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1 INTRODUCTION 

Rochester and Butler (1947) first observed the decay 

of a neutral particle in a cloud chamber exposed to cos- 

mic radiation. The mass of the neutral was at least 

800 me, and represented a hitherto unknown phenomenon. 

Thus the age of strange particles began. Subsequent work 

by Armenteros et al (1951) showed that one neutral par- 

ticle was heavier than the proton, with a quoted mass of 

(2203 i lZ)m,. In present notation this particle is a 

strange baryon, the A. Charged baryons in this mass 

range were also discovered. All of these particles ex- 

hibited the peculiar property that they were produced by 

strong interaction, yet decayed by weak interaction into 

strongly interacting particles. Thus the reaction 

8-P Srrcing A b*k n-p is possible. To account for this 

effect a new.quantum number called “strangeness” was 

introduced,,which was assumed conserved by the strong 

and electromagnetic interactions. All ordinary strongly 

interacting particles were given S=O, whereas the new 

baryons. called hyperons, were given S=-1 and 55-Z. This 

idea was proposed by Gell-Mann (1953). By the time of 

the review articles of Dalitz (1957) and Gell-Mann and 

Rosenfeld (1957) the classification scheme for the spin- 

parity l/2* hyperons. namely the A. dn I-spin singlet 

with S=-1, the 2*, Z”. 2; an I-ipin triplet alio with 



S--l and the 3-, E- I-spin doublet with S--Z, was estab- 

lished in notation still in use at the present time. 

Table 1 shows the physical characteristics of these par- 

ticles adopted and updated from the .compilation of the 

Particle Data Group (1978). 

The next step in classification of the hyperons was 

incorporation of I-spin and hypercharge Y * N + S, N 

being the,baryon number, into the larger group SU3. 

This procedure was proposed independently by Cell-Mann 

(1961) and Ne’eman 11961), and unified the si; strange 

hyperons and the neutron and proton into an octet of 

l/Z+ baryons. shown schematically in Figure 1. The 3/t* 

decuplet, in which only the most massive member, the Q-, 

has sufficiently long life to be observed in a hyperon 

beam, is also shown in the figure. The fundamental 

representations of the SO3 group, from which the other 

representations can be formed, are triplets, called2 

and A*. The identification of the 2 with actual particles 

with remarkable properties was made, again independently, 

by Gell-Mann (1964) and Zweig (1964). Cell-Mann named 

the particles in the &representation quarks. and those 

in the 2 anti-quarks. The quark model of strange and 

non-strange hadrons constructs all of the particles from 

products of the form 2 x 2 for mesons and 2 x.2x 3 

for baryons. The number of quarks must be increased to 



accommodate the newer charmed particles (Chinowsky 1977). 

The SU3 classification scheme incorporates over 100 

hadronic states (both mesons and baryons) into multiplets, 

gives the mass splittings within each multiplet, and 

describes decay rates for those particles which decay by 

strong or electromagnetic interaction (Samios et al 1974). 

The group has also been used with success to relate strange 

baryon or meson total cross sections to their non-strange 

counterparts, and to predict properties of strange par- 

ticle elastic and diffraction scattering off nucleons 

(Quigg and Rosner 1976). 

There is a corresponding octet of antibaryons with 

the same masses and life’times but with opposite strangeness 

and hypercharge. They have all been observed, but only 

the antiproton has been extensively studied. 

Application of SU3 to the production of strange par- 

ticles in hsdronic collisions has not had such success 

because high energy particle production is not well under- 

stood, and it is difficult to separate phenomena which 

might be related by group theory from other effects. A 

reaction of the type p l p + A + X, where X is not observed 

is called an “inclusive” reaction, reviewed by Boggild 

and Ferbel (1974). The invariant cross section Ed30/dp3 

is usually written as either a function of (x, pL) or 



(Y.P,) S where x = P;/P&,,,,. Y = l/2 In ((E+p*,,) / (E-p*,,1 1, 

p;, = longitudinal momentum, and pI = transverse momentum 

of the produced particle in the center of mass. Strange 

baryons are produced about 10% of the time in p-p colli- 

sions, and all final state baryons exhibit the “leading 

particle effect” to some degree. If a baryon is incident 

in the initial state, baryons occurring in the final 

state are enhanced relative to mesons. The hyperons 

A, 2’. X0 show this effect quite distinctly as x-c 1, 

while the enhancement of S- and I0 is less marked. The 

production of antihyperons in pp collisions resembles 

anti-proton production and has no leading particle 

effect at all. This leading particle enhancement has 

important practicle consequences in the design of hyperon 

beams. 

As shown in Table I the hyperons, with the exception 

of the Ear all have lifetimes in the 10V1’ set range. 

They all predominantly decay non-leptonically into pion- 

nucleon for A. I’. into pion-A for Z, and into AX- or 

Sn for the R-. The properties of the non-leptonic decays 
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are shown in Table 2. In each non-lcptonic decay the 

I-spin of the final state must differ from the I-spin 

of the initial state by l/2 integer. Amplitudes for 

which I/~?fl = l/2 seem to dominate. The phenomenologi- 

cal description of the parameters of the decays, and 

the sensitivity to various symmetry tests have been 

reviewed by Overseth and Pakvasa (1969). The experinen- 

tal situation is periodically reviewed by Overseth as 

a part of the Particle Data Group report (1978). The 

non-leptonic two-body decay is often used in a hyperon 

beam to detect the presence of the parent hyperon. In 

this case the (I parameters, listed in Table 2, are of 

especial importance, because o # 0 leads to an asym- 

metrical distribution of decay products if the hyperons 

are polarized. In the general case a J - l/2 + J - l/2 

transition without parity conservation can involve both 

an 1 - 0 amplitude, S, and an k - 1 amplitude P. The 

three components of the final state baryon polarization 

are described in terms of constants o, 6. and r 

where a - 2 ReS*P/(lS12 + lP12). 6 - 2 Im S*P/(IS12 + 

IPI'), and Y - (ISI - lP12)/(lS12 + IPI'). If the 

parent hyperon has polarization sY, the final state baryon 

distribution is of the form (1 + o GT . 2). where3 is the 
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Table 2 

Non-Leptonic Decays' 

Particle 

A 

A 

t* 

t+ 

t l 

E- 

5. 

f- 

i-t- 

Q- 

Q- 

Mode 

Pr- 

me 

P"O 
+ nm 

AT 

nr- 

d no 

A n- 

A K- 

ien- 

z-r' 

Brandingb 
Ratio 

(64.2 +.5)% 

(35.8 *.S)t 

(51.6 *.7)% 

(48.4 +-.7)% 

100: 

lOOI 

1008 

1001 

(67.012.2)tf 

(2.4kAi.9)rf 

(8.4 _+l.l)af 

Decay 
ParametersC 

a 
+.647*.013 (-6.St3.S)' 

+.646*.044 

-.9792.016 ( 36 5 34)O 

+.072* .OlS (167 t 2O)O 

- .069? -008 ( 10 * IS)0 

-.478'.03Se ( 21 * 12)O 

-.392*.021 [ 2 + 6)* 

.06 *.14f 

0.1 

b.1 

c-1 

d.1 

e-1 

f.1 

Particle Data Group (1978) 

Ignores rare modes (see Table 3) 

o is the final state baryon helicity. The decay 

parameters 8 and r arc defined by 8 = G2 sin $. 

y = /FE2 co5 6. See text. 

The E* decays mainly by electromagnetic interaction. 

Bunce et al (1978) 

Bourquin et al (1978) 
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momentum unit vector of the final state baryon in the 

hyperon rest frame. Alternatively if the parent hyperon 

is unpolarized, the final state baryon is longitudinally 

polarized with<% = ahk. The polarization of the final 

state baryon in the general case also involves the para- 

meters g and -l multiplied by Py. 

Table 3 shows the branching ratios and decay para- 

meters for the rarer semi-leptonic decays of the hyperons. 

