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Some quantitative expectations are given for hadronic experiments ~ith hyperon beams. These include

measurements of total and elastic cross sections, diffractive production of nonresonant and resonant states,

charge- and hypercharge-exchange reactions, studies of "missing" strange resonances, uses of polarized

hyperon beams, and searches for new particles. Some comments are added about Coulomb dissociation of
hyperons.

I. INTRODUCTION

A great deal has been learned in strong-inter-
action physics as a result of the large variety of
secondary hadronbeams. For thepast 15years these
have included charged pions and kaons, neu-
trons, protons and antiprotons, and (more re-
cently) long-lived neutral kaons, A, A, and Z .
Systematic experiments using hyperon beams are
now being planned at the CERN Super Proton Syn-
chrotron and at Fermilab. These beams will be
very useful in the study of weak interactions of
hyperons, for which a number of quantitative pre-
dictions exist. ' The hyperon beams contemplated
also will permit a wide range of hadron experi-
ments, however. In the present article, we have
listed as many of these experiments as we could.
Some have been discussed before' '; others are
new. In all cases we have tried to estimate quan-
titatively the "interesting" levels of precision.

Section II discusses total cross sections of hy-
perons and antihyperons on nucleons. The stand-
ard quark-model predictions are reviewed, and
a more general discussion based only on SU(3) is
given. Section III is devoted to elastic scattering,
with particular emphasis on real parts of forward
amplitudes, slopes, and experiments at ~t

~

= I
GeV'. In Sec. IV we discuss the states (both reso-
nant and nonresonant) that can be produced diffrac-
tively from hyperons. Section V deals with a few
simple observations regarding charge- exchange
and hypercharge- exchange reactions. These will
be treated in detail in a separate publicatio. '

In Sec. VI we show that certain channels accessi-
ble to hyperon beam experiments are expected to
contain many more resonances than have been ob-
served up to now. These include Av, Zv (particu-
larly I= I), and:. v. The "resonance deficit" is
estimated in these channels, and suggestions are
made for making up the deficit by means of hyper-

on-pion scattering experiments.
The A beams produced at Fermilab appear to be

polarized at high P,.' If this effect can be under-
stood and controlled, the prospect exists for a
whole range of experiments using high-energy
polarized hyperon beams. Some suggestions are
made in Sec. VIII.

Coulomb dissociation of hyperons, ' though not a
hadronic process, is mentioned briefly in Sec. VIII
for completeness. In Sec. IX we discuss some ad-
ditional merits of the negative strangeness of hy
peron beams: They might be useful in producing
particles with new quantum numbers, and they
could add insight regarding inclusive processes,
particularly those involving high- transverse-mo-
mentum secondaries. Section X contains our con-

clusionss.

II. TOTAL CROSS SECTIONS OF HYPERONS AND
ANTIHYPERONS ON NUCLEONS

I et us begin by discussing baryon-baryon sys-
tems. A "first guess" at hyperon-nucleon total
cross sections follows from the addltlve qualk
model. The total cross section of a strange quark
on a nucleon appears to be smaller than that of a
nonstrange quark by an amount &, which can be
estimated by

&=a,(v p) o,(&f)-
= o, (v'P) —o,(& n)

over the beam momentum range 6—240 GeV/c.
The difference (l) is illustrated in Fig. 1. Then
since the total NN cross section is roughly charge
independent,
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FEG. 1. Difference between m p and E p total cross sections. The data are from Ref. 9.

we have

o,(A N) =o,(ZN) = (z,(NN) —&,

a, (:"N) = ot(NN) —2D,

g, (O N) =o,(NN) —3&.

(5)

Similar "equal-spacing" rules would be expected
to hold for total cross sections on deuterons or,
for that matter, on any light nucleus. ' The yre-

dictions of Eqs. (5)- (7) for nucleon and deuteron
talgets ale displayed ln Flg. 2.

Some recent measurements of hyperon total
cross sections" "are plotted in Fig. 2 and com-
piled in Table I, along with NN cross sections at
similar energies. These measurements are ade-
quate to test the relations (5). With the exception
of the surprisingly low values for o,(Z d) and the
derived quantity cr, (Z n), there is general agree-
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FEG. 2. Additive quark-model predictions for (a) hyperon-nucleon and (b) hyperon-deuteron total cross sections,
compared with measurements in A (+) and Z (0) beams. Sources of the data points are given in Table E.
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TABLE I. Hyperon-nucleon total-cross-section values.

Hyperon Target
A

Beam
momentum

(Ge V/c)
o,(rX)
(mb)

o &(pA)
(mb)

6-21
6—21
6—21
18.7
18.7
18.7

34.6 + 0.4
65.8+ 0.8
34.0+ 0.8
34.0+ 1.1
61.3 + 1.4
30.0+ 1.2

39.10~ 0.12
74.1 + 0.7
39.10+ 0.12
39.10+ 0.12
74.1 + 0.7
39.10+ 0.12

Ref. 10.
Bef. ll; 19 Gev/c

~ Ref. 12; 19 Cev/c
d Extracted from deuteron target using Glauber correction.

Ref. 13.

(8)

yields"" 12.85 + 0.52 mb at 6 GeV/c and 13.16
+ 0.44 mb at 12 GeV/c, whereas the experimental
values, deduced from P photoproduction, "are
8.7 + 0.5 mb at 4.6 6.7 GeV/c, "9.3 + 0.3 mb at 8.5
GeV/c, "8.7 +0.9 mb at 9.3 GeV/c, -'' and approxi-
mately 9.3 mb at 12 GeV/c. " Hyperon-beam ex-
periments offer the advantage of freedom from the
vector- meson- dominance assumption.

