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Summary. — Electromagnetic mixing of isotopic-spin eigenstates leads
to important charge-symmetry-breaking (CSB) elements in the A-N
interaction. The most important mixing is that for XA, which allows
coupling of the (dominant) 7 = 1 component of physical =° and p° to the
physical A. =7 and p%-w-p mixing give additional contributions. A
single-meson-exchange CSB potential model is constructed from these
mixings, with the help of the octet model of SU, to relate meson-baryon
couplings. The difference between A. bindings in the mirror hypernuclei
iHe, and *H, may be explained with this model, in which vector-meson
exchange is more important than pseudoscalar-meson exchange. Predic-
tions of the model for A-N scattering and for binding energies of possible
excited states of the four-body hypernuclei are given.

1. — Introduction.

Those charge-symmetry-breaking (('SB) contributions to the A- N interaction
which arise from electromagnetic mixing of isotopic-spin eigenstates are discus-
sed in this paper. It appears that single-vector-meson exchange between an
N and a physical A may lead to the largest of these CSB effects and thereby
provide the most important contribution to the difference AB, between the
binding energies of the A in the mirror hypernuclei ‘He, and ‘H,. X°-A and
7% mixing and that part of AB, due to exchange of physical =° between N and
physical A have already been calculated by DAriTz and VoN HIPPEL (%).

The observed difference between the binding energies of the four-body

(*) This work was partly supported by a grant from the National Science Foundation.
(1) R. H. Davirz and F. Voxn HippEL: Phys. Lett., 10, 153 (1964).
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hypernuclei (%)
(1) AB, = Bj(*Hep) — BA(*H,) = (0.30 + 0.14) MeV

indicates the presence of a component of the strong A-N interaction which is
not charge-symmetriec. In fact, if this interaction were charge-symmetric,
Coulomb effects would lead to a negative AB,. Consideration of the difference
between the r.m.s. radii of the nucleon distributions in the core nuclei due to
(Coulomb repulsion in *He and consideration of the additional Conlomb energy
associated with the compression of the nucleon core in *He, (4%) lead to the
estimate

2) (AB ) comos & — 0.45 MeV .

With (2), the CSB component of the A-N interaction would be required to
account for a AB, about 0.45 MeV larger than that in (1).

The estimate (2) was made with the help of the « naive model » of DALITZ
and THACKER (°), with which they reproduced the measured r.m.s. radii of
the charge and magnetic moment distributions in *He and *H remarkably well.
We took the value given in ref. (°) for the radius of the central region in these
nuclei within which the wave functions of all nucleons are assumed to be the
same. We then obtained the following values for the r.m.s. radii of the various
nucleon distributions in the three-body nuclei: a (*He) = 1.66 fermi, a,(*He) =
= 1.49 fermi; o (°H) = 1.46 fermi, a (*H) =1.59 fermi. The r.m.s. radius of
SHe was then taken to be R(*He) =[2a2/3 + a?/3]}; for R(*H), p and n are
interchanged in the preceding formula. The results are E(*He) = 1.61 fermi
and R(*H) == 1.55 fermi; the difference between these radii leads to most of (2).
For core radii appropriate to the four-body hypernulcei (including core compres-
sion) and A-N interaction of range (2M_ )" without a hard eore, (4} we find
dBA/dR ~ —2.5 Bu/fermi for A-nucleus potentials of Gaussian form (7).

(3) M. Raymunp: Nuovo Cimenio, 32, 555 (1964).

(®) A recent analysis of binding-energy data for the four-body hypernuclei by the
Brussels-Dublin-London Collaboration led to AB, = (0.16 + 0.17) MeV [D. H. Davis:
private communication (1965)]. Use of this value instead of (1) would reduce by about
0.1 MeV the value of AB, to be explained by the present model.

(*) R. H. Dazirz and B. W. Downs: Phys. Rev., 111, 967 (1958).

{°) R. C. HernDON, Y. C. Tane and E. W. Scamip: Phys. Rev., 137, B 294 (1965).

