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SU(4) Weak Currents and Their Experimental Implications 

T.C. Yang 

Deutsches Elektronen-Synchrotron DESY, Hamburg 

A SUL(4~U(I) model of 4 quarks is presented. Three quartets of leptons are 

necessary in order to cancel anomalies. We propose, in the breaking of 

the SU(4) gauge symmetry, a set of W bosons with mass~ 130 GeV. The suppress­

ion of parity violation in atomic experiments could be explained with these 

heavier W bosons, the neutral current cross sections are compared with the 

Weinberg-Salam model. The model has definite predictions for the decays 

of charmed mesons and the heavy lepton "t, 
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The Weinberg-Salam (W--S) model (l) with four quarks is quite· successful in 

representing the neutrino induced neutral current reactions. However, the 

existence of the heavy lepton ~ (l), the possible evidence for other heavy 

leptons in neutrino induced reactions (J) and the suppression of parity 

violation in atomic neutral current experiments (
4

) necessitates a modification 

of its conventional form, We present in this note a model which incorporates 
.(5) 

consistently all the above results. 

We consider the SU
1

(4)8U(J) gauge synmetry of the 4 quarks. The charged 

currents being left-handed, we do not expect the "y-anomaly" in anti-neutrino 

reactions(beyond possible breaking of scaling).We propose that the SU(4) 

gauge symmetry (of the Higgs scalars) is broken in several stages, namely, 

SU(4)-. 0{5) (or SP(4))-+ SU(2). The breaking of SU(2) with the additional 

U( I) gives the Weinberg-Salam model. Th.e "super" symmetry-breaking provides 

us with SU(4)-0(5) • 5 W bosons of super heavy masses and O(S)~su(2) • 7 

~bosons of intermediate masses which are heavier than the SUf2) W bosons. We 

report below what the ~ediumrheavf'W bosons could do tO the weak interaction~~) 

The first thing they do is to restrict severely the lepton representations. 

The four quarks are assigned in a 4 representation (u,d,s,c). The electron, 

muon and their neutrinos in this model cannot belong to the same SU(4) re-

presentation, e.g, (-f4 ,e·, p.-, ~) , which were proposed by Pati and 
(6) -Salam • The reason is that the SU{4) weak currents (e.g. -1/1 Yu A . 1J'} 

r· 6.,17 
with this assignment would generate strangeness-changing neutral currents 

and lepton number non-conservation which is untolerable in ordinary weak 

interactions. Another r~ason for rejecting this assignment is based 

on the fact that the small mass of the neutrinos cannot be explaineci, 

(n1 as compared with the charm quark mass). Instead, we identify the ~ 
heavy lepton observed at SLAC and DESY as an excited electron state with 

an associated ~ • In order to cancel the anomalies with respect to 
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the SUL(4)®U(I) gauge syrmnetry, the leptons belong to the!_ representatio_ns, 

and the sum of the quark and lepton charges must equal zero. This ·results 

in a proliferation of the lepton familiesand a quark-lepton symmetry, 

( 

u' u' ub ) ( e- fJ.- 1. • ) 
d' d~ d1 Ve V"" ,t+ 
S r st sb v,. H' L' 
c! c~ C1 't- M- t..' 

where ~, g, b denotes the color of the quarks. A unified picture of the 

quark and lepton masses could emerge from the above representation: For 

simplicity, we assume that the same set of Higgs scalars is responsible 

for generating the quark and lepton mass. We then expect the leptons to 

exhibit the same mass pattern as the quarks (7) In fact, 

Yl1. ~,e 

"' 
f>A~'f! 

~ md ~ 0 and 
M•e 

m--c..-...mc 

me """'m"'e ...... 
are in accord 

with strong PCAG and the observed "'t and the charmed meson masses. \o.'e are 

thus led to speculate that ( 
11<\,e bo.re 

Y'Yt "- Wt.s - n-tu 
"" .. 