If more refined measurements of hyperon-nu-
cleon total cross sections can be made, it will be
possible to go beyond qualitative tests of the quark
model and investigate the SU(3) structure of the
Pomeranchuk trajectory. If SU(3) symmetry holds,
the charge-averaged baryon-baryon total cross
sections can be written in terms of t-channel ex-
change contributions as

g, (NN) = P, + (1 —n /3)P, + (1 —n r/3) f
—(1 —n, /3)cd, (9)

g, (AN) = P, —(2n/3)P, + —,'(2 —4n r/3) f
——,'(2 —4n ~/3)&u,

g, (&N) = P, + (2n/3)P, + ,'f -', (u, --

ment with the quark- model expectation. Evidently,
such tests require the measurement of hyperon-
nucleon total cross sections to +1 mb.

Whether the quark-model predictions are quan-
titatively successful remains to be seen. In the
similar setting of QN scattering, the quark model
correctly anticipates that gr(rtr N) (g, (EN), but fails
numerically, if vector-meson dominance is to
believed. The relation

g, (rtrN) = k [gr(&'P)+ or(& p)+or(&'n)+ g, (E n)

g, (:-N) =P, —(1+n/3)P, + 3(l —nr) f
——,'(1 —n ~)(u,

where P„P„f, and rd denote suitably normalized
contributions of SU(3)-singlet and -octet Pomerons
and of ideally mixed f' and u' trajectories, and

n, nr, and nv are the D/E ratios of symmetric
to antisymmetric coupling of the octet Pomeron,
the tensor-meson trajectories, and the vector-me-
son trajectories to octet baryons. The singlet cou-
plings of &u and f' a.re chosen to ensure that 4r and

f * decouple from the NN vertex.
Equations (9)—(12) permit many interesting ex-

ercises. U n = n~= a ~=0, they reduce tothequark-
counting rules (4)-(7) [but without specifying n
through Eqs. (1)—(3)]. For any values of n, n~,
and n~, the cross sections must satisfy a relation
similar to the Gell-Mann-Okubo mass formula:

g, (NN) + g, (:"N) 3gr(AN)+ gr(ZN)
2 4

It is usual to assume that baryon-baryon total
cross sections are dominated by the Pomeron
above an incident momentum of a few GeV/c. This
assumption is supported by duality considera-
tions, ""and at least roughly by the data. [See
Eq. (4) and Fig. 2.] In any case, the cd-exchange
contribution can be eliminated by averaging parti-
cle and antiparticle cross sections and the f-ex-
change term can be distinguished from the Pome-
ron by its characteristic energy dependence. " If
the Pomeron contribution can be isolated, either
by assumption or by explicit separation, the ratio
a can be extracted from

o r(NN) —gr(AN) 1+n/3
g, (NN) —gr(ZN) 1 —n

The 19-GeV/c data cited in Table I then imply only
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FIG. 3. Differences between hyperon and nucleon total cross sections on (a) nucleon and (b) deuteron targets, as
functions of the octet coupling parameter n =D/F of the Pomeron, at 50 GeV/c. The u =0 values are taken from Fig.
2.

that

a = —0.1 +0.2 (nucleon data)

or (15)

a = —0.35+ 0.10 (deuteron data).

These values are consistent with zero (the quark-
model result) and with another "interesting" value,
o. = —0.3, the D/F ratio of the octet mass-splitting
operator. "

Let us continue to assume, for illustrative pur-
poses, that at 50 GeV/c the non-Pomeron contri-
butions are negligible. Then, taking the cross-
section estimates in Fig. 2 as the values appropri-
ate for n =0, we plot in Fig. 3 the differences
e,(YN) —o,(NN) as functions of n =D/F. A differ-
ence of as much as 1.5 mb between AN and ZN
cross sections (or of 3 mb between Ad and Zd
cross sections) is quite conceivable. In order to
establish this one would have to measure each
cross section to an accuracy of 1%).

It is of independent interest to study the energy
dependence of AN. ZN, "N, and QN total cross
sections. Do all rise in the same manner as the

PP cross section? Does the octet component of
vacuum exchange fade away at high energies? (The
data in Fig. 1 and the analysis of Ref. 16 indicate
that for meson-baryon collisions it does not. )

We now turn to total cross sections of antihy-
perons on nucleons. In this context it is of interest
to discuss the differences g, (BB)—o,(BB) Again, .
a simple quark-model rule exists for these differ-
ences. '4

Let us define a unit 5 of particle-antiparticle
cross-section difference as follows. Count the
number of ways an antiquark q,. in the projectile
antibaryon can annihilate a quark q,. in the target
baryon. (See Fig. 4) For each possible annihila-

tion, count one unit 5. Then sum over the quark
species j. The total contributions (for nucleon and
deuteron targets) are listed in Table II, together
with numerical estimates at 50 GeV/c. To esti-
mate cross-section differences at other momenta,
one may use the fact that o,(PP) —o, (PP) behaves
approximately as P„„".To properly test the
predictions of Table II at 50 GeV/c requires mea-
surements of total-cross-section differences to
within 0.5 mb. Otherwise, the predicted 5:4:3:2:1:0
pattern will be difficult to recognize.

As in the case of baryon-baryon total cross sec-
tions, the quark-model predictions just discussed
correspond to a particular limit of a more general
SU(3) treatment. Again the limit is one of pure
E-type coupling of the participating Regge-trajec-
tories, which are moreover assumed to be ex-
change degenerate. The trajectories that govern
the total- cross- section diff erenc es o,(BiV) —e, (BN)
are those of the vector mesons u and p. The SU(3)
predictions appropriate for exchange-degenerate
vector-meson trajectories are shown in Table III,
where the total-cross- section differences are ex-
pressed in terms of an overall scale 5' (presum-
ably proportional to P„b")and the vector-meson
D/F ratio nv.

