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We present cross section estimates and describe possible experiments for the production of the doubly
strange six quark H dibaryon in the two-body reactions = +p ~m. +H, p +H,
X +p~K +H, K *+H, and A+p~K++H, K*++H, in the energy region from 1 to 20 GeV. We
also consider the semi-inclusive process = +p~H+p+X in the region of a few hundred GeV/c, and
two step processes induced by pion and kaon beams in the 2—6 GeV/c range.

PACS number(s): 25.80.Nv, 25.80.Pw, 14.20.Pt

I. INTRODUCTION

There is considerable theoretical and experimental in-
terest in searches for dibaryon resonances or bound states
(other than the deuteron). A particularly attractive candi-
date for such a bound state is the double-strange H di-
baryon proposed by Jaff'e [1]. The H has a quark struc-
ture uuddss, coupled to spin-parity J =0+ and isospin
I=O. There are numerous theoretical estimates of the H

ass in the MIT bag model [1—3], the constituent quark
model [4], potential models [5], the Skyrmion picture
[6—8], the hybrid quark-cluster model [9,10], the color-
dielectric model [11], instanton models [12], and lattice
quantum chromodynamics (QCD) [13,14]. The predicted
H masses mH vary significantly from mH =2m„(Ref.
[13])to values above the strong decay AA threshold (Ref.
[12]). Jaffe's original result that the H is bound by an at-
tractive short-range color-magnetic interaction between
quark pairs has been challenged by calculations showing
a drastic reduction of the attraction by SU(3)-flavor sym-

metry breaking [3—5].
In view of the large uncertainties in the predictions of

mH, several complementary experiments are necessary in

order to achieve sensitivity to a broad range of m& and

lifetime vH. A model calculation of ~B was done by
Donoghue et al. [15], assuming that the H is an SU(3)
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singlet. This is reasonable for sufficiently strong binding.
In the mass range 2134& mH &2231 MeV/c, the weak

decay process H~X p figures prominently. In our later
considerations, this mode will represent one of the possi-
ble experimental signatures.

In the absence of reliable detailed calculations, we
present some general physical features common to many
models which can serve as a guide to further investiga-
tions. In meson-exchange models, the longer-range part
of the AA~AA potential is attractive [16], whereas the
short-range part due to quark-gluon exchange is repulsive
[17]. At short range, the AA, XX, and:-N channels are
strongly coupled, i.e., off'-diagonal matrix elements are
comparable to those for the diagonal AA~AA transi-
tion. This strong channel coupling is responsible for gen-
erating the H. The repulsive short-range diagonal AA in-

teraction raises two very interesting possibilities. (1) Un-
bound metastable dibaryons may exist with an energy
below the potential barrier created by the repulsive in-

teraction. Such states would appear as narrow low-

energy AA resonances with a width determined by the
barrier penetration factor. (2) Doubly-strange AA hyper-
nuclei may exist, even though the H also exists at a stable
bound state. Two A's bound in the lowest s orbit of a hy-
pernucleus may be kept apart by a repulsive short-range
potential barrier long enough to allow weak decay to
compete with H formation. This would not prevent H
formation in a hadronic experiment with an energy above
the barrier or in another channel; e.g. , " p, which would
have a very different short-range interaction.

Estimates of cross sections for H production are
difficult because of the uncertainty in the underlying dy-
namics, in particular the probability of fusion of two
baryons to form an H. Here, we attempt estimates based
on the analogous process of deuteron production by
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nucleon-nucleon fusion, with the caveat that the fusion
processes in deuteron and H production could be com-
pletely different.

The nucleon-nucleon interaction is known experimen-
tally to have a repulsive core and an intermediate-range
attraction. The deuteron wave function is described to a
good approximation as a state of two nucleons, kept
apart by the short-range repulsion and without excitation
of the quark degrees of freedom. The strangeness S = —2
interactions are poorly known experimentally, but models
that bind the H with a color-magnetic interaction pro-
duce an H wave function with a six-quark core at short
distances that is very different from the deuteron.

If the H is weakly bound, it can have a AA tail extend-
ing out beyond the range of interaction, analogous to the
large nucleon-nucleon tail of the deuteron. The size and
range of the tail depends upon the binding energy and on
whether there is indeed a repulsive potential barrier from
a quark-exchange force, which would confine the quarks
and reduce the tail. A weakly bound H, analogous to the
deuteron, might also be produced by conventional
meson-exchange forces [18].

The probability for two baryons to fuse into an H de-
pends upon the overlap of the two-baryon wave function
with the H wave function. This in turn depends upon the
relative contributions of the AA tail and the six-quark
core with a structure envisioned by Jaffe [1] as having to-
tal space symmetry and the flavor structure of the SU(3)-
singlet combination of AA, XX, and:"N baryon-baryon
channels. The fusion overlap could be very different from
the case of the deuteron, where there are two well-defined
nucleons and the division of the six quarks into three-
quark color-singlet clusters is well determined. We do
not attempt to solve the dynamical problem of baryon-
baryon fusion, and instead use some simple spin and
ffavor factors in comparing the deuteron and H cases.
We also neglect the effects of "hidden color, "which arise
as a consequence of the antisymmetrization of the six-
quark wave function.

A variety of experimental searches for the H dibaryon
are in progress or under discussion. A candidate event
for the H has been reported by Shahbazian et al. [19],
based on the study of high-energy proton interactions in
propane. Two experiments [20,21] are underway at the
Brookhaven Alternating Gradient Synchrotron (AGS)
which apply the (K,K+) double-strangeness exchange
process. In one experiment, the E +p ~K++:- reac-
tion is used to produce a tagged:-, which subsequently
engages in the = +d~n+H reaction in a deuterium
target. The two-body nature of this process is an impor-
tant advantage, since one does not need to detect the H.
The predicted [22] branching ratio for = +d~n+H
decreases swiftly with decreasing m~, however, so one is
not sensitive to a deeply bound H. In the second AGS
experiment, the H is produced in the reaction
E + He~E++H +n. Here we are sensitive to a
broad range of m~, but a E+-n coincidence measurement
is needed in order to reconstruct the invariant mass of the
H. It is possible to produce the H in p-nucleus interac-
tions, for instance, p+ He~(KKn)++H, as discussed
by Kilian [23], but the branching ratio is very small since

two strange-quark pairs (ss) must be generated in the
final state. Finally, we mention the possibility of creating
the H in relativistic heavy-ion collisions. Rather copious
H formation rates have been estimated in the coalescence
model [24,25]. In view of the large multiplicity of pions
produced in such encounters, one must detect the H
directly by its H~X p decay, by Hp~AAp diffractive
dissociation, or by time-of-Qight and calorimetry
methods, as in AGS experiment [26] E864. To be
discovered with the latter technique, ~~ must be longer
than a few tens of nanoseconds.

In the present paper, we investigate the viability of an
approach to H production using high-energy hyperon
beams (X,:-, or A) or meson beams (n, K .—). We
used tagged:- 's from the K p~" E reaction, X 's

from the E p~X m. + or ~ p —+X K+ reaction, or A' s
from the K p~Ap or ~ p —+AX * reaction. We then
consider two-body reactions induced by hyperons, such
as

p +p ~d+7T

p +p —+d+p+,

p+p~d+X .

