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ABSTRACT
Some quantitative expectations are given for hadronic experi-
ments with 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 interaction physics as a
result of the large variety of secondary beams. For the past 15 years
these have consisted of charged pions and kaons, neutrons, protons and
antiprotons, and more recently of long-lived neutral kaons, A K , and
. Systematic experiments using hyperon beams are now being planned
at the CERN SP5 and at Fermilab. These beams will be very useful in
the study of weak interactions of hyperons, for which a number of quan-
titative predictions exist. ! The hyperon beams contemplated alsc will
permit a wide range of hadron experiments, however. In the present
article, we have listed as many of these experiments as we could. Some

5
have been discussed bhefore; others are new. In all cases we have

tried to estimate quantitatively the "interesting'’ levels of precision.
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Section II discusses total cross sections of hyperons and antihyperons
on nucleons. The standard 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 [tl =1 GeVZ.

In Section IV we discuss the states (both resonant and nonresonant )

that can be produced diffractively 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 pub-
lication.

In Section VI we show that certain channels accessible to hyperon
beam experiments are expected to cantain many more resonances than
have been observed up to now. These include Am, T w (particularly
I =1) and =n. The 'resonance deficit" is estimated in these channels,
and suggestions are made for making up the deficit by means of hyperon-
pion scattering experiments.

The A beams produced at Fermilab appear to be polarized at high
P - ! If this effect can be understood and controlled, the prospect exists
for a whole range of experiments using high energy polarized hyperon
beams. Some suggestions are made in Section VII.

Coulomb dissociation of lflyperozrls,2 though not a hadronic process,
is mentioned briefly in Section VIII for completeness. In Section IX

we discuss some additional merits of the negative strangeness of
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hyperon 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-momentum secondaries.

Section X contains our conclusions.

1I. Total Cross Sections of Hyperons and
Antihyperons on Nucleons

Let us begin by discussing baryon-baryon systems. A ''first
guess'' at hyperon-nucleon total cross sections follows from the additive
quark 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 A,

which can be estimated by

A= o, (Tr-p) - Gt(K-p) (1)
+ -
= o (wp)=-0(Kn) (2)
t t
~ 3% to 4 mb (3)

over the beam momentum range é - 240 GeV/c¢, The difference (1)
is illustrated in Fig. 1. Then since the total NN cross section is
roughly charge-independent,

opp) = olpn) = o N)
we have

0, (AN) = o (3N) = o (NN) - 4, (5)



4 FERMILAB-Pub-76/13-THY

g (EN) = crt(NN) - 24, (6}

o, (2 N) = o (NN) - 34, (7)

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

The predictions of Eqns (5) - (7) for nucleon and deuteron target59

are displayed in Fig. 2.

Some recent measurements of hyperon total cross sections 10-14 a

re
plotted in Fig. 2 and compiled in Table I, along with NN cross sections
at similar energies. These measurements are adequate to test the
relations (5). With the exception of the surprisingly low values for
Gt {£"d) and the derived gquantity Ut (Z _n), there is general agreement
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 quantitatively successful
remains to be seen. In the similar setting of ¢N scattering, the quark

model correctly anticipates that Gt (N < Gt (KN}, but fails numerically,

if vector meson dominance is to believed. The relation

+ - + -
o, (ON) = é[ot(KpHct (K'p)+ o (Knl+o (Kn)
+ - .
- o, {m pJ-O‘t(ﬂ pil (8)
. 15, 16
vields 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 ¢ photoproduction,

are 8.7+ 0.5 mbat 4.6 - 6.7 GeV/c,iS 9.3 £ 0.3 mb at 8.5(}eV/c,19
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20
8.7+ 0.9 mbat 9.3 GeV/c,  and approximately 9.3 mb at 12 GeV/c. 21

Hyperon beam experiments offer the advantage of freedom from the vector
meson dominance assumption.

If more refined measurements of hyperon-nucleon total cross sec-
tions can be made, it will be possible to go beyond qualitative tests of
the quark model and investigate the 3U(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

crt(NN)=]Pi+(1—a/3)P8+(i —QT/3)f-(1—aV/3)w (9)
Gt(AN) = IP1 - (Za/3)P8 +(1/3)(2 - 4aT/3)f

- (1/3)2 - 4a_v_/3)cu {10)
o*t(ZN)= }P1+(2a/3)1?8+(2/3)f— 2/ 3y w (11)
Gt (EN) = ]F'1 -1+ oz/3)P8 +{1/3)1 - ozT)f - (1/3)1 - av)u, {12)

where ]Pi’ P,, f, and » denote suitably normalized contributions of SU(3)

81
singlet and octet Pomeron and of ideally mixed € and  °© trajectories, and

@, Qs and e are the (D/F) ratios of symmetric to antisymmetric

coupling of the octet Pomeron, the tensor and vector meson trajectories
to octet baryons. The singlet couplings of w and 2 are chosen to
ensure that $and £ decouple from the NN vertex.