The case n v
= 0, as already mentioned, corre-

sponds to the quark-model case ("~'-p universa. —

lity'"'). The differences listed in Table III are

FIG. 4. A contribution to the particle-antiparticle
cross-section difference a~(BB) —a, (BB), according to
"Lipkin's rule. "
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TABLE II. Contributions to the total-cross-section differences 0,(BB)—0,(BB) according to
' Lipkin's rule. "

Value
50 GeV/& values (mb)

Prediction Exper i ment

pp —pp = nn —nn

pn —pn =np —np
Z p —Z+p=Z+n —Z, n

AN-AN

2+p —Z p=Z n —Z+n
Wp wp-p — p= n —"n

~p wp"p —"p="n —"n
Q+N —0 N

5.72+ 0.13

4.58+ 0.10

3.43+ 0.08

2.29+ 0.05

1.14+ 0.03

5.72+ 0.13

4.83 + 0.13

Nd -Nd

Zd —Zd =Ad —Ad

"d —"d

~'d —~ d

96d 9.33+ 0.22

6.22+ 0.15

3.11+0.07

9.33 + 0.22

Input.
Carroll et al. , Ref. 9.

plotted as functions of o. ~ in Fig. 5, for 50 GeV/c.
The measured Pn-Pn total-cross-section differ-
ence, which is also plotted in Fig. 5(a), implies
that

0 4~vv~0 1 (16)

The Pn-Pn information at other energies is no
more restrictive.

Independent information on n v comes from dif-
ferences between pairs of meson-nucleon total
cross sections. As will be shown in Sec. VI,

2[v, (K n) —v, (K n)]'
[g, (K p) —o, (K'p)]

providing the p and ~' trajectories are degenerate.
This quantity is plotted as a function of beam mo-
mentum in Fig. 6(a). Similarly, the combination

3[o,(~ p) —o, (~'p)]
[o,(K P) o,(K'P)]-

derived under the same assumptions, is plotted
in Fig. 6(b). The systematic increase of n~ at
high momenta in Fig. 6(b) is a direct consequence
of the observed splitting" of the p and u intercepts.
In meson-nucleon scattering, the parameter n v
c~~ only be determined by combinations which mix
cu and p contributions.

However, hyperon beams permit n v to be meas-
ured by combinations of cross sections which only
involve co exchange. These are the baryon-anti-
baryon cross-section differences on deuterons al-
ready discussed, or the charge-averaged differ-

ences on nucleons. The quark-model predictions,
known as (d-universality relations, "are

Dg, (NN) = p &a, (.XN) = ~ Dg, (ZX)

= 3&v, (:.iV) = 3Dg, (KN)i (19)

TABLE III. SU(3)-invariance relations for total-cross-
sectior. differences.

pp —pp = nn —nn

pn —pn = np —np

Z p —Z+p=Z+n —Z n

AN —AN

Z+p —Z p=Z n —Z+n
Mp wp"p —"p=" n — n

~ip wp"p—"p=-n —-n

pd —pd

Ad —Ad

Zd —Zd

Value predicted by SU(3)

4~' )1+(1 —G'y) '/4)

4D'(1 —~v)

4/I

3&'(1 —~,/3) (1 —2~, /3)

24'(1 —ny)

—&v

36„'(1 —nv/3)

6„'(1 —nv)

and similarly for deuteron targets. These are
illustrated in Fig. 7. The general SU(3) symmetry
relations can be read off from the deuteron entries
in Table III, or from Fig. 5(b). Measurement of,
for example, the quantities cr, (Ad) —o, (Ad) and

cr, (Zd) —o, (Zd) to+~ mb at 50 GeV/c would repre-
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trajectories, and the second to the vector trajec-
tories. Approximating the common intercept as
o.(0) =-,', we find

IO

A[aa] = A, +2f)aj, (21)

A[aa]=A, 2~a~, (22)

so that the non-Pomeron real part in BB scatter-
ing is the negative of the non-Pomeron imaginary
part in ITB scattering. More explicitly, we may
write

BeA[BB]—BeA[BB]= ImA[BB] —ImA[BB] (23) cr, (mN) —o;(&

IteA[BB] IteA[aa] &,(Ba)—&,(Ba)
ImA[BB] Im A[BB] o, (BB)

which may be rearranged to read

ReA[aa]
1mA[aa]

Ite A, o,(aa) o,(aa)
ImA~ ot(BB)

0.5—
I l(I

6 IO

50 $

IO

( ((I
30 60 IOO

Pi, b (GeV/c)

(&)

The predictions of Sec. II for total cross sections
also, therefore, predict non-Pomeron contribu-
tions to real parts of forward elastic amplitudes.

As an illustration, we may calculate these con-
tributions using the quark-model predictions" for
cross- section differences. Our expectations for
50 GeV/c are shown in Table IV, alongwith experi-
mental values for the ratio Be/Im in PP scattering. "
It is expected that the term BeA~/1m A~ in (25)
should be very nearly the same for all baryon pro-
jectiles. (This contribution should be given, in the
present approximation, by the differences between
the second and third columns in Table IV. ) Con-
sequently, measurements of real to imaginary
parts with precision of a few percent at 50 GeV/c
will aid in testing the systematics of Hegge-pole
amplitudes. A possible examyle of real-part ef-
fects has already appeared at much lower energies.
In the incident-momentum range 1-4 GeV/c, it
has been observed" that o„«,(Z'P) &o„«,(Z P).
This inequality may be due to the larger real part
to be expected in the Z'p amplitude, as indicated
in Table IV.

We can make additional predictions for the real-
to-imaginary ratio by applying the derivative an-
alyticity relations" to our predictions for total
cross sections. The curves plotted in Fig. 8 were
computed by fixing the crossing-even amplitudes
from that in pp scattering according to Eqs. (1)
and (5)-(7) and the crossing-odd amplitudes from
that in pp scattering [compare Fig. 7(a)] according
to the &u-universality relations (19). (See also Ta-

) I

6 IO

TABLE IV. Non-Pomeron contributions to real parts
of forward elastic hyperon-nucleon scattering amplitudes
at 50 GeV/c.

