VoLuME 15, NUMBER 1

PHYSICAL REVIEW LETTERS

5 JuLy 1965

Table I. Groups of strong coupling (SC) and intermediate coupling (IC).

Group of invariance Group of SC Group of IC
K G Compact Noncompact
SU(2) SU(2) xT SU(2)® SU(2) SL(2,C)
SU(2)®SU(2) [SU(2)® SU(2)] XTy SU(4) SL(4,R)
SU(2)® SU(3) [SU(2)® SU(3)] xTyy SU(6) SL(6,R)
SU#4) SU(4) xT'5 SU(4)® SU(4) SL(4,C)
Su(6) SU(6) XT3 SU(6)Q SU(6) SL(6,C)

but the signs of some structure constants of

the original group are irrelevant after the con-
traction (those structure constants that - 0).

If we choose opposite signs, the original Lie
algebra would be noncompact. In other words,
it is possible to perform the contraction from

a noncompact group. In the previous examples,
we could have used SL(2, C) and SL(4, R) instead
of SU(2)®SU(2) and SU(4), respectively, although
the irreducible unitary representations of these
noncompact groups are hard to obtain in prac-
tice.

The strong coupling limiting process seems
to be related to the mathematical concept of
contraction. So, it would not be a bad guess
that in case of finite coupling constant the rele-
vant group may be a precontracted group, either
compact or noncompact, and we may regard
it as the “group of intermediate coupling” which
presents the higher symmetry of elementary
particles. Therefore, it is interesting to know
these groups for the more complicated cases.
In Table I we give the list of these groups.
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Several years ago we measured the n-p elas-
tic charge-exchange cross section at 2.04 and
2.85 BeV.! The interesting result from this
work was the observation of a sharply peaked
angular distribution with a half-width at half-
maximum corresponding to a momentum trans-
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fer of 150 MeV/c. This is half the width of the
pp diffraction peak at these energies. The width
of the charge-exchange peak was found to be
momentum-transfer invariant and, therefore,
the 150-MeV/c width indicates that the differ-
ence between the T =1 and T =0 isotopic-spin-
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state amplitudes has a long tail out to distances
of the order of 2 F. That this tail is small

can be inferred from a comparison of our mea-
sured total charge-exchange cross section®

of 1.1 mb to the total n-p cross section of 40
mb. There have been a number of attempts®~®
to fit our results with single 7- and p-exchange
models, but, as yet, no exchange model seems
to be completely satisfactory. Recently, cal-
culations have been made which use a single

m- and p-exchange model with absorption in

the initial and final states.””® In all of these
papers a secondary peak, due to the spin-flip
amplitudes, is predicted at a laboratory angle
of about 5°. No such peak appeared in our orig-
inal data, which extended to 73°. In this Letter
we report the results of a continuation of our
previous angular-distribution measurements

to a laboratory angle of 15° (momentum trans-
fer 0.78 BeV/c).

The experimental arrangement was substan-
tially the same as in reference 1. The angu-
lar-distribution measurements were made at
an incident beam momentum of 3 BeV/c. In
addition, we measured the zero-degree differ-
ential cross section at incident momenta of
1.40, 2.35, and 3.55 BeV/c. The results of
the angular-distribution measurements are
shown in Fig. 1. Also shown on the same graph
are our old data from reference 1, the data
of Larsen™ at 1.37 BeV/c, and those of Man-
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FIG. 1. n-p elastic charge-exchange angular distri-
bution as a function of transverse momentum, p, =
posinb. The zero-degree cross sections, for each
incoming momentum, have been normalized to the
same value. The errors shown are statistical.

ning et al.'* at 8.15 BeV/c. The zero-degree
cross sections have been normalized to each
other to facilitate a comparison of the gener-
al shape of the curve for each energy. The
errors shown are statistical. The data appear
to be consistent with a single curve with some
slight evidence for a narrowing of the peak at
higher energies. In Fig. 2 we replot our ex-
perimental data® on an absolute cross-section
scale (the calibration is described in refer-
ence 1) and compare them to the calculations
of Henley and Muzinch” based on single 7 and

p exchange with absorption. All the absorption
models™ ® give approximately the same results.
These models are absolute in the sense that
the only adjustable parameters, the absorption
and coupling constant, have to be chosen so

as to fit other experimental data. The absorp-
tion is calculated from the pp diffraction scat-
tering'® and the usual coupling constants,
&oNN74m=2 and gy NN7/4m~14, are used. The
differential cross section at 0° and the shape