(*) R. H. Davirz and T. W. THACKER: Phys. Rev. Letf., 15, 204 (1965).

(7) 'This value of dB,/dR was obtained by differentiation of the interpolation formula
of J. M. BrarT and J. D. JACKSON: Phys. Rev., 76, 18 (1949) relating the well depth
parameter to the binding energy for a Gaussian potential; for an exponential potential,
the result is essentially the same. Our result is about twice as large as the value used
in ref. ().
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We estimate that, in the absence of (SB effects, B,(*H,) would be about
2.4 MeV (8). With this we have dB,/dR ~ —6 MeV/fermi; and, with the
radius difference above, (AB,)gsouems = — 0.35 MeV. Finally, the nucleon core
is compressed by the bound A (%) and this leads to an increase in the Coulomb
energy of ‘He, over that in *He. For a core compression of 14 pereent obtained
in ref. () with hard-core potentials, this effect produces an additional
(ABA) goutoms & — 0.10 MeV. These Coulomb contributions, taken together
give (2) (%). '

Our discussion of the origin of AB, will be limited to those contributions
which arise from isotopic-spin mixing for 30 and A and for the neutral pseudo-
scalar and vector mesons. Some of these (see first paragraph) and some other
less important contributions have been discussed by DAriTz and VoN HIPPEL (1).
The largest of the latter comes from baryon mass differences in intermediate
states of the two-pion-exchange A-N interaction and explains about 0.05 MeV
of AB,, leaving about 0.7 MeV of the central value discussed above to be
explained (3).

2. — Particle mixing.

Nonzero off-diagonal matrix elements of the electromagnetic mass-split-
ting operator imply that some neutral mass eigenstates (physical states, desi-
gnated by a superseript ~) are mixtures of isotopic-spin eigenstates (desig-
nated by the usual particle symbols alone) (1). That is (1),

~

(3a) A=A—c5.

(8) With (1) and (2), our estimate of the central value of AB, to be explained by CSB
effects is a2 0.75 MeV. In the absence of CSB effects, one-half of this wounld be added
to the measured B,(*H,) and subtracted from the measured Bp(*He,). These additions
are considerably larger than the errors on the measured binding energies (a 0.1 MeV).
This should be taken into account when the four-body hypernuclei are included in
analyses of the binding energy data of the s-shell hypernuclei; CSB effects cancel out
in the three- and five-body hypernuclei.

(*) Coulomb effects were not considered in the binding-energy analyses in ref. (5).
On account of Coulomb repulsion, the nucleon core of ‘He, is slightly less compressible
than that of *H,. This reduces the Coulomb energy contribution to (ABj)couoems bUb
increases the contribution due to the difference between (compressed) core radii. These
effects nearly compensate one another; and a direet caleculation [similar to those re-
ported in ref. ()] including both effects also led to (2).

(1) We omit over-all normalization factors in (3a), (4a) and (5a); the differences
between these and unity are much less than other uncertainties in the problem.
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The octet model of SU, leads to (*11)

(3b) ¢~ 0.01,.

Similarly (1-11-12),

(4a) T =gty N=n—dcna’
with
(4b) ¢ ~0.01, .

Isotopic-spin mixing among the vector mesons is complicated by o-o
mixing:

ol

0=@°——0”6()+d”tp
(5a) & =a"
(’p’ =a"<p+b”w~!—h”@°,

w——b”<p+e”g°

in which g° and ¢ are pure members of a unitary octet and w is a pure unitary
ginglet. The large ¢-w mixing in (5a) is believed to be a eonsequence of medium-
strong interactions (**); and the mixing of p° with ¢ and « is presumably electro-
magnetic mixing. The off-diagonal elements of the electromagnetic mass-
splitting operator can be expected to be of order ¢? times those of the medinm-
strong mass-splitting operator (°). We therefore take the coefficients

(5b) a'=0.77  b'=0.64

to be the same as those obtained by diagonalizing the (mass)? matrix in the
absence of p*-mixing (**). The electromagnetic mixings are then calculated as

(11) C. H. CaaN and A. Q. SARKER: Nuovo Cimento, 36, 1402 (1965).