For many’of the semi-leptonic final states only 

the branching ratio is known, and that with large uncer- 

tainty. The ratio g,/g, given in the Table for A * 

pe-3,, Z- + ne-Ve and 2‘ + 1Ie-7~ represents the axial 

vector to vector coupling constant. The determination 

of this coupling constant ratio requires a measurement 

of the momentum correlation of the hyperon decay products. 

Cabibbo (1963) proposed a model, based on SU3, which 

unifies the semi-leptonic decays of strange and non- 

strange baryons. The present data are consistent with 

this model (Tanenbaum et al 1975). A more detailed dis- 

cussion of these decays will be given below. 



Table 3 

Semi Leptonic Decaysa 

Particle Mode Branching 

h* 

E* 

2- 

a.1 

b.J 

c.1 

pe-Se (8.13*.29)x1O-4 

p-3)) (1.57L.35)x10-4 

Ae+ve (2.02t.47)~10-~ 

ne+ve .s x 10-s 

ne‘<, (1.08t.04)x10-3 

nu‘C u ( .45~.04)x10-3 

Ae-Ge (,.601.06)x10-4 

2*e-iFe Cl.1 x lo-3b 

ne-Ye ( .69+.18)x10-' 

Ae‘v, -10 -ZC 

Particle Data Group (1978) 

gA’gV gv/gA 

-.62+.05 

- 

.3wt.070 

-242.23 

Only upper limits exist for the semi-leptonic 

channels of theEa. 

Bourguin et al (1978). 
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2 HYPERON BEAM CONSTRUCTION 

The term hyperon beam refers to a secondary beam of 

particles, usually produced by striking a metal or 

refractozy target with the primary proton beam of an acce- 

lerator, which is collimated to a reasonably small solid an- 

gle, and which contains a useful flux of hyperons together 

with a background of the more copiously produced parti- 

cles. If the’beam is negatively charged, pions are the 

largest background. If it is positively charged. then 

usually protons are most numerous. In a neutral beam 

both neutrons and T’ rays are present in numbers exceed- 

ing the flux of hyperons. Charged beams can be deflected 

by dipoIe magnets and focused by quadrupoles like any 

other secondary beam. In general, a hyperon beam sup- 

plies a high flux of short-lived particles which can be 

used to study their decays and their interactions with 

ordinary matter in a manner similar to the one tradi- 

tionally employed for the more common longer lived 

particles. 

The fourth column of Table 1 illustrates a central 

design problem, for it gives constants which, when 

multiplied by the hyperon momentum in GeV/c, give the 

decay lengths of the pa,rticles in cm,in the laboratory. 

For example, a 10 GeV/c A beam is attenuated by l/e in 
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only 69 cm. Since the fractional yield of hyperons at 

the target remains essentially constant at about 10% as 
. 

the energy is increased, good hyperon beams clearly be- 

come easier to make at higher energy, provided that the 

length necessary to shield the experiment from the pri- 

mary production target does not also scale with the 

energy. This is indeed the case, because adequate 

shielding for hadronic cascade requires a thickness of 

material which grows only logarithmically with the pri- 

mary energy. Thus, as will be seen below, beam lines 

designed to operate at 400 GeV are only about a factor 

of two longer than those designed for 30 GeV, which 

gives a substantial advantage in signal-to-noise to the 

higher energy beams. 

3 FIRST GENERATION HYPERON BEAMS 

3.1 Introduction 

Although hyperons had been observed earlier in short 

neutral beams designed for study of K; - K; complex 

(Jensen et al 19691, it was not until the late 1969's 

that special effort was placed on the design of charged 

and neutral beams specifically for hyperon studies. 

Two companion beams were constructed nearly simultane- 

ously for charged hyperons, one at the CERN PS and the 

other at the Brookhaven AGS. A preview of these beams 
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before their operation was given by Sandweiss ( 1971). 

In addition, a short neutral beam for A and E” hyperons 

was built at the CERN PS. A similar neutral beam was 

subsequently built at Brookhaven. 

Table 4 summarizes the operational characteristics 

of these beams.. The Brookhaven AGS charged beam layout 

is shown in Figure 2 (Hungerbuhler et al 1974a); the 

corresponding CERN charged beam layout is shown in 

Figure 3 (Badier et al 1972a). The design of both 

these beams was shaped by two requirements; first that 

the beam be as compact as possible to reduce hyperon 

decay losses. This meant that a premium was set on 

high magnetic fields and high spatial resolution detec- 

tors used to determine the hyperon trajectories. The 

second goal was to interact the secondary hadrons pro- 

duced outside,of the beam phase space as far upstream 

in the beam as practical; before they could decay to 

muons or generate other backgrounds nearer the experinen- 

tal apparatus. Care was taken to make the coils of the 

dipole magnets sufficiently large so that those muons 

produced in the target region and deflected away from 

the experimental apparatus by the central magnetic field 

were not redirected into the apparatus when they passed 
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through the coils into the return flux region. Since 

the actual hyperon channel region was only a few square 

centimeters in cross section high magnetic fields (% 32kG) 

could be achieved by shimming standard dipole magnets. 

In the Brookhaven beam the hyperons were detected 

by their decay immediately after a high resolution 

(0 - 100 urn), high pressure spark chamber (Willis et al, 

1971). This counter allowed the hyperon trajectory 

to be reconstructed and extrapolated back to the produc- 

tion target as a verification of its origin and also 

served to measure its momentum. The pion background 

was suppressed by a threshold gas Cerenkov counter in 

the downstream end of the magnetic channel and used to 

tag particles with m 2 m . 
P 
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Table 4 

Characteristics of Hyperon Beams 

Locationa E 
IP 

TGT @ ET L IY IrOT 
GeV per mrad GeV m per 

pulse pulse 

AGSb 29 1.5x1011 Be 0 17-26 4.4 ZOOC: 30,000 =- 
charged 2t 

PSC 24 1011 B4C 10 13-20 3 so L: 25,000 1‘ 
charged A: 1 3 

Psd 24 10' Pt 175 3-15e 2 500 A 
neutral 100,000 n 

AGSf 30 1o9g Ir 72 8-16 2 500 A h 

FNALi cu 
400 108 Be O-10 70-350 6 5.000 200,000 n 

neutral Pb 400.000 y 

r.ooor.; 106x- 
SPsj 200 4~10'~ Be0 ;; 70-140 12 46 t 106p 
charged 
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Table 4 

(continued) 

a-1 

b.1 

c.1 

d-1 

e.1 

f.') 

g.1 

h.1 

Column headings are: 
EP' IP 

- primary beam energy 

and intensity; TGT, 8 - production target and 

angle; ET = hyperon beam energy; L = magnetic 

channel length; Iy, ITOT = typical hyperon and 

total fluxes. 

Data from Hungerbuhler et al (1974b and 1975). 

Data from Badier et al (1972a). 

Data from Geweniger et al (1974). 

For a neutral beam, this is the approximate energy 

spread after the magnetic channel. 

Private communication from D. Jensen (1978). 

Proton maximum flux capability 2 x loll. 

v rays selectively removed by 10Xrad of lead at 

entrance to collimator. 

i.) Data from Skubic. et al (1978). 

j.) Data from Bourguin, et al (1979). 

, 
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The CERN beam embodied a set of superconducting 

quadrupole magnets in the hyperon channel which produced 

a parallel beam and allowed the use of a DISC Cerenkov 

counter for particle identification. The performance 

of these high resolution differential gas Cerenkov 

counters has been described by Litt 6 Meunier (1973). 

A pressure scan with the DISC counter showed clearly 

resolved peaks corresponding to 2‘ and S- as well 

the more copious other hadrons. Both beams had useable 

fluxes of negative hyperons with tolerable backgrounds 

of pions in the beam and of general background radia- 

tion - mostly muons which were not stopped in the 

shielding. It was not found practical to use the 

g* beam because of the shorter decay length of the 

hyperons and the high flux of protons. Each group 

undertook an experimental program to: a.) study hyperon 

production yields; b.) measure hyperan interaction cross 

sections; c.) investigate the various hyperon decay modes., 
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2.2 Hyperon Production Cross Sections 

Badier et al (1972a) obtained ratios Z-/n- and 

Z-/J- for various production angles, secondary beam 

ItDtnta, and targets by comparing the areas under the 

;caks of their DISC curves and making suitable correc- 

tions for hyperon decays between the production target 

a=d the DISC. Their hyperon cross sections are then 

cicoined by using the normalized x- inclusive cross 

sections of Eichten et al (1972). 

