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The effect of a possible isotensor YNA coupling on the isobaric-muitiplet mass cquation is investigated. It is found
that discrepancies betwecn theory and experiment for the d-term cannot be explained by the contribution from isqe-

tensor clectromagnetic currents.

There has been interest for 2 considerable time in
discovering experimentally whether the photcn has
elementary couplings carrying an isospin diffcrent
from O or 1. To date no such coupling has been defi-
nitely observed. The earliest propusal thata (T = 2)
coupling of the photon was not excluded by data was
put forward by Grishin et al. {1] and by Dombey and
Kabir {2]. Since such a coupling cannot occur be-
tween nucleon states it was suggested by Shaw (3]
that the reaction yN = 7N in the region of the
A(1236) resonance would be the most likely place to
search for an isotensor electromagnetic current. This
idea was later elaborated by Sanda and Shaw {4] and
by Donnachie and Shaw (3]. A resumé of this and
other phenomena which wouid give evidence for an
isotensor e.m. current may be found-in the review of
Donnachie [6].

The existence of an elementary isotensor e.m. inter-
action would be evidenced by several phenomena in
auclear physics as weil. Those propused to date are:

1) the presence of higher order terms than quadrat-
ic in the isobaric-multiplet mass equation (3,7, 8],

2) the existence of (T" = 2) clectromagnetic transi-
tions (2, 8}, :

3) a lack of symmetry in the decay widths for cor-
responding (T = 3/2) = (T = 1/2) e.m. transitions in
mirror nuclei {9].

A summary of the evidence from these three phenom-
ena in 1969 has been given by Blin-Stoyle [9]. More

recently, an examination of thie last two reactions has
been made by Chemtob and Furui {10]. It is the first

* Supported in part by the Bat-Sheva de Rothschild Founda-
tion. .

of these. the isobaric-nultiplet mass equation, which
we shall study in the present contnbution.
The isobaric-multipiet mass equation (11}

MA, T, T,)=a-b6T, +eT? )]

relates the masses ot the 2T +1 members ot an isobar-
ic multiplet¥. A general review has been given by
Jinecke [12]. In general, the coetficientsa, b, and ¢
will depend on A, T, and any other quantum numbers
characterising the multiplet. The equation above, com-
prising only constant, linear, and quadratic terms in
T,, results if the electromagnetic interaction between
the nucleons is limited to one-photon exchange and

to the neutron-proton mass difference. Terms of next
higher order {eading to

MA,T.T,)=a~bT, +cT2 —dT} +eT} (2)

can arise in either of two ways: 1) by two-photon ex-
change or 2) by the presence of an elementary (T = 2)
coupling of the photon between the nucieon and
other baryons, say, a (T = 2) 7NA coupling. In addi-
tion, cubic and quartic terms in T, will occur only if
these two mechanisms are between more than two nu-
cleons. In general, the d-term in lowest order results
from three-nucleon interactions. The e-term resuits
from the interaction of at least four nucleons. To the
extent that the actual (T = 2) coupling results from a
radiative correction to the known (7= 1) ¥NA cou-
pling, we may call both of these mechanisms two-pho-
ton exchange. We shall, however, restrict this name to
the first mechanism. 4

¥ We use throughout the coavention that the proton has T,
=112,
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Fig. 1

Until a few years ago there was no evidence for the
existence of terms of higher order than quadratic in
the isobaric-multiplet mass equation [12]. Since that
time considerable experimental effort has been made
to test the validity of eq. (1). Compiete and precise
measurcments of the masses arc available now for fif-
teen isospin quartets (7 = 3/2) and. recently, the meas-
urement of the masses ot all five members of a (T = 2)
muitiplet has been rcported (13). The data on isoquar-
tets indicates that eq. (1) is remarkabiy well satisfied.
In only one case, the A4 =9 nuclei, is the d-term clearly
different from zero. For this case d has the value 5.8
* 1.5 keV [14].