(*?) We ignore the complication of X9 mixing recently discussed by R. H. Davrirz
and D. G. SUTHERLAND: Nuovo Cimento, 37, 1777 (1965). The way in which this kind
of mixing enters the present problem is indicated below in our discussion of vector
meson mixing. The effect of the unitary singlet X° in CSB will be considerably less
than that of the unitary singlet ¢ because the X°—n® mags difference is much larger
than the o — p° mass difference.

() L. E. Picasso, L. A. Rapicati, D. P. ZaNerLro and J. J. SAKURAIL: Nuovo
Cimento, 37, 187 (1965).

(1) R. H. Davirz: Proceedings of the Sienna International Conference on Elementary
Particles (Bologna, 1963), p. 171; J. J. Sakural: Phys. Rev., 182, 434 (1963).

30 — Il Nuovo Cimento A.
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perturbations, the coefficients being (%)

N a“(g“|8M2|w>~a”b”<g°!3M?_J@ i b"2<Q°|8M2lw> + a”b”(@olSM2|(P>

cII
&— ME, Mi— M3,
PARAACH LIS o) — "< |SM2 |y  a"b"{e"|3M*|w) 4 a"<o* |3 M?|p)
= M — M, Mz — M
(5¢)
g VS BM ) — b0 | 3 M2 @)
MZ— M%
pr VS 3M2 ) + 0o [3M? | )
M:— M,

The estimate {@°[dM?|w) = 0.3,-10* (MeV)? follows from the analysis of a
baryon mass formula in ref. (1*). The matrix element

(@ |0M? g = [ME— M3 + Ml — M]3

can be obtained from SU, in the same way as that for n°-n mixing (1-1t18), In
the absence of an established mass difference between the K* mesons, we take
this difference to be zero; then the observed masses of the p mesons (17) lead
to <@ |dM?|p> = (—0.3+0.7)-10* (MeV)2. Since this can have either sign,
and since the estimate of (o®|6M?|w) in ref. (**) is based upon the assumption
that the dominant electromagnetic mixing is that for e, we take
{e®|0M?|¢> = 0 for the caleulations of this paper. Then (5¢) become

(5d) ¢~ 0.05 d’~~ 0.04 e"r 0.06 k"~ 0.00, .

The large values of ¢, d” and ¢” in (5d) are due to the smallness of (M5 — M3).
If {0°|6M?|p> has the central value deduced above from SU, instead of zero
as we have assumed, these coefficients would be almost twice as large; in this
case b would be much smaller than its value in (5d).

(1%) In first-order perturbation theory, the denominators in (5¢) would involve the
masses after medium-strong mixing but before electromagnetic mixing, rather than
physical masses. We estimate that the difference between these is about 5 percent for
the ¢ —73° denominator and about } percent for ¢ —7°; these differences are negli-
gible for the numerical estimates given in (5d).

(**) 8. OxuBo and B. Saxira: Phys. Rev. Lett., 11, 50 (1963).

(*") M. Roos: Nuel. Phys., 52, 1 (1964); Phys. Lett., 8, 1 (1964).
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3. — CSB potentials.

The potentials corresponding to exchange of single 7*° (') and single 7 be-
tween A and N have the ('SB components
(6) Vinw(®) = 5(N)[—2¢ganr + €' gany T €' Fsry] Topmo Vo a( %) 4
(7) 1YK‘N’;; (x) - T3(‘N’)[—_ QCclngEn - c,gAA'r; - czc,gZZn]gppﬂ:“ vvs,;(x) .
The nucleon isospin operator z,(N°) gives -1 for N’ =p and —1 for N ==n.
The ¢’s are pseudoscalar coupling constants appropriate to charge-independent
interactions. The function v, (#) is the potential corresponding to exchange
of a single neutral pseudoscalar meson of mass u, divided by the product of
pseudoscalar coupling constants.
The (SB components of the potentials eorresponding to exchange of single
8%, & and @ between A and N are
(8) VExe(%) = 75(N) {{— 260 p50— ¢"Inne — ¢ ¢" Ixz + 4" gane + 4" 9zx,]-
: [gpppu/vug,gi’(x) + fppp“vq;t,g"(x)] +
+[~20faze— ¢ fane — €*¢" frzo + @' fan, + 4" fru,]