Egns. (9) - (12) permit many interesting exercises. If

¥ = o = o

v = 0, they reduce the quark-counting rules (4) - (7)

T
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[ but without specifying A through egns. (1) - {3)] . For any values of

o oy and O'”[" the cross sections must satisfy a relation similar to

the Gell=-Mann=-Okubo mass formula:

O't(NN)+ O“t(E‘N) 30t(AN)+ Ut(EN) (13)

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 considerations, 2z-
and at least roughly by the data. (See eq. (4) and Fig. 2.) In any case,
the w-exchange contribution can be eliminated by averaging particle
and antiparticle cross sections and the f-exchange term can be distin-
guished from the Pomeron by its characteristic energy dependence,

If the Pomeron contribution can be isolated, either by assumption or by

explicit separation, the ratic o can be extracted from

- +
O't(NN) O“t(AN) _ (1 + a/3) (14)
0 (NN) - & (ZN) (1 = &)
The 19 GeV/c data cited in Table I then imply only that
¢ = - 0.1 0.2 (nucleon data)
or (15)

& = - 0,35+ 0,10 (deuteron data).
These values are consistent with zero (the quark model result! and
with another ''interesting' value, « = - 0.3, the D/F ratio of the

octet mass-splitting operator.
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Let us continue to assume, for illustrative purposes, that at 50
GeV/c the non-Pomeron contributions are negligible. Then, taking the
cross section estimates in Fig. 2 as the values appropriate for ¢ = 0,
we plot in Iig. 3 the differences crt(YN) - Ut(NN) as functions of
@ =D/F. A difference of as much as 11 mb. between AN and =N
cross sections {or of 3 mb. between Adand 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 2 N 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 antihyperons on nucleons.
In this context it is of interest to discuss the differences o (BB) - o (BB
Again, a simple quark model rule exists for these differences, 24

Let us define a unit & of particle-antiparticle cross section dif-
ference as follows. Count the number of ways an antiquarkcfj in the
projectile antibaryon can annihilate a quark qj in the target baryon.
(See Fig, 4.) For each possible annihilation, count one unit §. Then

sum over the quark species j. The total contributions (for nucleon

and deuteron targets) are listed in Table II, together with numerical
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estimates at 50 GeV/c. To estimate cross section differences at other

momenta, one may use the fact that Ut(ﬁp) - crt_(pp) behaves approximately

a% P ap To properly test the predictions of Table II at 50 GeV/c

requires measurements of total cross section differences to within % 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 sections, 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 IF'-type
coupling of the participating Regge trajectories, which are moreover
assumed to be exchange degenerate. The trajectories that govern the
total cross section differences O't(EN) - at(BN) are those of the vector
mesons « and p. The SU(3) predictions appropriate for exchange
degenerate vector meson trajectories are shown in Table [II, where the
total cross section differences are expressed in terms of an overall
scale & (presumably proportional to pLab“O‘ 6) and the vector meson
D/ F ratio @

The case o, 0, as already mentioned, corresponds to the gquark

A

model case {"w’ - p universality”ZT). The differences listed in Table III

are plotted as functions of «_,in Fig. 5, for 50 GeV/c. The measured

Vv
pn - pn total cross section difference, which is also plotted in Fig. 5(a),
implies that

-0.4 <a_ < 0.1, (16)
=~V

The pn - pn information at other energies is no more restrictive,
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Independent information on oy, comes from differences between

pairs of meson-nucleon total cross sections, As will be shown ing VI,
2 [o.(K n)~ o (Knl
@y = 1 - t t s

[ct(K"p) - ot(K+p)]

17)

0
providing the pand w trajectories are degenerate. This quan=-
tity is plotted as a function of beam momentum in Fig. 6(a). Similarly,
the combination

Yy = 2lotmp) - ompil (18)

[o,(Kp) - Gt(K+p)]

derived under the same assumptions, is plotted in Fig. 6(b). The
systematic increase of ay at high momenta in Fig. é(b) is a direct con-
sequence of the observed SplittingZS of the p and w intercepts. In meson-
nucleon scattering, the parameter i can only be determined by combina-
tions which mix w and p confributions.

However, hyperon beams permit %y to be measured by combinations
of cross sections which only involve w exchange. These are the baryon-
antibaryon cross section differences on deuterons already discussed, or
the charge-averaged differences on nucleons. The quark model predic-

27

tions, known as w-universality relations, are

Act(NN) =3/2 Act{AN) =3/2 Adt(ZN)

il

3Adt(EN} =3 AO't(KN),

and similarly for deuteron targets. These are illustrated in Fig. 7.
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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 crt(Kd) - O't(Ad) and Ut(Ed)" Gt(Ed) to £ 1/3 mb. at 50 GeV/c
would represent an important new contribution to knowledge of the vector
meson couplings. The measurement of a full set of w-exchange contributions

will permit the same sort of test of SU(3) invariance as has been made

2
in the past ? using relative rates of hyperon resonance decays.

III. Elastic Scattering

The real parts of forward elastic scattering amplitudes are expected
to display simple regularities similar to those just discussed for total
Cross sections. In an exchange degenerate picture, the forward nonflip
spin-averaged elastic scattering amplitude can be written in terms of

Regge pole contributions as

BB
= + } i - [ ratO)f 2] +
A{ BB} APomeron IR(p];a.b | {3 - cot Lre
(20)
(i +tanl me(0)/ 2]},
The first term in brackets refers to the tensor trajectories, and the
second to the vector trajectories. Approximating the common intercept

as «(0) =1/2, we find

A[BB] :AP+21|R|, (21)

and
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A[BB]:AP—ZIRI, (22)

so that the non-Pomeron real part in BB scattering is the negative of
the non- Pomeron imaginary part in BB scattering. More explicitly,

we may write

ReA[ BB] - ReA{BB| = ImA[BBI| - ImA{ BB] (23)
or
ReA[BB] - ReAlBRB] = /BB~ 0 (BE) (24)
ImA[ BB] ImA [ BBI o‘t(BB}
which may be rearranged to read _
_ReAlBRl = Ref, 0. (HB)- o (BB) (25)
PBB ~ TmA [ BB| ImA, =" o [BB)