(1.2a)

(1.2b)

(1.2c)

Based on measurements of the deuteron cross sections in
the region of laboratory momentum between 4 and 20
GeV/c, we conclude that studies of some of the reactions
(1.1) may be experimentally feasible at these energies. At
higher c.m. energy &s, the two-body cross sections drop
rapidly ( -s ), and one must rely on inclusive or semi-
inclusive processes. At CERN Super Proton Synchrot-
ron or Fermilab energies, the two-body cross sections for
H production will be unmeasurably small.

The use of hyperon beams for H production has certain
advantages. For instance, the = brings in the required
two units of strangeness, so one does not suffer the penal-
ty factor associated with the creation of additional ss
pairs (of course, this penalty is already reflected in the
modest intensity of:" beams). At high energies, the
produced particles and the decay fragments from the H
are all focused in a forward cone in the laboratory sys-
tem, so one has a reasonable e%ciency for detecting all
particles in the Anal state. In the case of the two-body re-
actions (1.1), without detecting the H decay products, we

X p~H+(K, K '),
+p~H+(m, p ),

A+p~H+(K+, K*+) .

We consider here only channels involving pseudoscalar
or vector mesons, although we expect comparable cross
sections for production of the f2(1270), which decays
85% of the time to the m. n channel. Similarly, in addi-
tion to K'(892), which has a 100% decay to Kn., we ex-
pect to also produce K2 (1430), which has a 50% decay to
Em.. We also consider inclusive or semi-inclusive produc-
tion (X +p, = +p~H+X, or H+p+X). We do not
attempt to predict absolute cross sections, but rather the
ratios to the corresponding deuteron-production reac-
tions
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have clearly identifiable final states with only charged
particles in some cases, namely,

HE„Hp X p ++n

HK * X pE+m

(1.3a)

(1.3b)

This paper is organized as follows. In Sec. II, we dis-
cuss the mechanisms for H production with X or =
beams, focusing on baryon exchange. In Sec. III, we
present a capsule resume of the data on the

p +p ~~+ +d, p++ d reactions, which provides the
cross-section scale for our discussion of the H. Our esti-
mates for the ratio of the H and d cross sections are
presented in Sec. IV. The experimental feasibility of H
experiments with hyperon beams is assessed in Sec. V,
and some conclusions and outlook are provided in Sec.
VI.

II. MECHANISMS FOR H PRODUCTION
WITH HYPERON BEAMS

The simplest mechanism for H production with X or
beams is baryon exchange, depicted in Fig. 1. We

show only the lowest-mass SU(3)-octet exchange, as only
an octet can combine with the target octet baryon to
form the singlet H. Even as one proceeds to higher ener-
gies, the amplitude is therefore built up from only the
lowest-mass exchange octet trajectories, rather than the
full Regge trajectories. Since the deuteron is an isospin
singlet, only T= —,

' exchanges are allowed. In addition,
triangle diagrams can contribute; these involve meson-
baryon scattering as well as baryon-baryon fusion to form
the composite object (d or H). For laboratory momenta
up to 10 GeV/c or so, these mechanisms have been evalu-
ated for the p+p~~++d reaction by several authors
[27—29]. These simple nucleon/pion exchange models
enjoy some success below about 3 GeV/c, but start to
break down at higher momenta. A Reggeized baryon-

+p~H+p+X . (2.1)

The production of an antiproton along with the H is due
to the local conservation of baryon number [31]. The ex-
changed object in Figs. 2(a) —2(c) is the Pomeron [32],
which provides the nearly energy-independent (slightly
rising) part of the cross section at large &s; other mecha-
nisms lead to cross sections which drop off as s " (n=3
for Fig. 1, for instance). In Fig. 2, the Pomeron dissolves
into a baryon-antibaryon pair with vacuum quantum
numbers (J" =0++,I=O). The QCD structure of the
Pomeron and its strong coupling to quarks is a subject of
recent interest [32]. Thus, in Fig. 2(b), we do not obtain a
X+A contribution, which would provide a better experi-
mental signature. In Fig. 2(a), for a 600 GeV:-, the

exchange model has been developed by Barger and
Michael [30] and applied to the existing p +p~vr++d
data up to 21 GeV/c. This model, which includes
exchange-degenerate N ( —,'+, —,'+, —,

'+, . . . ) and
N ( —,'+,

—,
'+, . . . ) trajectories, is rather successful in fitting

the data. Thus, for our estimates of ratios of H to d two-
body production cross sections, we assume that Reg-
geized baryon exchange is the dominant process. We use
the exchanges shown in Fig. 1 to obtain ratios, since the
wave functions for virtual (but almost on-shell) decay of
the d or H involve only couplings to SU(3)-octet baryons.
At high energies, the exchanged baryon is far off shell,
and there will be a large form factor suppressing the
baryon-baryon fusion into the composite d or K. We as-
sume that this form-factor effect cancels out in the H/d
total cross-section ratio, and that the spin-Qavor factors
which characterize the lowest-mass exchanges remain the
same for the higher-spin Regge exchanges.

At higher energies, the two-body cross sections drop
off rapidly, and d or H production will be accompanied
by a number of pions n &&1. Thus, one would search
for the H in the inclusive processes X p, = p ~HX or
the semi-inclusive reactions depicted in Fig. 2. A promis-
ing reaction in the high-energy regime is

z0, q, p0
(a)

z0, q, p0
(b)

P
P

0 *0
K , K

(c)

0 *0
K , K

(d)
-~ X

(a)

-~ X

(b)

(e)

i~+ i~ *+ i~+ ii *+

-~ X

(c)

FIG. 1. Baryon-exchange mechanisms for H dibaryon pro-
duction in hyperon-nucleon interactions (a—f) and deuteron for-
mation in proton-proton collisions (g).

FIG. 2. Pomeron-exchange (wavy line) mechanism for 0 di-

baryon (a),(b) and deuteron (c) production in baryon-baryon col-
lisions. The coupling of the Pomeron to baryon-antibaryon
pairs implies that the 0 or d is produced in association with an
antibaryon.