Process nen-Pomeron (Re/rm)

—0.13

-0.07

-0.04

—0.157*0.012
—0.159+ 0.030

(Re/Im) n,np, „„„

is expected to behave roughly as
p -i/2

Bartenev et ~., Ref. 30, at 51.5 GeV.
Beznogikh et aE. , Ref. 30, at 50.63 GeV/&.

I i ((I
30 60 IOO 300

Pj b
(GeV/c)

FIG. 7. (a) The ~-exchange contributions to total-cross-
section differences on nucleon targets. Solid lines are
the predictions of the ~-universality relations (19).
(b) Same for deuteron targets. The data are from Ref.
9. The A-beam expectations apply for Z beams as mell,
in both (a) and (b).
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FIG. 8. Charge-average predictions for the ratio of
real to imaginary parts of forward elastic scattering
amplitudes in hyperon-proton collisions, compared to
predictions for PP and PP scattering. The symbol F
represents both A and Z projectiles.

FIG. 9. Comparison of

(0 2)
BPn do /dt )

)t( = 0.2 (Gev/c) 2

withe, for 100-GeV/g 7t;+p (+), g p (Q), &+p (g),
& P (~), PP (), and pp (G) collisions. The data are
f»m Ref. &S. The straight line is b = (1.027 Gep }1~0,.

( P) 0 93
b(pp)

b(:"P)
b(PP)

(27)

b(IIP) b(GP)
b(PP) b(PP)

in the 50-200-GeV/c regime. If instead the con-

ble III.) From these expectations, we verify that
th t st' glvel fp ' ' ' f p t
at 50 GeV/c.

The logarithmic slopes b of differential cross
sections do/dt = Ae" reflect geometrical informa-
tion complementary to that provided by total cross
sections. I'or an absorbing disk of fixed opacity,
the quantity b/o, is independent of the size of the
disk. EmpiricaQy, 33 it appears that in the hundred-
GeV/c regime b is more nearly proportional to
o, '~'. (See Fig. 9.) This corresponds to reduced
opacity for the smaller hadron-proton total cross
sections. " The extreme case of P (4) -nucleon
scattering involves a total cross section about —,',
the PP total cross section but a slope only 4-6
times smaller. "

Using the relation

b = (1.027 GeV ') v v,

suggested by the 100-GeV/c data in Fig. 9 and the
quark-model predictions for total cross sections
described in See. II, we are led to expect

(AP) b (ZP) 0 99
b(PP) b(PP)

b (AP) b (ZP) 0 98
b(PP) b(pp)

nection

applies, these ratios should differ from unity by
twice as much.

At 18.7 GeV/c, Blaising et al."have reported

b(Z P)/b(PP) = 0.93 + 0.055,

o,(Z-P)/o, (PP) = O. 87+ O. O3,

[o,(Z P)/o, (PP)]'i' = D.93 +O. D2,

(3o)

(31)

supporting the view that b(Zp) &b(pp), but not dis-
tinguishing between the functional forms of (28) and
(28). Such a distinction is of interest since it al-
lows one to determine whether reduced hyperon-
nucleon total cross sections are simply geometri-
cal size effects or (as we suspect) indications of
reduced opacity associated with the scattering of
strange particles. The 23.3-GeV/c measurements
of Z p and " p elastic scatteringby Nemethy et al. 37

and the I-17-GeV/c study of Ap elastic scattering
by Anderson et al. 38 also indicate that hyperon-
proton elastic scattering is less collimated than
proton-proton elastic scattering.

If elastic hyperon-nucleon scattering can be
studied at It I values as high as 1-2 (GeV/c)', there
is another important question that such experiments
can answer. Proton-proton scattering in this

I
t

I
in-

terval shows a strong energy dependence: A deep dip
develops as P„~is increased from 100 to 200
GeV/c. " This dip could be due to properties of
the Pomeron itself, or could reflect interferenee
of the Pomeron with non-Pomeron trajectories.
One would expect hyperon-nucleon scattering to
behave similarly in the first case, and not so sim-
ilarly in the second. {As we have mentioned, the
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non-Pomeron contributions to baryon-baryon
scattering are much more widely differing than
the Pomeron contributions. )

IV. DIFFRACTION DISSOCIATION

In any diffractive process that involves a pion
in the final diffracted state, the Deck effect" plays
an important role. This role is somewhat dimin-
ished in processes that involve kaons, because of
the larger kaon mass.

The process

g +A-g +A+A (32)

c'i+ A -Z+7t'+ A (34)

=+ A- - +7t + A. (35)

It is notable that the ==@ coupling is expected to
be very much smaller than the N¹ coupling. Both
SU(6) and fits to hyperon S decay using the Cabibbo
theory (with partial conservation of axial-vector
current to relate axial currents to pseudoscalar
mesons)" predict (D/F),„„„„~„,= &, so that

g'(:- -='v ) (D —F)' 1

g'(n-pv ) (D+F)' 25 (36)

Hence the Deck effect may be considerably su-
ppressed in diffraction of a . beam. It will also
be suppressed in diffraction of an 0 beam since
the transition 0 —Om is forbidden.