The predictions of § II for total cross sections also, therefore, predict
non- Pomeron contributions to real parts of forward elastic amplitudes.
As an illustration, we may calculate these contributions using
the gquark model ¢;Jr'edic’tiomsz4 for cross section differences. Our expec-
tations for 50 GeV/c are shown in Table [V, Tt is expected that the term
ReAP/ImAPin (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 [V, ]
Consequently, measurements of real to imaginary parts with precision
of a few percent at 50 GeV/c will aid in testing the systematics of Regge
pole amplitudes. A possible example of real part effects has already

appeared at much lower energies. In the incident momentum range
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1 - 4 GeV/c, it has been observedyl that Gelastic(2+p) > Jelasf;ic(z pl.
This inequality may be due to the larger real part to be expected in the
="p amplitude, as indicated in Table IV.

We can make additional predictions for the real to imaginary ratio
by applying the derivative analytiéity relations32 to our predictions for
total cross sections. The curves plotied in Fig. 8 were computed by
fixing the crossing-even amplitudes from that in pp scattering according
to Eqns. (1), (5) - (7) and the crossing-odd amplitudes from that in pp
scattering (compare Fig. 7(a)) according to the w-universality relations
(19). (See also Table III, ) From these expectations, we verify that the
interesting level of precision is a few percent at 50 GeV/c.

The logarithmic slopes b of differential cross sections dgfdt =
Aebt reftect geometrical information complementary to that provided by
total cross sections. For an absorbing disc of fixed opacity, the quan-
tity b/crt is independent of the size of the disc. Empirically,33 it appears
that in the hundred GeV/c regime, b is more nearly proportional to
O—t‘_?;. [See Fig. 9.1 This corresponds to reduced opacity for the smaller
hadron-proton total cross sections. 34 The extreme case of ¥-nucleon
scattering involves a total cross section about 1/40 the pp total Cross
section but a slope only 4 - 6 times smaller.

Using the relation

b = (1.027 GeV-i)'\:’E; (26)

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

bAp) _b(Ep)

t(pp) :b(pp) =~ 0,99

blAp) _ biZp)

bl pp} blpp) 0.96

bC=p) | 4. 93 (27)
b(pp!

b———R——(E ) ~ 0.91

b(pp)

o(%p) _bi8p) _ g g4

b(pp) blpp)

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

b =C- Ty (28)
applies, these ratioé should differ from unity by twice as much.
At 18,7 GeV/c, Blaising, g_t__g_l_:% have reported
b(Z p)blpp) = 0.93 £ 0. 055, (29)
o (Zp) o (pp) = 0.87 = 0.03, (30)
[Ut(E-p)/Gt(pp)]%‘ = 0.93 = 0. 02, (31)

supporting the view that b(Zp) < b(pp), but not distinguishing between

the functional forms of (26) and (28). Such a distinction is of interest

since it allows one to determine whether reduced hyperon -nucleon total
cross sections are simply geometrical size effects or (as we suspect)
indications of reduced opacity associated with the scattering of strange
particles. The 23.3 GeV/c measurements of EFp andE_p elastic scattering

37
by Némethy, et al. and the 1 - 17 GeV/c study of Ap elastic scattering
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by Anderson, et_al.38 also indicate that hyperon-proton elastic scattering
is less collimated than proton-proton elastic scatter ng.,

If elastic hyperon-nucleon scattering can be studied at [t [ vatues
as highas 1 - 2 (GeV/c)z, there is another important question that such
experiments can answer, Proton-proton scattering in this |t | -interval
shows a strong energy-dependence: a deep dip develops as Plab is in=-
creased from 100to 200 GeV/c. 39 This dip could be due to properties
of the Pomeron itself, or could reflect interference of the Pomeron with
non-Pomeron trajectories. One would expect hyperon-nucleon scattering
to behave similarly in the first case, and not so similarly in the second.
(As we have mentioned, the 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 effect40 plays an important role. This role is somewh at
diminished in processes that involve kaons, because of the larger kaon
mass.

The process

ST+A > m FATA (32)
has been studied at Brookhaven, 1 The dominant effect seems to be a

clustering of events at low effective Ar mass. No resonant behavior
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was seen. In principle such a process allows one to extract the

= > Ar coupling consf:a.n’r..42 This constant is usually extracted

(very imprecisely) from dispersion relations for KN - Aw. It is needed
to test SU(3) and to determine the D/ F ratio for the coupling of pseudo-

scalar mesons to the baryon octet. Similar considerations apply to the

processes
T+A--Z+7+A (33)
A+A-=-Z+7+A (34)
Z+A=>=Z+nm+A {35}

It is notable that the E = = coupling is expected to be very much smaller
than the NNn coupling. Both SU(6) and fits to hyperon beta-decay using

the Cabibbo theory (with PCAC to relate axial currents to pseudoscalar

43 .
mesons) ~ predict (D/F)pseudoscalars ~ 3/2, so that
2= 0 - 2
gl »="¢g) _(D-F) 1
5 — = 5" = 5% (36)
g (n—=pm ) (D + F)

Hence the Deck effect may be considerably suppressed in diffraction
of a = beam. It will also be suppressed in diffraction of an 2 beam
since the transition 2 ~ Qw is forbidden.