46 POSSIBILITY OF H DIBARYON PRODUCTION WITH. . . 1085

final H should take roughly 400 GeV of the energy, leav-

ing 100 GeV for the p and 100 GeV for the X. The p will

be produced at low x ( —,
' to —,

' ), along with an H at high x
in a sizable number 'of events. This could provide an im-
portant experimental tag of H production. The p and
reconstructed H mornenta should project back to the
same point in the target nucleus. One ~ould then look
for the final state X +p +p after the decay H —+X +p.
We return to the experimental aspects in Sec. V.

d(T =A exp( bpT) .— (3.1)

For the data above 10 GeV/c, the fitted values [36] of A
and b as functions of pi are collected in Table I for the
d +m. + final state. Thegeometrical parameter b is essen-
tially independent of &s in this energy region and of or-
der b = 1 fm '. The value of A drops rapidly with &s
approximately as

'3

III. RESUME OF THE p +p —+m++d, p+d DATA

Our strategy is to estimate an H/d ratio, so we sum-
marize here the salient features of the existing data on
deuteron production. The two-body reactions
p +p ~m.++d,p++d have been studied up to laboratory
momenta pI of 24 GeV/c. Data near 5 GeV/c are of in-
terest since this is the momentum region where we could
obtain tagged hyperon fluxes with meson beams. Data
above 10 GeV/c are due to Anderson et al. [33], Baker
et al. [34], Allaby et al. f35], and Amaldi et al. [36]. The
data at 21.1 GeV/c (&s =6.43 GeV/c ) and 24 GeV/c
(&s =6.84 GeV/c ) are of particular interest, since this
corresponds to the region of momentum where one might
construct a usable X beam at the Brookhaven AGS or
at the proposed KAON facility at TRIUMF.

Above a few GeV/c, the c.m. differential cross sections
da/dQ for p+p~n. ++d, p++d exhibit an approxi-
mately exponential dependence on the deuteron trans-
verse momentum pT=p sinOL, where p is the deuteron
laboratory momentum, i.e.,

tions at 21 GeV/c are [35]

tr„,(p+p~m. ++d)=15.2+1.5 nb,

o„,(p+p~p++d)=15. 2+2.4 nb .
(3.3)

A comparison of these two reactions at fixed four-
momentum transfer t=0 yields [36]

(3.4)

do do
dQ (p +p ~n+d )

. (p +p ~d +X)= 3 X 10
dQ

(3.5)

Assuming that the same ratio roughly holds for total
cross sections, we estimate (at 21 GeV/c)

do ~$
dt o

with n =3.5+0.1 for m++d and n =2.5+0.1 for &++d
Thus, the t =0 cross section for p++d decreases less rap-
idly than that for ~++d, and becomes significantly larger
than the tr+ cross section above 20 GeV/e.

The strong s dependence of the p +p —+~++d,p++d
cross sections is a signature of a baryon-exchange mecha-
nism [37]. The s dependence is consistent with Reg-
geized baryon exchange. The simplest description in
terms of Reggeized nucleon exchange fails, since it pre-
dicts a strong dip in the angular distribution which is not
observed (analogous to the strong dip observed in n++p
scattering). This led Barger and Michael [30] to an
exchange-degenerate Regge model with (N, Nr ) trajec-
tories, which reproduces the energy dependence and
smooth angular distributions observed for the
p +p ~n.+ +d reaction.

The two-body final states ~++d,p++d represent only
a small fraction of the inclusive p +p ~d +X cross sec-
tion, which displays a broad peak [35] at a deuteron
momentum of 10 GeV/c and a peak cross section of 100
)ttb/sr GeV at pL =21 GeV/c, OL =40 mrad. From this,
we estimate an integrated inclusive cross section of order
1 mb/sr, corresponding to a ratio at small angles of

$0A(s)=A(s )
$

(3.2) ato, (p+p~d+X)=50 pb,
and hence

(3.6)

At 5 GeV/c, the p++d cross section at pT-—0 is about —,
'

of that for m++d. At 21 GeV/c, the two cross sections
are comparable [35], i.e., A =0.32+0.08 pb jsr,
b =183+10 MeV/c for p++d, almost the same as the
values given in Table I for ~++d. The total cross sec-

pL (GeV/c) A (pb/sr)

TABLE I. Parameters of exponential fit of Eq. (3.1) to
differential cross sections for p+p~d+m. + (from Amaldi
et al. [36]).

trto, (p +p ~d +X)
=10

o to, (p +p ~X) (3.7)

This ratio does not seem unreasonable since it is also of
the order of a typical coalescence probability, as calculat-
ed for instance in thermal models of composite particle
formation [24,25,38].

If we now use an s dependence [Eq. (3.2)] to extrapo-
late the values of Eq. (3.3) to 350 GeV/c, a motnentum at
which X and:- beams are available [39] at CERN, we
obtain a suppression factor of about ( —,

' ), or

10
14.2
19.2
21 ~ 1

24.0

1.5+0.3
0.74+0.17
0.24+0.06
0.28+0.05
0.16+0.03

183+9
166+11
185 fixed
192+8
185+4

o „,(p +p ~tr++d) =4 pb . (3.8)

Since the H cross sections are further suppressed by at
least an order of magnitude with respect to d formation,
as we demonstrate in the next section, it does not appear
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feasible to measure H production via two-body reactions
(H +meson) at CERN [39] or Fermilab [40] energies.
However, the cross section for inclusive p +p~d+X
should not drop off' rapidly with &s. Hence we expect
that X +p, " +p ~H +X would also have measurable
rates.

IV. ESTIMATES OF CROSS-SECTION RATIOS

a( n +p ~d ) = —,
' X —,

' . (4.1)

The short-range part of the wave function of the H di-

baryon, if it is strongly bound, corresponds to an even-

parity SU(3) singlet, with spin 0. Since a singlet couples
to each allowed baryon-baryon charge state with equal
weight, and there are eight combinations
AA X X X+X X X+:- p p= = n, n=, each chan-
nel has a flavor factor —,

' corresponding to

a(B, +B2 ~H) = ,' X —,
' =

—,', . — (4.2)

The spin factor is always —, (the probability of spin 0 in a

statistical distribution of baryon-baryon spins). Note that
in the graphs of Fig. 1, only one ordering for baryon-
baryon fusion occurs, so the flavor factor is not doubled
to —,

' for nonidentical baryons. For example, in Fig. 1(c),
the X X+ ordering occurs, but not X+X . This is in

contrast to the situation in a heavy-ion collision, where
one could produce a X+ and a X in separate nucleon-
nucleon collisions, followed by the fusion process
X+X ~H or X X+~H; here both orderings occur.
The same argument results in the flavor factor of —,

' in Eq.
(4.1), since in Fig. 1(g) only the ordering pn ~d occurs.
We do not attempt to refine our rough estimate here, but
note that a more detailed group-theoretical calculation
based on the color-spin-flavor group SU(18), including
quark antisymmetrization, may modify our results some-
what, since the fusion weights will not factorize in gen-
eral into a spin and flavor factor [41].

We note that there are angular momentum and parity
selection rules for the reaction

It is very difficult to calculate the absolute value of the
cross section for a process like X +p~H+K * from
first principles. Hence we use the experimental data on
the production of the only known dibaryon, namely, the
deuteron, to estimate the H!d ratio. The available data
on the reactions p+p~d +~+,d +p+ were reviewed in
the previous section. Here we estimate cross-section ra-
tios for hyperon reactions near 5 and 20 GeV.

