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Dibaryon production in electron-deuteron scattering
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Estimates are presented for the cross sections for production of dibaryon resonances in electron-deuteron
scattering. Two different models, with these resonances as two-body and three-body excited states, are
analyzed.

I. INTRODUCTION

Recent reports about the possible existence of
p-P and p-n dibaryon resonances have created
considerable theoretical and experimental inter-
est.' If confirmed, they will have a great influ-
ence in our understanding of nuclear forces. It
is therefore important to discuss new reactions
in which these resonances could be produced, in
order to get a better knowledge of their proper-
ties. In this note we want to present some esti-
mates of the cross sections for the production of
these dibaryon resonances in electron-deuteron
scattering (ed - ed*).

%e will investigate in some detail two possibil-
ities. First, we will consider d as an excited
state of two nucleons. Then, as a second and
more interesting possibility, we will consider it
as a three-body (pion-nucleon-nucleon) bound
state. This last case has been in part motivated
by a.simple analysis done by MacGregor. ' He
found that the masses of these resonances follow a
straight line when plotted against their angular,
momentum in the form /(l+1) (see Fig. 1). If we
believe that this is due to a difference in rotation-
al energy, we can extrapolate the straight line
and find the l = 1 and l = 0 states. The masses
come out to be 2060 and 2020 MeV, respectively.
This result is given in Fig. 1, and we see that the
mass of the l =0 resonance is much closer to be
the sum of the masses of two protons plus a pion
than just two protons. Furthermore, the analysis
of the experimental results for P-P scattering
gives an elasticity of =25/o, which indicates the
presence of additional channels. These could turn
out to be three-body bound states.

In the models presented here, the constituents
will be considered as scalar particles, which for
our purposes is a good approximation. More de-
tailed calculations should include these spin ef-
fects.

II. TWO-BODY BOUND STATE

In this section we will consider d* as a two-
body state. For low values of ~q~ (momentum

for the effective inelastic scattering cross sec-
tion. Here $0 and Pr are the initial and final wave
functions for the system under consideration (in
our case the deuteron). F,(q') is the nucleon form
factor, N is the number of nucleons, and k and k'
are the momenta of the incident electron before
and after the collision.

The experimentally determined dibaryon res-
onances are given in Fig. 1 ('G~, 'F„'L),). Since
the spacing is approximately uniform we can put
the / =1 state at 2010 MeV and the l =0 state (deu-
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FIG. 1. Extrapolation used in Hef. 2 in order to find
the l =0 and l =1 resonances.

transfer) we can use a nonrelativistic approxi
mation and write'

d0„4e Ik' I'
dA Iki iqi'

(1)
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teron) at 1880 MeV. We will assume a potential
of the harmonic-oscillator type, for which the
wave functions are given by'

=A „exp(- 2M cur 2)z"Y, (8, y), (2)

for n =l (n is the principal quantum number, and
l is the angular momentum, with projection m).
After normalization we get

2(2M&v)"" Mu 't'
(2n+ 1)!! v

Here ~ is a parameter and M is the reduced
mass. If we consider the case m =0 for simpli-
city, the integrations can be performed explic-
itly, and we find

do„4e Ik I iF ( 2) i2

F 2(g) F 2( &)
(2l+ I)(-q )

(2l + 1)!!(8M &u)
' (5)

which for l =0 corresponds to the deuteron form
factor. Graphs for F»'(q ) are shown in Fig. 2.
We have chosen a value of ~ (~32.5 MeV) which
gives reasonable fits of this expression to the ex-
perimental data for the deuteron form factor, ~

for -q' & 0.7 GeV'. It is interesting to note that
this value of ~ is not the one that we would get
from the spectrum of states, the difference com-
ing presumably from spin and tensor forces. For
larger q, the short-range nature of the potential
enters and one expects a power-law falloff with

(2l + 1) I q I

2 '

(2l + 1)!!(SM~) '

Then it is possible to identify the resonance pro-
duction form factor as

III. THREE-BODY BOUND STATE

For this case we will use a different approach
from the nonrelativistic one of Sec. II. The meth-
od consists in enhancing every partial-wave am-
plitude for y*+0-m+ d with final-state interac-
tions factor for the production of the particular
resonance under consideration. Actually one
should include more than just the deuteron ground
state in the intermediate (nucleon-nucleon) states.
However, in order to estimate the magnitude of
the transition matrix element, only this state
will be retained.