Hungerbuhler et al (1975) also measured ratios 

z-/-r- and 5-/n- by detecting the decays I.- + nn- and 

z- - A n- in the downstrqam spectrometer shown in 

Figure 2. These ratios could be extrapolated back 

to the hyperon production target by correcting them 

fcr detection losses and hyperon decays in the magne- 

tic channel. Invariant inclusive cross sections 

Edso/dp3 for ?Z- and 5 - production on beryllium at 0 

rrad production angle and various secondary momenta 

between 17 and 26 GeV/c were then obtained by using 

tie T- invariant cross sections given by the empirical 

fit of Wang (1970). The Wang fit does not reproduce 

x- production measurements (Allaby et al 1970) well 

near the kinematic limit. Hence this group used the 

Wang fit only in the region away from ;he kinematic 



limit where it is in good agreement with data. A 

target interaction monitor and the known scaling 

properties of the hyperon magnetic channel with momen- 

tum allowed them to compute the hyperon invariant 

cross section in the full momentum range of their 

measurements. 

Figure 4 shows a comparison of the hyperon invar- 

iant cross section measurements as a function of x 

of Hungerbuhler et al (1975) at 0 mrad and those of 

Badier et al (1972a) at 10 mrad. The data of Badier 

et al have been converted from a tungsten target to a 

beryllium target by using the measured A dependence 

from Table 2 of their paper. Cross sections for the 

more common particles at 12.5 mrad are also shown in 

the figure from the work of Allaby et al (1970). 

Because of uniertainties in the angle dependence of 

the’ cross sections, no attenpt was made to convert 

the various experiments to the same production angle. 

Core was taken to compute x in a manner consistent 

with conservation of charge, baryon number, and 

strangeness, because differences in the maximum allowed 

longitudinal momenta, although small. are not negli- 

gible at these energies. Some ambiguity in pm,. 

remains due to Fermi motion in the complex nucleus 
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and whether a neutron or a proton was the target. 

It is interesting to note that above r 2 0.75 the 

L- cross section exceeds the R- cross section, 

demonstrating the ‘leading particle effect. The g- 

yield is roughly It of the proton yield. The S- 

cross section drops off more rapidly with increasing 

a, more like p’s and is smaller than the g- by a 

factor of about l/25 at x = 0.7. 

3.3 Hyperon Interaction Cross Sections 

S.3.1 Introduction 

These companion negative hyperon beams had 

sufficient flux to permit practical measurements’of 

various hyperon interaction cross sections in a more 

or less conventional fashion, thus achieving a consi- 

derable improvement in precision over previous work. 

where hyperon interactions were studied in bubble 

chambers. 

The two original charged hyperon groups studied 

t- interactions in hydrogen; the CERN group also used 

deuterium. At CERN Badier et al (1972b) measured 

the 1-p and I‘d total cross sections, and Blaising 

et al (1975) aad Blaising (1977) measured g-p elastic 
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scattering, all with cryogenic targets. At Brookhaven 

Hajka et al (1976) and Majka (1974) studied 2-p and 

S-p elastic scattering with a liquid hydrogen target. 

The same group Hungerbuhler et al (1974) and Hunger- 

buhler (1973) studied 2- and S- interactions in a 

plastic scintillator target. Subsequently Arik et al 

(1977) and Arik (1976) studied Y* production in 

2- nucleus reactions with the Brookhaven charged hyperon 

beam on hydrogen, aluminum, copper, tungsten. and lead 

targets. The CERN neutral hyperon beam, listed in 

Table 4 but not yet described, also played an important 

role in hyperon interaction studies. Gjesdal et al 

(1972) obtained Ap, Xp, Ad, Kd total cross sections by 

CH2 - C or D20 - H20 subtraction, and Dydak et al (1977) 

measured the go lifetime by studying the~process 

A + T -c co, where the *‘v ray” was supplied by the Coulomb 

field of a heavy nucleus. 

The SU3 quark model predicts differences between 

strange and ordinary particle total cross sections 

on a given target. The relation between hydrogen 

total cross sections 

UT @P) - UT (pp) = oT (K-n) - oT (r+p) (1) 

was first written down by Lipkin & Scheck (1966) using 
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simple quark counting rules to decompose the amplitude, 

and then the optical theorem to relate the forward ampli- 

tude to the total cross section. Other relations of 

this type are 

aT(PP) - +-PI 

= o,(v-P) - oT(K-pl 

+ 2foT(K*p) - oT(k+n) I, (7) 

UT (pp) -UT (1-n) = u,(n-p) - oT(T-PI. (3) 

uTWl -uTG-dl = o,(r-d) - oT(K-d), (4) 

and 

aT(g-p) + oT(g-n) = 2oT(Ap). (51 

The pertinent nucleon-nucleon, pion-nucleon, and kaon- 

nucleon cross section data needed to predict the hyperon 

cross sections via these equations is svpplied in the 

review article by Giacomelli (1976). 

Giacomelli (1976) also discusses differential 

elastic scattering at high energies throughout the com- 

plete range of momentum transfers. High energy 

differential elastic cross sections are written do/djtl. 

in units mb/(GeV/cj2, where the variable t is the 4- 

momentum transfer. In the elastic process a + b + a + b. 

the variables commonly used are s - -(Pa + Pbj2, t = 

- (Pa - P.$2, u = -(Pa - py. where Pa is a 4-vector 
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with metric Pa. Pa = -ma2, the prime denotes the final 

state. and s + t + u - 2(ma2 + mb2). For particle a inci- 

dent on target b at rest, s. which is the square of the 

total available energy, is given by s = ma2 + mb2 + 2mbE,. 

and t - 2ma2 - 2 EaE,/ 
*‘/ 

+ Ga - Pa . In terms of the 

laboratory kinetic energy of the recoiling target parti- 

cle, the variable t - -2mb(Eb/ - mb) - -2mbTb/. The 

experimental cross section da/d[tl is often empirically 

fit by an exponential of the form 

a-& = A exp(bt + ct’). (6) 

For small Itl, the cross section is approximately expo- 

nential in ItI with slope parameter b. By convention, an 

effective slope parameter at Iti = 0.2(GeV/c)’ is often 

used to compare various experiments. At ItI * 0, 

do/ditl - A, which is called the optical point. If it 

is assumed that the forward amplitude is predominantly 

imaginary. it is directly related to the total cross 

section through the optical theorem, so that 

A(mb/(GeV/c)2) = 5.095 x 10s2 (o,(mb))‘. 

A very simple geometrical picture of high energy small 

ItI diffraction scattering relates the slope parameter b 

and the total cross section to the radius R of the disc: 

oT * R2, b -.. R2, or aT/b = constant. Thus larger 
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total cross sections lead to steeper elastic scattering 

slopes in this model. The logarithmic growth with energy 

of aT is interpreted as a change in the radius of the 

disc. These concepts are useful in discussing hyperon 

elastic scattering. 

