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ABSTRACT

It is shown that the smallness of the contribution
of the isoscalar part of the parity violating p exchange
potential to the circular polarisation of the photon emitted
in the reaction n + p+ d + y is a consequence of the low

energy peak of the El excitation spectrum of the deuteron.
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Since 1974 a large number of exact calculations of the parity
violating observables in the reactionn + p + d + vy have been madel—ld).
In these calculations, which have been done with a wide variety of
strong interaction potentials, the most striking result is the fact that
the contribution of the isoscalar part of the p exchange potential to
the circular polarisation is much smaller than that of the other vector
meson exchange potentials+. In fact, even the sign of the contribution
of the isoscalar part of the potential changes as the strong interaction
is varied. This effect is illustrated in table I, where the weak parity

violating potential is defined as in ref, 1, as are the potential

parameters H, K and L, which determine the isoscalar potential
v - iy ten s LV 1 (1)
pv P ala2 2 A

(1 is the unit operator in isospin space)
A

and the isotensor potential

N

o § - .
pv (K- vp (3112122 1 {2) 2)
where
GG, m? -m. T
Yo7 - t\/'p {{ el RN
", ) o n, 4"
dmiamy (3)
[ e Mt ]
+ () ig X0, lp, — ]
GGAmi [{ e-mmr}
V = = R ¢ (o ,+0
w 4“',5"\ ~x T ('\,1'\.2)

(4)

e Mot
+ (1+us) {elfsz-gg, T ]

We do not specify the isovector potential since it contributes to the

circular polarisatinn only in pathological casesl).
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The purpose of this note is to offer a qualitative explanation
o this feature of the calculations, which identifies the underlying
physics and shows that the result is not accidental, but should occur

in all such calculations.

It has been observed by most of the authors cited above that

the 1,-7, term is small because the contributions to PY from the

processes
1 Py 3 El 3 3
S0 - P0 > Sl’ D1
1 El 1 v 3 3
and S0 - Pl - Sl’ D1

tend to cancel for b-th the N, and the 1 parts of the potential,
nvion "

but that the cancellation is usually more complete in the former case.

€ . . . .
If 2 = z-(zl-zz)(rlz-rzz) is the electric dipole operator, we
can write for the irregular [1 matrix element <El>,

<El> = <d] D ——V_|i>

)

+ <d| v pli>.
pv ~

1
Eals
The notation |i> and |d> is used for the initial 1So scattering state

and the final 351, 301 deuteron state, which have energies E. & 0 MeV

1
and Ed = -B A - 2.2 MeV. To estimate these matrix elements we introduce
the closure approximation, assuming that the mean excitation energy E is

the same for each of the terms in (5)

1 . 1 .
iI> = - = - D .
<El> : <d[2 va|1> = <d(va '\.ll) (6)

Next we insert the various potential components of equations (1)
and (2) and evaluate the isospin matrix clements, defining

. € -
s 2 (51 :2)'
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<E1> = e (ZA1K) + ey (K-H) + e Ll @)
e = - *l‘<d|2 v |i> - 3 <djv p |i> (8a)
s P 35
4 .
e = —«<d|DV |i> (8b)
2 i AS P
es = - [.1_ <dfp.v li> + _1 <d|vwgsli>] (3¢c)
E E+B )

To make further progress we need an estimate of E. It has been
suggested that E is much greater than 86) We argue that this is not
the case, and that, in fact E ~ B. Our argurent is based on a number
of observations:

(i) From observations of the photoelectric disintegration of the
deuteron, we see that o(E) =« E|<E|2|d>|2 has a sharp maxinum

[4
for E ~ Bl‘).

(ii) The %-factor in equation (3) tends to push the maximum to

lower encrgies.

(iii) While at first sight <E|va|i> would be expected to favour
high energy excitations, this eifect is supressed by the
short range correlations in the wave function. Moreover
any tendency to excite high energy intermediate states is

countered by effects (i) and (ii).

(iv) Application of our arguments, with the hypothesis E >> B
to the asymmetry AY leads to the erroneous conclusion that
the 7 exchange contribution to AY should vanish. It is not

even anamolously small.

With the assumption E = B, the assumption that <"|Ds"p w!i) =
" s

<d|V D |i> = M which is strictly true only for the local part
Py AS pyw
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of Vp , and the further assumption that )% = 45% = M, which is suggested

by the ratio of the magnetic moment couplings of the ¢ and w.