We start with the expression for the structure
function vW, in terms of the total cross section
a~and o~ for the photoabsorption of transverse
and longitudinal photons

v+ q'/2M~ vq

We want to find the contribution to this expres-
sion that comes from the production of a particu-
lar three-body (pion-nucleon-nucleon) resonance.
In the low-q region one can approximate

or(q') =F~'(q')or(0),

o,(q') «o,(q'),

and then use photoproduction data, which is more
readily available to normalize the amplitudes.
We expect Eq. (7) to hold reasonably well in mod-
els based on an impulse approximation scheme.

As was mentioned before, we will enhance
every partial wave for pion photoproduction off
deuterons with a certain final-state-interactions
factor. For this purpose we need a parametri-
zation of these data, ' and so we write (see Ref. 8)

M = '-,'sF, (t),

l0 2

where (for low t)

5
4 1 —4t 1 —20t j (8)

R2

0 6

is the form factor for the deuteron. Here s and t
are Mandelstam variables for the y-d system.
In terms of the amplitude M, the spin-averaged
cross section for photoproduction of pions off
deuterons is (in the c. m. of the y-d system)
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FIG. 2. Transition form factors (squared), calculated
using a (nucleon-nucleon) bvo-body bound-state model
for the resonances.
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where
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(P, and Q, are Legendre polynomials of the first
and second kind, respectively). This means that

p =P'. Then the Born partial amplitude M, has a
cut in the real axis of the P complex plane, from
p'=-~ to p'= -. We can approximate this cut
by a pole at p =- ~» which corresponds to a He
(s) =-so =2P2+M~ . This means that a good approx-
imation (see Ref. 6) for the enhancement factor is

D(s.)
' D( )'

where
1

D(s) = —fs —s~+iI"[s —(M„+m, )2]'/2]

SR=MR,2

s„—(M, ;m, )' '/'
~R

sz

Here ~R and yRare the mass and full width at
ha1f maximum of the resonance under consider-
ation. We have included the requirement the D(s)
-1 for s -~. Then the total cross section for the
photoproduction of a particular resonance is go-
ing to be

(12)
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FIG. 3. Contribution of the resonances to the struc-
ture function vW2 for different l and q values, calcu-
lated using a |'pion-nucleon-nucleon) three-body bound-
state model.

region by about one or two orders of magnitude.
This fact makes the testing of this model a rather
difficult experimental problem. However, since
the width of these resonances is much smaller
than the width of the nucleon resonances that are
present in this q range, it may still be possible
to observe at least the l =2 state (see Ref. 10)
with very precise data.

For this three-body model we have computed
numerical results for the l = 2, 3, 4 resonances
only, which are the ones whose existence has
been experimentally reported. In the case of the
l =0 and l = 1 resonances, we need to know their
masses and widths in order to evaluate the cor-
responding cross sections.

One ean also calculate the corresponding trans-
ition form factor, using

vW, =(M„2 M,' q2)F„,2(q2)6(W' M,')

where

v+ q j2M& vq 2( 2) IM1F1I p
4w2n q2 —v 2 411s p

(is)

or

where

(14)

s =W =M~2+2M~v+ q .
This result has been plotted in Fig. 3, for differ-
ent values of q . Compared with experimental da-
ta,"these estimates are smaller than the rest
of the inelastic channels that contribute in that

q +M~2 —TV

and the integration is over the resonance peak.
Then for the cases given in Fig. 3, we get the re-
sults presented in Table I. If we compare these
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-q2 NeV2) &a3'(q') 2 (q2)

0.3
0.5
0.7
0.5
0.5

0.146 x 10
0.078 x 10-
0.046 x 10+
0.051 x 10-
0.080 x 10

0.042
0.011
0.002
0.009
0.005

values with the calculation for the two-body case
(F»'} given in See. II, we see that the present
ones are clearly smaller by approximately one
order of magnitude.

IV. CONCLUSIONS

The results presented in this paper should help
to clarify the nature of the dibaryon resonances.
It is interesting to note that the two possibilities
presented in Secs. II and III give significantly dif-
ferent predictions, with the pion-nucleon-nucleon
model being smaller than the nucleon-nucleon
case. This difference is larger than the uncer-

TABLE I. Transition form factors for the two-body
(&+2) and three-body (+~3) bound-state models, for some
q and l values.

tainty in our results due to the approximations we
have made, which means that experimental meas-
urements should be able to distinguish between
the two possibilities. We should remark, how-
ever, that for the three-body model we expect the
actual magnitude is going to be larger than our
-estimate, because we have not included other in-
termediate states (different from the deuteron)
that could contribute to the transition matrix ele-
ment. In any event, present experimental re-
sults" do not rule out any of the two models.

Further theoretical analysis of these resonan-
ces and their production in different reactions
should especially consider the pion-nucleon-
nucleon model, which if established will certainly
have great importance in theories of few-body
systems in nuclear physics.
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