One can expect diffraction of hyperons to produce a number of
resonances that have not yet been observed. Fig. 10, taken with minor
modifications from Ref. 4, shows states corresponding to likely SU(6)
multiplets. The circled entries are those that could be produced using

4
hyperon beams if the Gribov-Morrison selection rule
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AP = (-1) (37)

held. We have also assumed that the Pomeron is an SU(3} singlet. In
this case the missing states of Fig, 10 that could be observed are:
a) the radial excitations of the hyperons, belonging to g‘:__(a__r L. =0,
b) certain 3/2 states in the mmu‘ttiplet,45 and ¢} Q-* states of JP = 3/2+
and 7/2+ belonging to the 56, L =2 multiplet. All of the Q" states
should be above =K threshold; the mass scale in Fig. 10 is not me ant to
be interpreted literally. Mass predictions are given in Table V. They
are obtained from masses of observed states46 simply by adding 1060
to 150 MeV for each unit of negative strangeness. The Q*“ states look
the most promising: (i) as mentioned, the £ should not lead to a Deck
effect associated with pions; (ii) there are at least four Q*- states expected
to be produced diffractively between TK threshold {1800 MeV) and 2350 MeV.,
This compensates somewhat for the expected low @ intensities' Next
most promising are the E* states, since these (like the Q*'s} cannot be
produced in the direct channel, and as mentioned may not be subject to
a very strong Deck background.

Resonances belonging to the 20 of SU(6) cannot be produced in the

direct channel since the product

3556 =56@ 700700 @ 1134 (38)

does not contain 20. In quark model language, single-quark transitions
cannot take a totally symmetric 56 into a totally antisymmetric 20, If

diffraction is a single-quark-transition process, states in the 20 cannot



17 FERMILAB-Pub-76/13-THY

be produced diffractively starting with a 56 projectile like A, ¥, =, 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 gquarks, as assumed in Ref, 2,

The 20 contains (8,2) @ (1,4). In the harmonic oscillator quark
model one expects a 20, L. =1, N = 2 roughly degenerate with the 56,
L = 2 or perhaps slightly higher, 48 This would contain octets with

+ +
JP

+ + P +
=1/2 and 3/2 , and singlets (A's) with J° =14/2, 3/2 , 5/2". The
20 is expected to couple to 35& 70 since

35070 =20@56D70P 70D 540 D560 ©1134, (39)

Hypothetical production and decay schemes would then be, for example,
A+A~A(/2"or5/27) A
L =%(in 70) +
b Am, Zw, NK, (40)
The signal for 20 production would be the absence in the Awm, Zwr, or
NKr 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 existence or non-existence of 20's continues
to be a topic of strong debate among theorists, and an experimental solu-
tion to the problem would be most welcome.
A very exotic possibility would be to study the dissociation of hyperons
into a charmed meson and a charmed baryon. This process is discussed

further in Sec. IX,
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V. Charge- and hypercharge-exchange

Field and Quigg have compiled detailed predictions for these pro-
cesses, 6 Here we content ourselves with a few simple observations.

a) Isospin relates the reactionsAp —~ E+n and Z_p - An. (The
processes are time-reversed isospin reflections of one another. )

b) If t-channel flip amplitudes are dominant, with D/F = 3/2,

the exchange of =, p, and AZ gives

2
QE'—*Z-Fn _ 2 D o1,
np —~ pn 3 \D+F 4 {41)
- 0 2
Zp=>Zn _ ) 1,
np —~ pn D+ F 3 (42)
— =+ 2
Zp-Fn .2/ D\ _ 1.
pp —nmn 3 \D+F T4 (43)

In practice the nonflip p and AZ amplitudes coniribute substantially to

process (42), though not to (441) or {43), 6 {Nonflip p and A_ couplings

2
are probably mostly F-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
AZrm and ZZw couplings from {41) - (43), This would be very helpful
for performing the SU(3)/SU(6) tests mentioned in Sec, V,

c) There are many possible hypercharge-exchange reactions that
can be studied using hyperon beams. These include Ap =~ pA, T_p—" AN,

Qn »EFA, and others. The latter two are particularly amusing since

they involve two hyperons in the final state, the decays of which analyze
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their polarizations. 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;6 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 — KA, Tz, KEO, E-OA have been studied with low statistics
in bubble chambers up to 7 GeV/ec. ¥ It would certainly be worthwhile
to extend such reactions to higher energies and higher statistics using
multi-particle spectrometers and both hydrogen and deuterium targets,
especially if it is possible to make line-reversal comparisons with

hyperon-initiated ractions.

d) Exotic exchange already has been studied below 7 GeV/¢ in

%= 49

1 The exotic exchange cross section

Pp — Te" and pp — ?1*+Y
seems to fall off with s roughly as 8—8. It would be useful to study
reactions like

pp—> T =" (44 )

. -t_=

5 - =7 (45)
in multi-particle spectrometers. On the other hand, the related
reactions

S p-pZ (46)

Z p~p= {(47)
may actually be easier to measure if hyperon beams turn out to be as

intense as now contemplated.