We first consider the spin-flavor factors. The deuteron
is an object with even parity, spin 1 and isospin 0, corre-
sponding to a ' S,-' D& bound state of the np system.
Thus, if we consider the fusion of an np pair in an even-

parity partial wave with a statistical distribution of spin
to form the deuteron, as in Fig. 1(g), the appropriate
spin-flavor weight factor a(n+p~d) for the np ~d ver-
tex is given by

final-state particles have spin 0. The final state must have
unnatural parity, and this requires the initial hyperon-
nucleon state to be in the triplet spin state. The allowed
initial states +'LJ are listed in Table II for several
values of the final-state orbital angular momentum l. For
p+p~d +a+, both singlet (odd-I) and triplet (even-I)
initial spin states occur. Note also that, if we are consid-
ering a baryon-exchange reaction with the meson emitted
in the forward direction, the projection of the angular
momentum on the direction of the incident momentum
must be zero. This means that only the initial state with
total spin 1 and projection 0 on the momentum can con-
tribute to the reaction where the meson goes directly for-
ward and the H directly backward in the center-of-mass
system. Note that these selection rules do not hold for
deuteron production or for reactions producing vector
mesons because the deuteron and the vector meson both
have spin 1, and there are many more allowed angular
momentum couplings.

The other ingredients in computing H/d ratios are the
coupling constants at the meson emission vertex [see
Figs. 1(a)—l(g)]. We first assume that SU(3) symmetry is
valid, which yields the relations

gNNm gXK g

gxxx g==~ =g(1 2~ps) &

+2&ps)/

(4.4a)

(4.4b)

(4.4c)

g:-AK givN q
—

g ( 4~Ps

gNN'g
&

g 'g ] gNNr/8
=v'2

(4.4d)

(4.4e)

e i m 2 =2av=1, av= —„aps (4.&)

In one-boson-exchange models, which are fitted to the ob-
served NN, AN, and XN scattering data, one preserves
SU(3) symmetry and entertains deviations from SU(6).

TABLE II. Allowed initial states for production of the deute-
ron and H dibaryon for several values of final-state relative or-
bital angular momentum l.

p +p~d+77 Y+p~H+PS

for pseudoscalar mesons, where aps is the F/D ratio.
Here the SU(3)-singlet and -octet states are

rI, =(uu +dd+ss )/&3,

rI s
= ( u u +dd —2ss ) /&6,

and we have used the Okubo-Zweig-Iizuka rule

(gz~~ =O, g, =ss) to relate the g, and gs couplings as per
5

Eq. (4.4e). For vector mesons, we have both electric (g-
type) and magnetic (f-type) couplings, with correspond
ing F/D ratios az and aP. For static SU(6) symmetry,
for instance, we have

where Y is a positive-parity spin- —, hyperon and PS is a

pseu do scalar meson. Restrictions arise because both

3p

'S, 'D

P), PF2, F3

'Po
Sl
PF2
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For instance, in model D of the Nijmegen group [42], one
obtains

a&=1, a&=0.334, aps=0. 485, (4.6)

=2cxpsg —Hg (4.7a)

T'X +p-H+K'=gx xagx ~ -+g=- ag=-x-~

2g [g — + ( I 2aps )
—g=-,„l

T(A+p ~H+K+ ) =g AAItg ++g g +

(4.7b)

gAAH(1+ aps)+g= —p~(4aps 1)]

(4.7c)

by adding coherently the two graphs of Fig. 1 which con-
tribute to each channel, and using Eq. (4.4). For the H,
each baryon-baryon charge state configuration has the
same coupling strength, up to a phase. In a consistent

which is not too far from the SU(6} limit. However, the
data on AN and XN scattering are limited, so this is not a
good test of SU(6). From studies of X and A production
[43], it is known that the strong X suppression predicted
in SU(6) is not seen experimentally, i.e., the ratio
gzzz/g Azz extracted from the data is much larger than
the SU(6) prediction of —,'„which follows from Eqs. (4.4b)
and (4.4c) with aps= —', . Information is also available on
X and A couplings from analyses of EN dispersion rela-
tions; Baillon et al. [44] obtain g +zan =0.8+3.2,
gA&z =21.3+3.7. This suggests that a ratio as large as

gzzz/gA&z= —,
' is allowed, corresponding to aps=0. 28.

In our later estimates of cross-section ratios, we thus
adopt a range of values —,

' aps
In the limit of SU(3) symmetry, certain relations be-

tween cross sections follow from the fact that a deeply
bound H is an SU(3) singlet. For instance, neglecting
mass differences within the baryon and meson octets, and
retaining only the dependence of the amplitude T on cou-
pling constants, we obtain

T(:- +p~H+n)=g . g,+g g

phase convention, we have g & =gz z+HpH
gAA—&=g&, so the amplitudes (4.7) are all propor-

tional to apsggH, and we find the cross-section relations

o (X +p ~H +K }=—,'o (A+p ~H+K+ ),
cr(X +p~H+K )=2o(:- +p~H+m )

(4.8a)

(4.8b)

cr(:" +p~H+m ) cr(: +p-~H+p )

o(p+p~d+m+) o(p+p~d+p+)
a(:- +p ~H)
a(n+p ~d )

=aps/12 = (5—13 ) X 10 (4.10)

We can also estimate the production of the g relative to
m . Using ~rl) =cos8ps~rts) —sin8ps~rl, ), we obtain

in the SU(3) limit. Note that Eqs. (4.8a) and (4.8b) are in-
dependent of ups so we do not need to assume the validi-

ty of SU(6). Similar relations hold for vector-meson pro-
duction. Of course, SU(3) symmetry is broken, and the
X +p and A+p reactions are suppressed with respect to

+p by a factor A, =P(ss)/P(uu ), which represents a
penalty factor for producing an additional strange-quark
(ss) pair in the final state. From a number of measure-
ments of the ratio of probabilities P for ss vs uu produc-
tion [45], we estimate A, = —,

' at the &s values under con-
sideration. We do not consider other mechanisms for
SU(3) breaking. For instance, one possibility is an L=2
decuplet admixture analogous to the D-wave mixing in
the deuteron. This would affect the X and:- couplings,
but not the N and A, where such mixing is forbidden by
isospin conservation.

We now estimate the H/d ratio. Including only the
dependence on coupling constants as in Eq. (4.7), we have

T(p +p ~d+m+ ) =&2g +g„pd
—2g„~dg . (4.9)

The extra v'2 in Eq. (4.9) arises from the Pauli principle.
In addition to the dependence on coupling constants ex-
hibited above, the cross-section ratio also includes a spin
factor which favors the production of the spin-1 deute-
ron. Thus,

cr(: +p~-H+g)
o (:" +p ~H +n).gus n+g=-- =-- q

2

&ps

r

(aps 1 )cos8ps+ +2( 1 —4aps)sin8ps

3

2

2.65 (aps= —}
(4.11)

0. 16 (aps ~s)

where we have assumed a pseudoscalar mixing angle of
Ops= —20 . Thus g production is comparable to ~ pro-
duction. In both cases, one would search for the two
photon decays (m. ~2y, g~2y), but this would be more
dificult than detecting a final state composed only of
charged particles. We also note that

(4.12)

since the final state has isospin
process would enter in
E +d ~%++a +H after
+:- reaction.

