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Mass of the Up Quark
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It is shown that m„= 0 does not lead to numerical disagreements and that it implies an
improvement of the SU(2) 8 SU{2) symmetry.

The possibility that the mass of the up quark
be zero has recently been advanced' as a way of
avoiding strong CP nonconservation induced by
instanton effects." Of the known nonunnatural"'
alternatives to achieve the suppression of the
undesirable effect, one requires the existence of
a light pseudoscalar, the axion, ' and seems to be
in very serious difficulty with existing experi-
ment. ' Another option, the introduction of spon-
taneous violation of either parity or time-rever-
sal invariance, "should be postponed until the
nontrivial calculation of the suppression becomes
available. Last but not least is the alternative of
the up quark being massless. In this paper I com-
ment on the arguments that have been used' in the
past to disregard this possibility. I show that m„
= 0 does not lead to numerical disagreements and
that it implies that SU(2) @SU(2) symmetry is
less broken than in the case m„g0. This im-
provement of the SU(2) @SU(2) symmetry emerges
at the expense of SU(3).

The present idea' about the values of the quark
mass parameters, m„, m„, and m„ in the SU(3)
CISU(3)-breaking Hamiltonian (to zero order in

weak and electromagnetic interactions)

K =m„uu+m„dd+m, s s,

where u, d, and s are the Dirac fields of the
quarks, relies on the current-algebra relation"
for the masses of the low-lying pseudoscalars
(v, K, and q):

f.' .'=- «Il.e ", I.e ', &.(o)]) I», (2)

n, P=1, 2, . .. , 8,
where f are the decay constants ( f,= 92 MeV)
and Q„are the axial charges. Equation (2) is
valid only to first order in X and, since higher-
order effects induce corrections which are too
large and model dependent, " it should not be
used without appropriate caution.

Instead of the above-mentioned procedure,
where smoothness of a two-point function has to
be assumed, one can consider only the relations
obtained from the one-boson-to-vacuum matrix
elements of the divergence of the axial-vector
currents, & "A„", and the (approximate) trans-
formation properties of the symmetry-breaking
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Hamiltonian. I et A. be the Gell-Mann SU(3) ma-
trices, A.'=(2/3)»', and

ui
q=l d I, u"=qz q, ~"=@ "y,q,

[ q„",us] =id„~7u ~. (4)

o =0, 1,. . . , S. (3)

The nine scalars u and nine pseudoscalars v

transform then according to the (3, 3*) + (3*, 3)
representation of SU(3) S SU(3); in particular, "

it thus follows that

m, 'f, = Z,»'(m„+ m, )/2,

m«+' f«=Z«'/'(m„+m, )/2,

m«0'f «= Z«'/'(m„+ m, )/2,

where

z, / =&o!.'!.&, ;=1,2, 3,

z,» =&ol, IK&, 1=4, 5, 6, 7,

(6a)

(sb)

(6c)

(7)

From the one-boson-to-vacuum matrix ele-
ments of

8~A „=—i [q„,x.(0)],

and where I have ignored SU(2) breaking in the
Z's. Notice also that the values of the masses
(of the charged bosons) do not include virtual-
photon corrections. From (6) the desired formu-
las are obtained:

(8.)

(m«+' —m~') ~=(m„' —m, o') 7. (io)

Since, according to (6a), the pion mass differ-
ence is purely electromagnetic, we have

(
2W 2 2 2 2QmL P

= my+ 'PR gO m 7I+ + m 7IQ"3
= —0.0053 GeV'. (1l)

The confidence in the relations (10) and (11) re-
lies on the fact that they are in agreement with
the magnitude of isospin breaking obtained from
the M=1 baryon mass differences in the low-
lying octet »'s

Usually" symmetry breaking is also related
to the parameters Ep E'g E8 and their renormal-
ized version, V, , defined by

(f,Z»2/f Z»2)[2m .2-(~m 2)

m„—m~—=Z«'/'(m„— m„) = 2f«(hm«')„, ,

where (bm«')„ is the K+ —K' mass differenceE u3
without virtual-photon corrections. In the case
f«Z„' '/f, Z„' '=1, Eqs. (8) reduce to those
given by

steinberg.