'Upnp“ vtt,;“(x) + Gypee Vs (x)]}

(9)  Viwa(x) = (V) {{— 206" grzee + a"€"gpp, +
+a’ cze”gEEm —b" 6”gAAcp —b'e e”g).‘.f.‘.:p] [gpnp“vvv.m( x) + fvnp"vvt.?)(x)] +
_{__ [__ 206”2f[&2‘3o + al/ell fAAm + all czell fz:zm — bl{ell fAACP — bll czell fzch] .

' [fppp"vtt"u")(x) + gvnp"’vtv.ﬁi( x)]}

(10)  Vang(®) = w(N) {{—20h" g pzp0 + V"B gpp, + 0" 1 grg, +
+a"h gape + 0" Gy ] [Grpe0P005(%) F FrperVurz(%)] +
[ 26" fageo + V"B fsne + b R frp, + 0" fpp, + 0" R fup ]
“[FonesVue%) + Gonps Ve 5 %)} -

The ¢’s and s are vector and tensor coupling constants, respectively, for charge-
independent interactions defined, for example, by the interaction Lagrangian
given in ref. (). The functions v(x) are neutral-vector-meson-exchange potentials

(1®) R. A. Bryanx and B. L. Scorr: Phys. Rev., 135, B 434 (1964).
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divided by the coupling-constant products; the subseripts v, #, vt and tv indicate
vector-vector, tensor-tensor, vector-tensor and tensor-vector interactions, the
first subseript referring to the A vertex.

Of the meson-baryon couplings relevant to (6)—(10), only g, .. is well known,
and reasonable estimates exist for some of the vector-meson couplings (°);
for the rest, we rely on the octet model of SU,. In the couplings involving
members of meson octets, there appear F-D mixing parameters o, (?2) (i =
= ps, v or &, for pseudoscalar, vector or tensor): « =0 means pure F-type
coupling; « =1, pure D-type coupling. The couplings of the octet mesons
are then

(11a) I2ar= —9Aaan = Fzzq = 20, Jopme! V3;

(11b) Iaxe = —9Are = Izrp = 20,0 s/V3 =0,
in which we have assumed pure F-type vector coupling for the vector mesons (*);

(11e) Faze = —Tane = Fuzy = 20, F sl V3 .

The pseudoscalar mixing parameter is believed to lie in the range (4= 1) (3+2%);
we take

pleo

(1201) &y =
Studies of electromagnetic form factors of nucleons indicate that the tensor
coupling of isoscalar vector mesons to nucleons is small or zero (*). According
t0 STy, frep == (3 —4at,) foo/V/'3; we therefore take

e

(12b) o, =

(**) See, for example, ref. (18.20.21) and other references cited there.

(3) R. F. Dasar~N and D. H. Suarp: Phys. Rev., 133, B 1585 (1964).

{#) S. CorLeMan and H. J. ScuNI1tzER: Phys. Rev., 134, B 863 (1964).

(*%) M. GELL-MANN: Phys. Rev., 125, 1067 (1962).

(2) See, for example, M. GELL-MANN: The Eightfold Way: A Theory of Strong Inter-
action Symmetry, California Institute of Technology Laboratory Report CTSL-20 (1961),
reproduced in M. GELL-MANN and Y. NE'EMAN: The Eightfold Way (New York, 1964),
p- 11

(M) A, W. MarTIin and K. C. Warr: Phys. Rev., 180, 2455 (1963).

(2%) J. J. DE Swart and C. K. Ippings: Phys. Rev., 130, 319 (1963).

