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ence 10.) Collective effects are therefore absent

in E2 transitions in which the isotopic spin changes,
and one may assume that the shell model theory
gives the correct values for the probabilities of
these transitions. We note that the conclusion

that the shell model theory cannot give the prob-
abilities of quadrupole transitions is based on the
analysis of transitions in which the isotopic spin
does not change (see above).

The verification of the above assertion is of
special interest in the region of light nuclei, where
the isotopic spin may be considered a good quan-
tum number and where, moreover, the shell model
successfully explains the spectrum of energy levels.
Within the p shell only a few pure E2 transitions
with a change in the isotopic spin can be observed:

B 3.58 (2,0)— 1,74 (0.1), G2

B 477 (2.0)—>1.74 (0.1), Nu
B 6,02 (4.2) > 5.16 (2,1),

16.1 (2.1)— 0 (0.0),
? (‘2.(5)_)2.31 Eo:d.

For the first three transitions experimental
values are available only for the total I' width of
the level.”»! TI', the width for the transition
16.1—0 in C!, is equal to 0.72 ev (reference 12).
In the limit of j-j coupling (the intermediate coup-
ling parameter £ = ») the ground state of C2 cor-
responds to the closed shell P32 and the excited
state at 16.1 Mev corresponds to the configuration
| p3/4Py 45 21>, Using the value <r?> =5.7 x 1072
cm2 (reference 6), we obtain, in this approximation,
T'theor = 0.87 ev. Perturbation theoretical calcu-
lations show that I'ipeor decreases for deviations
from strict j-j coupling, with dlyeop/d(1/£) =
0.24 ev in the limit of j-j coupling.

This example therefore confirms .our previous
contention that the increase in the probability of
quadrupole transitions is connected with collective
effects and that these effects vanish in transitions
in which the isotopic spin changes. Unfortunately,
experimental data are available only for the single
case 16.1 (Cl?),

In this connection the following experiments are
of interest: (a) A measurement of 7 for the tran-
sitions 3.58 —1.74 Mev and 4.77 — 1.74 Mev in
B!, This can be done either by the Doppler method,
e.g., in the reaction C!%(d, o) B!, or by measur-
ing the relative transition probabilities from the
states 3.58 and 4.77 Mev to the lower lying states.
(b) A measurement of the relative probabilities in
the mixed M1 + E2 transitions, in particular, in
the transition 17.63 — 2.9 Mev in the nucleus Be?,
for which an experimental value for the total T
width is available.l!
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I N a number of papers!~ various authors have
considered the diffraction dissociation of the deu-
teron on a “black” nucleus in the deuteron energy
region Eg ~ 100 to 200 Mev. The nucleus is also
black when Eq R 6 Bev. We first show that the
results obtained earlier!™ also apply for a rela-
tivistic deuteron.

First we consider diffraction scattering. If ¢
is the wave function for free motion the wave func-
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tion for a deuteron which suffers diffraction at the
nucleus is § = ¢ (py) 2 ( pp) (cf. reference 3).
The subscripts n and p refer to the neutron and
proton respectively, p is the radius vector of the
particle in the plane perpendicular to the beam
axis; Q(p)=0 or 1 when p Z R, where R is
the radius of the nucleus.

We find the expression for ¢. Since the rela-
tive motion in the deuteron is nonrelativistic the
wave function of the deuteron in the rest system
is known. This wave function is

&Va/2me ™M™ 1,

where £; denotes the spin state of the function for
spin 1, @ =1/2Rq, Rq is the radius of the deu-
teron, M is the deuteron mass, 7 is the charac-
teristic time and r is the distance between the
proton and neutron. Considered as a whole the
deuteron is a particle of spin 1. Hence it may be
assumed that the part of the deuteron wave func-
tion which depends on its motion as a whole is
transformed by a Lorentz transformation for the
irreducible representation for spin 1, for example
the representation given by Shirokov.® The part of
the wave function which describes the relative mo-
tion is a scalar in the sense of the Lorentz trans-
formation. Hence in the system in which the deu-
teron moves as a unit with a 4-velocity uy its
wave function is of the form:

@ = Erexp (ipux,) Vo / 2= exp (— o VE)/ Vﬁ

Here py, = Muy, xB(n) are the goordinates of the
proton (neutron), xy = (xE +xy)/2 and y, =

xﬁ - xﬁ. From the equality yju, =0, we have

Yo = (ujyi)/uy, i.e., the characteristic contraction
for a relativistic particle. The amplitude for the
elastic scattering of the deuteron is written in a
way similar to that used in reference 3. The only
difference is that in place of the expression

exp (—2ar)/r?, after some simple transforma-
tions we obtain

exp(—ar)exp (—a V' r2 4+ 2222 — 20z (p. v))
rVrr+x22—22z(p.v).

Here v is a unit vector parallel to the projection
of the velocity of the scattered deuteron on the
plane perpendicular to the axis of the beam (z-
axis); k'’ =py¥R, where p, is the initial momen-
tum of the deuteron; A = k’(uv/cMAY3); u is the
mass of the m meson; A is the atomic number of
the target nucleus.