of the curve at small angles are predicted quite
well, but the rather large secondary maximum
is not observed. Single 7 exchange without ab-
sorption has zero cross section at zero momen-
tum transfer, because the /=0 partial wave of
the spin-independent amplitude just cancels

the higher partial waves. The effect of intro-
ducing absorption is to remove the lowest par-
tial waves, and this reverses the minimum at
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FIG. 2. Measured angular dependence of n-p elastic
charge exchange at 3 BeV/c compared to the calcula-
tions of Henley and Muzinich based on single 7 and p
exchange with absorption. The zero-degree cross
section is 31.6+5 mb/sr.
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0° into a maximum. On the other hand, all the
partial waves of the spin-flip amplitude give
zero contribution at 6 =0°, Therefore, absorp-
tion has little effect on the shape of the spin-
dependent part near zero degrees. On the as-
sumption that the absorption for the direct and
spin-flip processes are the same, the result-
ing total cross section should exhibit the sec-
ondary maximum. From the data, it seems
that the single-particle-exchange model with
absorption accurately predicts the low-momen-
tum-transfer cross section where we are prob-
ing only the periphery of the nucleus. However,
the model is obviously inadequate for momen-
tum transfers greater than about 150 MeV/c,
which corresponds to the rather large interac-
tion distance of 1.3 F.

In Fig. 3 we compare our data with the pp
elastic scattering data of Fujii et 11.,13 for
p1>0.4 BeV. The straight-line fit is of the
form A exp(=p, /p) where p, is found to be
0.165 BeV/c. This is to be compared to the
value of 0.15 BeV/c used by Orear* to fit the
high-energy, large-momentum-transfer pp-
scattering data. Even though we are still in
what might be called the low~momentum-trans-
fer region, there is some indication that the
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FIG. 3. A comparison of the large-momentum-
transfer n-p charge-exchange cross section with the
pp cross section. Note that our data have been multi-
plied by a factor of 10. The slope of the straight line,
0.165 BeV/c, is almost the same as that used by
Orear (0.15 BeV/c) to fit the high-energy, large-p,,
pp data.
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slope of the n-p charge exchange distribution

is approaching that of the pp data. This would
support Wu and Yang’s'® statistical hypothesis
regarding elastic nuclear scattering, wherein,
at large p, the cross section is determined

by the probability of accelerating the various
parts of a nucleon without its breaking up. There-
fore, the dependence of the cross section on p
should be the same regardless of the mecha-
nism leading to the formation of the “excited
nucleon.” Wu and Yang further speculate (in-
dependent of the assumptions that lead to the

2 dependence) that if the elastic differential
cross section in the various isotopic-spin chan-
nels have, on the average, the same absolute
amplitudes with random relative phases, then
we should find that

d d
o (6,00 ~pp)/d—;- (1=6,pn~pn)=2.

The observed ratio of 10 leads one to believe
that nucleon reactions in the momentum trans-
fer region, 0.5<p, <1.1 BeV/c, are not com-
pletely dominated by the statistical nature of
the process.
Figure 4 shows the same data on a { plot,

where # is the negative square of the Lorentz-
invariant four-momentum transfer. The line

is a two-exponential fit, do/df =6.9¢49f
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FIG. 4. A two-exponential fit to the np charge-ex-
change angular distribution. do/dt [mb/(BeV/c)?]
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FIG. 5. Momentum dependence of the ¢ =0 np charge-
exchange cross section between 1.4 and 8.15 BeV/c.

a is much greater than for either pp scatter-
ing (@ =6.6) or pp scattering (@ ~15). Manning
and co-workers'® have recently completed their
large-momentum-transfer measurements (—¢
>0.1) with the preliminary result that the slope
in this region increases as the incident momen-
tum increases, similar in manner to the pp data.
In Fig. 5 we plot the £ =0 absolute cross sec-
tion as a function of incident momentum. Our
errors (~5%) are due almost entirely to the
flux calibration at each energy. An addition-
al 10-15% has to be added for other systemat-
ic errors discussed in reference 1. However,
these errors are not momentum dependent and
were not included for this comparison. The
error on Manning’s point is only preliminary
while that for Larsen includes systematic and
statistical errors. The £=0 cross section de-
creases with an approximate 1/p,? dependence.
In contrast, the pp cross section at =0 does
not vary appreciably with p,.
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group, and to Professor C. N. Yang for many
interesting discussions concerning the inter-
pretation of these data. We also wish to express
our thanks to Dr. M. R. Bhat, Dr. R. E. Chrien,
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