(26) B. W. Downs and R. J. N. PHILLIPS: Nuovo Cimento, 36, 120 (1965). With a
one-boson-exchange model for hypernuclear forces, the zero-energy singlet scattering
length for A-A was less negative than that for A-N (as required by results of phenome-
nological analyses) for «,,<4; «,, > 1 i8 indicated in ref. (34.25),

(?7) See, for example, the remarks and references cited in ref. (18).
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The remaining couplings in (6)-(10) involve the unitarity singlet w, which
is assumed to couple the same to all baryons. For this isoscalar vector meson,
we therefore take fn,="fsz, =/ yye =20 (*).

On account of the magnitudes of the mixing coefficients ¢, ¢/, ¢’, d”, ¢" and
B", the important terms in (6)—(10) are those which contain only one of these
a8 a factor. With the couplings given in the preceding paragraph, the leading
terms in the C'SB potentials are then

(18)  Vipalx) =—15(N) [V3(2¢ + ¢')[2] 6% o ¥,y 5o(%)
14)  Viws (%) = — (W) [— V3¢ [2] g2, 0, 5(%)

(15) VX.N’;"( x) = 13(N) {[0” gAAm] [gm)p" ’in’héo(x) + fpppo vgg,'é"’(x)] +
+ ['\/5 (2e+ d") fpn9°/2][fppp“ vtt,'g'°(x) -+ gwp””tm’é"’( x)]}

(16) VR.N’G (x) = T3(N) {[— a"e" gAAw] [gpnp"vw.};)( x) + fnna“ vvt,'a”)(x)] +
+[— \/gb”e” fnpp"/2] [fpop"”“,m(x) + gppp“"w,m(x)]}

A7) VEwg (%) =— (W) {{—0"2" gpr0] [9oe0 Voo X) T Foner Vo 5( )] +
‘I’ ['~ \/ga’, B fpnp°/2] [pro ’Ott@‘(x) + -qu" ’Utv.ao'( x)]} .

A classification of the terms in (13)—(17) can be made on the basis of the par-
ticle-mixing from which they arise. The terms in (13) and (15) containing the
factor ¢ depend upon X°-A mixing and stand alone. There is considerable cancel-
lation among the other terms, which arise from meson mixing (28): the terms
in (13) and (14) containing ¢/, which come from =% mixing, tend to cancel
one another (2%); there are gimilar cancellations among those terms in (15)—(17)
not containing ¢, which come from g% e-¢ mixing. On account of these cancel-
lations, the dominant particle mixing for CSB in the A-N interaction is 2°-A.

For the coupling constants in (13)—(17) we take

(18a) Gopme = 3.8;

(18b) Ioper =1/V2, fower = V25
(18¢) Irre =63

or

(%8) This kind of cancellation was noted in the N-N° problem by Y. Nocam1 and
Y. P. Varsuni: Nuove Cimenio, 25, 218 (1962).

(*%) Since exchange of 7 was not considered in ref. (*), this partial cancellation was
not noted there.
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The pion coupling (18a) is usual (4}, =14.4). The ¢ couplings (185) are
conservative, being close to the smallest empirical estimates (*°). The w couplings
(18¢) and (184) were obtained from the isoscalar conpling constant given in
ref. (18): gl g+ 0.30g%v5 =21.5. Considering only the medium-strong w-¢
wmixing with the coefficients (5b), we expressed this in terms of g, ..., and gy,
then we used SU, to get gy, = §gmo for pure F-type coupling. Finally,
use of the value of g, . in (188) led to g\, ~6 or ~—5; and the assump-
tion that a unitary singlet couples the same to all baryons gives (18¢) and {18d).
The analysis of nueleon isoscalar form factors in ref. (*°) indicates that the nega-
tive sign for gy, May be the correct one.