1. The " +n ~H+m.
the two-step process

an initial E +p ~EC

cr(: +n~H-+m )=2o(:- +p~H+n ),
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In the 20 GeV/c region, the p+p~m++d, p++d
cross sections are about equal . Using Eqs. (4.8a) and
(4.8b), with a factor A, =—,

' included on the right-hand side
of (4.8b), together with Eqs. (3.3) and (4.10), with ups= —,',
we obtain the rough estimates

cr(:- +p~H+vr )=o(:- +p~H+p )=0.2 nb,

(4.13a)

cr(X +p +H+—K )=cr(X +p~H+K )=0.08 nb,

(4.13b)

cr(A+p~H+K+)=cr(A+p +H+—K"+)=0.12 nb .

(4.13c

We have so far neglected effects due to the differing
sizes (rms radius) of the d and H. If the H is deeply
bound, it will be a smaller object than the d, with a size
approaching that of a proton. This difference would be
reflected in a different slope parameter b in Eq. (3.1). The
volume in momentum space for H formation depends on
kH, while for d formation it is kd, where kd and kH are
the relative momenta (inverse ranges) characteristic of
the deuteron or H wave functions. For the d we expect
kd ——150 MeV/c, while for the H a higher value (perhaps
kH =0.3 GeV/c corresponding to shorter range) may be
required. This size effect could enhance the H/d ratio
given above by a considerable factor. In what follows, we
do not include this possible size enhancement factor, so
our results may be regarded as conservative.

In our estimates, we have assumed that the d and H
production reactions have the same kinematical form fac-
tors. To see that this is not unreasonable, consider the

p +p ~d +p+ and:- +p ~H +p reactions at pL =20
GeV/c, corresponding to initial- and final-state c.m. mo-
menta (k, q)=(3.0,2, 8) and (2.95,2.74) GeV/c, respective-
ly. The c.m. momentum transfer k —

q for 0' production
is then practically the same (200 MeV/c ) for the two re-
actions.

In the above, we assumed that the H is an SU(3) uni-

tary singlet [see Eq. (4.2)]. If the H is weakly bound, i.e.,
deuteronlike, its wave function will be dominated by the
nearest threshold, namely the AA channel. In this case,
the A+p ~H +K+,H +K *+ reactions dominate, since
only these involve AA fusion. If the H is a weakly bound
AA state, we expect

(crA+p~H+K+)=24 pb (at 2. 8GeV/c) . (4.16)

The estimate of vector-meson production cross sections
in the few GeV/c region is more delicate. The

p +p ~d +m. + +~ cross section [46] displays a peak
value of 0.4 mb at a laboratory kinetic energy of 1.5 GeV
(pL ——2.3 GeV/c). Unfortunately, this peak cannot be in-

terpreted in terms of the p +p~d+p+ reaction, since it
occurs for a value of pL below the nominal threshold at
2.6 GeV/c for p production (Table III). Most likely, this
peak arises from a 6 production mechanism, for instance,
p+p~b++6, +~(m+n)+(rr p)~rr+rr d; the bb
threshold is near 2. 1 GeV/c. Thus, the ratio of d +m. +

and d+p+ total cross sections cannot be easily extracted
from the data at low momenta. However, according to
the data of Amaldi et al. [36] and Anderson et at. [33],
the ratio of d+p+ and d+m. + differential cross sections
at p&=0 [see Eq. (3.1)] is about —,

' at pz =5 GeV/c. At
lower momenta, this ratio would become even smaller. A
reasonable guess in the few GeV/c regime is

&s —Qso=m (4.15)

where +so =md+ m + is the threshold energy. That is,

the p +p ~d +m. + cross section peaks at an energy cor-
responding to the threshold for producing one additional
pion (pp~NNrrn). If we assume that Eq. (4.15) also
holds for the other two-body channels under considera-
tion, we arrive at Table III, which gives the thresholds
and predicted peak momenta. The Ap~HK+, HK*+
values are very similar to those for the X p reactions.
We have used the centroid masses m =0.77 GeV,
m + —-0.89 GeV for these calculations; of course, the

finite widths of these mesons will spread out the thresh-
olds and peaks. In Table III, we have used a mass

mH =2.15 MeV; as mH varies from 2.05 to 2.23 GeV, the
peak momentum for = +p ~H+n. varies from 0.64 to
1.4 GeV/c and that for X +p~H+K from 2.5 to 3.0
GeV/c.

Using Eqs. (4.8) and (4.10), we then estimate the peak
total cross sections for an SU(3) singlet H:

o(:- +p~H+n)= —,', X. 3 mb=40 pb (at 1. 1GeV/c),

o ( X +p ~H+ K ) =2k, X40 JLtb = 16 pb

(at 2. 8GeV/c),

o (A+p ~H+K+ )

(pcr+p ~d +~+ )

2
1 +2cxps 9= —X10-2

4
(4.14)

for eps-——', .

Let us now consider H production with hyperon beams
at lower momentum in the few GeV/c region. The
p +p ~d +~+ reaction displays a peak cross section [46]
of 3.1 mb at a laboratory energy of 585 MeV (pt =1.2
GeV/c). This quasisymmetric peak has a half-width
I /2=( —130, + 180) MeV; at the peak, the

p +p~d+m. + reaction contributes 28%%uo of the total in-

elastic cross section [46J. The peak cross section occurs
at a total c.m. energy &s given by

Reaction Threshold (CseV/c) Peak (GeV/c)

pp ~de
pp dp+
:- p~Hm-'
:- p Hp'
X p~HK
X p~HK *

0.8
2.6
0.4
2.9
2.2
3.6

1.2
3.1

1.1

3.3
2.8
4. 1

TABLE III. Threshold and predicted peak values of labora-

tory momenta pL for d or H production reactions for mH =2.15

CxeV.
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cr(Y+p~H+ V) 1

a(Y+p~H+PS) 10 ' (4.17)

+p ~A+K * and A+p —+H+E+ . (5.2d)

+p ~X +K+ and X +p ~H+K *, (5.2c)

where the cross sections are taken at the same available
c.m. energy +s —+so (for example, X +p +H—+Ko'
at 4.1 GeV/c is compared to X +p~H+K at 2.8
GeV/c).

In the few GeV/c region, it is not feasible to produce
sufficiently intense hyperon beams to measure processes
like Y+p ~H +M directly as single-step reactions.
Rather, a tagged hyperon is produced by a meson (~ or
K) impinging on a hydrogen or nuclear target, and then
interacts with a second proton in the same hydrogen tar-
get or even in the same nucleus.

Finally, we obtain a crude estimate of the cross section
for reaction (2.1},starting with the ratio

2
a(:- +p +H+p-+X) 1 g:- pH

a (p +p —+d+ n+X) 3 g„~d

1

12
(4.18)

a(:" +p ~H+p+X) =0.4 2pb . — (4.19)

The corresponding cross section for X +p ~H+ X
+X (X is the antiparticle of X+) should be about the
same as (4.19). If the X does not decay and is detected

magnetically, it will be indistinguishable from the large
flux of X 's associated with the beam. If it does decay,
reconstruction of the decay X ~~ n is much more
difficult than detecting a p.