One can expect diffraction of hyperons to produce
a number of resonances that have not yet been ob-
served. Figure 10, taken with minor modifica'. ions
from Ref. 4, shows states corresponding to likely
SU(6) multiplets. The circled entries are those
that could be produced using hyperon beams if the
Gribov-Morrison selection rule4~

has been studied at Brookhaven. 4' The dominant
effect seems to be a clustering of events at low
effective Aw mass. No resonant behavior was seen
at small

~
t (. Inprinciple such a process allows one to

extract the Z -A~ coupling constant. 4' This con-
stant is usually extracted (very imprecisely) from
dispersion relations for XX-Am. It is needed to
test SU(3) and to determine that D/F ratio for the
coupling of pseudoscalar mesons to the baryon
octet. Similar considerations apply to the proces-
ses

35 8 56 = 568 706 7006 1134 (38)

does not contain 20. In quark-model language,
single-quark transitions cannot take a totally sym-
metric 56 into a totally antisymmetric 20. If dif-
fraction is a single-quark-transition process,
states in the 20 cannot be produced diffractively
starting with a 56 projectile like A, Z, =, or Q.
On the other hand, it has been suggested4' that
Pomeron exchange is really two-gluon exchange.
If so, diffraction easily could excite a Pair of
quarks, as assumed in Ref. 2.

The 20 contains (8, 2) 63 (1,4). In the harmonic-
oscillator quark model one expects a
20, L = 1, X= 2 roughly degenerate with the
56, L = 2 or perhaps slightly higher. ' This would
contain octets with J = &' and ~', and singlets
(A' s) with J~= —,', —,",—,'. The 20 is expected to
couple to 3570 since

dial excitations of the hyperons, belonging to
56', I = 0, (b) certain ~ states in the 70 multiplet, "
and (c) 0 * states of J~ = ~' and —,

' ' belonging to the
56, L =2 multiplet. All of the 0 * states should be
above =X threshold; the mass scale in Fig. 10 is
not meant to be interpreted literally. Mass pre-
dictions are given in Table V. They are obtained
from masses of observed states" simply by adding
100 to 150 MeV for each unit of negative strange-
ness. The 0* states look the most promising: (i)
as mentioned, the 0 should not lead to a Deck ef-
fect associated with pions; (ii) there are at least
four O~ states expected to be produced diffrac-
tively between =F7 threshold (1800 MeV) and 2350
MeV. This compensates somewhat for the expected
low ~ intensities. Next most promising are the
:.* states, since these (like the 0*'s) cannot be
produced in the direct channel, and as mentioned
may not be subject to a very strong Deck back-
ground.

[Note added in Proof The p. reliminary data of
Ref. 42 indicate some production of Z(1385) in
Z +A-A'+ w +X for (tj &0.1 GeV/c. If this ef-
fect is due to Pomeron exchange, it violates both
(37) and the assumption of an SU(3)-singlet Pomer-
on. Measurements at various energies will be re-
quired to distinguish Pomeron exchange from ex-
change of ordinary Regge trajectories such as f,
or co, which are expected to have octet contribu-
tions. ]

Resonances belonging to the 20 of SU(6) cannot
be produced in the direct channel since the product

&P= (-1) (37)
35 (3 70 = 20 6 56 6 70 EB 70 6 540 8 560 6 1134.

held. We have also assumed that the Pomeron is
an SU(3) singlet. In this ca.se the missing states
of Fig. 10 that could be observed are (a) the ra-

(39)

Hypothetical production and decay schemes would
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FIG. 10. "Box score" for filling the major multiplets of SU(6) 0(3) with observed baryons. The mass scale is very
rough. Mixing among states is possible; in this case the assignments to specific SU(3) representations are educated
guesses based on masses and couplings. Blank states enclosed in heavy lines denote Inissing states. States with the
same (I, Y) are listed vertically; those with the same J are listed horizontally. Circled entries are states that could
be produced by diffractive excitation of hyperon beams if (37) holds and if the Pomeron is an SU(3) singlet.

then be, for example,

A+ A-A*(—,
' or —,')+ A

Z*(in 70)+w

Ag, 5p, NE.

The signal for 20 production would be the absence
in the Ann, Znm, or NKn final states of any two-
body resonances belonging to the baryon 56 or the
meson 35. It is important to study states of more
than two bodies if 20's are to be seen. The exis-
tence or nonexistence of 20's continues to be a
topic of strong debate among theorists, and an
experimental solution to the yroblem would be

most welcome.
A very exotic yossibility would be to study the

dissociation of hyperons into a charmed meson
and a charmed baryon. This yrocess is discussed
further in Sec. IX.

V. CHARGE AND HYPERCHARGE EXCHANGE

Field and Quigg have compiled detailed predic-
tions for these processes. ' Here we content our-
selves with a few simple observations.

(a) Isospin relates the reactions AP -Z'n and
Z p-An. (The processes are time-reversed iso-
spin reflections of one another. )
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AP -Z+n 2 D ' 1

nP-Pn 3 D+F 4 ' (41)

(b) If t-channel flip amplitudes are dominant,
with D/F =3/2, the exchange of v, p, and A, gives

TABLE V. Hyperon states belonging to likely SU(6)
multiplets that may be produced diffractively from hyper-
on beams. The rule (37) is assumed, and the Pomeron
is taken to be an SU(3) singlet. Mixing of states with
members of other SU(3) representations is neglected.

Z p-Z'n
nP -Pn

F ' 1
D+F 3 ' (42) SU(6) multiplet (SU(3), SU(2)) J+ State (mass)

AP Z'n 2

pp -nn 3 D+F 4'

PP —Z'Z (44)

(46)

in multiparticle spectrometers. On the other hand,
the related reactions

Z P-PZ,
:" p-p:

may actually be easier to measure if hyperon

(46)

(47)

In practice the nonf lip p and A, amplitudes contri-
bute substantially to process (42), though not to
(41) or (43).' (Nonf lip p and A, couplings are prob-
ably mostly E-type. ) Hence a one-pion-exchange
peak survives in (41) and (43) up to 400 GeV/c, but

is washed out above 100 GeV/c in (42). By passing
to small

~

t ~, it may be possible to extract the
AZ~ and ZZv couplings from (41)-(43). This would
be very helpful for performing the SU(3) and SU(6)
tests mentioned in Sec. IV.