The A-N° interactions in the four-body hypernuclei are predominantly in
relative S-states. We therefore consider only the central components of the
functions v(x) appearing in (13)—(17). The leading terms in a nonrelativistic
approximation to these potential functions are (*)

(19) tunt®) = || sy 3| a0 T2,

_ P Mp + My) . exp [— pr]
(200) v, (@) =p [1 +3 UL ] [6 i, Mx] o(A) c(J\{’)} PR

12M2 u

(200) vy u(@) = p

“ (MA_[—MJ\“)
[2MN+ 1613 I3 ]+

] o(A) - m}?éﬂf’_[—_/w] ,

3
+ [3M +WX M2 e

(M + My
(20d) vy ul®) =p { [2171,\ . (1611;1,?\ Mf«N )} *

Iz m . exp [— pir]
+ [3MN+24M}\ MN] o(A) °w)} w

4. — AB, and other results.
With (19) and (20), the ('SB potentials (13)-(17) are of the form

—75(N°) [4 + Ba(A)- o(N)] exp [— p]/ ().

(30) In the vector-meson-exchange potential functions, small terms containing (s M)*
or the A — N mass difference as a factor have been neglected; compare, for example,
eq. (20a) with eq. (7) of ref. (26).
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The net contribution of such a potential to B,(*He,) is

(A + 3B){ylexp[— px]/(ux)|y>

and the negative of this to B,(*H,). Therefore the contribution to AB, of the
('SB potential for an exchanged meson of mass u is

(21) (AB,), = (24, + 6B ) {ylexp[— ual/(uz)|p> .
The square of the wave function ¢ in (21) is taken to be
(22) p? = N2(exp[— f2R*] g} (r) f2()) ,

normalized to unity, in which £ =r — R. The factor exp[— 2 R?] is the nu-
cleon distribution function for the three-nucleon cores; we take 8*= 0.75 (fermi)™,
which corresponds to a (compressed) core radius (2> = 1.41 fermi (*1). ¢ A(7) 18
the wave function of the A with respect to the center of mass of the nucleon core;
for this we take @,(r) =exp[— ar?] 4 yexp[— br?] with « = 0.277 (fermi)-?,
b = 0.045 (fermi)™ and y = 0.366, as given in ref (1). Two forms were taken

for the A-N° correlation function:
(23a) filz) =1
in which correlations are ignored; and

0 r<e

(230) falw) =
1—exp[—y(@ —c)] ©>,

with core radins ¢ = 0.4 fermi and y = 5.45 (fermi)™ (32).

The results of the calculations are given in Table I for the particle-mixing
coeffcients (3b), (4b), (8b) and (5d) and for the coupling constants (18) (32).
The parenthetical entries under (AB,), are the values which come from the
terms in (13) and (15) which are proportional to ¢ and arise from X°-A mixing,

(31) This implies a core compression of about 11 percent, somewhat less than that
obtained in ref. (5); see Sect. 1.

() This A-N correlation function was used in a variation calculation of A binding
in nuclear matter, and y = 5.45 (fermi)™? is the optimum value of the varistion para-
meter: B. W. Downs and M. E. GRYPEOS: A Binding in Nuclear Matter (Nuovo Cimento
to be published).

(*®) The expectation values in the third column of Table I were evaluated in con-
nection with ref. (34).

(*) B. W. Dowws and R. J. N. PHILLIPS: Nuovo Cimento, 41, A 374 (1966).
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as discussed below eq. (17). The values of AB, are then

0.87 (0.67) MeV for f,
(24a) AB, =
0.39 (0.22) MeV for f,

with the AAw coupling (18¢), and

0.47 (0.67) MeV for f;
(24b) AB, =
0.14 (0.22) MeV for f,

with (18d); the parentheses have the same meaning as in Table I. The values
of (AB,), for vector-meson exchanges depend critically upon the large AAo

TaBLE I. — Contributions to AB, for AAew couplings (18¢) and (184).