20 FERMILAB-Pub-76/13-THY

b

, = states

3

VI, Missing A, =

In this section we shall make an estimate based on SU(3) and on

two-component dualityso’ >1

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 o
and then equating their sum to the average resonant contribution (_IR .
These contributions are shown in Table VI. They imply a large number
of relations between observed elastic channels like KN and unobserved

elastic ones like 7Z or wA. Let us decompose the v= and KN channels

into isospin amplitudes:

‘@ (Kp) =% G, (RN, 1=0)+1 5 (RN, I =1) (48a)
_UR(K_n) = o (KN, T =1) (48b)
%(n_2+)= 1o, (1%, 1=4)+4/3 5 (rZ, 1= 0) (48c)
ER(woz+)= 15, (rE, 1= 1) (48d )
Then
ER(F(N, [=4)=F - D (49a)
ER(I_(N, I=0) =3F+D (49b)
ER(WE, 1=1) =2F 49¢’
Ewaz, 1=0)=3F (494

Then the 7Z and A channels may be expressed in terms of the KN

ones as
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—_ 3 = - 1 = —

= - = — = 0
o (Y 7 OREN. I =1+ ST RN, 1:0) (50
5 =1 =15 ®N, 1-1) +12 G RN, 1=:0) (51
oo (rZ, I =1) = 3%, , > %R ,

(KN, I=0). (52)

n
Bl
W

'&R(nz, I =0) ER(R'N, T=1)+

I
R
We have chosen to express these channels in terms of others of the same

strangeness only because the level densities are then roughly comparable.

+ Ho-
(mp) = GR(TI' Z ). The former

Table VI also shows, for example, that 'c_rR

channel has a few large A contributions coming from 10's, while the

——;‘Ir - . .
latter is expected to have a number of smaller = contributions from direct

channel 10's and 8's.

These relations are illustrated in Figs. 11a - d. A clear 'deficiency'
is seen in ail three vY channels, especially if only the "established' reso-
nances 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 nY channel is only about 60% of that in the KN counter-
part. There is, however, no guarantee that the same resonances which
couple strongly to KN also couple strongly to mAA or nZ. In fact, experience
has shown us that when physical states mix with one another (as in the KO - -K-O

system) the eigenstates of the mass matrix tend to have very different

couplings to one another. Such mixing is to be expected among quark model
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3-56 )

states. > One specific example is a predicted A{~1800,

L1

expected to decouple from KN and to have a width of roughly 400 MeV
into 7Z, 53,54
The obvious solution would be to do 7 -A or 7 - 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 multi-particle spectrometers. They should prove to be fruit-
ful sources of new resonances even if one-pion-exchange cannot be
separated completely from p or Az exchange.
It goes without saying that all the =" channels are very ''deficient’.
Up to now, E* 'shave been produced by baryon exchange with incident
K . The ?* 's seen in this way are those which couple strongly to
KA or KZ. In a reaction such as
T 4p = = 04p (53)
one is much more likely to see the E*'s that couple strongly to =m.
This may be a very different set of ?*’s from those already observed.
An independent estimate of ''resonance deficiencies'' may be made
using Adler-Weisberger relations of the type discussed by Gilman and

Harari. 517 We illustrate this for the n T case. A clear-cut

"deficiency' occurs in the nZ fsdler Welsberger relation:
+ot

22 wE Tz, _
(gAA)Z-i-(g +—f ‘ ()'Gt )l =2

- 2 . _
v = (s - my -m_ )/2, fﬂ_ = 135 MeV, (54)
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If the integral is cut off at E = 41700 MeV, the left=hand side

CM

is 1.40 {for (D/F) _ L 3/2). The observed v X resonances above
o +'1

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/c2 is only
about 0.02. The £(2030, 7/27)and A(2100, 7/2”) each account for
less than 0. 01.

The average cross section difference in Eq. (54), according to

Table VI, may be estimated using

T Tt K" K"
5 T m-35" T =T Py - Py,
1/2
= ¢ v v
g™ (55)
where Ui is the value of the difference at some value Yy .58 Irom the
+
K p data quoted in Ref. 46, one estimates Ui =~ 20 mb at vy =0,72
=
GeV2 (corresponding to ESM =1.7 GeV), The contribution of the
“"Regge tail" to the sum rule (54) above By 17 GeV is then estimated
to be
2
t 2 d _2+ 11'+E+
LU LA - a 1 =0.58. (56)
1'r v t t
0.72

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 con-
fributions to sum rules may not be a bad approximation. It is interesting
that the range 1.7 GeV = ECM £ 2.2 GeV should contribute roughly

35% of Eq. (56), or 0.20, As mentioned, the observed nZ resonances46

in this range fall short of this expected contribution by at least a factor
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of 5. This etther means that semi-local resonance saturation is a poor
approximation, or that there are many =X resonances in this range awaiting

discovery' Similarly, from (56)and Table VI, one expects

fz el t_ - - - 1 -w
S dv T = T = . V
—— — O-t ..o't _0_58 —T—
" Jo.72 " -
_ . -0 {57)
‘O.ZQJQV" 3
=0,39ifa =~-4/3 .
3 )

(For w= scattering, v = 0,72 corresponds to ECM = 1.8 GeV.) Again,
35% of Eg. (57) should come from the lowest 500 MeV in the center-of-
mass energy. The observed = states in this range come nowhere near
Saturating the sum rule semi-locally. A quantitative estimate cannot be

made, however, since we lack information on spin-parity and on branching

ratios for most of these states.