(c) There are many possible hypercharge-ex-
change reactions that can be studied using hyperon
beams. TheseincludeAP-PA, :" p-AA, 0 n-= A,
and others. The latter two are particularly amus-
ing since they involve two hyperons in the final
state, the decays of which analyze their polariza-
tions. All the hypercharge- exchange reactions
related by SU(3) to nP -Pn or PP - nn appear to be
of the same order as these last two'; there are
no drastic suppressions because of the variety of
amplitudes that can contribute.

It should be noted that there are already at one' s
disposal certain hypercharge- exchange reactions
in baryon- antibaryon scattering: The processes
PP —AA, ZZ, AZ', Z'A have been studied with low
statistics in bubble chambers up to 7 GeV/c. " It
would certainly be worthwhile to extend such re-
actions to higher energies and higher statistics
using multiparticle spectrometers and both hydro-
gen and deuterium targets, especially if it is pos-
sible to make line-reversal comparisons with hy-
peron- initiated reactions.

(d) Exotic exchange already has been studied be-
low 7 GeV/c in PP —Z'Z and PP —Y,*'Y,* ." The
exotic exchange cross section seems to fall off
with s roughly as s '. It would be useful to study
reactions such as

56, L =o (8, 2)

(10,4)

~+ P(] 57P 162P) "
Z (1570-1620)
"(1670—1770)

2 0 (2000—2150)

70, & =1

56,L =2

(8, 2)

(s, 4) '

(8, 2)

(10,4)

3~
2 A(1690) '

Z (1660)
"(1820)
A(1800—1850) ~

Z (1800—1850) &

"(1900—2000) g

0 (1950—2100)

A(1815)
Z (1915)
"(2030)

& (2200—2350)

Based on &(1470).
b

May have been observed at 1750 MeV (see Ref. 46),
or at 1565 MeV (see Ref. 52).' May have been obser ved at 1620—1640 Me V (see Refs.
46, 52).

Based on &(1690) (see Ref. 46).' Established.
f May be forbidden if quark spin is conserved in diffrac-

tion.
~ Based on N(1700) (see Ref. 46). A may have been

observed at 1840 MeV; Z may have been observed at
1840 or 1912 Me V (see Ref. 52).

' Based on &(1650).
' Based on &(1950) and on probable absence of large

spin-orbit splittings.

beams turn out to be as intense as now contempla-
ted.

a~(KP) = —,
'

(7~(KN, I= 0)+ ,' g„(KN&I=1), —

cr(K n) = a ~(KN, I= 1),

(48a)

(48b)

VI. MISSING A~, Z*,:"*STATES

In this section we shall make an estimate based
on SU(3) and on two-component duality" " for the
average resonance contribution to all elastic 0 --,'
channels. This is done by calculating the exchange-
degenerate t-channel tensor- and vector-exchange
contributions to (T, and then equating their sum to
the average resonant contribution gR. These con-
tributions are shown in Table VI. They imply a
large number of relations between observed elastic
channels such as KN and unobserved elastic ones
such as mZ or mA. Let us decompose the 7) Z and
EN channels into isospin amplitudes:
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TAB&K pI. Non-Pomeron contributions to 0'~{0 & ) in SU(3) limit. Entr ies underlined involve
exchange-degenerate f '-Q exchange; other s involve fo-&2-~-p exchange. The underlined entries
~y correspond to suppressed contributions because of the lower f''-P intercept.

Z+ Zo Z- 0 M

F —3D

1 (3F L (F

F—3D 2F F 0

3(F —3D)+ 3(F+ 3D) 3F+ &(F —D) 6(F —D) + 3(2F)

K+ F+3D

F+ 3D

F —3D 2F I' 0 F —D

o,(yy-Z') = —,'o, (~Z, I= 1)+ —,'o, (~Z, I= 0),

(y„(yy'Z') = —,
'

cr~(yy Z, I= 1).

(48c)

(48d)

o~(KN, I=1)=E —D,

os(KN, I = 0) = BE+D,

gs(yyZ, I= 1) = 2E,

o„(yyZ,I= 0) = SE.

(49a)

(49b)

(49c)

(49d)

Then the mZ and mA channels may be expressed in
terms of the KV ones as

(ys(yyA) = ,' o s(KN, I= 1) + —,',—&7s(KN,I= 0), (50)

g ( syyIZ= 1) = —,'(ys(KN, I = 1) + —,
'

(ys(ZN, I= 0), (51)

gs(yyZ, I= 0) = ~ (y~(KN, I= 1) + g (Ys(ZN, I= 0). (52)

We have chosen to express these channels in terms
of others of the same strangeness only because the
level densities are then roughly comparable. Ta-
ble VI also shows, for example, that c~(yy'P)
=c7z(yy'= ). The former channel has a few large a
contributions coming from 10's, while the latter
is expected to have a number of smaller " * con-
tributions from direct-channel 10's and 8's.

These relations are illustrated in Figs. 11(a)-
11(d). A clear "deficiency" is seen in all three
m Y channels, especially if only the "established"
resonances of Ref. 46 are used. The situation is
improved somewhat by the more speculative set of

Ref. 52. In each case, the average resonant cross
section in the yy Y channel is only about 60% of that
in the KV counterpart. There is, however, no
guarantee that the same resonances which couple
strongly to ZN also couple strongly to mA or zZ.
In fact, experience has shown us that when physi-
cal states mix with one another (as in the E'-Z' sys-
tem) the eigenstates of the mass matrix tend to have
very different couplings to physical channels. Such
mixing is to be expected among quark-model
states. ""One specific example is a predicted
A(-1800, 2 ), expected to decouple from KN and to
have a width of roughly 400 MeV into mZ. 53'54

The obvious solution would be to study w-A or
n-Z elastic scattering. 4 With the advent of hyperon
beams, this may not be as farfetched as it sounds.
The reactions illustrated in Fig. 12 can be studied
in multiparticle spectrometers. They should prove
to be fruitful sources of new resonances even if
one-pion exchange cannot be separated completely
from p or A, exchange.