'
I will assume that the difference between the

experimental K+ —K' mass difference and (Am«')„,
is given by the Dashen formula'

(sb)

(9)

f f « ll3
~=~(Am ') = —0.0065 GeV'.

Keeping f«/f, = 1.2, I will now consider two ex-
treme cases in Eqs. (8): (i) Z„=Z«[small SU(3)
breaking], and (ii) m„=o. In the first case we
obtain

m„/m, = 2. 1, m, /m = 23.5,

e,/c, = 0.02, e,/eo = —1.29 GeV',

(16)

(17)

which is interpreted as an indication that SU(2)
and SU(2) SSU(2) are good symmetries with the
former being broken less than the latter. On the
other hand if we set m„= 0 then (6) implies the
sum rule

(~m, ') „ f,z „»' = —m,.'f.z,",
while from (13) one gets"

(isa)

! e,/e, and v2 + e,/e, measure isospin breaking
and departures from SU(2) NI SU(2), respectively.

For f«/f, = 1.2, as given by experiment, '~ (14),
(13), (9), and (11) imply

cpu + 63u + csu' = m„Qu+mddd+ m, ss

c, = (m„+m, + m, )/v6,

e, = (m„—m, )/2,

e, = (m„+m, —2m, )/2@3

C, =Z ~'c, , z=0, 3, 8.

(12)

(13)

(i4)

V2 Eo+ 6 +8&3 E 30 ~

From (isa) we have, using (11) and (8b),

1/2/Z 1/2 0 36

2
'-= —I — ~

— =46 8
m, (am «')„

(iSb)

(i9)

(20)
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Notice that for m„=o SU(2) SU(2) becomes exact
in the limit m, /m~ = ~ and thus the higher value
given in (20) (twice that of the previous case) is
welcome. In fact, directly from (13) and (20) it
follows that

m,—'= —W2 1 ——,' 1+ ' = —1.37
0 md

(21)

which is closer to —W2 than in the Z, = Z~ case.
We conclude that SU(2) SSU(2) is a better sym-
metry if m„=0. On the other hand the value of e,/
c, changes only by 6%,

e,/e, = v3 (2m, /m~ —1) '=0.019, (22)

where

p(v') =Z. (»)'&'(p. —~) I &oI 8 "&„I~&I', (»)
and where m0' is the threshold of the continuum.
The positivity of p(q') renders questionable ap-
proximations (2) and (23) in which the integral
over the continuum is neglected, particularly if
there is an enhancement such as that which has
been proposed" as a possibility to explain the
deviations from the Goldberger- Treiman relation
and which has in fact been observed" in the kaon
case. Equation (19) reflects also the fact that (at
least if m„=o) smoothness of two-point functions
is a bad approximation.

I conclude that the possibility that the mass of
the up quark is zero is not ruled out, in which
case SU(2) SSU(2) becomes a better symmetry
[at the expense of SU(3)] than in the case m„go.

I am indebted to Professor M. A. B. Bdg for
stimulating discussions and encouragement. A
discussion with Professor H. Pagels is also ac-

and thus the A I= 1 baryon mass differences in the
low-lying octet remain practically unaltered.

Finally I would like to comment on Eq. (2). It
is true that with

—&o Iuul o&- &o I ddl o& =f,z, '~',

&0 I ss Io& —(&0 Iuul 0& + &oI adI o&)/2

=fxZ~ ' (23)

it also implies Eq. (8) and (9). On the other hand,
the exact relation of which (2) is an approxima-
tion is (o. indices suppressed)

d 2

f'm'+, p(q')
~2 g

=- &oI [q„,[q„,x.l) lo&, (24)
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