V. EXPERIMENTAL CONSIDERATIONS

We now evaluate the prospects for producing an H
with real hyperon beams at 20 GeV/c and above, and
tagged hyperons at lower momentum produced with
meson beams. In the latter case, we consider sequential
reactions with pion and kaon beams incident on a liquid
hydrogen or deuterium target. The reaction on the first
proton produces a tagged hyperon, which then interacts
with a second proton in the same hydrogen target to pro-
duce an H. We first examine reactions on the two pro-
tons leading to an H plus three charged mesons. The
sequential reactions induced by E beams are

As discussed earlier, the size effect could significantly
enhance this ratio. There are no measurements of deute-
ron production in coincidence with an antinucleon. To
get an order of magnitude estimate, we assume that Eq.
(3.7) holds at high energy, and that the
(d+n+X)/(d+X) ratio is in the range 0.1 —0.5. Then
we obtain

Note that m+ beams are not useful in experiments with a
hydrogen target: although the reaction
m++ p —+X+ +K+ is allowed, the second step
X++p~H+E++m. + necessarily involves a three-body
final state because of charge conservation. If one assumes
that the H decay products are not detected, the above re-
actions are identified by observing three charged mesons
in the final state. We observe the weak decay
E —+E,~m+m, and the strong decays E ' —+E+~
and p —+~+~ . The reactions involving the p or E *

could also proceed at higher energies through the
f2(1270) or K2 (1430), which are strongly coupled to the
same m. +n. and E+~ decay channels, respectively.
The higher incident energies would allow the use of
thicker hydrogen targets, since the associated tagged
hyperons would have longer decay lengths. The reaction
sequences of Eqs. (5.1) and (5.2} correspond to the overall
reactions

E pp —+K 77 7T H,
E pp~m+E+~ H,
m. pp~E+m+m H,

pp —+E+E+n. H .

(5.3a)

(5.3b)

(5.3c}

(5.3d)

The reactions (5.3a) and (5.3c) involve the weak decay
E,~m+m, so strangeness is not conserved. Note that
in reactions (5.1a) and (5.2a), which involve K produc-
tion, there would be large backgrounds if we do not
detect the H, since the ~++ pair can result from K as
well as E decay. For instance, the competing process

X +p~ Y *+n ~E +nn

for the second stage of Eqs. (5.1a) and (5.2a) leads to the
same a+err (5.3. a) .or K+m+m. (5.3c) detected final
state. This background would swamp the H signal, un-
less we also detect the decay H~X p to distinguish the
H from two-neutron formation. Thus, reactions involv-
ing E+ or E * formation are preferable to those involv-
ing theE .

Experiments with mesons incident on a deuterium tar-
get are also worthy of consideration. As in Eqs. (5.1) and
(5.2), these are also two-step reactions, where the
intermediate-state hyperon is now virtual. The processes
which involve only charged mesons in the final state are

K +p ~X +m+ and X +p ~H+K
E +p ~= +E+ and:- +p —+H+p

(S.la)

(5.1b)

K +p ~A+p and A+p ~H+K+,
while those initiated by ~ beams are

(5.1d)

E +p ~X +m+ and X +p —+H+K *, (5.1c)

E +d —+H+K

K +d —+H+K *,
K +d ~H+K++m (K+vr AKO*),

m +d~H+E +K *

vr++d ~H+E++E+

(5.4a)

(5.4b)

(5.4c)

(5.4d)

(5.4e)

+p ~X +K+ and X +p ~H+K
m +p —+A+K and A+p ~H +K+,

(5.2a)

(5.2b)

Each of these reactions has two contributing amplitudes
in which the incident meson interacts with the proton or
the neutron. Equations (5.4a) and (5.4b) involve = pro-
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duction followed by =N ~H fusion, while Eqs.
(5.4c)—(5.4e) correspond to hyperon production and then
YN ~KH, K*H.

For reaction (5.4a), the differential cross section van-
ishes if the K emerges at 0', since a pseudoscalar meson
cannot induce the required d~H spin-flip transition.
This problem does not occur for (5.4b), since the E * car-
ries the requisite spin; this reaction was discussed by
Fitch [47], and a 0' cross section of 40 nb/sr at 3 GeV/c
was estimated by Dover [48].

In addition, we consider reactions on a liquid hydrogen
target at 20 and 600 GeV/c, respectively, using hyperon
beam lines:

X +p —+K *+H,
+p~H+p+X .

(S.sa)

(5.5b)

For experiments with hyperons, the optimum reaction
and incident energy (for signal to background) depends
on the beam intensity and purity, the hyperon (:-,X, A)
production cross sections, the expected background rates,
the H production thresholds and cross sections, and the
detector configuration and thresholds. The momentum
of 20 GeV/c appears reasonable for a hyperon-beam ex-
periment, and is determined by balancing the decreasing
H production cross section in two-body reactions with
the increasing hyperon flux (decay length) at higher ener-

gy. At an incident hyperon momentum of 600 GeV/c,
the final-state X from the decay H~X p lives long
enough for detection in a magnetic spectrometer.

In reactions (5.3a) —(5.3d) and (5.5a) above, we assume
that the H decay products are not detected. Therefore,
the two-body nature of the reaction is very important.
For example, in reactions involving a p, one measures
the decay products m+ and ~ and determines the p-
invariant mass. One should obtain a peak in the missing
mass spectrum if the H is indeed bound and produced in
a two-body reaction. For Eq. (5.5b), we require detection
of the H decay products. For the bound H, the feasibility
of detecting its decay products depends on the decay
length LD =Pycr of the H itself and of its decay product
X, on the acceptance of the detector, and on the quality
of the particle identification for beam and detected parti-
cles. If LD is too large, the H wi11 pass through the ap-
paratus without decaying, and hence elude detection.
For an unbound H or an excited state H*, one could also
observe charged particles from the decays H ~AA,

p~pvr p~ . The backgrounds for experiments in
which the H decay products are also detected should be
very low, since the kinematic requirements are very selec-
tive. For H ~X p, X ~~ n, the missing energy and
momentum must reconstruct to the neutron mass, the
neutron and ~ to a X, the X p to an H mass, and the

to a p . The trajectories of the p and H must also
extrapolate to the point of the target intercepted by the
incident and outgoing kaons.

In designing an experiment, one must consider the rel-
ative merits of using pion or kaon incident beams. Pion
beams have the advantage of much greater intensity and
purity than kaon beams, but the H cross sections are
smaller with pions. At the proposed KAON facility [49]

the anticipated beam intensities (particles/sec) are
1.5X10 (E }, 1.9X10 (m ), and 3.6X109 (sr+} at 6
GeV/c and 6.6X10 (K ), 1.6X10' (m ), and 2.4X1()'
(m. +) at 2.5 GeV/c. Thus, the m. +/K+ ratio is about 360
at 2.5 GeV/c and 240 at 6 GeV/c. For the less pure kaon
beam, but not for the pion beam, an in-beam particle
identification Cherenkov detector would be required, and
this could limit the usable kaon-beam intensity. If a tag-
ging detector system can be designed which tolerates the
full pion rate, the tagged hyperon rate would be several
hundred times larger with the pion beam than with
kaons.