VIiI. Hadronic experiments with
polarized hyperon beams

In p-Be collisions at Fermilab, the A's produced at P, - 1.5
GeV/c are 25% polarized for a wide range of values of L 7 These
polarized A's are produced at some cost in intensity, as the production
cross section is peaked at p, = 0. Nonetheless, these polarized hyperons
will be used for a measurement of the A magnetic moment, 59 and one can

imagine several uses for them in hadronic experiments as well.
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If high-energy inelastic collisions produce polarized particles, the
collisions of these particles in turn should be expected to produce asym-
metries in inclusive reactions. (In the inclusive reactions of polarized
protons at much lower energies (6 GeV/c)these asymmetries have turned
out to be surprisingly large.60 )

The charge- and hypercharge-exchange reactions mentioned in Sec.
V would be much better understood if they could be initiated with polarized
hyperons. The same is true for the diffractive processes mentioned in
Sec. IV and the one-pion-exchange processes noted in Sec. VI. On the
other hand, the polarization effects elastic scattering (Sec. III) and total

2ross sections (Sec. [I) are not expected to be very large.

VIII. Coulomb dissociation of hyperons

2
This subject already has been discussed by Lipkin; results are
presented here for completeness. A A beam will permit the study of
0
Z ~Avusing the Primakoff effect. This process already has been

61
measured crudely at CERN, yielding the lifetime

T =(0.63%0.30)x 10~ 19 gec. (58)
0

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

-1
T =0.8x 10 9sec. {(59)
ZJO

2, 62

The processes = — = v and Y - v are forbidden by U-spin.
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b + +
The rates for the processes Yi -~ Z yand A -pyare equal , by
63 N b “ oo + 63
U-spin. SU(3) implies T (Yi0 -~ Ay) =3/4 l’(Y1 > Xy, Finally,

3
SU(6) implies 3

e

" *0 N
1"(Y1 - Ay) = 1"(20 - Av). (60)

In fact, since the Primakoff rates scale as (2J + 1)U for production of a

0 0

spin-J particle, and since Y;k —- ATrO is the dominant decay of Y:: ,
Eq. (60) implies that a considerable background in
A+z-2042 (61)
LAy
could in principle arise from

*0
A-i-Z-*-Y*1 + Z (62)

0
L’A.Tr

" - a *
especially at high energies where the Yi0 production is not significantly

suppressed by kinematics,

IX. Production of 'new'' particles; high - P Processes

If charmed barvons exist, b4 it may be possible to produce them in
several types of hadronic reactions. An example is associated produc-
fion, e.g.

- = - +
m (ud)+ p (uud) -~ (cd) + (ude) (63}
Here c is the charmed quark, assumed to have charge 2/3. Similar
reactions are possible, of course, in theories with more than one heavy

quark.

65
It has been argued  that reaction {63) may be suppressed because
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it invoives charm exchange. A similar but perhaps not identical process
would be the diffractive excitation of a nucleon into an N , followed by
. , , 66,67
its subsequent decay into charmed particles:
N+A = N +A
LB + M, (64)
C c
To produce baryons which are both charmed and strange one might
use a reaction such as
- - - +
K (su) + pluud) - (cd) + (cus) . (65)
Unfortunately, this involves the exchange of a particle which is not only
charmed but exotic (csud) as well. An analogue of reaction (64} using

a hyperon beam which presents no such problems is

ATtA — Aa‘(uds) + A

L use) + @a). (66)

If one uses a = beam one could even produce baryons with S = -2 and

C=1e.g.,

oo

= +A - E (dss)+ A
L (css)® + @a)”. (67)
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 to be the most intense S < 0 beams at high energies.68 In this con-~

text hyperon beams may also be very worthwhile in investigating the role

of strange quarks in high-transverse-momentum phenomena. One expects

inclusive K~ production by =7 to be appreciable, even at high D, - if the
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basic process involves the hard scattering of quarks in the ¥ .

X. Conclusions

Some quantitative expectations have been given for hadronic experi-
ments with hyperon beams. Measurements of Gt(AN), o*t(ZN), ct(EN},

and Gt(QN) to a few percent will be useful in checking guark model predic-
tions. If measurements of the first two or three can be performed to an
accuracy of 1%, one can determine in addition the D/ F ratio in the octet
Pomeron coupling to octet baryons. Similarly, measurements of

ot(?N) -0 (YN) (Y = A, 2, Z, 2) to 1% will allow meaningful checks of the
quark model and measurement of the D/ F ratio in the (v, p) octet coupling
to octet baryons. In elastic scattering experiments, measurements of the
ratios p of real to imaginary parts of forward amplitudes will provide
additional information on couplings of non-Pomeron trajectories if these
measurements can be carried out to + 2%, Slopes in elastic scattering
should display the ordering b(22 p) < b(Ep)< b(Zpl= b(Ap)< bipp), since
empirically bzf’c o, Measurements of do/dt at high [t [ ( [t| ~ 1 (GeV/c)Z)
can reveal whether non-Pomeron trajectories or "optical" considerations are
responsible for a deep energy-dependent dip seen in pp scattering at this

[t] value.