It goes without saying that all the =* channels
are very "deficient. "

Up to now, =*'s have been
produced by baryon exchange with incident K . The
:"*'sseen in this way are those which couple
strongly to ZA or ZZ. In a reaction such as

= +P-=*'+n
one is much more likely to see the =*'s that couple
strongly to =m. This may be a very different set
of:"*'s from those already observed.



172 C. QUIGG AND JONATHAN L. ROSNE R 14

Particle Data Group

(a)
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FIG. 11. Tests of the relations (50)-(52). Resonance parameters are taken from Ref. 46 [(a), (b)], or from Table 2
of Ross, Ref. 52 [(c), (d)]. The curves labeled KN are in (a) and (c) the right-hand side of Eq. (50), and in (b) and (d)
the right-hand side of Eq. (52) as functions of E,.~, (in GeV). If relations (50)-(52) hold, the upper and lower curves
on each figure should be equal on average. A deficiency in the known ~Y resonances is apparent in all three channels,
according to both compilations of Y* parameters.
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An independent estimate of "resonance deficien-
cies" may be made using Adler-Weisberger rela-
tions of the type discussed by Gilman and Harari. "
We illustrate this for the mZ case. A clear-cut
"deficiency" occurs in the ~Z Adler-Weisberger
relation:

6"or n

(g~')'+(g, ')'+," „l —,[a; '(~) —o "(~)1=2;
v0

v =—(s —mc' —m, '); f, = 135 MeV. (54)

If the integral is cut off at E, = 1700 MeV, the
left-hand side is 1.40 [for (D/E), -i+i. ———,]. The
observed mZ resonances above 1700 MeV add very
little to this sum: For example, the increment
from the states listed in Ref. 46 in the range 1700-
2000 MeV/c' is only about 0.02. The E(2030, —', ')
and A(2100, —', ) each account for less than 0.01.

The average cross-section difference in Eq. (54),
according to Table VI, may be estimated using

o; '(~) —o '(~) = o", '(~) —a, ' (~),

=a (~ /~)'"

where 0, is the value of the difference at some
value v, ." From the K'P data quoted in Bef. 46,
one estimates o, = 20 mb at v, = 0.72 GeV' (corre-
sponding to E;c = 1.7 GeV). The contribution of
the "Regge tail" to the sum rule (54) above E,
= 1.7 GeV is then estimated to be

fo [
o-C+ oor+]

7r 072 V
(56)

ooo

=|=o oo
' '")

7r 0.72 V 2

=0.29 if a~=0;
=0.39 if av= —3. (57)

(For v" scattering, v=0.72 corresponds to E,
= 1.8 GeV. ) Again, 35% of Eq. (57) should come
from the lowest 500 MeV in the center- of-mass
energy. The observed " states in this range come

Together with the contribution below 1.7 GeV of
1.40, this saturates the sum rule (54). Hence the
use of Table VI to estimate missing contributions
to sum rules may not be a bad approximation. It is
interesting that the range 1.7 GeV - E, ~ 2.2 GeV
should contribute roughly 35% of Eq. (56), or 0.20.
As mentioned, the observed vZ resonances" in this
range fall short of this expected contribution by at
least a factor of 5. This means either that serni-
local resonance saturation is a poor approximation,
or that there are many zZ resonances in this range
awaiting discovery. Similarly, from (56) and Ta-
ble VI, one expects

FIG. 12. Reactions for investigating the resonance
contributions to pion-hyperon tota1 cross sections.

nowhere near saturating the sum rule semilocally.
A quantitative estimate cannot be made, however,
since we lack information on spin parity and on
branching ratios for most of these states.

VII. HADRONIC EXPERIMENTS WITH POLARIZED
HYPERON BEAMS

VIII. COULOMB DISSOCIATION OF HYPERONS

This subject already has been discussed by
Lipkin'; results are presented here for complete-
ness. A A beam will permit the study of Z'-Ay
using the Primakoff effect. This process already
has been measured at CERN,"yielding the life-
time

~co= (0.62+ 0.15) & 10 " sec.

This is to be compared with the value based on
SU(3):

7+0=0.8 x 10 ' sec.

(58)

In P-Be collisions at Ferrnilab, the A's produced
at P, = 1.5 GeV/c are 25/o polarized for a, wide
range of values of P .' These polarized A's are
produced at some cost in intensity, as the produc-
tion cross section is peaked at P, = 0. Nontheless,
these polarized hyperons will be used for a mea-
surement of the A magnetic moment, " and one can
imagine several uses for them in hadronic experi-
ments as well.

If high-energy inelastic collisions produce po-
larized particles, the collisions of these particles
in turn should be expected to produce asymmetries
in inclusive rea.ctions. [In the inclusive reactions
of polarized protons at much lower energies (6
GeV/c) these asymmetries have turned out to be
surprisingly large. "]

The charge- and hypercharge-exchange reactions
mentioned in Sec. V would be much better under-
stood if they could be initiated with polarized hy-
perons. The same is true for the diffractive pro-
cesses mentioned in Sec. IV and the one-pion-ex-
change processes noted in Sec. VI. On the other
hand, the polarization effects on elastic scattering
(Sec. III) and total cross sections (Sec. II) are not
expected to be very large.
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The processes " ~ " p and 7 ~ 2 p are for bid-
den by U spin. '" The rates for the processes
Y,*'-Z'y and &'-Py are equal, by U spin. " SU(3)
implies I'(1'*, ' —Ay) = 4I'(Y*, ' —Z'y). " Finally,
SU(6) implies"

1"(Y*, -Ay) = 1 (Z -Ay).

