 

components" are reproduced bilinearly through the non-linear 
action defined by the Lie-algebra valued connection's e x 

terior (graded)bracket [u1 X^  ̂ * Returning now to the 

1^ = 1/2 representation, one choice of an SU(2/1) and thus 

SU(2)^ gauge reproduces the "U formalism," reparametrizing 

the (co4 ,.5 ,.7) Goldstone fields and absorbing them into the 

gauge , 1 0 leaving only u>6 + x- From this point on, use of

eq. (3.4) yields the usual derivation 10 of mass terms for the 
+ 1 2W~ = (w^ + ia)o )//2, since the SU(2/1) covariant derivative

on any w 1 component happens to coincide with the U( 2 ) deriva-
Ative. Indeed, the "curvatures" (C are the structure co n 

stants)

r-A 1 _ A, c , T  -.A 1„A B E r/io'.R = 9-F„ dx /s dx = dw - t-C ^ to (4.2)
I ax 2 BE v J

and covariant exterior derivatives

n A _ A rK B E  r /< - -iDp - dp - C „ p (4.^)

become, from (2.3)-(2.5)
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R 1 = Doj1 = Du5 ( 4 . 4 )

i, ci ,a i i iR = R - d . . o) ~ uiJ

(4.5)
,,8 £ 8  , > 3  i iR = R + ~2~ u a u

where the caret sign denotes restriction to U(2) . After the 
choice of the Goldstone-cancelling gauge, the last term of

(4.5) will yield a o>̂  A “ (<j>̂ ) term in R^ and R8 , which
+ i 1 0  will contribute to the W mass, in addition to the R 0R con

ventional contributions. Note that the new contribution 

could be cancelled by a Segal-Wigner-Inonu contraction"^ of 

S U (2/3) over U(2)w -
7The electromagnetic field Aq remains massless, since R

A 6 0contains (^7^ 5^ ~ w ) which picks out the orthogonal Z ,
using (2.4).

5. Fermion Masses

It is especially interesting to analyze the appearance 

of lepton and quark masses, as a direct result of the SU(2/1) 

universal coupling. We work in the Associated Vector Bundle 

of the Lorentz-spinor tp, forming a 3 representation of SU(2/1).
oThe covariant derivative will couple the ua conventionally, 

as in (3.3), but will in addition have the term, coupling 

(j>L to ijĵ by what amounts to an example of the non-linear 

action of the odd part of the algebra. As to the nature of
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the interaction, the exterior calculus writes the relevant
f \part of the action A as J *j  ̂ ~ uf , with

* j . = ie ^yau . •+! f dxV  ̂ dxp  ̂ dx°) (5.1)JA 6 avpa¥ ' A +

Inserting (3.1), we have a 4-form,

A = r  I e ijiy w y i); a (dx ~ dx  ̂ dx ) (5.2)
f' • a v p c r  ' ar v '

which becomes,

A w  " J f  J c - dxV - dxP - d x 0 )  ( 5 - 5)

Ct 3In equation (5.2), (y oj u ) is the full connection one-
a

form on the Lorent2 -spinor bundle. In going from (5.2) to 
(5.3) there is an effective flip of indices,

a A , $ 1 3 A j a /■ c >1Y w gdxM -> 4 Y w gdx (5.4)

In the case of the uncontractable w 1 scalar fields, this 

can only take place if we have for the connection on this 

spinorial bundle,

“ 3 - Y 3W (5.5)

yielding,



i.e. the appropriate mass term for w = u + x- However, 
equation (5.6) also fixes the "Higgs field" coupling, which 

is thus predicted to be of universal strength e .
Our introduction of spontaneous symmetry breakdown 

(4.1) was based on the fact that masses break chirality con

servation, that electrically charged leptons are massive and 

that neutrinos are massless (i.e. a carry-over of the 2 -com

ponent neutrino and of V-A theory). For (u,d') quarks the 

direction is still the same, assuming a vanishing mass for u 

and a massive d ’ (which indeed contains a contribution from 

s, a heavier quark). We adopt the view that our SU(2/1) and 

its breakdown, act on quark triplets (uL>d'^,d'R) etc- i-n the 
same way as they act on leptons, through the displacement
AU q = -4/3. However, the 4>g which is assumed to carry this

7 6AUq in our primitive model would itself couple to w since

[PB ,<J>B ] = -4/3/3 <j>B .

Comments

We have not yet studied the possible applications of the 

SU(2/1) gauge on quantum aspects, and renormalization proce

dures. However, from the orbits of U(2)^ (or SU(2/1)) on co1 

we know the stability group U(l). Since ^(U(2)/U(l)) = 

■ ^(UU)), we have monopole solutions characterized by an
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integer k £. I.
On a previous occasion, a similar consolidation of 

SU(2)g and U(l)<, in the (simple) SU(3)g has led to fruitful 
applications and unexpected insights. To expect similar 

developments from SU(2/l)w seems perhaps too much to hope 
for. However, it appears tvorthwhile to make this try at 

the most economic embedding of SU (2) ̂  (x) U (1) in a parameter- 
free "aesthetic" and geometric theory. Failure to do so in 
the recent past was due to hopes for an early "grand unifica

tion" with the Strong Interactions, in a Supreme gauge group. 
The sequential nature of new quark and leptons seems to pre-

7elude such a unification at this stage of our knowledge,

and we feel justified in attempting to present an "irreducible"

weak-electromagnetic unification as a more modest target.
Finally, it would be interesting to check the possibility 

that other such spontaneously broken gauges might exist, 

perhaps even in strong (flavor) dynamics, with the Higgs 

mesons corresponding to odd-generator gauge fields.

We would like to thank Prof. E.C.G. Sudarshan for his 
comments.
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