A calculation for the contribution of two-photon
exchange to the d-term of the 4 =9 nuciei has been
made by Bertsch and Kahana [15], who find a value
d=3.6keV. (Of this 2.0 keV resuits from the inclusion
of a charge-dependent term in the nuclear force [16]).
There remain, then, perhaps 2 keV of the d-term_which
is not accounted for. [t becomes reasonable, therefore,
to examine to what extent this discrepancy could be
explained by the as yet unobserved (T = 2) YNA cou-
pling.

The model which we have considered is shown in
fig. 1. (A similar diagram involving four nucleons and
two A's would give the lowest-order contribution of
the isotensor current to the e-term). This is essentially
the mechanism for a (T = 2) term in pion photopro-
duction proposed earlier by Shaw {3] but with a vir-
tual photon and pion.

Assuming a pure M1 yNJ interaction the diagram
of fig. 1 leads to a 3-body potential which is just the
interaction of the isovector magnetic moment of nu-
cleon 3 with the isotensor exchange magnetic mo-
ment of nucleons | and 2. This last operator has been
calculated by Chemtob and Furui {10]. Borrowing
their expression we arrive at the following 3-body po-
tential for the d-term.
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2
Va(1,2,3) = —m (u, ~ F‘n)4,.,( =17 ) ngNEV( )/16\/—

7(1)7(2) (3) 3)

XE(1,2)-£02 3)

+.all permutations of (1,2,3)
with
1,2 = Vo(xlz)(au) +,(2)) + Vz(xtz)r(m ,

T2 = 3(a() + ¢2)) % 5% 2 - (s +a(?),

21(2,3) = 3(0(3)-;23)_&23 _0.(3)'

v ( )_ e!p( X) , VZ(X) = ([ +%+xil) VO(X),

.ttl' = mﬂ(f" - fi)

& = gr/gy is the ratio of the lSO(CﬂSOf and isovector
yNA coupling constants and V( is the appropriate in-
variant ampiitude for isovector e\cnauon of the (3,3)
resonance {17]. In units of m3, V‘ has the value
0.24. py, and u, are the magnetic momenls of the pro-
ton and neutron in units of nuclear magnetons.

For a given (T = 3/2) miultiplet the J-term is given
by
6d = M(+3/2) = 3M(+1/2) + 3M(=1/2) = M(=3/2)(4)

which leads to

2
d=-—= 0:, ) S (5;,7‘) ENNEVE)

&)

X 2 <'\v(,4,n|:(i,;)-:‘(i,k)——‘-;Nf(A.m.
i<j<k x|

For the 4 = 9 isoquartet the matrix element above

nearly vanishes if we assume a pure {P) = |(1s, n)

X (lp;,z)s) configuration. Therefore the largest con- -

tribution will come from matrix elemecnts connecting

this to higher configurations, say, 113, 2)*(1p3)*

X (1d)). We have generated an approximate D-state ad-

mixture in the (4 = 9) wave function after the manner

of Riska and Brown {18}

ID)= —(1/E) § Vi, )P (6)
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where Vy(i, /) is the two-body tensor force. We have
tricd to compensate for the fact that we are applying
this method to the p-shell (rather than the s-sheil) by

We have insured finiteness of our results by inciuding
a short-range correlation factor {18].
The numerical resuit is

d=(5keV) gr/EM- ™
From several experiments [19-22] it is known

that

lgr/eyl <0.02. (8)

Thus, the contribution of an isotensor YNA cou-
pling to the d-term cannot be more than 100eV.

We have neclected in our calculation a possible E2
vNA coupling. The isovector E2 transition multipole
of the A is at least twenty times smailer than the cor-
responding M1 multipole [23]. This leads us to be-
lieve that the quadrupole moment of the A is very
small. Hence, any 'pgssiblc isotensor E2 coupling con-
stant of the A is likely correspondingly smaller than
gt and must, therefore, lcad to an even smaller contri-
e bution to the d-term.

We conclude that the contribution of isotensor cur-
rents to the d-term is negligible.
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