L {4(2HeR) + A(K-ID - % Ll

e

<f1> «

!

giving eI:eZ:e3 = -1.33:-10.6:1, which is to be compared to the ratios
Py Py P in table I. The ratio PPy from the detailed calculations
is usually less than or of the order of one and moreover it fluctuates f

in sign, showing that the cancellation is almost complete and that the

final result is sensitive to the stronz potential used.

The sign of the ratio Py:Ps is correctly predicted by our simple
model, but its maznitude is too small in the model. Nevertheless, the
agreenent is sufficient to convince us of the physical reasonableness
of our picture. Moreover, it permits us to understand the extrene

sensitivity of e, to the strong interaction since it changes sign at

1

E = !B8. Small changes in E produce dramatic effects on e,, but much

1’
smaller effects on e, and ey
To conclude, we emphasise that the observed nrar cancellation of
the contribution to PY inn+ p->d+ y from the p exchange part of
ihe weak nucleon-nucleon potential proportional to 7,7, is a consequence
of
(i) the isospin structure of the weak potential, and

(ii) the fact that the E1 excitations of the deuteron are

predominantly at low energy.

As such it will occur for any strong potential which gives a
reasonable representation of the properties of the two nucleon system

and is not sirmply an accidental feature of the existing calculations.
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Therc are a few cases in which the isoscalar p potential makes a
contribution to PY of the same order as that of the w exchange
potential. These can be understood in terms of the sensitivity
of PY(p) to the mecan cxcitation energy E introduced here. In
one case of ref. 14, the isoscalar p dominates the isotensor
contribution. This indicates a pathology of the strong potential
used there, which cannot be understood as it was not specified

in sufficient detail.
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TASLE I

Results of Calculations of P, inn + p + d + v

We write PY = pl(ZHoK) + (K-H) » PSL in the notation of ref. 1.

R

Calculation
qer Strong 10° p, | 10%p, | 10° pg Py Py*P3
Potential
::;fC{:§°K°113r 5Zif 6 -0.044 | -2.40 0.057 | -0.77:-42:1
E:g_ - 0.106 | -5.55 0.376 0.28:-14:1
212. 18 -0.026 | -3.56 0.128 | -0.20:-29:1
EHM 0.188 | -3.50 | 0.129 1.5 :-27:1
ref. 19
52??12"““°5 (@ ng. 20 0.15 -2.2
IZf. 21 -0.7 e
ziz?cgzgustsi 5§§. 16 -0.047 | -2.19 0.056 | -0.84:-39:1
522. 16 0.165 | -2.33 0.126 1.29:-18:1
2gf_ 20 0.000 | -2.20 0.074 1.3 :-30:1
1@5. - 0.240 | -2.32 0.074 3.2 :-31:1
ng. - -0.523 | -2.45 0.124 | -4.2 :-20:1
Szzf-gf?éittcr fﬁf, 20 0.111 | -2.28 0.188 0.59:-12:1
iig’ 6 20,078 | -2.26 0.116 | -0.67:-19:1




Calculation a 8 o
Strong 10° » 10%p 10° p P, :P,:l
Ref. Potential 1 2 3 17273
Gari-Schlitter | TS, -0.156 | -4.21 | 0.152 | -1.0 :-93:1
ref. 9,10
. ref. 21
continued
TS, -1.57 | -4.15 | o0.428 | -3.2:-9.6:1
ref. 21
Carver et al RSC . 9 == . .
rof. 11-13 ref 16 -0.049 2.37 0.0381 -0.690:-20:1
Case A
S-D states -0.091 -1.36 -0.019 4.3 : 71:1
trans formed
Case B
* states -0.148 -1.86 0.031 -4.8 : 60:1
trans formed
Case C
All states 4.50 -16.8 -0.89 -5.1 : 19:1
transformed
Ohya et al HJ . N
ref. 14 rof. 20 0.17 -2.064 0.25 0.68:-10.6:1
KSW ._ .
ref 24 -0.69 -1.91 0.33 -2.1 :-5.8:1
T 1.04 0.96 | 0.35 3.6 :-2.7:1
ref. 25 " : ) Tt

(a) Desplanques does not publish results which permit the extraction

of P3
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