5.3.2 Total Cross Section Measurements 

The high resolution DISC Cerenkov counter was the 

hypcron detector for Badier et al (1972b) in their total 

cross section measurements. Two such counters were used, 

one on either side of a cryogenic hydrogen [H) or deu- 

terium (D) target. A vacuum target (V) was used to 

correct for absorption in the target walls. Multiwire 

proportional chambers on’ either end of the DISC’s 

measur~ed the trajectory of the hyperon before and after 

the hydrogen target, while the Cerenkov light in the 

DISC's identified hyperons in the presence of the pion 

background. The angular acceptance of the second DISC 

was made large (t 12 rarad compared to k S mrad for 

DISC 1) to accept diffractively scattered I-*s as well 

as beam r-. The beam was tuned to 18.7 GeV/c. The 

number of g's scattered through angles a < emax per 

incident beam I was measured for each of the three 

targets H. D. V. To obtain the correct total cross 
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sections oT(T-p) and oT(g-d) as Bmax + 0 it was necessary 

to take multiple coulomb scattering into account, and 

to add the forward elastic 2-p or Z-d nuclear scattering 

contribution, while subtracting the contributions 

from coulomb single scattering and nuclear-coulomb 

interference. The difference aT(Z-d) - oTIZ-p) = 

aT(Zmn) - 6, where 6 corrects for screening of one 

nucleon by the other. The theory of this effect has 

been worked out by Glauber (1960) and Harrington 

(1964). Badier et al (1972b) obtained the following 

cross sections at 16.7 GeV/c: 

qT@-P) = 34.02 1.1 nb (71 

aT(I-dl - 61.3+ 1.4 mb (81 

uT (1-n) - 30.0' 1.8 mb WI 

The short neutral beam constructed at the CEBN PS 

and described by Geweniger et al (1974) was designed to 

measure A and r total cross sections by CH2 - C or D20 - 

H20 subtraction. The absorption of neutral hyperons in 

the two targets was measured at the same time to elimin- 

ate systematic errors due to intensity fluctuations by 

splitting the target transverse to the beam. Down- 

stream of this target arrangement the decays A + pn- 

and T + Fa' were detected in a multiwire proportional 
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chamber magnetic spectrometer. Their apparatus, confi- 

gured for a different experiment, is shown in Figure S. 

Gjesdal et al (1972) note that, although the simultan- 

eous transmission method eliminates many troubles in 

obtaining the total cross section, care had to be taken 

to insure that the decays observed were really 

A - pn- and K + ii r ', that it was clear which half 

of the target the hyperon traversed, and that those 

byperons which either scattered in the target or were 

produced there by beam neutrons be eliminated from the 

transmitted.hyperon flux. Cross sections were obtained 

as a function of hyperon momentum in 15 bins between 

6 GeV/c and 21 GeV/c. Observing no significant variation 

in cross section with momentum, the authors quote the 

following average values: 

6 GeV/c ~2'~ cm 21 GeV/c 

aTUP) - 34.6t 0.4 mb (101 

oT(Ad) - oT(Ap) = 31.2? 0.7 mb (111 

o,(An) - 34.0* 0.8 mb (121 

where Equation (12) was obtained from Equation (11) by 

applying the screening correction discussed above. For 

X with an average momentum of ph = (9.2 * 2.0) GeV/c. 

they obtained o,(rp) = (S6+11) mb and a,&) * 46t20) mb. 
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Equation (1) can be solved for aT(Ap), giving the 

prediction oT(Ap) = (3S.Z-cO.6) mb in this energy range. 

The difference o(predicted) - o(measured) = (0.6t0.7) mb, 

in good agreement with the simple quark model. The 

equality of up and in cross sections is expected from 

charge symmetry, since the A has I-spin zero. Using 

the charged hyperon results of Equations (7) and (9). 

together with'Equation (S), oT(Ap) = (32.Oil.l) mb. 

Here the difference o(predicted) - o(measured) * 

(-2.6kl.2) mb. which is not in such good agreement 

with the quark model. The problem is that the mea- 

sured Z-n cross section, Equation (9). is too small. 

Equation (2) predicts oT(S‘p] = (SS.OtO.9) mb, in 

good agreement with Equation (7). whereas Equation 

(3) predicts oT(I-n) - (38.5rO.g) mb, about 4 stan- 

dard deviations larger than the experimental result 

in Equation (9). 

3.3.3 Scattering Cross Section Measurements 

It is helpful to detect the recoil proton as a 

signature for S-p elastic scattering, and both the 

CEBN experiment of Blaising et al (1975) and the Brook- 

haven experiment of Majka et al (1976) did this. 

Since a proton of Tp <- SO HeV does not have sufficient 

range to leave the target vessel, a practical lower 

limit was placed on ItI 2 0.1. 
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The CEBN experiment covered the range 

0.2~ ItI < 0.38 GeV/c' at 17.2 GeV/c incident Z‘. - - 

and collected 2826 Z-p elastic events. The Brookhaven 

experiment covered the range 0.1 $ ItI 2 0.23 (GeV/c)' at 

23 GeV/c incident E-. and collected 6200 E-p elastic 

events. They also obtained 67 E-p events in the same 

data sample. Since negative pions were copiously supplied 

by both beams, it was convenient to measure the n-p cross 

section as well, which was already well known in this 

If I range from other experiments. The CERN group normal- 

ized their E-p relative to r-p. The Brookhaven group 

normalized both cross sections absolutely, and used their 

v p result as a check on the over-all technique. 

Figure 6 shows the results of these two experiments. 

The fit of the E- data to the form of Equation 6, 

shown in Figure 7, did not require a t2 term in the 

exponent. The results are summarized in Table 5. 

The slopes agree with each other, and are in good 

agreement with the 
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Table 5 

Z-p Elastic Scattering 

du/dItl = Aebt 

Expt Pi ItI range b A meas AL, 
GeV/c (GcV/C)~ (Gev/c)-2 mb/(GeV/~)~ mb/(GeV/~)~ 

BNL' 25 0.1-0.23 8.99kO.39 3oi3 5923 

CERN= 17.2 O-12-0.38 8.12+0.35 47.4Lt4.9 59*3 

=.I Majka et al (1976) 

b.1 Derivbd from oT = (34tl) mb of Badier et al (1972b) 

C-1 Blaising et al (1975) 

prediction of the disc diffraction model: bz-p - bpp 

uT(2-P)/oT(PP). which gives b - 
ZP 

= 8.7tO.S 

(GcV/C)-~. The over all normalizations of~the two ex- 

periments disagree by three standard deviations, assuming 

that the elastic cross section changes a negligible 

amount between 17 and 23 GeV. Both extrapolations to 

t - 0 are below the optical point, the Brookhaven result 

being (29+4) mb low. A careful measurement of the low 

ItI region in high energy pp elastic scattering by 

Barbiellini et al (1972) showed that the slope parameter 

below ItI ?; 0.1 (G~V/C)~ was distinctly larger than above 

that ItI value by about 1.5 to 2.0 [GeV/c)-‘. This slope 

change at small ltlappears to be a general phenomenon 

in hadron elastic scattering and has been noticed par- 
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titularly by experiments performed in the Coulomb- 

nuclear interference region (Lath 1976). A recent summary 

of pp and n-p slope changes as a function of t is given 

>y Burq et al (1978). A slope change of this magnitude 

increases the cross section extrapolated to t=O by 

about 15%. bringing the CERN result up to 54 nb, and the 

Brookhaven result to 35 mb; the agreement is still poor. 

3.3.4 En Lifetime 

Dydak et al (1977) measured the lifetime of the 

I' hyperon in a remarkable experiment in the CEW neutral 

hyperon beam. The decay rate l'(C" - Ay) should be pro- 

Fortional to the square of the transition magnetic moment 

utA which was predicted from SU3 by Coleman and Glashon 

(1961). The'expected X' lifetime based on these consid- 

erations is rIo = 0.7 x 10 -19 set, corresponding to a 

flight path of 0.2 2 per GeV/c momentum, or a mass width 

ba = 9.4 keV. Neither the flight distance nor the mass 

width can be measured by present day techniques. The 

decay rate can be measured indirectly by studying the 

reaction A + 2 + I0 + 2, where the coulomb field of the 

nucleus 2 supplies the "y" for the inverse process 

A + y + I*. This mechanism, called the Primakoff effect, 
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has been discussed in detail by Dreitlein and Primakoff 

(1962). The cross section is proportional to t2/rZO; 

it is sharply peaked in the forward direction within 

an angle,af about 2 mrad for 10 GeV/c A’s; and it in- 

creases logarithmically with increasing energy. Compet- 

ting strong interactions which convert A’s into 2”s do 

not have these characteristics. 