(ABy), (MeV)
< |exp [— )/ (uz) [ 9y |-~ —— -
P Eq. (18¢) Eq. (18d)
fi fa f fa h fa
% |2.10-1071 | 1.68-10"1 | 0.11(0.07) | 0.09 (0.06) | 0.11(0.07) |  0.09 (0.06)
§ | 17.70-10-% | 3.11-10-3 | —0.08 —0.03 —0.08 —0.03
70 | 3.16-10-3 | 8.53-10* |  5.55(0.60) | 1.50 (0.16) | — 1.69 (0.60) | —0.46 (0.16)
& | 2.84:107% | 7.22:10% | —4.45 —1.13 2.03 0.52
% | 1.33-1073 | 2.06-10~ | —0.26 —0.04 0.10 0.02

coupling; but the total vector-meson contribution to AB, is considerably less
sensitive to this coupling because of the systematic cancellations discussed
after eq. (17).

CSB effects in A-N scattering have been discussed in ref. (3) in terms of
phenomenological potentials; we calculated the effect of our CSB potentials
in the same way here (**). The charge-symmetric (OS) potentials were taken
to be those of ref (°), which have a hard-core radius 0.4 fermi, and singlet and
triplet scattering lengths — 2.89 fermi and — 0.70 fermi, respectively. To these
were added the OSB potentials described here. The zero-energy scattering

(35) In ref. (3%), phenomenological CSB potentials required to explain all of
(ABA)csg & 0.75 MeV were used in scattering calculations; here we nsed only one-megon-
exchange CSB potentials which are supposed to explain most, but not all, of (ABj)css.
In all calculations of this paper, the nucleon mass was taken to be the average of neutron
and proton masses so that one-meson-exchange CSB effects would not be diluted by
other CSB effects.



PARTICLE MIXING AND THE BREAKING ETC. 465

lengths a and effective ranges r, of the total interactions are given in Table IT,
the OSB potentials being designed by AAw coupling (18¢) or (18d). Results

TasLE II. — Zero-energy scallering parameters.

Singlet Triplet
Potential
a (fermi) 7, (fermi) a (fermi) 7, (fermi)

cs —2.89 1.95 —0.70 3.72
A-p —2.66 1.91 —0.76 3.80

C5 + (180) {A-n —3.15 1.97 —0.65 3.86
A-p —2.60 1.92 —0.71 3.86

ST asd { An —3.22 1.97 —0.69 3.58

are given for both A-p and A-n; the former can be measured directly, and a
method for measuring the latter in final-state interactions was given in ref. ().
The results in Table II have the qualitative features of case (a2) in ref. (34),
which assumes a CSB potential of the form — 7;,(N*) Bo(A)- o(N) exp [— ur]/(u).

The contribution of a CSB potential to A binding in possible J=1 excited
states of the four-body hypernueclei is

(3B (*Hey)], = (4, — B,) <y’ |exp [— po]/ ()| 9",

and the negative of this for 4Hj;. Although ¢’ is not the same as the ¢ in (22)
(because of differences in A binding and eompressed nucleon-core radii), values
obtained with (22) should give a good estimate. For g,,, =6, 3B} is neg-
ligible; for g,,,==—25, SBL(4H%) is about 0.1 MeV for the correlation func-
tion f, and about half this for f,. These results probably do not indicate an
observable effect unless (B}).s is close enough to zero that OSB would make
4HX bound and 4Hei unbound; and this does not appear to be the case (®).

5. — Bemarks.

For g,,, =06, our results (24a) bracket the value AB, =~ 0.7 MeV to be
explained by single-meson exchanges, as discussed in Sect. 1 (3); for g,,,=
=—15, (24b) falls somewhat short of reproducing the required AB,. Values
intermediate between those obtained with f, and f, could be obtained (a)
with a core radius smaller than 0.4 fermi or (b) with a soft core such as
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that corresponding to {(charge-symmetric) vector-meson exchange (*¢). As
pointed out following eqs. (18), the ppe® couplings (18b) are conservative;
for example, values1/2 times as large as these can also be reconciled with exper-
imental data (7). Use of ppp® couplings +/2 times those in (18b) lead to values
of AB, approximately twice as large as those in (24) in each case (including
those in parentheses), providing greater opportunities for explaining the em-
pirical AB, .