To estimate the signal-to-background ratio, one must
consider all reactions that can yield a three-meson trigger
without involving H production. For example, the reac-
tions K p~= ~m K+ or K p~K pKK ~m
yield the K+~+m combination. Such reactions will give
a continuum background, and our ability to see an H
peak in the missing mass spectrum rests on achieving
good mass resolution. We note that the background for
reactions involving two K+ mesons in the final state will
be smaller than for the other reactions, but the H cross
section is also smaller. More detailed estimates will be
necessary, but they are beyond the scope of the present
work.

It would also be interesting to look for polarization
effects in these reactions. For the = +p~H+p reac-
tion, for instance, one could determine the p polarization
from the measured asymmetries in the m. +m final state.
The p could be polarized even if the " beam is unpolar-
ized. One may also exploit the fact that a vector meson
produced in association with an H carries different polar-
ization information than one arising from a background
process.

A. Reactions with m.+ and X beams on a hydrogen target

As an example, we now consider in more detail the re-
action (5.1b), namely, K +p~= +K+ followed by

+p ~H+p . Similar considerations apply to the use
of tagged X 's and A's to produce the H. For instance,
the (5.1c) and (5.1d) reactions would be studied simul-
taneously in the same experimental setup, as they also
correspond to K pp ~K+m ~+H. The coincidence
condition K+~+m is used, which makes it crucial to
have a high detector acceptance. The A, X,:- decay
lengths LD for a total energy of 4 GeV are 27, 14, 14 cm,
while at 1.5 GeV they are 7.1, 2.5, 2.6 cm, respectively.
Consequently, tagged A's are more effective than X or

particles. For 1 —10 GeV/c K s incident on a liquid
hydrogen target, the interaction length L, is about 1500
cm (L; = A /Npo, where N is Avogadro's number,

p =0.063 gm/cm is the density of liquid hydrogen,
0.=35 mb for the K proton total cross section, and
A =2 for liquid H2). If we match the target thickness to
the A decay length, we have 27/1500=0.02, i.e., a 2% in-
teraction length target. Thus, 0.5 —2% targets are ap-
propriate in the momentum range 1 —10 GeV/c. With a
5.5 GeV/t." K beam, and a K+ detected in the laborato-
ry between 40 and 100', the tagged:- is emitted be-
tween 18' and 5' with momentum from 4.2 to 5.6 GeV/c,
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respectively. The need for high-momentum = 's follows
from the required threshold for producing H+p, i.e.,
pL )3 GeV/c from Table III. For a p emitted between
0' and 30', with respect to the = direction, the kinetic
energy exceeds 1 GeV, and the decay pions are relatively
easily detected.

We now make a rough estimate of the count rate for
reaction (5.1b) with a 6 GeV/c K beam. The combined
probability for both interactions in the same 1% target is
the product of the individual probabilities; for each reac-
tion, we take a 0.5% interaction length target. We as-
sume a total cross section of 35 mb for E p and:" p in-
teractions, 5 pb for the K +p~K++:- reaction [SO],
and 2 pb for the = +p~H+p reaction, obtained by
taking —,

' of the predicted peak values of Eqs. (4.16) and
(4.17). We assume a 10% acceptance efficiency to ac-
count for the fact that we measure only back-angle E+
events. The probability for the two interactions is then

P =0.005x x0.005x x0.1=2x 10-" .
35 35

At the 1.5X10 sec ' K -beam rate at 6 GeV/c planned
for KAON, one gets roughly 10 event/h. A more
favorable case is reaction (S.ld). The observed [50]
K +p ~A+po cross section at 6 GeV/c is about 9 pb,
whereas one-half of the predicted peak cross section for
A+p~H+E+ is of order 12 pb. For a 2% target, we
obtain P =8.8X10 ', or about 5.4X10 event/h. At
such low rates, an H experiment with E beams appears
to be marginal.

As mentioned in Sec. IV, the cross section for produc-
tion of a deeply bound H could be enhanced with respect
to that for the deuteron by a geometrical factor
kH/kd'=(&«'& /&«'& )'"
and (r &~~ =( 6)'~ (r &&~ ——1 fm— , then this enhance-
ment factor is about 8. If this more optimistic scenario is
adopted, we would obtain, from (S.ld), roughly 500
events with an H in a 1000-h run. In this case, the count-
ing rate appears to be acceptable for an experiment with
6 GeV/c K beams at KAON.

We now consider the rr reactions (S.2a) —(5.2d) at 6
GeV/c. The dominant processes turn out to be (5.2b) and
(5.2d), which involve vector-meson production in the first
step. The relevant cross sections [50] at 6 GeV/c are
cr(r«+p~A+K *)= 10 pb and 0(rr +p~A+K, )

=12 pb. Again using —,
' of the peak H cross sections

from Eq. (4.16), and assuming a 2%%uo target, we obtain

1.2X10 ' for reaction (5.2b),P='
9.8X10 ' for reaction (5.2d) .

Using a rr fiux at 6 GeV/c of 1.9X10 sec ' at KAON,
the above values of P correspond to 8 or 6.7 H event/h
for (5.2b) or (5.2d), respectively. The possible enhance-
ment of the H/d ratio by a factor 8, discussed above, has
not been included here. The most favorable case would
appear to be (5.2d), which involves a K+K m trigger,
for which the background is certainly lower than for
E+~+m . Thus, H searches with a 6 GeV/c m. beam
appear to be feasible to KAON.

At the lower pion momentum of 2.5 GeV/c, the
KAON beam intensity is higher than at 6 GeV/c, and the
6rst-stage hyperon production cross sections for
(5.2a) —(5.2d) are larger. However, the second-stage H
production is diminished due to threshold effects. At 2.5
GeV/c, a 0.5% rather than a 2% interaction length tar-
get is needed in order to match the shorter decay lengths
of the hyperons. Using o(n. +p~A+K, )=0.08 mb
and o(A+p~H+K+)=4 pb, one-sixth of peak value,
and a 10% detection efficiency as before, we estimate 10
counts/h for reaction (5.2b) at 2.5 GeV/c, and a very
similar rate for (5.2d), comparable to the event rates
given above for 6 GeV/c m 's.

B. Reactions with X beams at 20 GeV/c

We consider a hyperon-beam experiment, in particular,
the X +p~E *+H reaction in the vicinity of 20
GeV/c. Information about X beams in this momentum
range is known from earlier work [51] at CERN and
Brookhaven. A rate of approximately 200 X and
2:- / proton burst (1.5 X 10" protons) was achieved in
the 1970's at BNL. The limiting factor in the hyperon
rate was not the proton-beam intensity, but rather the
single rates expected from the background muon flux
[52].

Recently, new design studies [53] have been carried out
for a 20 GeV/c X beam at KAON. In this scheme, the
hyperon-production target would be at the center of a
sector of two circular magnets with opposite magnetic
fields [54]. This has the advantage of trapping low-
momentum particles such as muons. Optimistically, we
estimate that a X -beam intensity of order 3X10 sec
may be attainable. This is 150 times higher than the rate
obtained at BNL.