Diffraction of A and = 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 s‘a", and diffractively produced resonances should corres-

pondingly play a relatively larger role. (There are also the greatest
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number of "missing'' resonances predicted by the quark model in these
channels. ) Ways of identifying a diffractively produced 20 of 5U(6)
have been identified,

Some simple uses of charge-exchange and hypercharge-exchange
reactions have been discussed. These included tests of isospin and
SU(3), isolation of pion~hyperon couplings, amplitude analyses, and
exotic-exchange studies. Related processes could be studied using
Ep — hyperon + antihyperon, but hyperon beams are expected to be more
intense than 5 beams at most energies, 61 and in certain cases the final
states will be considerably simpler. {lompare 1:_)p -T2 with Zp —~pZ,
for example. }

It has been shown that SU(3) for exchanged trajectories implies
substantial non-Pomeron contributions to total cross sections in non-
exotic channels like 17-2+, w+E-, etc. In turn, these are expected to be
reflected in direct-channel resonant contributions. At present, large
deficiencies in these contributions exist, particularly in the channels
T, 7Z (I = 1), and v=, Hyperon-pion scattering is suggested as a pos -
sible remedy for this deficiency.

Some suggestions have been made for hadron physics with polarized
hyperon beams: inclusive reactions look particularly promising, though
the studies of any processes which involved detailed spin analyses (such
as resonance production by diffraction or one-pion-exchange) could

benefit greatly from the use of polarized incident hyperons.
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We have summarized some SU(3) and SU(6) predictions for Coulomb
dissociation of hyperons and conclude that A — Y:O presents a potential
background in the study of A —~ EO at high energies.

Hyperon beams also may be useful in producing baryons which are
both charmed and strange and in studying inclusive processes, particu-
larly those at high transverse momentum.

In summary, hacron physics with hyperon beams presents a wide
range of opportunities for interesting experiments. These include sym-
metry tests, searches for missing quark model states, searches for
fundamentally new particles, and all the other of experiments that bene-
fit by having a variety of incident 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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a) Ref. 10,
b)
c)
d)
e) Ref.
f) Ref. 14,

Table 1.

Target

A

Ref. 11; 19 GeV/c.

Ref. 12; 19 GeV/c.
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Hyperon-nucleon
total cross section values

Beam

Momentum,

GeV/c

6 - 21
6 - 21
6 - 21
18.7
18.7
18.7

80 - 250

crf(YA),

mb.

34.6 =0, 47

65

34

34

64

30

.8 10.8a
.OiO.Sa
L0x1,1°
3+ 1.4°

.0 x1,2°
f)

)

)
bd)
)

)

), d)

Gt(pA),

mb.

39.10 £ 0. 1:
74.1 £ 0,7°
39.10 = 0. 1%
39,10 = 0. 1:
74,1+ 0.7°
39,40 + 0.1
38.6 + 0,25

Extracted from deuteron target by authors using Glauber correction.

g) Average value, with mean square deviation, over range 100 - 200

GeV/c, from Carroll, et al., Ref. 9.
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Coatributions to the total cross

section differences ct(ﬁB) - Ut'(BB)

according to "Lipkin's rute."

50 GeV/c Values, mb.
Act Value Prediction Experiment
— a} b
pPp - PD = nn - nn 56 5.72 = 0,13 5,72 £ 0,13
- = _ 483¢013b)
pr=pn=ap-np 45 4,58 % 0. 10 : '
Zp-Zp=Xn-Zn
AN - AN 35 3.43 + 0. 08
._-'- - —
Zp-Zp=Zn-ITIn
o o 4 26 2.29 = 0, 05
S p-=p=En-=n
T -2Tp =80 -=% 6 1.14 + 0. 03
2'N-QN 0 0
Nd - Nd 95, 9.33 = 0.22% 9.33 + 0,222
d - =d = Ad - Ad 66 6.22 + 0,15
=d - =d 36, 3,141 + 0. 07
©d- a4 0 0
a) Input,

b) A, S. Carroll, et al., Ref. 9.

)
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SU{(3) - invariance relations

for total cross section differences

Value predicted by SU{3}

np - np
Zn-Z‘n

—-- +
=2 n-n
=+ —_
= n-=-—n
=0 0
== n-=-n

— e e A e et s

45' [1+ (1 - QV)ZMJ

446" (4 - av)
48
38 (1 - aV/3)(1 - zaV/ 3)
20" (1 - O‘V)
&1 - afV}Z
1
30d(1 - a'V/3)
!
Zbd (1 - zavjs)
2y
1
Od (1 —czv)
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Table IV. Non-Pomeron contributions
to real parts of forward elastic hyperon-
nucleon scattering amplitudes at 50 GeV/c.