Increasing the ppe® couplings (18b) by a factor of v/ 2 also has the effects
of increasing the shifts in scattering lengths from the CS values given in
Table IT by about (50--100) percent and of nearly doubling the largest values
of 8B (*H}) described below Table II.

It is clear from Table I and eq. (24) that CSB can be dominated by vector-
meson-exchanges and, in particular, by the p®-exchange contribution arising
from XA mixing. The CSB from pseudoscalar-meson exchanges is less
important. The 7% cancellation discussed following eq. (17) reduces the
pseudoscalar contribution considerably: for equal pseudoscalar coupling con-
stants, T-exchange is about 21 times as effective as p*-exchange with f, and about
259, more effective with f,, as was noted in ref. (?).

Really large effects in A-p scattering were obtained in ref. (**) with a spin-
independent phenomenological GSB potential. Sueh a potential could be ap-
proximated by the present model only if the vector couplings of ¢ to A, Z°and
N were very much larger than the tensor couplings (see eq. (20a)), instead of
Gz =0 and g, = 1f.» a8 we have assumed.

Single-meson-exchange contributions to GSB in the X°-N° interaction are
similar to those in the A- N interaction, The Z°-N* CSB potentials can be obtained
from (6)—(10) by interchanging A and X° and by replacing the mixing coefficient
¢ by —e. On account of the rapid conversion of X¢ to A, however, CSB for
290N is much less accessible than for A-N.

(0SB in the A-N interaction is dominated by 2°-A mixing, which does not
play a role in the N-N interaction. The contribution of single-meson exchanges
to N>-N° OSB is therefore considerably smaller than that to A-N° CSB ().

* K K

I am greatly indebted to Prof. S. L. GLasHow for an introduction to particle-
mixing during a brief collaboration at Nordita and the Insitute for Theoretical
Physics, Copenhagen in April, 1964. At this time he independently derived
the AAT® coupling first obtained by Darrrz and Vox HIPPEL (%), and recognized
its application to AB,. I am grateful to Prof. G. E. BRowN and to Prof. A.

(*) B. W. Dowws and Y. Nogamr: Meson Mixing and the Charge Asymmetry of
the N-N° Interaction (to be published).
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BoHR for the hospitality they extended to me during this period. I am also
indebted to other collaborators on (\SB studies: Prof. Y. Nocami, who pointed
out that the systematic cancellations discussed after eq. (17) are to be expected
with meson-mixing; and Dr. R. J. N. PHILLIPS, who helped with the calculations
and whose comments on many aspects of this paper were very useful. I have
also benefited from discussions with Prof. F. CrrLToN, Dr. W. B. CAMPBELL,
Prof. R. H. DaLitz, Dr. A. DeLOFF, Prof. C. K. IpDINGS, Prof. H. PRIMAKOFF
and Prof. H. W. WyLp.

RIASSUNTO (%)

La mescolanza elettromagnetica di autostati dello spin isotopico porta ad impor-
tanti elementi che rompono la simmetria della carica (CSB) nell’interazione A-N’. La
mescolanza pilt importante & quella per S°-A. che consente 'accoppiamento della com-
ponente (dominante) T =1 dei n° e p° fisici al A fisico. Le mescolanze =%7 e p®—w—o
danno ulteriori contributi. Da queste mescolanze si costruisce un modello di poten-
ziale CSB di scambio di un solo mesone, con l'aiuto del modello di ottetto della SU,
per collegare gli accoppiamenti mesone-barione. La differenza fra i legami del A negli
ipernuclei speeulari ‘He, e *H, pud essere spiegata con questo modello, in cui lo scambio
di mesoni vettoriali predomina sullo scambio di mesoni psendoscalari. Si espongono le
predizioni del modello per lo scattering A-N> e per le energie di legame dei possibili stati
eccitati degli ipernuclei a quattro corpi.

(M Traduzione a cura della Reduazione.



