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e.g. , the single-particle absorption or the con-
tributions from &(1232). The latter are believed
to be responsible for the enhancement in cross
section at higher photon energies. " However, in
my opinion, this enhancement is probably due to
the neutron form factor.
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We discuss the masses of nuclear bag states containing 3A. quarks, the decay width of
the deuteron bag, d*, the appearance of dinucleon bags as resonances in nucleon-nucleon
reactions, the inelastic form factor for the reaction ed —e'd* and the differential cross
section for pd —p'd*. Separation of bag signals from the background from pion produc-
tion requires the detection of one or more decay nucleons.

It has been recognized for some time that the
conventional nuclear theory of nucleons in nuclei
relevant to the low-energy domain is inadequate
in the intermediate-energy region. It should be
supplemented there by additional degrees of free-
dom because of the presence of mesons and nu-
cleon isobars, ' and of guarks. "Quarks are par-
ticularly interesting because they provide a unify-
ing picture of hadron and nuclear structures. One
manifestation of quark dynamics in nuclei is the
formation of "abnormal" nuclear states in which
more than three quarks form a cluster or "bag"
inside the nucleus. ' The actual detection of
these new nuclear-bag states is thus of consider-
able interest. We discuss in this Letter a num-
ber of questions related to the experimental de-
tection of these nuclear bags, occurring either
alone or as clusters in nuclei.

Masses. —Nuclear-bag states are so called be-
cause in the Massachusetts Institute of Technol-
ogy bag model the quarks are confined in a "bag"
by its surface pressure B. Model masses, cal-
culated from Johnson's formula, are given in
Table I. These are not rest masses, however,
but total masses including large kinetic energies
of center-of-mass (c.m. ) motion, which are =0.1-
0.4 GeV for hadrons. ' Table I also gives the rest
masses after c.m. correction. Their calculation'
requires a refit of model parameters to hadron
masses, resulting in a reduction of the quark-
quark interaction strength o., and an almost com-
plete elimination of the zero-point energy con-
stant Z, . Thus the original large Z, represents
basically just this c.m. correction. It is then un-
derstandable (and reassuring) that model extrapo-
lations for nuclear-bag masses are rather insen-
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TABLE I. Nuclear-bag masses (in GeV} and bag radii (in fm) as predicted by the
Massachusetts Institute of Technology bag model without and with center-of-mass cor-
rection. The u, d quarks are taken to be massless,

M.I.T. model
M Rbag

c.m. corrected model
M Rbag Remarks

1/2
2/2

1
0

3
1
0

1/2
0

1/2
2/2

0
1
1
0
2
3

1/2
0

0.93
1.23
2.15
2.23
2.34

2.50
2.79
3.50
4.90

0.99
1.08
1.31
1.32
1.34

1.37
1.42
1.54
1.72

0.94
1.23
2, 18
2,25
2.34

2.47
2.71
3.46
4.73

0.88
1.00
1.24
1.25
1.27

1,30
1.34
1.46
1.64

d* 3S&

$g

D2
3D3

Refs. 4 and 5. B = 0.145 GeV, Zo = 1.84, and ~, = 0.55.
Ref. 7. B' = 0.148 GeV, Z 0

= 0.146, and o., = 0.396.

sitive to this c.m. correction. The results show
that bag states begin to appear at 0.3 GeV of ex-
citation for n = 6, 0.65 GeV for n = 9, and 1.0 GeV
for n = 12.

Decay soidths, —It is known' that 20% of the "di-
baryon" bag contains two baryons (in d* or S*,
11% is dinucleon and 9% is b,b, ), while 80% con-
tains two color octets (hidden colors). The width

of a nonrelativistic two-body potential resonance'
with the expected bag radius is F „=150 MeV.
This cannot be used for the contributions from
the isobaric and hidden-color components be-
cause I p„' does not include the formation time
of decay products. Indeed, F&„ for hadron de-
cays are always larger than experimental widths,
although they reproduce roughly the dependence
on kinematical variables. For example, I' ~ is
150 MeV for A-Nw (instead of the experimental
115 MeV), 250 MeV for K*-Kv (instead of 49
MeV), and 40 MeV for Z*- Zm (instead of 4 MeV).
In the absence of an actual calculation (e.g. , along
the line of Feynman, Kislinger, and Ravndal"),
we shall assume in the following discussion that
dibaryon bags have widths of = 50 MeV.