In fact, since the Primakoff rates scale as (2J+ 1)I"
for production of a spin-4 particle, and since Y,*'
-Av' is the dominant decay of Y,*', Eg. (60) im-
plies that a considerable background in

(61)

could in principle arise from

+A-:-* (dss)+A

(css)'+ (cd) .
Such baryons would be very difficult to produce in
any other way.

These processes (and related ones in the central
region of rapidity space) become less far-fetched
when one realizes that hyperon beams may prove
tobe the ~nost intense S &0 bean&s at high energies. 68

In this context hyperon beams may also be very
worthwhile in investigating the role of strange
quarks in high- transverse- momentum phenomena.
One expects inclusive A" production by Z to be
appreciable, even at high p„if the basic process
involves the hard scattering of quarks in the Z .

A+X- 7*, '+Z {62) X. CONCLUSIONS

especially at high energies where the P,*' produc-
tion is not significantly suppressed by kinematics.

IX. PRODUCTION OF "NEW" PARTICLES;
HI&8-p, PROCESSES

If charmed baryons exist, '~ it may be possible
to produce them in several types of hadronic re-
actions. An example is associated production, e.g. ,

m (ud)+P(uud)- (cd) + (udc)'. (63)

Here c is the charmed quark, assumed to have
charge —,. Similar reactions are possible, of
course, in theories with more than one heavy
quark.

It has been argued" that reaction (63) may be
suppressed because it involves charm exchange.
3 similar but perhaps not identical process mould
be the diffractive excitation of anucleon into an X*,
followed by its subsequent decay into charmed
particles" ":

B,+37,. (64)

To produce baryons which are both charmed and
strange one might use a reaction such as

K (su)+p(uud) —(cd) + (cus)'. (65)

(usc)'+ (cd) .

If one used a " beam one could even produce bar-
yons mith 8= —2 and C=1;e.g. ,

Unfortunately, this involves the exchange of a par-
ticle which is not only charmed but exotic (csud) as
well. An analog of reaction (64) using a hyperon
beam which presents no such problems is

Some quantitative expectations have been given
for hadronic experiments with hyperon beams.
Measurements of a( AN), o, (ZN), o,(:N), "and

o, (QN) to a few percent will be useful in checking
quark-model predictions. If measurements of the
first two or three can be performed to an accuracy
of llo, one can determine in addition the D/E ratio
in the octet Pomeron coupling to octet baryons.
Similarly, measurements of o, (1'N) — (aYN)

(Y= A, Z, :",0) to +—,
'

mb will allow meaningful cheeks
of the quark model and measurement of the D/E
ratio in the (~,p) octet coupling to octet baryons.
In elastic- scattering experiments, measurements
of the ratios p of real to imaginary parts of for-
ward amplitudes will provide additional informa-
tion on couplings of non-Pomeron trajectories if
these measurements ean be carried out to +0.02.
Slopes in elastic scattering should display the
ordering b(A p) &6(:"P)&b{ZP) =b(Ap) &b(PP), since
empirically b'c"-o, . Measurements of da/dt at high

~

t
~
[ ~t

~

=1 (GeV/c)'] can reveal whether non-Pom-
eron trajectories or "optical" considerations are
responsible for a deep energy-dependent dip seen
in pp scattering at this ~t

~

value.
Diffraction of A and Z hyperon beams can be

useful for studying pion-hyperon couplings by the
Deck effect. It has been argued that the Deck effect
should be greatly suppressed in the diffractive
scattering of:. and 0, and diffractively produced
resonances should correspondingly play a relatively
larger role. (There are also the greatest number
of "missing" resonances predicted by the quark
model in these channels. ) Ways of identifying a
diffractively produced 20 of SU(6) have been iden-
tified.

Some simple uses of charge-exchange and hyper-
eharge- exchange reactions have been discussed.
These included tests of isospin and SU(3), isola-
tion of pion-hyperon couplings, amplitude analyses,



and exotic- exchange studies. Belated processes
could be studied using PP - hyperon+ antihyperon,
but hyperon beams are expected to be more intense
than P beams at most energies, "and in certain
cases the final states will be considerably simyler.
(Compare pp-ZZ with Zp-pZ, for example. )

It has been shown that SU(3) for exchanged tra-
jectories implies substantial non- Pome ron contri-
butions to total cross sections in nonexotic chan-
nels such as m Z', g'=, etc. In turn, these are
expected to be reflected in direct-channel resonant
contributions. At yx'esent, large deficiencies in
these contributions exist, particularly in the chan-
nels vA, vZ (I= l), and w=. Hyperon-pion scatter-
ing is suggested as a possible remedy for this de-
ficiency.

Some suggestions have been made for hadron
yhysics with polax ized hypero~ beams: Inclusive
reactions look yaxticularly promising, though the
studies of any processes which involved detailed
spin analysis (such as resonance production by
diffraction or one-pion exchange) could benefit
greatly from the use of polarized incident hyper-
ons.

We have summarized some SU(3) and SU(6) pre-
dictions for Coulomb dissociation of hyperons and

conclude that A - F*,' presents a yotential back-
ground in the study of A -Z' at high enexgies.

Hyperon beams also may be useful in yroducing
baryons which are both charmed and strange and in
studying inclusive processes, particularly those
at high tx'ansverse momentum.

In summary, hadron physics with hyperon beams
presents a wide range of opportunities for inter-
esting experiments. These include symmetry tests,
searches for missing quark-modelstates, searches
for fundamentally new particles, and all the other
experiments that benefit by having a variety of in-
cident beams. It is not unreasonable to expect
that by roughly doubling this variety (as hyperon
beams will allow us to do) we should understand
hadron physics considerably more thoroughly.
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