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Abstract. We give current algebra arguments to show that to O(a) the colour octet
vertices do not renormalize the effective weak vertex between colour singlet hadrons
in models with broken colour symmetry. The result does not depend on the details
of the mixing between colour gluons and electro-weak bosons.
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1. Introduction

Unified gange models of weak, electromagnetic and strong interactions based on
integrally-charged quarks have been proposed (Pati and Salam 1973). The viability
of these models was established by showing that the integrally-charged quarks mani-
fest themselves as the fractionally charged quarksin high-g2 deep inelastic experiments
(Rajasekaran and Roy 1975; Pati and Salam 1976). In these models, colour sym-
metry of the strong interactions is also broken spontaneously and the colour gluons
mix with the weak and electromagnetic gauge bosons. Due to these mixings, the
weak and electromagnetic currents have colour octet terms also. Now, the radiative
corrections to the weak vertex of hadrons are important in checkmg the Cabibbo
universality of weak interactions (Sirlin 1978). It is essential to show that the colour
octet contributions do not alter the results significantly as the Cabibbo universality,
without these contributions taken into accountis in good agreement with the present
experimental evidence. By explicit calculation of the relevant diagrams it has been
shown that the colour contributions to the effective weak vertex between colour
singlet states at zero momentum transfer is zero up to O (a) (Ramachandran 1979).
Here we give a simpler derivation of the same result, by showing that the effective
weak current is conserved to this o1der Also, the analysxs is general and does not
depend on thc details of 'the mlxmg between gluons and electrowéak bosons.

2 Models with broken colour symmetry

The models are based on the group SUc 3)@SUL (2) ® U (1) where SU¢ (3) corres-
ponds to the colour symmetry of $trong: interactions and SUz (2) ® U (1) is the
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electroweak part. Consider one such model specifically (Rajasekaran and Roy
1975). Here the quarks are written in the form of two arrays: :

wl  ulouf ¢ of o
Hq; = y Koy = - 1

4 dy dy St % S
The subscripts refer to the colour indices and superscripts refer to the elebtric
charges; d; and s, are Cabibbo-rotated objects. H 1 and K; transform as (3%, 2, 1)

under SU-(3) ® SU, (2) @ U (1). All the right-handed quarks are singlets under
SU; (2). Leptons are singlets under SU-() and transform as usual under
SU; () ® UQ).

The electric charge operator can be wrriten as,

Q=L+3}Y' 4+ L+ T, @)
where Iy and Y’ are the two diagonal generators of SUc (3), L1, is the diagonal

generator of SUz (2) and U is the generator of U (1).
The symmetry is broken spontaneously through two sets of Higgs fields:

o ot ot
1)‘*‘
0,=l o o o), 9= . ) 3)
~ \1
~ g0 of .

9, transforms as (3%, 2@ 1, 1) and ¢ as (1,2, 1) under SU-(3) ® SU; (2) ® U(1).
The Higgs fields acquire vacuum expzctation values:

1 00 0
<O'M> = <0'> 0 1 0]) and <2> = <1,> (1) (4)
0 01

where (o) and {7 are two real comstants. Hence, colour symmetry is also
broken. It can be shown that we get the following gauge boson mass terms (Lorentz
indices are omitted):

Lem =} <np* {2 | WP + g* [W2[* + |- gW? + ¢ U[*}

+ 312 (@2{3% -—J§Wi}2+illf’l2+ VB—;/%UR-
i=1 =4
©)]

where V!, W' and U refer to the gauge bosons corresponding to SU¢ (3), SUZ (2)
and U(1) groups respectively and f, g and g’ are the corresponding coupling constants.
It is seen that the electroweak bosons W; and U u mix with the colour gauge bosons

-
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vV Ij and that the mixing is O (g/f) for a fixed mass of the gluons. This mixing is true
of other models based on broken colour symmetry, though details differ. We will
only make use of the fact that the mixing is O(g/f). (In this paper, we deal with the
mixing in a way different from that used in Rajasekaran and Roy (1975) and Rama-
chandran (1979). We read off the quadratic mixing between the colour gauge
bosons V‘i and the electroweak bosons Wi, U u directly from (5)).

The interaction Lagrangian can be written as:
8 l l 3 . -
) _ . 47 .l 223 y U U
Ling _fzzlj” Vet g.zl]“L w8, U
B ) 1= )

<+ [couplings with Higgs scalars] 6)

where j ;4, j :L 7 and j ;: are the currents corresponding to the groups SU (3), SU’L )
and U(1) respectively [Hereafter, primes will denote octet currents].

The lowest order contribution to the charge changing semileptonic processes is
given by:

MO = —g (P |t ©) [P DY (9) Ly, Q)

where p and p’ are the momenta of the incoming and outgoing hadrons which are
colour singlets, g = p' — p, ji; = jLL -+ ijﬁL,vL;L is the lepton current and

Dy (g) = [ d*x = 0| T (W, () Wy (@) [0). ®

3. Colour octet corrections

The O () corrections to M‘® have been evaluated in the framework of the SUy, (2)
® U(1) model for electro-weak interactions and unbroken colour gauge theory for
strong interactions (Sirlin 1978). The corrections to M(® by the colour octet vertices
fall into two classes:

(I) in which the main vertex (at which leptons interact w1th hadron) is a colour
singlet and the octet currents occur only in the loop,

(I) in which the main vertex is a colour octet and one of the vertices in the loop is
also an octet, giving together a singlet contribution.

