Knockout of an isobar from a deuteron
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It is shown that the probability of observing the configuration A—-A(1236) when an isobar is knocked out
from a deuteron is larger than the probability that determines the contribution of the A component to the
magnetic moment of the deuteron. Theoretical predictions are obtained for the momentum and energy

distributions of the A isobars knocked out from a deuteron.

Isobaric components in a deuteron on the order of
several percent lead to noticeable effects in the electro-
magnetic form factors, p-d backward scattering, and
other processes, particularly with large transfer of
momentum to the deuteron, {2} and can be observed
when an isobar is knocked out from the deuteron. 3 It
was assumed by various workers'®*! that in the non-
relativistic approximation the properties of the isobar
component are determined by its wave function (p),
which depends on the relative momentum p in the deu-
teron rest system, i.e., on one invariant variable p?,
and the instability of the isobar was neglected.

It is shown in this paper that when account is taken
of the instability of the isobar, the isobar component is
described by a function of two invariant variables, which
we choose to be p? and E—the energy of one of the iso-
bars in the rest system of the deuteron.

Let us compare the diagrams for the electromagnetic
form factor (Fig. 1a) and the knockout process (Fig.
1b) in the case when the particles x and y are stable and
unstable, for example NN and AA (the baryons are as-
sumed to be nonrelativistic). When calculating the tri-
angle diagrams, the particle y is taken to the mass
shell (we neglect the singularities of the vertex func-
tions in the energy of particle y). For a stable particle
v, both diagrams are expressed in terms of
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which is a function of one invariant variable p®, con-
nected with the nonrelativistic wave function via the
relation

2m
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p?+ 2mxy €
where m,, is the reduced mass and ¢ is the binding
energy.

If the particle y is unstable, then the vertex ', (p, E)
enters the triangle diagram with a complex value of the
energy E=m, —il'/2+p*/2m, (T is the width), and en-
ters the pole diagram at different real values of E.

We consider the isobar component A—A(1236). The

a b
z
z z z
4= - [ 4 d
Ly 9 Iy zy 4
FIG. 1.
Copyright © 1975 American Institute of Physics 211



ll'(p)l‘
” b—
20F
- I\¢
1 L e,
0 ! 2 J 4
/4
FIG. 2,

vertex I',, (p, E) in the first approximation in the small-
ness of the A component is expressed in terms of the
nucleon wave function ¢(k) and the potential U(k,p, E)
connecting the channels NN and AA:

Caalm ) = - 2m)=3/2 [ Urk, p, E)g(k)d?k. (2)

The potential U(k,p, E)=U(g, E) (q=p —k) will be taken
in the one-pion exchange model
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Here p and m are the masses of the pion and nucleon.
The vertex I, corresponding to the process A—~-N+q7
is of the form
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where g=2 is the dimensionless coupling constant, ¢
and v are the isospin and spin indices, ¢ is the momen-
tum of the pion in the A rest system, q,=V(E ~m)? - 12
is the momentum corresponding to the real decay A

— N+7, and ¢ is a parameter of the form factor and
takes into account the departure of the pion from the
mass shell,

From the data on the A-isobar production!®! we con-
clude that ¢ is close to 3. Bearing in mind the uncer-
tainty in the value of ¢, we investigate the sensitivity
of the results to its variations.

Figure 2 shows plots of the squares of the moduli
of the vertex functions corresponding to the partial
wave "D, of the A component (this wave makes the
main contribution). The calculation was performed for
a nucleon wave function ¢(k) in a Hamada-Johnson
potential at c=3 . Curves 1, 2, 3, and 4 correspond
to energy E values M -iI'/2, M-T/2, M, and M +T/2,
respectively (M and I" are the mass and width of the
A(1236) isobar). A similar picture is obtained also for
the remaining waves of the A component., The vertex
function that determines the amplitude of the isobar
knockout {curves 2, 3, 4) is much larger than the vertex
function that enters in the electromagnetic form factors
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LS A isobar component

¢ P,- 35 :iD 7D 7(; Total

1 1 t 1

3 pLS | 0.66 0.08 1.64 0.14 2.52

pLS | 1.96 0.23 3.51 0.26 5.96
LS

2% P, 0.50 0.05 0.84 0.07 1.46

pLs 1.55 6.17 2.10 0.15 3.97

(curve 1), and its maximum shifts towards increasing
momentum with increasing isobar energy. Therefore the
wave function connected with the vertex dAA, for which
one of the isobars is on the mass shell (E~M - {iI'/2),

is insufficient to describe the isobaric impurity, unlike
the case of stable particles.

We set the vertex I', , (p, E) in correspondence, in
accordance with formula (1), with “wave functions”
¥g(p) that depend on the energy. At E=M - {T'/2, the
square of the norm of the partial wave

e =< ¢LES|¢LES> L:=M-.'I‘/z
represents the probability of observing the isobaric im-
purity in a state with relative orbital and spin momenta
L and S when the magnetic moment is measured. The
probability p%¢ of observing the isobar following the
knockout is given by the formula

LS " r/2x LS LS
Py = | —————— < g’ |l yg’ > dE. (5)
p+m (E ~M)? +T2%/4
The table lists the values of pt* and p5S calculated for
c=3pu and ¢c=2u. The energy spectrum of the isobar
knocked out from the deuteron differs in form from the
Breit-Wigner spectrum:

2
re) - —120 (3 <¥e’legt > (Zeyt) (6
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The maximum of the spectrum f(E) is located at E=M
+5E, where 5E=15 MeV for ¢c=3u.

Although the results do contain a certain quantitative
uncertainty, owing to the departure of the isobar from
the mass shell, the noted singularities of the A com-
ponent, namely, the strong dependence of the momen-
tum distribution on the isobar energy, the shift of the
maximum of the energy spectrum of the knocked-out
isobars, the different probability of the appearance of
isobar as a function of the reaction mechanism, are all
the consequence of one-pion exchange, which couples
the NN and AA channels. An investigation of the knock-
out of an isobar from the deuteron, from this point of
view, would be quite useful as a check on the dominance
of the OPE mechanism of A-component production.

The author is grateful to I.S. Shapiro for suggesting
the problem and for useful discussions.

1, Arenhovel, W. Fabian, and H, G. Miller, Z. Phys. 271,
93 (1974); N.R. Nath, P.K. Kabiz, and H.J. Weber, Phys.

V. E. Markushin 212



Rev. D10, 811 (1974); J.S. Sharma and A.N. Mitra, Phys. P. Soding, Phys. Lett. 52B, 367 (1974); M.J. Emms et al.,

Rev. D9, 2547 (1974). Phys. Rev. 52B, 372 (1974).

%3, Jena and L.S. Kisslinger, Ann. of Physies, 85, 251 ‘H. Arenhovel, M. Danos, and H.T. Williams, Nucl. Phys.
(1974). Al62, 12 (1971); N.R. Nath and H,J. Weber, Phys. Rev.
*H. Braun et al., Phys. Rev. Lett. 33, 312 (1974); C.P. D6, 1975 (1972).

Horne et al., Phys. Rev. Lett. 33, 380 (1974); P. Benz and 5G. Wolf, Phys. Rev. 182, 1538 (1969).

213 JETP Lett., Vol. 21, No. 7, April 5, 1975 V. E. Markushin 213