The experimental procedure then was to insert a 

thin high 2 target in the neutral beam (U and Ni were used); 

to look for A y downstream of the target by detecting the 

decay A -t pn- and converting the y-ray. A very sharp 

peak was expected for [Ay) events with invariant mass 

mAr 2 m2 at very small angles relative to the (unobserved) 

incident beam A. The apparatus used by Dydak et al to 

do this is shown in Figure 5. The A + pn- was measured 

in their multiwire proportional chamber spectrometer. and 

the y ray energy and location was recorded in an array of 

84 lead glass blocks each 12.7 radiation lengths deep. 

The A -c pn- mass resolution had a o = 1.5 MeV/c’. The 

energy resolution of the lead glass was AE/E - 

0.11/f??? full width at half maximum. and by calcu- 

lating the centroid of the electromagnetic shower energy 

they obtained a position resolution o - 2.7 cm. The re- 

constructed A momentum vector intersected the plane of 
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the Primakoff target at a point P, giving the origin of 

the Z”. A line between P and the production target center 

gave the incident A line of flight to within e = 1.2 mrad. 

The uranium data for those AY events with mass 

1.1755 m(Ay) <- 1.205 GeV/c’ . IS shown in Figure 7 plotted 

as a function of q2 = pz20:. The background was predomi- 

nantly due to decays of beam F O’s, 5 o + An’, where only 

one Y ray from the decay no + YY was detected by the lead 

glass. The peak at small q2, was ascribed entirely to 

the Primakoff effect. Analysis of these data and similar 

results from nickel gave a lifetime rzO - (0.6220.10 x 

lo-l9 sec. in good agreement with the SU3 prediction. 

3.4 RARE DECAYS 

3.4.1 Description of Semileptonic Decays 

Hyperon beta decays arc very difficult to study. The 

branching ratios, given in column 3 of Table 3, are all 

small. In addition, two neutral particles are always 

involved, a neutrino and a neutral baryon. If the parent 

baryon is a A. er the daughter is a neutron. usually 

only the baryon direction is measured, not its energy. 

Thus a process like 2- + ne-Fc or A + pe-Gc has a zero 

constraint kinematic fit. Decays like S + AC-~,, or 

E- - Ae~~c. where A + ptr- can be observed in the final 
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state, pick up a helpful extra constraint. The decay 

asymmetry allows the final state baryon spin direction to 

be measured as well. But for the other decays the zero 

constraint fit leads to a quadratic ambiguity and two 

solutions for the energy of the neutral baryon. Low rates 

and weak kinematic constraints make it difficult to 

accumulate many events, and make the data sample prone to 

contamination by background, which is often composed of 

mis-identified non-leptonic decays of the same hyperons. 

The semi leptonic decays are especially interesting 

because the theory of such weak interactions is highly 

developed, and the interpretation of accurate experimental 

data is clear. Using the notation of Marshak, Riazzudin. 

and Ryan (19691, the current - current coupling of baryons 

to leptons is written H = (C/&?)(Jij,,+ h.c.). The 

phenomenological form of the baryon current for a decay 

like z- + ne-ye is 

J 
u 

= J; l J;, 

JZ = Fn;n(flYy + (f2hZ)a”“q,NJ~* 
and 

Jo = vnklryys + (g2hz)ouyrss,)*, 

03) 

(14) 

(1s) 

where J V 
u and are the vector and axial vector parts, and 

qa = (P, + P,Ix' (P, - PnIx is the 4 - momentum of the 
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lepton pair. The terms fl, f2, gl, g2 are form factors, 

and can depend on q*. The range is me2 <- -q* 2 (mz - mo)‘. 

The vector and axial vector form factors fl and gl are 

“large” compared to the weak magnetism and induced 

pseudo-tensor terms f2 and 82, which are multiplied by 

s EJP z.. In a AS = 0 beta decay like n + pe’iie, 

the form factor g2 # 0 would imply the existence of an 

axial vector current even under G parity, called "second" 

class” by Weinberg (1958). For AS = 1 decays the I-spin 

rotation cannot be directly applied, and g2 # 0 does not 

require second class currents, but g2 should be no larger 

than * (mlz - mpz. 

3.4.2 Semileptonic Decay Experiments 

The decay Z- + ne-re was studied in the Brookhaven 

negative hyperon bean by Tanenbaum et al (1975), and in 

the CERii negative hyperon beam by Decamp et al (1977). 

Both groups obtained Igl/fll by measuring the recoil 

neutro.n kinetic energy distribution. The Brookhaven group 

collected 3507 events, while the CERN group had 519 events. 

The Brookhaven group also collected 55 E- * Ae-Te and 11 

possible L- + Ae-ve. A second Brookhaven group running 

in the same hyperon beam obtained 127 X- + Ae-Ge and 15 

s- -c Ae-Yie candidates (Herbert et al 1978). The results 
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of these experiments combined with previous world aver- 

ages are shown in Table 3. 

The experimental requirements for a high statistics 

study of L- + *e-Fe are: (5) electron identification and 

momentum measurement; and @) neutron detection. To 

select and reconstruct beta decay event candidates one 

must: (5) eliminate 7.- * nn- where a VI- is mistaken for 

an e‘; and (bJ handle the neutron energy two-fold kin- 

ematic ambiguity. 

The apparatus used by Tanenbaum et al is shown in 

Figure 2. Neutrons were detected by a downstream calori- 

meter composed of iron plates and multiwire proportional 

chamb’ers.. The neutron interaction point was determined 

to t7 mm in this array. The neutron energy information 

was not sufficiently precise to provide a useful constraint. 

The proton counter was used to detect daughter A + pr-. 

Kink track events of the form Z- + negative particle 

in the fiducial rbgion were reconstructed as two body 

decays I- + nn-. The majority of such events were peaked 

at the Z‘ mass, and were caused by accidental fast muon 

counts in the Cerenkov counter in time with a beam 

r- + mm decay. Time and space correlations between 

the scintillators that detected the negative and the 

signal from the appropriate Cerenkov counter segment 

were used to reduce the non-leptonic background. Further 
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reduction was achieved by requiring m(nn-) < 1165 

HeV/c'. After final aperture cuts 3507 leptonic decay 

events remained. 

The shape of the neutron energy spectrum is smeared 

by the kinematic ambiguity in neutron energy. Tanenbaum 

et al retained both solutions for the neutron energy, 

and used a maximum likelihood fit to a surface in 

(Eueeer 
n , Elower) space. n Their final result was lgl/fll = 

0.435 * .035. 

The detection apparatus of Decamp et al at CERN used 

their DISC Cerenkov counter for 2- identification, a 2 m 

long threshold Cerenkov counter filled with a H2-CH4 

mixture at atmospheric.pressure for IT- rejection and e- 

identification, a downstream neutron detector with opti- 

cal spark chambers and iron plates, and two streamer 

chambers, one for the 2‘ + e- kink, and one after an 

inalyzing magnet for e- momentum measurement. Event 

candidates reconstructed as 2- + nn- showed a strong 

peak at the 2‘ mass, again due predominantly to acciden- 

tals in the H2-CH4 Cerenkov counter. A cut on low pulse 

height in the counter reduced the non-leptonic back- 

ground substantially. The sample of beta decays was 

further purified by requiring m[nn-) < 1170 MeV/c' 

and a low value of chi-squared for the hypothesis, 

E- - *e--j, calculated from the eight measured quantities 
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&* $,. =*d ~,/Ie,t- They estimated a residual back- 

ground of 1.6% 2‘ + nn- in the remaining 519 2- + ne-iie 

candidates. They weighted the two solutions for En 

equally in the analysis, and obtained Igl/fll = 0.17f:ii 

from a likelihood fit to the resulting neutron energy 

distribution. The CERN and Brookhaven results disagree 

by three standard deviations. This disagreement is 

reflected in the error assigned to this quantity in 

Table 3 by the Particle Data Group. The number lgl/fll 

SE 0.385*.070, is the world average of the two hyperon 

beam experiments plus several bubble chamber experiments 

each with less than 100 events. 