),.,. 
""s 

The second restriction is that the Cabibbo angle should be a consequence of 

the mixing between the u and c quarks. The SU(2) weak interaction (thew-s 

model) cannot distinguish this scheme from the GU1 mixing (B) for the d and 

s quarks. But the d and s mixing with respect to SU(4) will result in strange­

ness-changing neutral currents in ordinary weak interactions generated by the 

new SU(4) currents e.g. 'Ay of eq. (2) ) . This is not allowed. t-:ith the 

Cabibbo angle generated from the u and c quark mixing, its magnitude could 

be estimated as follows. The strong interaction symmetry SU(4) is badly 

broken to SU(3). Since in gauge theories the strong symmetry breaking 

only appears in the quark mass terms, the c quark acquires a large ~ass. 

We assume that a second stage of symmetry breaking on a smaller scale, be 

it the Higgs mechanism or radiative corrections, generates the mass of the 

u quark and its mixing with the c quark ( 1:) l'\1.«t ) . Ue then find, after 
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diagonalizing the mass matrix, that ' 6 Sin.~-~"'' 
"!.""' • 

refer to the "physical 11 quark masses, 

nttl'. where --"', m,m 
u c 

FtOm the fermion representations and the Cabibbo structure described above, 

we see that the strangeness-changing neutral currents (-if~.- Jf< ~,~ 11 ..,.Y'-), 

in the semi-leptonic processes, always couple to at least one "new" lepton, if 

they are decoupled from the diagonal neutral currents. The decoupling is 

verified from the Higgs mechanism (see Table I below). From Table I also follows 

that the effective Lagrangian in lowest order of Gw has no !As! = 2 piece 

for the non-leptonic interactions. The GIM cancellation mechanism ~·arks 

for the higher order box diagrams, as expected. 

We have explicitly constructed the Higgs sector ($) to break the SU(4) to 

0(5) and then to SU(2). The SU(2), in the (IA.f9,) 
1 

d
1 

S) C{l9e.)) basis 

( (.((9,): UCISO,- c SIH~,. ((9,)" USI~/9, .. c cos f), ) • con<i"s 

of the following generators, 

c 1 0 0) 'Aw~ = o o o o -o: 1: ( ?.",-.-+ t- J.,_,14 l = [ ?.,.. t 
0 0 0 0 

0 0 ~ 0 
(I) 

- 2.-.1. -l. - -!.... +As_, ( ~ ) Awl= '-1:.L -l(?>,..,?. ... -1-l.()Jif Vf'Aal 

, 

where the ?L's are the SU(4) -:.\-matrices, and where h =±I. The sign of h is not 

deterrndned from ordinary mesons or hyperons decay. We shall assume h 

for simplicity. The subgroup of SU(4) which contains the above SU(2) as a 

subgroup is an 0(5), consisting of the folloWing generators in addition to (I), 

AK' = ( ~ -: 0 
0 

0 

0 
0 
0 

0 0 _ I ~ 1 0) 
o o - I 1.4+'>"' [ llt<.] 
0 0 
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( 0 

0 0 0) 
:A. - 0 0 

0 0 =l'A -= 1\ + (2) 

p+ ::: 0 0 o o '- 11-in [ o·] 
0 1 0 D 

( 0 0 0 -1 ) :A·= 0010 =.!.(?. .-?.' = + 
and (kii) 0 0 0 D 2 6+•1 9+•1.] l A(iip)'] 

0 0 0 0 

:Ay = > .L --?.+-'A ( ~ ) I I 
2 -t -{ - (j i ((; IS' 