Contributions from class I are common to both unbroken and broken colour
gauge theories whereas contributions of class II are peculiar to theories with broken
colour symmetry only. -

Consider the lowest order contributions to class I diagrams shown in figure 1. It
is given by the expression,

M'(pp)—-—g PELO| ) D@Ly, ©)
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(@ (b) (¢c)

(d) ' (e)

Figure 1. Diagrams Wwith colour singlet main vertex. The hadron vertex is on the
left while the lepton vertex is on the right. Curly lines denote colour octet gluons
and the wavy lines denote W-bosons. Mixing between the two is indicated by a
Cross. : v

where. . Jﬁ; () = J-;:Z f dy dz T [j5 () i @) @)
x (0| T [VM(p) VP (2)] | 0>‘ . ‘ (10j

Because of the mixing"}Betwee'n gluons and electroweak bosons, O T [V™ ()
VP~ (2)] | 0> can be expanded in a series of powers of (g/f)* and hence the right
side of (10) contains terms of O(f?), O(g? etc. Figures 1(a), 1(b) and 1(c) represent
the O(f?) corrections and figures 1(d), 1(e) and 1(f) represent O(g®) = O(a) correc-
tions to M o, , v ,
- Comparing (9) with (7) we see that j ; 1 (x) essentially acquires a correction j:i (x).
In the following we will show that 1;‘2 is conserved. Consider the divergence of the
3-current correlation function.

ok TUN M i@ J, @1 =Ty ) o i, @ j; @)

80— 30 TUL @ Lig, @ 757 0D

- TGO UL @D ay

.
i

The zeroth order current j ;"L (x) is conserved i.e.

v

o J;L(’C) = 0.
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Also, the colour currents j ;j commute with the weak currents

Ui @ 75 ON lgymyy = 0.

Hence,  of T[ji* (0 iy ) i @1 =0. » (12)

From (10) and (12) we see that
8" jit () =0. | - 13)

L Then the familiar cvc arguments (see for cxample, Marshak et al 1969) will lead
| to the conclusion that the weak vertex is not renormalized by these diagrams.
' The above argument is actually the same as the usual proof of non-renormaliza-
tion of the weak vertex by the strong chromodynamic interactions (O(f%). Our only
point is that in theories with broken colour, the same argument also applies to the
O(g? corrections coming from class-I diagrams.

Consider the class-II diagrams (shown in figure 2). These are peculiar to theories

with broken colour symmetry only. The contribution from these diagrams is given
by:

M“=-§§<p't DO |2y DY (g) L, | (14)
where D::W(q) = [ dtx exp (ig-x) O[T 7 W, 0] |0y,

~ O(glf) . ' (15)

(Q) (b)

(@) (e)

Figure 2. Diagrams with colour octet main vertex.
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mi @1y =2 [ e i 0 5 @I @1
x< 0| T [WM (») Vf"tz)] ‘0 3. [ 16)

Note that MY = O(g%). This implies that we are considering O(g?) = O(a) correc-
tions to the weak vertex. Also we consider strong interactions to the zeroth order

only. AT c i
We will now show that the effective current j:;gI) is also conserved, when sand-

wiched between colour singlet states:
‘Consider,

e TUL DI @@
TGO RN ME
b= TUI O L @ I o)
s (re— ) TG O) Uit 6 % @ an

The zeroth order octet current is-conserved,

oM i =0 - o (18)
Mo, UE G Ollgen=0 - (19
amd U O d @ |y = 28 (=2 R )
Hence, | !

of TUL O) JF @ - @D =28 =2 TURL O IR @1 Q)

Now if | p) and |p’) are colour singlet states,
P | TUSL D J @) |p) =0. @1

as jip (v) Ji () is a colour octet operator. .
From equations (16) to (21) it follows that

Pl i@ lpy=0. @
Hence ‘the effective current is conserved. As in thé case of class I.diagfams, this

will imply that the weak vertex is not renormalized by these diagrams.
This argument is valid for progesses involving neutral currents also. -
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4. Conclusions

In integrally-charged quark models, the colour symmetry is broken and the colour
gluons and electro-weak bosons mix. We have shown that the colour octet contri-
butions to the weak vertex is zero to 0(a) at zero momentum transfer, by proving
that the effcctive weak current is conserved to this order,

We have considered class IT diagrams only to the zeroth order in the strong coupl-
ing constant. Sirlin (1978) has shown that the strong interaction cffects are small
when the underlying strong interaction theory is asymptotically free. The models
of the type considered in this paper can be expected to be asymptotically free, at
least approximately (Rajasekaran and Roy, 1975, see especially the last section).
Then the arguments of Sirlin may be expected to go through in this case also and
contributions from diagrams formally of higher order in S will be small,
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