Two groups at Brookhaven measured Z- + Ae-ce. 

Herbert et al (1978) obtained a decay rate for this mode 

and for B- + Ae-Te as well. These rates, combined with 

previous work, are listed in Table 3. Tanenbaum et al 

(1975) measured fl/gl for Z - + Ae-G, from the A, energy 

distribution and angular correlation terms in the 2- 

rest frame for 55 events. The result is fl/gl - 

-0.25iO.35 assuming f2 = 0 and is quoted as the recipro- 

cal of gl/fl because it is expected that fl/gl b 0 for 

this particular decay. This follows from the conserved 

vector current hypothesis, which predicts that fl/gl 

0- + Ae-ii,) 2 (mr - mA)/mz. 
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3.4.3 Search for the Rare Mode So + pn‘ 

Geweniger et al (1975) have used the CERN neutral 

hyperon beam, where the So flux is about 1% of the A flux, 

to search for the AS = 2 decay 3" + pa-. No decay which 

violates the selection ruIe IAS/ <- 1 in first order weak 

interactions is known to exist, so a search for this 

process is of fundamental interest. A two body decay 

of this type is constrained, and the total momentum 

vector and mass of the parent particle can be deter- 

mined from the vectors $ 
P 

and $a. The momentum of 

either particle in the 3" rest frame is 300 MeV/c, 

higher than that for any known decay mode of other 

particles in the neutral beam. It is an ideal candi- 

date for a search for AS = 2 decays, and a neutral 

hyperon beam is an ideal place to perform the search. 

The group collected 10' events, corresponding to 

about log A -c pa-. and roughly lo6 beam fO's available 

to decay by the AS = 2 mode. The major background at 

m(pr) > 1250 MeV/c2 was found to be K: + n+n- where the 
l 

1 was assigned the proton mass. To eliminate these 

events the authors made a cut requiring m(nn) > 550 MeV/c'. 

This cut also would have eliminated many S* + pa-, and 

thus decreased their sensitivity to the decay mode. 

The limit they obtained, based on a signal of % zero 
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events above a background of two events was T(E" + 

pr-)/r(E'O +.AI?) < 3.6 x 10 -' (90% confidence limit). 

4 High Energy Hyperon Beams 

4.1 Introduction 

As mentioned in Section 2. it was anticipated that 

an order of magnitude increase in laboratory hyperon 

energy would substantially improve the signal to noise 

ratio in hypkron beams. The Fermilab program, reviewed 

by Sanford (1976). has included plans for neutral and 

charged hyperon beams since the first set of proposals 

was submitted to the laboratory. The neutral bean has 

been operating successfully for several years, and the 

charged beam is due to come on in 1979. In the meantime 

a similar accelerator has been built at CEBN. the SPS, 

and a charged hyperon beam has been brought into opera- 

tion there. The currently available results from these 

beams are reviewed below. 

4.2 Fermilab Neutral Hyperon Beam 

4.iZ.l E&arimental Apparatus 

The layout of the Fermilab neutral hyperon beam is 

shown in Figure 8. Some of the characteristics of the 

beam are listed in Table 4. The h&perons were produced 

by a secondary proton beam, diffracted from the main beam 
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of the accelerator by the Meson Laboratory beryllium 

target, 450 m upstream of the apparatus. The proton 

energy equaled that of the accelerator - either 300 GeV 

or 400 GeV. The intensity could be varied from lo6 - 

1020 protons per pulse. The production angle could be 

varied between 0 and tl0 mrad by steering the proton 

beam in a vertical plane, keeping the axis of the colli- 

mator which defined the neutral beam fixed. The hyperons 

were produced in a 6 mm diameter metal target made of 

beryllium, copper, or lead. An ion chamber monitored 

proton intensity. 

A brass collimator 5.3 m long in a vertical magnetic 

field defined the neutral beam and eliminated charged 
, 

partic'les. The maximum 
1 

Bdl was 13.6 T m. The solid angle 

accepted by the collimator was 1.2 u sr. All neutrals 

produced in this solid angle were transmitted to the 

downstream detectors. A typical beam A had momentum of 

150 GeV/c and a decay length of 9.3 m, thus suffering 

small decay loss in the channel. 

A veto counter defined the beginning of the decay 

volume, an 11 m vacuum pipe. Decays A + px-, K: - x+x-, 

X+x+ as well as r -c e+e- conversions and neutron inter- 

actions in the small amount of material in the beam were 

detected by a set of multiwire proport,ional chambers~and 

au analyzing magnet. The device was designed to have high 
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acceptance for A -t pa-. A threshold helium gas filled 

Cerenkov counter could distinguish protons and pions for 

those protons with momenta less than 170 GeV/c. No other 

mass measurements were made on secondary particles. A 

lead glass wall at the downstream end of the apparatus 

was used to detect 7 rays from the decay sequence 

E- .+ An', no -, yy, A -. pa-. From the momentum vectors 

$+ and F- measured by the spectrometer the invariant mass 

of the parent M+- 9 [ml + rnf + 2E+E- - 2p:$ll'2 was 

calculated using hypotheses (m,, m-J = (m P' mnJ. Cm,. n,J. 

and Cm,, mpJ to search for A. K, and K respectively. 

4.2.2 Inclusive Cross Sections 

Extensive measurements were made of the spectra of 

neutral particles produced by 300 GeV protons at various 

laboratory angles on beryllium, copper and lead targets. 

The resulting invariant cross sections per nucleus for 

p + Be * A + X and T + X are shown in Figure 9 as a func- 

tion of laboratory momentum for six angles between 0.25 

mrad and 8.8 mrad. These figures are from Skubic et al 

(1978). The inclusive A spectra include daughter A's 

from 2' decay, which could not be separated from "direct" 

A’S, Note that at small angles the A spectra are rather 

flat as plab increases, indicating a leading particle 

effect, while the T spectra fall off very steeply with 
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increasing plab. At the lowest measured momentum, 60 GeVfc 

the ratio x/A = 0.1. These data were fitted to smooth 

empirical functions of the scaling variables (x. p,), and 

the lines shown on the figures were calculated from these 

fits. The fitted parameters are given in Table VI of 

Skubic et al (19781. Production data subsequently taken 

at 400 GeV show that E d30(x, pA)/dp3 is independent of 

energy in this region. The pL dependences of the A and 

h spectra are similar - essentially exp (-2.3~~‘). while 

the x dependences are very different. At pI= 0, an 

expression of the form Ed30/dp3 Q (1-x)” fits the data 

roughly, where nn = 0.6, and nx - 6.0. These same data 

have been compared to the triple Regge model by Devlin 

et al (1977). 

Inclusive cross sections for KS, h, K, and n pro- 

duced by ZOO Gel’ n-, K-, p-, and p on beryllium have been 

measured by Edwards et al (1978) using the same beam line 

and detection apparatus. These results show remarkable 

similarities between the cross sections x- + A, II- + H. 

and p *KS, between I‘ -L n, and K‘ + A, and, to a lesser 

extent, between n- -c KS and p + A, and illustrate the 

insensitivity of the inclusive cross section to the 

particles involved. 
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4.2.3 A Dependence 

Since invariant cross sections were measured for 

A production on copper and lead targets as well as beryl- 

lium, the dependence of the shape of the cross section on 

the atomic weight of the target nucleus (A dependence) 

could be studied. Interest in this subject has grown in 

recent years. because it may offer the possibility of 

studying the time development of a state of hadronic 

matter after a collision. A large number of particles 

are produced by a high energy interaction between two 

nucleons. Many of these particles are associated with 

the incident projectile, and are moving rapidly in the 

laboratory. In a heavy nucleus the time between collisions 

is so short that the definite number of particles observed 

in the asymptotic final state may not have time inside the 

nucleus to materialize. This picture has been discussed 

by Gottfried (1974)) and was supported by the early work 

of Busza et al (1975), who showed that the forward angle 

multiplicity had very weak A dependence. Thus if a proton 

incident on a lead nucleus is excited by interaction with 

P target nucleon, this excited proton may travel through 

the rest of the nucleus and diffractively scatter. suffering 

a small loss in longitudinal momentum, and subsequently 

decay into the observed final state particles outside the 

nuclear volume. 
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The forward inclusive production of A’s by protons 

was analyzed by Heller et al (1977) from this point of 

view. Following Busta et al (1975). these authors define 

the average number of absorption mean free paths encoun- 

tered by an incident hadron h on a nucleus A as F = 

A q,N/aur where ohN is the absorption cross section on 

8 single nucleon target, and ohA is the corresponding 

cross section on nucleus A. Then taking experimental 

numbers o 
PN 

- 33mb, o 
PBe 

- 216mb, o 
PC” 