Denoting the gauge couplings of SUL(4)~U(l) as g and g' and their gauge 

bosons as Wi (i = 1, ... ,15) and B, the diagonalized states after spontaneous 

symmetry breaking of 0(5) an.d SUL(2)@U(l) are listed in Table ], For the 

complete breaking of SUL(4)@U(I), we refer to ref. (5). SUL(4)@U(l) contains 

4 neutral gauge bosons coupling to diagonal neutral currents; which we 

denote as A, X, Y, and Z. A and Z are the photon and the neutral gauge 

boson of the Weinberg-Salam model. X is super-heavy and does not interest 

us here. We'll study below the contribution of Y to the low energy weak 

interactions. The interaction Lagrangian can be obtained from 

/. "' -1f ~ rp. r <t"'+ ~ vr., wt + ~ f <} rfJ 7f'~ -+11,/r,.. caP. .. < ~· &. s"' J 'If'; 
+ ~t Yp ('d"'+~H-:<:lw:- f ,. ~ts"') f+i~'J;.( d"+< ,·rx B~'>v/ <3) 

where the y 1s are constants (matrices) determined from the charge of the 

qUarks and leptons. Q is the charge matrix. We obtain from (3) the coupling as show 

in Table I. The effective Lagrangian for the neutral current induced interactions 

is as follows: 

(1) Atomic neutral currents. Here the dominant contribution comes 

from the quark vector currents and electron axial-vector current which are 
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2~ { Cu~f.u-dlf.d -4X..,rf-i<:lJ.u-Jcilf.dl]et-'',..~e 
, 

+ ( ~~ ) ( [(a;. j,( .. J Of< d 1 e ¥~ ~r e } 
"'r 

The first tero is the W-S model prediction ( )( :: Sth 1(9 ) and the second 
"' w 

term is the added contribution from the Y exchange diagram. The relevant 

quantity for the Atomic (3,: zo~ experiments is {)._W = -z ( 1 - 4 )(
1101 

) - fV 
~ !3 ~ 

+ (t",./1>1' )·3(i!:+N) :=:: -167 +(1->1"') b2f for 3 X ~­
"' J 

If 

( 4) 

,/. \' )'\11. 

Qw is near zero, we find fVl """ 1'1 ......,. 1( 130 GeV. But m could of course 
v ~ w r 

be heavier, depending on the final experimental results, 

(2) Neutral currents in neutrino reactions. The W-S model is modified 

as follows 

~ .. -2.4i 

[ -ed),.(t-4X.,-¥;-le tCC:a;,£H·tlu-d~lr-Yrld. 

z- ,_ J 
- 4X'w ( T u.a;. U -; d df..d) . . 

+(m~) ( e¥u(r-l'r)e -Cti' .• Jt-rr)u.-J<r,..o-r~)J 1) 
my r 

(S) 

.,_ 'If. a-"(r-rr)~ 

where the last term is the new contributicn from the Y ex-

J 
change. For Xw,.... 8 and my I"V2 Ynw • the new contribution suppresses 

the left-handed component of the electron neutral current. The cross sections 

(}(~e) and Cf( ~e) are modified by 4 7. and 30 7. respectively as 
-4%. 2 ¥) 

find ()(~e)~ o.a <to E., c .. <l<V compared with the W-S model predictions. We 

- -n -1 
and (J(11,uel ~ 2.l/<!o Evc"'''<eV , For comparisons with the recent 

data, see ref. (5). The effect of the new contribution for the inclusive neutral 

current cross sections turns out to be negligibly small, For the elastic 

1/P and {if cross sections, the effect is at the 10,...20 7. level; the 

modification appears only in the isoscalar currents 
(5) 
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0 
(3) Strangeness-changing and charm-changing neutral currents. From the WkO 

exchange, we arrive at the effective Lagrangian ( fn tJ :: m ) 
WICD W' 

'Z. - -)A. 
lfw (my;.,)[ n;,t•-l'~ls+ u~{l-r~)C][ V, Y IH.rl'l:i J H. c. 
fl.' rnw, . 