Nucleon-nucleon scattering and reactions. —Ac-
cording to Table I (remark column), dibaryon
bags with T- 1 may appear as resonances in elas-
tic NN scattering in the partial waves 'S, (nucle-
on lab energy =0.65 GeV), 'So (=0.82 GeV), 'D,
and 'D, (both at = 1.04 GeV) states. These reso
nances can in principle be established by showing
that the appropriate Re5 rises through 2p if the
inelasticity is not too large. Available phase
shifts" are not sufficiently unique for this pur-

pose, although certain 'Sp and 'S, phase-shift
solutions are not inconsistent with the expected
resonance behavior with widths &100 MeV.

Neither of the T = 1 dinucleon bags shown in Ta-
ble I corresponds to the structure seen in the
spin dependence of the pp elastic cross section"
(/S=2. 25 GeV, I'=200 MeV, 'I", state). The
structure seen in the proton polarization from
deuteron photodisintegration" (v'S = 2.35 GeV, I'
= 160 MeV) could be caused in part by the T = 0,
S= 3 bag expected at exactly the same energy.
The decay of this bag is practically identical to
that of the T = 0, 8 = 3 4E resonance proposed for
this structure. " The calculated bag mass ap-
pears more reliable than the estimated 4h. mass-
es.

Inelastic electron scattering. —We consider the
reaction ed -e'd*. Single scattering dominates
this reaction, d* being formed via its 11% np
component. The resulting inelastic electric form
factor G~ ~„'(q') (which differs from Gs „'only
in the final-state wave function used") as a func-
tion of the three-momentum transfer q in the c.m.
frame can be calculated readily in the usual non-
relativistic treatment. " We use the Reid soft-
core deuteron wave function (with D state)" in
order to get good elastic form factors. For d*,
it appears sufficient for the present qualitative
discussion to use an S-wave Gaussian wave func-
tion exp(- 0.5(r, —r, )'/R'), where r, are the "nu-
cleon" coordinates inside d*. Nucleon contribu-
tions are included approximately in G~ ~,&' and
exactly" in G~,&'. The results are shown in Fig.
1(a) for unpolarized deuterons using R/R, = 0.5,
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citation energy. This background may be char-
acterized by the longitudinal photoabsorption
cross section for protons, which at the first reso-
nance is" roughly 100+ 30 pb for four-momentum
transfers 0.1~ q&'s0. 3 GeV' and electron ener-
gies ~ 1.1 GeV. The equivalent cross section for
our reaction when q&' is not too small is roughly

4m'n 1'/2p
(W)= K (W W.),,r G..-.' b

)
0-6

p2
2

( ~)2 g 2Gs~1 mb. (3)
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0 0.5 10 0

q,'(GeV/cI'

0,5 1,0

FIG. 1. Inelastic and elastic electric form factors
for electron scattering from unpolarized deuterons.
The results obtained by usirg (a) different d~ size
parameter R (with Ro= 0.85 fm), and {b) different ad-
mixture coefficient b of the normal nuclear state, are
also shown.

1.0, and 1.5, where Ro= 0.85 fm is deduced from
the expected d* size. These curves show that the
d* size can be deduced readily from G~ - „.

An interesting complication is that the actual
nuclear states are not pure states but rather the
combinations

t/)~ =Xo(4„+bCq), $~~ =X,(a4„+4~)

Here

a = —(b+ n„,)/(1+ bn„,), (2)
I

where the overlap n„, =(4„~4,) =0.16 is not large.
The solid curves in Figs. 1(a) and 1(b) show the
results for b=0 (and a=-n„,). Figure 1(b) also
gives the results for b = —0.3 (broken curves) and
b =0.3 (dash-dotted curves). We see that the in-
elastic form factor will also give information on
b as well.