= 812mb. and 

‘pPb - 1930mb they calculate the values CBe = 1.4, 

Vcu - 2.6, and rpb = 3.6. Thus copper is approximately 

one absorption length thicker than beryllium, and lead is 

one absorption length thicker than copper, 

Figure 10 shows the differential multiplicity - the 

invariant cross section divided by ohA - for the three 

nuclear targets plotted as a function of rapidity y,in 

the nucleon - nucleon center-of-mass. Note that as A 

increases the distribution at large y,is depleted, as if 

the excited hadron lost energy by collision in leaving 

the nucleus. Although data were not taken between y, - 0 

=nd rc - E-5. the curves are suggestive of an enhancement 

at wall yc as A increases, thus leaving the multipIicities, 
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which are related to the areas under the curves, indepen- 

dent of A. A collision distribution function, quite, 

similar to the inclusive proton distribution function 

in p + p+p + X. was found by Heller et al (1977) such 

that the copper shape was given by the distribution 

folded into beryllium, and the lead shape in turn was 

given by the same function folded into copper. The 

curves in Figure 10 thus support the definition of u. 

and the view that an excited proton-like object scatters 

through the nucleus before materializing into the observed 

final state. 

4.2.4 Polarization 

Figure 8 shows that the A production angle could be 

varied in a vertical plane. A parity conserving strong 

interaction could produce a A,polarization in the direc- 

tion An - (sp ac $A)/l$p x $,,I. A spin vector in this 

direction would be perpendicular to the magnetic field 

of the shield magnet M2 and would precess as the &moves 

through the collimator at a rate proportional to the 

magnetic moment. 

The unexpected occurance of substantial A polariza- 

tion was first reported by Bruce et al (1976). In this 

early work the precession was used to eliminate systematic 

errors in searching for a polarization effect. Since 
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distribution in the A rest frame is asymmetric if the 

parent A'S are polarized, as discussed in Section 1. The 

relevrn? asymmetry parameter is given in Table 2. Reversing 

the direction of the magnetic field of M2 would reverse 

the longitudinal component of the polarization, without 

cbamging anything else, affording a technique to cancel 

out apparatus bias. The original 300 GeV measurements 

of the polarization have since been augmented by work at 

400 GeV, reported by Heller et al (1978). and Figure 11 

is -&en fromthat reference. The A poIarization is 

plotted as a function of A Xransverse momentum for 

.i*s produced by protons at the fired laboratory angle 

of 7.2 mrad. The polarization increases monotonically 

with increasing pL, and vanishes at pi= 0. The direc- 

tion ,of the polarization is along - Q. defined above. 

PA reaches -0.25 at pL= 2 GeV/c. It is not due to 

Polarization of the incident proton beam, and is consis- 

tent with a parity conserving strong interaction in the 

rmction p l Be + A + X. Preliminary data on p * p + 

A + I( from hydrogen, reported by Grobel et al (1979) 

shov that the polarization is not a complex nuclear effect. 

The fixed angle data of Figure 11 cannot be used to 

separate the kinematic dependence of PA on x and pL, 

simce the two variables are uniquely related. Bunce et al 
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(1976) observed no noticeable x dependence in the 500 GeV 

data, which were taken at several angles between 0 and 9 

mad. Subsequent careful measurements at several produc- 

tion angles have shown that Ph does increase slightly with 

increasing x, as if it were associated in some way with 

the leading particle. 

Figure 11 also shows the companion data on the 

polarization, of ?C’s. The maximum transverse momentum 

is smaller, but it is clear that PK - 0 for pL i I C&/c. 

and that Px does not resemble PA. This strengthens the 

notion that the polarization is a leading particle effect, 

since T’s are not strongly associated with the incident 

proton. One more clue to the origin of this unexplained 

phenomenon has been supplied by Bunce et al (1979). 

who reported a polarization of 5’ hyperons at 7.2 mrad 

production of Pgo - -.086?.019, in agreement in sign and 

magnitude with the average PA. 
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4.2.5 Magnetic Moments 

The precession of the polarized A’s in the magnetic 

field of MZ could obviously be exploited for a precise 

measurement of the A magnetic moment. This was done 
by Schachinger et al (1978). For hyperons with velocity 

2 c (a 75 GeV A has 6 - 0.99989) the precession angle 

is given in terms of the field integral by the formula 

6 (degrees) - (18.3) YA 
i 

Bdl (T m), where II,, is measured 

in nuclear magnetons uN (units of e A/2, mpc). This 

angle was measured from the ratio of the transverse com- 

ponent to the longitudinal component of PA after preces- 

sion for various values.of 
I 

Bdl. Equal amounts of data 

were taken with the proton beam steered onto the beryl- 

lium target from above and from below the A line of 

flight, thus reversing PA in space. Asymmetries for 

the two signs of production angle were then subtracted 

to eliminate instrumental bias. The resulting precession 

angles + versus 
I 

Bdl 8re plotted in Figure 12. The slope 

of the straight line gives the magnetic moment PA - 

-0.6138r0.0047 yN. 
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A hyperons which were daughters from the decay 

50 + Ano were separated from A's produced by protons in 

the Be target by requiring the A momentum vector to inter- 

sect the plane of the target at a distance greater than 

9 mm from the target center. The actual target rad~ius 

was 3 mm, and no K” s in the beam (which must be produced 

at the target) had a reconstructed distance greater than 

6 mm. A's selected by this technique showed a growth 

curve in the decay vertex distribution characteristic 

of a parent - daughter decay. The 40,000 daughter A's 

selected in this manner were analyzed to measure spin 

direction in the same way as the beam A's. The daughter 

spin direction in turn gives the spin direction of the 

parent, and hence the precession angle of the E"'s in 

the magnetic field. Analysis of 9 versus 
I 

Bdl gave the 

result + = -1.20+.06 uN (Bunce et al 1979). 

The quark model discussed in Section 1 can be 

applied to the baryon magnetic moments. The baryons 

shoun in Figure 1 are all composed of the three quarks 

Cu. d, 5). .%I6 gives a rule for combining the spins of 

the quarks to give the baryon spins: like quarks form 

spin 1. Thus the proton with spin up in this model would 
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have the structure pf = /?i?l. (utu+d+) - /m (dt (utut + 

u+ut)//T). The L+, composed of (uus) has the same form. 

The Co (uds) is obtained by applying an I-spin lowering 

operator to I+, which results in (ud) in a triplet 

state. The A is also (uds) , but is orthogonal to I”, 

and hence has (ud) in a singlet state: At = st(utd+ - 

u+dt)/fi. In this model the spin and magnetic moment 

of the A are due entirely to the strange quark, and a 

measurement of yA is a measurement of us. The magnetic 

moment of the u quark can be obtained from the proton 

moment by assuming that nu/nd = -2, the same as the 

charge ratio. This procedure gives a neutron moment about 

3% smaller in magnitude than the experimental value. 

Taking np = 2.7928 and u,, = -0.6138 gives uu = 

1.862 and ns f -0.6138 in nuclear magnetons. The masses 

of the constituent quarks can be calculated if uq = 

eq~/2mqc is assumed, like Dirac “point” particles. 