The X decay length at 20 GeV/c is 79 cm, which al-
lows the use of a S%%uo interaction thickness liquid hydro-
gen target. Assuming rr(X +p ~H +K *)=0.1 nb
from Eq. (4.13b), a total cross section for X p interac-
tions of 20 mb, and a detector acceptance of 50%, we find
that the probability of an interaction in a 5% interaction
target is P = 1.3 X 10 ' . At a beam rate of 3 X 10 sec
we then expect about 1.4X10 H event/h. If a geome-
trical enhancement factor of 8 is included for the H, as
discussed above, about 100 events would be accumulated
in 1000-h run. Such an experiment is clearly very
diScult.

C. Hyperon beams at high momentum (350-600 GeV/c )

Cross sections for two-body reactions [see Eq. (3.8)] be-
come unmeasurably small at high momentum. Thus, if
we wish to exploit the X beams at CERN (350 GeV/c)
or Fermilab (600 GeV/c), we need to focus on inclusive
or semi-inclusive reactions. In this case, it is necessary to
detect the decay products of the H. The only two-body
decay mode involving two charged particles is H ~X p;
the X n or An decays would be very dificult to recon-
struct. This if m& &2.14 GeV, all the H decay modes in-
volve neutral particles, and a meaningful experiment is
essentially impossible. If the H is a weakly bound AA
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state, on the other hand, the H lifetime must approach
~~/2=135 ps, and the dominant decay mode becomes
H ~AN vr. In this case, the four-body final state
p~ p~ will be prominent and could be detected. At
high momentum, the decay length is sufficiently long so
that the X can be measured magnetically before it de-
cays to a vr and a neutron.

As part of experiment WA89 at CERN [39], which
uses a 350 GeV/c X beam, and experiment E781 at Fer-
milab [40] (600 GeV/c), searches for the decay H +X —P
are intended. As argued in Sec. II, the H would be fre-
quently accompanied by a p if it is formed in a = +p
collision at high energy. The Pomeron-exchange mecha-
nism of Fig. 2 is expected to dominate. The

+p ~H +p+X reaction is more favorable experi-
mentally than X +p ~H+ X +X because p detection
is straightforward, and the X cannot be distinguished
from beam-related X 's. However the = component of
the X beams at CERN and Fermilab is only a few per-
cent. The X flux is 10 sec ' at CERN, so one expects
on the order of 10:- /sec. Given the cross-section esti-
mate o(:" +P~H+p+X)-1 pb from Eq. (4.19), one
expects a very modest rate of H events. The advantage of
detecting a p in coincidence with the decay H~X p is
that the background would be strongly reduced. The
higher energy of the Fermilab experiment is more suit-

able for this tagging technique. For this case, the H is

produced with an energy of about 400 GeV, and the de-

cay X has about 200 GeV, corresponding to a decay
length of 7.4 m. For the CERN experiment, the final X
will have roughly one-half of this decay length. The
larger decay length at Fermilab is better matched to mag-
netic detection of the X

VI. CONCLUSIONS AND PROSPECTS

We have presented cross-section estimates for the pro-
duction of the double-strange H dibaryon in reactions in-
duced by meson (K,n ) or hyperon (X,A, :- ) beams.
We investigated two-body reactions of the type
Y+N~H+M, where the meson M is detected. The H
could then be seen as a peak in the missing mass spec-
trum without the necessity of detecting its decay prod-
ucts. We also consider two-step reactions such as
M+NN~H+M'+M", which take place on two nu-
cleons. Here the first-stage process M +N ~Y+M' pro-
duces a hyperon Y, which then creates the H through a
second reaction Y+N~H+M". The nucleon-nucleon
(XX) pair could be two protons in a liquid hydrogen tar-
get or a deuteron (d).

Our main focus is on the feasibility of experiments
which could eventually be carried out at the KAON fa-
cility [49], which would offer unprecedented K —,m.—-, or
X -beam intensities. At 6 GeV/c, fluxes of 1.5X10
sec ' for E and 1.9X10 sec ' for ~ are anticipated
at KAON, which we estimate would yield 10—100 H's in
a 1000-h run with K 's and a factor of 100 more with

s using a liquid hydrogen target. There is a substan-
tial theoretical uncertainty in this number due to the ex-
pected strong variation of the H/d ratio with H binding
energy, as well as an experimental factor depending on

the details of the detector design (we have simply as-
sumed a 10% detection efficiency). At 6 GeV/c, such ex-
periments appear to be feasible with m 's, assuming one
can make use of the full beam intensity. At a lower
momentum of 2.5 GeV/c, an even higher n. flux of order
1.6X 10' sec ' could be available. However, the cross
section for production of two units of strangeness drops
rapidly as we descend to these lower momenta, and we
estimate comparable counting rates for H production
with 2.5 and 6 GeV/c m beams. For these reactions, we
detect three charged mesons in the final state
(K K+~m+m. K+ or K 'K+~m' K+K+)

For a hypothetical X hyperon beam at KAON, at 20
GeV/c with an intensity of 3X10 sec ' we expect
10-100H's to be produced in a 1000-h run, assuming an
input cross section o(X +P~H+K ')=0.1 nb. In
this case, we detect the decay products K+m of the
K '. Such an experiment appears to be marginal for
KAON. The cross section for H production with a " is
larger than that for a X, but the = component of the
X beam at KAON would only constitute 1% or so, and
thus only a few additional H's would be produced.

We have also considered the use of existing high-
momentum X beams at CERN (350 GeV/c) or Fermi-
lab (600 GeV/c) to produce the H. In experiment WA89
at CERN [39], and E781 at Fermilab [40], the decay
H —+X p will be searched for. Two-body cross sections
at high momenta are hopelessly small, so one must inves-

tigate inclusive or semi-inclusive processes, and detection
of the H decay products is obligatory. We suggest that
for = +p reactions at high energy, the H may be often
accompanied by a p. The simultaneous detection of the p
and the decay H~X p may serve to significantly im-
prove the signal/background ratio.

Finally, we mention that the Pomeron-exchange mech-
anism (Fig. 2) also offers the possibility of producing the
H (antiparticle of the H) as well as the pentaquark P, a
proposed [4,5] isospin I =

—,
' doublet (P =cuuds,

P =cddus). Some of the relevant reactions are

p+p ~H+:- +X,
p+p~P +D, +X,
p +p ~P +D,+ +X,
X++p ~P +D++X,
X +p~P +D +X,

where D, (cs), D,+(cs ),D+(cd ), and D (cu ) are charmed
mesons. The pentaquark cross sections depend on the
charm-anticharm meson (D, D,+,D D+,D D ) com-
ponents in the Pomeron, about which very little is
known. However, the detection of a D meson would pro-
vide an important experimental tag of P formation. If
the P is stable with respect to strong decays (P ~pD, ,

for instance), one would try to reconstruct a weak decay
involving only charged particles, for example,
P ~pg~
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