For a given k’ the difference from the nonrela-
tivistic scattering amplitude is determined by the
parameter 7 = uv/cMA‘/ 3. When A =216 we have
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1 ~ 1/80; on the other hand the non-relativistic
distributions have been computed in references

1 —4 with an accuracy 1/p*~ 1/9 (for the same
value of A). Completely analogous arguments may
be invoked for diffraction stripping. On this basis
it can be shown that when E4 R 6 Bev the earlier
formulas for diffraction scattering and stripping
still apply.

These considerations can also be applied fo the
process of diffraction production, for example the
production of a charged m meson by a relativistic
proton. The possibility of such a process was first
indicated by Pomeranchuk and Fefnberg.® In emul-
sions irradiated by protons with energies greater
than several Bev (approximately 10 Bev), this
effect can appear as the scattering of a relativistic
particle. The nucleus on which the break in the
track would occur would not undergo any change
but the scattering angle would be large (cf. below).
To estimate the angular and energy distributions
of the m-mesons this process can be considered
as the diffraction of a deuteron-like system con-
sisting of the 7 meson and the neutron. Part of
the time a proton is in the state 7+ +n. The bind-
ing energy for this state is approximately uc?
while the wave function for the internal motion, at
least at a distance r X h/uc, is essentially the
same as the wave function for the deuteron. For
this reason quantitative estimates can be made on
the basis of the results found for deuteron splitting.
The system spends only approximately 1/10 of the
total time in the state described by this wave func-
tion but we can still estimate the total cross sec-
tion. Since the masses of the 7 meson and the
neutron are different it is necessary to apply the
formulas for unequal masses used in reference 4.
The energy and angular distributions of the emit-
ted 7-mesons should be given by Eqs. (14) and (15)
of reference 4. In accordance with Eq. (14) the
maximum lies at a w-meson energy Ej ~ uEp/M
~ E, /7 while the mean momentum transferred to
the nucleus is of order uc. In simple scattering
at this same angle the proton would transfer a
momentum of approximately Mc to the nucleus,
in which case the nucleus should disintegrate.

In conclusion the author wishes to thank E. L.
FeInberg for discussions of this problem.
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SCATTERING OF 240-Mev AND 270-Mev
NEGATIVE PIONS ON HYDROGEN

429

Nuclear Research synchrocyclotron. The meas-
urements were carried out by means of scintilla-
tion counters. Liquid hydrogen was used as the
target.

The measured values of the differential cross
sections are given in Tables I and II (in units of
10~%" cm?/sterad).

If we assume that only the S and P waves take
part in the scattering, then the angular distributions
can be written in the form

do/dw = AP, + BP, + CP,,

where P, P;, and P, are the Legendre polyno-
mials. The coefficients of the expression, found by
means of the least-mean-square method, are given

TABLE 1
V. G. ZINOV and S. M. KORENCHENKO 02Ty Mo
Joint Institute for Nuclear Research R .
| 3] )
Submitted to JETP editor August 26, 1958 ,QS do/x~ +n= .9 do/nr=~
J. Exptl. Theoret. Phys. (U.S.S.R.) 36, 618-619 39.9 | 1.6040.16 |19.7 | 9.9141.21
(February, 1959) 58,7 | 1.4040.12 | 38.8 | 7.964+0.93
76.3 | 1.0130.09 | 57.2 | 6.63%0.77
T 97.8 | 0.8240.09 | 74.5 | 4.5340.53
HE elastic and exchange scattering of 7~ mesons 1§§ -é ?-Zgzl:g.(i)g 15132.;1’ 32;1:!:8[’:3?
on hydrogen at 240 and 270 Mev energy was studied, 158 1 12971:0219 136.8 3:58}:0:51
using the 7~ meson beam of the Joint Institute for 157.0 | 4.5640.60
TABLE II
(270+7) Mev
TABLE III
¥ ds d@ do 240 M 210 Me
. g (do)r:‘-» n . g (dm)n'—»y aid hd
* * . T Ty T 7 T T Ty T
40.6 | 1.404-0.13 | 20.0 | 7.784-0.94
59.6 | 1.1740.11 39,6 | 6.194-0,73
77.3 | 0.8330.08 | 58.1 | 4.90%0.59 A 1.284-0.046| 5.1240.22 | 2.564-0.11 | 1.04-4-0.039| 3.7340.18 | 1.864-0.09
98.8 | 0.6040.06 | 75.5 | 3.424-0,41 B 0.23+40.089] 2.7240.41 | 1.824-0.27 | 0.274-0.077| 2.354-0.31 | 1.534-0.20
117.9 | 0.7740.08 | 96.8 | 2.5240.32 C 0.93+0,12 | 2,3040.50 | 2.184-0.47 | 0.794-0.094| 2.01+4-0.36 | 1.8140.32
139.3 | 1.093:0.10 [115.9 | 2.3130.30
158.4 | 1.56F0.16 [137.6 | 2.65%0.36
157 .4 | 3.10F0.42

in Table III (in units of 10~%7 cm?/sterad).

The total cross sections for the interaction of
7~ mesons with hydrogen at 240 and 270 Mev en-
ergy equal (48.3 + 3.3) x 1072 cm?, and (36.5

2.4) x 107%" cm? respectively.
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