Process [ Re/Im | a) [ Re/Im]
non-FPomeron expt.
b
PP ~-0. 15 ~0.157 £ 0. 0120
-0,459 = 0, 030
+
Zp -0.13
T p -0. 07
T p -0. 04
Q_p 0
a) [Re/Im] is expected to behave roughly as pLab“I/Z

non-Pomeron
b) Bartenev, et al., Ref. 30, at 51.5 GeV.

c) Beznogikh, et al., Ref. 30, at 50. 63 GeV/c.
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Table V. Hyperon states belonging to likely
SU(6) multiplets that may be produced
diffractively from hyperon 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.

p
SU{6) multiplet (SU(3), SU2 ) J State (mass)
56, L =0 (8,2) /2" A(4570 - 1620)a)’b)
(1570 - 1620 ¢
21670 - 1770)%
(10, 4) 3/2" Q2000 - 2150)%
70, T =1 (8, 2) 3/2” N1690)°)
2(1660)
2(1820)°
i) - g)
(8, 4) 3/2 AN1800 - 1850)
$(1800 - 185018
=(1900 - 20008’
(10, 2) 172" £2(1950 - 2100)h)
56, Lo=2 (8, 2) 5/2" N1815)°)
$(1915,%’
2(2030)%
(10, 4) { 3/2+( Q(2200 - 2350)"
7/2”

a) Based on N{1470),.
b) May have been observed at 1750 MeV (see Ref. 46), or at 1565 MeV (see

Ref, 521
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{Table V, cont'd)
c) May have been observed at 1620-1640 MeV. (See Ref. 46, 52).
d) Based on A(1690). (See Ref. 46).
e) Established.
f} May be forbidden if quark spin is conserved in diffraction.
g) Based on N{(1700) (see Ref. 46)., A may have been observed at 1840
MeV; = may have been observed at 1840 or 1912 MeV (see Ref. 52).
h) Based on A(1650).

i) Based on A(4950) and on probable absence of large spin-orbit splittings.
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Table VI, I_}Ion- omeron contributions
to ct(O 1/2 ) in SU(3) limit.

+ + 0 - -
1/2 p n A = z = ‘:’O =
+
™ F-D 2F F - % 0 F ZF 0 F-D
0 3F - D 2D F-D
i 2 T3 " 2
- 2D
T 2F FP-D{ F - 3 2F F 0 F-D 0
F D 1 2D 1 2 1
N > -7 EF-—3- §F+§(F-D} g(F—D)
2 D 2
+ = +
+3 F 3 ‘;)-(Z.F)
+ D
K 0 F + 3 F-D 2F
KO 0 F +—[3l F-D 2.F
g® F-p 2Fr | F- % 0 F 2F 0 F-D
- 2D
K 2F F-D| F - = 2F F 0 F -D 0
Entries in italics (underlined) involve exchange-degenerate f' - ¢ exchange;
others involve f0 - Az - w - p exchange. The entries in italics may
correspond to suppressed contributions because of the lower ' - ¢

intercept.
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Fig. 4:
Fig. 5:
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Figure Captions

Difference between 1-r-p and K_p total cross sections,
The data are from Ref, 9,

Additive quark model predictions for {a) hyperon-
nucleon (b) hyperon-deuteron total cross sections,
compared with measurements in A(4)and = (@)
beams. Sources of the data points are given in Table I.
Differences between hyperon and nucleon total cross
sections on (a) nucleon (b) deuteron targets, as func-
tions of the octet coupling parameter o = D/F of the
Pomeron, at 50 GeV/c. The o = 0 values are taken
from Fig, 2,

A contribution to the particle-antiparticle cross section
difference Gt(EB) - Ut(BB), according to "Lipkin's
rule, "

Baryon-antibaryon total cross section differences on
{a) nucleon (b) deuteron targets, as functions of the

coupling parameter a_, = D/F for the vector meson

\Y
0

trajectories, at 50 GeV/c. The p and w trajectories

are assumed to be exchange degenerate for the nucleon

target predictions. Experimental data, shown as

shaded bands, are from Carroll, et al., Ref. 9.

(2) Experimental information on the vector meson

coupling parameter ¢ ., defined by Eq. (17).

V:
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Fig. 8:
Fig. 9:
Fig. 10:
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(b} Experimental values of @, as defined by Eq. {18).
The data are from Ref. 9.

(a) The w-exchange contributions to total cross section
differences on nucleon targets. Solid lines are the
predictions of the w-universality relations (19).

(b) Same for deuteron targets, The data are from Ref,
9. The A-beam expectations apply for = beams as
well, in both (a) and (b).

Charge average predictions for the ratio of real to

imaginary parts of forward elastic scattering ampli-
tudes in hyperon-proton collisions. The symbol Y
represents both A and Z projectiles.

Comparison of b(0,2) =

dlog do/dt)/ oft] |y _ g o2 With NG, for 100

.2 (GeV/
GeV/c Tr+p @ ™ pO, K+p A Kpd pp ® .nd Bp o]
collisions. The data are from Ref. 33. The straight
line'is b = (1.027 GeV 1) No,.

"Box score' for filling the major multiplets of

SU(6) & O(3) with observed baryons. The mass scale
is very rough. Mixing among states is possible; in
this case the assignments to specific SU(3) represen-
tations are educated guesses based on masses and
couplings. Blank states enclosed in heavy lines

denote missing states. States with the same (I, )



Fig. 11:

Fig, 12:
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are listed vertically;, those with the same JP are
tisted horizontally.

Tests of the relations (50) - (52). Re sonance para-
meters are taken from Ref. 46 (a,b), or from Table
2 of R, T. Ross, Ref. 52(c,d). The curves labelled
KN are in (a) and (c) the right-hand-side of eq. (50),
and in (b} and (d) the right-hand-side of eq. (51).

If relations {50) - (52) hold, the upper and ltower
curves on each figure should be equal on average.

A deficiency in the known 7Y resonances is apparent
in all three channels, according to both compilations
of Y* parameters,

Reactions for investigating the resonance contribu-

tions to pion-hyperon total cross sections.
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