The rather large values of b used are chosen
for illustration only, although the resulting = 9%
admixtures of the minority configuration are not
far from the V%%ug suggested in Ref. 8. However,
the resulting large changes in the elastic form
factor seen in Fig. 1(b) show that such large val-
ues of 5 are quite unlikely unless there are com-
pensating changes in the nuclear wave function or
in the isobar admixtures.

There is a problem with the experimental back-
ground from pion electroproduction at the first,
i.e. , d, resonance which appears at the same ex-

Here n is the fine-structure constant, X is the
equiva. lent photon energy (= electron energy loss),
TV is the rest mass of the recoiling object, and
W~ and I are the mass and width of the bag reso-
nance, At W=W~ and at the maximum of G~
of Fig 1, .Eq. (3) gives roughly 10 (34, 1) pb for
b =0 (0.3, —0.3). Thus a. simple one-arm mea-
surement does not appear promising; two spec-
trometers might be needed to distinguish signals
from background. Fortunately these two-spec-
trometer experiments appear to be quite feasible. '

Inelastic AaChonic and nuclem scattexinI, s.—Bag states may appear in the inelastic excita-
tion functions. We have studied the reaction pd
-p'd* at the proton lab energy K~ = 0.8 GeV.
Here double scattering is also important, d* be-
ing reached via all three (np, b,A, and hidden-
color) components. The Glauber multiple-dif-
fraction approximation" is used with the double-
scattering contribution calculated as if all com-
ponents were nucleons. This picture is obvious-
ly very crude, but it might help in isolating in-
teresting features. The results show that where
double scattering dominates, the differential
cross section is comparable to that in the elastic
scattering, but that the single-scattering forward
peak is greatly diminished. The results are sen-
sitive to the mixing amplitude b (true also for
elastic scattering!) and, especially at small q',
also sensitive to the d* size. For example, at
q'=0. 15 GeV' we find der/dt =0.87 (1.5, 0.46) mb/
GeV' for R/R, = 1.0 (0.5, 1.5). The region q'
&q~~' (=0.11 GeV') is kinematically inaccessible;
since q

' decreases with increasing K~, higher
proton energies are more useful.

The model gives a total inelastic (elastic) cross
section of 0.8 (8.0) mb for b =0, 0.4 (8.4) mb for
b = -0.3, and 0.9 (8.7) mb for b = 0.3, all calculat-
ed with R =B,. The inelastic cross section for 5
=0 is 0.5 (1.0) mb for R/R = 1.5 (0.5). These com-
pare unfavorably with the background total cross
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section of = 40 mb for pion production from deu-
terons. Thus single-arm experiments do not ap-
pear promising.

Two-spectrometer experiments appear to be
useful, however. In one arrangement, one spec-
trometer can be used for the inelastic proton,
limiting its energy loss (spectrometer acceptance)
and sometimes even separating dibaryon reso-
nances from baryon resonances (detector angle).
The second spectrometer is then set up to detect
a decay proton from the binary decay of the ex-
pected dibaryon resonance, thus identifying both
protons. In another arrangement, both decay
protons from a "diproton" resonance (e.g. , from
a 'He target) can be detected. The spectrometers
can often be set so that the dibaryon resonance
comes from outside the kinematically allowed re-
gion of some of the baryon resonances. The re-
maining background in the coincidence counts as
a function of the invariant mass of the diproton
will be shifted down because of the undetected
pion, thus separating dibaryon from baryon reso-
nances. Finally, we note that the second spec-
trometer may be replaced by two particle count-
ers."

Bags might have been seen in the yd -P &&n ex-
periment. " However, we cannot yet tell bags
apart from other dibaryon resonances. Additional
studies are needed to decide if the dominant hid-
den-color component unique to bags has observa-
ble consequences useful for direct identification.
Otherwise we may have to rely on the general dy-
namical picture concerning where different di-
baryon resonances are expected. In this connec-
tion, bags are particularly interesting because
present estimates of their masses are probably
reliable, and they are certainly better than pres-
ent estimates'4 of other dibaryon masses. Con-
sequently, we may first concentrate on finding
resonance structures at predicted bag masses.
For this purpose, coincidence experiments of the
type sketched here appear promising and feasible.
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