Thus, unless W~0 is very heavy, the lower limit of m.,..: is given by the 
~ 

absence of K+--; rlvV, namely, m ~ <nx+ - mit+) "" 350 f.leV, Tbis value is 
~ 

in accord with the theoretical expectation (m ~ .,.,. mbare see above) - the 
s 

present experimental upper limit from t' decay is m <. 500 .. 600 Mev~ 9 ) 
:+ +- ~ -, +-

If ow• - ny- 2'\i ' we predict that T"(r;; -=t)'( ~ 1-f >/r(r;t..~k e ~ ) ..... 7 % for mV.,. 

both ""0.35-0.45 GeV and having assumed the same constant form factors fot 
proP·sses, 

(4) Implications for "C" decays. With respect to the SU(2) gauge interactions, 

1: behaves just like a true sequential heavy lepton. Modification arises from 

the W~0 exchange diagrams (other contributions are much suppressed by phase 

space). Specifically, the electron quantum number carried by 't' will manifest 

--+---+ 
itself in the following decay modes (but 't ~e e e 't'--6. e /AU-) neglecting m /m 

> P r ' '«{- 't• 

t t t 
r(1:'- _.. e-k• > _ 12n'f. 

1 
_ !:i )' ( "'"' ) ' 

(6) ---I ~t 2. r (--r-- ... 1!.;!-<-"f.l m~ ~ "'•' 

r' 1-r---t~ e·V. > ' ' (7) =(t-1.~] h = i I 
T' i"T--"'1{, V~> "'' ... 

Thus we'll expect that the ratio of e+e- versus p.-1-e- frcm the heavy lepton 

pair decay in e+e- annihilation will not be I. It is interesting to remark 

that the sign of h could be measured by this ratio. For MW, .- 2 mw, 
one finds IJ ( ete-)j rs(p.e l = 0,28 or 0.78 as compared with the preli-

minary data(
9

) ()(eeyo(,ue)= 0.57 ± 0.3. Hare precise measurement should be 

interesting. The corresponding prediction for O"(,~Aeks) from (6) is at 
CT(,U~) 

the level of 1%. The search for }(eKs+nothing is a difficult experiment, but 

a resonance in eK
5

, if seen, could be a direct proof of the existence of the 

heavy lepton. v''t:in this model is a long lived particle, since it is forbidden 
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to decay by phase space. We predict m"t.350 MeV. (see above), Thus the .. 
measurement of m~ will be the first crucial test of this· model. ... 
The two-body de~ay modes of 't' (eg. 'fi~,Vf) could be the be~t plac:e to measure m"'to, 

(S) Implication for high energy neutrino and 
+ - • e e expertments. 

From Table I, one immediately concludes that the semi-leptonic decay of M
0 

always involve strangeness non-zero final states. (M- is heavier than M
0 

by 

the quark-lepton mass analogy). M0 could be found in high energy e + e- annihilation 

through pair production of M+M- and their subsequent decays. In particular, M
0 

could be looked for in the invariant mass plot of p.i k:(. In neutrino reactions, 

~ can be produced via the charm changing current only. This and the decay(IO) 

of M and M
0 

leads us to speculate that trimuon events are associated with 

two strange particles. 

I thank M. Krammer and my other colleagues for helpful comments. 

W bosons 

A:: .Sti.I9 ... A1 Hos&..,B. 

l. = cosc9.,A1 -1t;,fJwB 

W'~' 

Wk; 

W~; 

Wcko)',(WIK"P>'j, 

Y = fl Ws .,. ~ Wtr 

Table I 

coupling to masses 

a 0 

,..------:; . [ 1-1',- . 1 1 + ',.• ?., •• , T - 1t• '8.,&.. 
1 - "' } 

.! 1\ ~ .!.:.!! 
1 W-- 2. 

'} ?. 1-Yr 
ff kt T 

?- 'A .!.:!! - p:l 2 fi. 

[ 1-1$-
'}..lkpl' 1uM J 7:" 

.1: ?. t-r,.. 
fi. y 2 

• m,., 

m' 
W' 

1 
I'Yly 

1. ~~ ,., "' --· 
i ~sae"' 

m; 

- g-

-r" ble I Cetp-h'o" 

Eigenstates and masses of the W bosons with their coupling to th~ fermion ,. / 
'.f-• .'IY..,"' ~/ifl. A 1 = * ( WJ.,. ff w, -~ w,, ) 

For the notation of the ~1

5 see text. 

currents. 
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