The results mu = 336 MeV/c’ and ms = 510 MeY/c2 are in 

good agreement with quark mass differences and ratios 

calculated from observed splittings betveen particle 

masses in the various multiplets (see De Rujula, Ceorgi, 

and Glashow (1975) and Lipkin (1978)). 
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4.2.6 Elastic Scattering 

‘A liquid hydrogen target 91 cm long was inserted 

in the neutral beam just upstream of the veto in Figure 

8 to stud; Ap elastic scattering. The neutral beam 

flux was monitored by counting neutron conversions in a 

thin CH2 slab placed upstream of the target. Unscattered 

beam A’s and Ap scattering events were then detected for 

a fixed number of neutral beam counts to determine the 

cross section. Recoil protons emitted from the hydrogen 

target at large angles to the neutral beam were detected 

in two pairs of multiwire proportional chambers. one 

next to the target on the left side of the beam, and 

one on the right. 

Given the scattered A momentum vector determined 

by A -, pv- and the recoil proton direction, the incident 

beam A momentum vector could be calculated, assuming the 

event to be elastic (a zero constraint fit). Inelastic 

background was eliminated by requiring the reconstructed 

beaa A to point back to the beryllium production target 

in the same way as true beam A’s. The details of the event 

selection, reconstruction, and normalization are discussed 

by Wartin (1977). Proton - proton scattering was measured 

with the same apparatus by turning off M2 and bringing 

the proton beam through the neutral collimator to check 

the geometry and efficiency of the detector. 
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Figure 13 shows the elastic differential cross sec- 

tions do/dt for Ap * Ap (average energy 216 GeV) and 

Irp + Kp (average energy 120 GeV). The rp cross section 

has been divided by 10 to separate the points. The two 

cross sections are the same size, with essentially the 

same slope. The Ap cross section was fit by the expres- 

sion do/dltl - Aebt+ct2 , with A = SO.2*.75 mb/(GeV/c)2, 

b= 10.06kO.11 (GeV/c)-2, and c = 1.59r0.16 (GeV/c)-4. 

The ICp cross section was fit by A - 54.3t7.S mb/(GeV/c)', 

b= 10.3tO.7 (GeV/c)‘2, and c = 0. If the lower energy 

value of oT (Ap) - 34.6k.4 mb reported by Gjesdal et al 

(1972) is used as a guide, AAp - 6120.7 mb/(GeV/c)' is 

predicted by the opticai theorem, lltl mb above the 

measured result. As discussed in Section 3.3.3 an 

increase in the slope at small ItI would decrease the 

discrepancy. The Ap cross section data were also divided 

into three separate momentum bins, centered at 134 GeV/c. 

208 GeV/c, and 307 GeV/c. and the slopes were fit to 

each bin. These results for the effective slope at ItI - 

0.2 GeV/c’ are shown in Figure 14 together with the pp 

elastic cross section data and the lower energy &‘p data 

from the charged hyperon beams. 
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4.3 CERN SPS Charged Hyperon Beam 

4.3.1. Experimental Apparatus 

The anticipated improvement in charged hyperon beam 

fluxes at higher energy was recently demonstrated by the 

CERN SPS charged hyperon beam (hi. Bourquin et al submitted 

to Nuclear Physics 9). At least three important new fea- 

tures were demonstrated by this beam. It is the first 

time that the feasibility of a positive hyperon beam has 

been demonstrated. Secondly, substantial fluxes of 

charged antihyperons were identified in the beam and 

thirdly, a flux of D- sufficiently copious for detailed 

measurements of its properties was made available. Each 

of these features opens up a new experimental program. 

This beam, which incorporated many design features of 

the earlier CERN beam, is shown in Figure 1Sa. Two super- 

conducting quadrupole magnets and three bending magnets were 

used in the hyperon beam transport. Figure 15b shows the 

downstream detection apparatus, incorporating two DISC 

Cerenkov counters to count the hyperons directly and a rag- 

netic spectrometer for the decay products. Under normal 

operating conditions only the SPS DISC counter was used for 

particle identification. At the downstream end of the 
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SPS DISC, a distance of 12.61~ from the hyperon production 

target, the beam had a momentum bite AP/P = 101, FWHM and 

a size of 1.5 x 2.Ocm (h x v). A useful secondary beam 

intensity of about lo6 particles could be achieved with 

4 x 1010 protons incident on the hyperon production 

target. The background due to particles leaking through 

the shielding (mostly muons) was much less a problem than 

in the earlier charged hyperon beams; the secondary beam 

flux was limited only by the rate capabilities of the 

experimental apparatus. 

The magnetic spectrometer Played an essential role 

in identifying the rarer hyperons through their decays. 

It consisted of an analyzing magnet vith a field integral 

of 2.2 T m with drift chambers on either side. The up- 

stream chambers (DC1 - DC4 of figure 15b) had a drift 

space of only Smm to insure good resolution of close tracks 

as would occur from the decay 3- - r-A and the subsequent 

dccay A + n-p. The chambers downstream of the magnet 

(DC5 - DC8) had a 1 cm drift distance ~since the tracks 

were now further apart. 

Another very important feature of the spectrometer 

was its excellent photon and lepton detection capabili- 

ties. Wide angle photons were detected by the lead scin- 

tillator hodoscope before the magnet and more forward 

photons by lead glass and a lead and proportional chamber 
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array behind the magnet. This allowed the reconstruction 

of the decay Z+ - 5 x0 since both photons from the no 

could be detected. The identification of I+ in a much 

larger sample of 2‘ was thus possible. 

4.3.2 Hyperon Fluxes 

Figure 16 is a DISC pressure curve taken at +lOO Cev/c 

and shows a clean peak at the I+ mass. The small X*-f 

mass difference (8 Mev/c’) is not resolved by the DISC. 

The flux of 2* (r-) can be determined by reconstructing the 
+ 

decays Z*[r-) + n (ii; n . Since the I* and f- lifetimes 

differ by a factor of two, (assuming TS - ~2) they will 

have different distributions of their decay vertices. 

Fitting to this vertex distribution and making cuts in- 

volving the 2* - r- mass difference allows a determination 

of the Y-/S’ production ratio. The flux of' h-as too 

small to be seen as a peak in the DISC curve since the 

DISC background levels were 10m7 to 10-6 of the total 

beam flux through it. However. by triggering with the 

DISC set to the 5 mass and then fitting to the decay 

-g- + E n + and ii - p II+, a clean identification could be 

made. The corresponding reconstructed S- and It masses 

have widths of 6 and 4 MeV/c2 (FhliM) respectively. The 

dashed curve of Figure 16 shows the expected 5- signal 

based on events reconstructed in this way. 
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The R- flux, although also too small to be seen as 8 

peak in the DISC pressure curve could be readily measured 

by reconstructing the decay D + K- A~, A + v-p. The major 

background was due to the topolcgically similar 5“ decay 

but simple mass cuts allowed good separation. For lo6 

beam particles identified by the DISC, typical running 
-+ 

conditions at -100 CeV/c provided 4000 2-. 2 2 , 400 5-, 

and 0.1 D-. For +I00 r&V/c 46 2+, 4 2-. and 2 S- were 

typical fluxes. 

Bourquin et al compared particle production ratios 

as a function of strangeness at xs * 0.48. The variable 

xs is the Feynman x of the beam pions. The ratios are 

plotted in Figure 17 and display a number of interesting 

patterns. The decreasing strange baryon production cross 

section as compared to pions is demonstrated by the de- 

crease by a‘factor of SO - 100 of this ratio for each 

unit change of baryon strangeness. As has been noted for 

A and II yields, two production mechanisms are probably 

at work. At large values of x the barycns are produced 

diffractively giving rise to the leading particle effect, 

while at smaller x values the production of baryon - anti- 

baryon pairs is significant. The figure shows that the 

diffractive production of strange baryons becomes pro- 

gressively less dominant as the strangeness of the br_ryon 

increases. 



4.3.3 9- Properties 

Measurements of the G- lifetime by the early bubble 

chamber experiments were severely limited by statistics, 

but clustered about a value of 1.3 x 10-l’ seconds. Three 

bubble chamber experiments with larger event samples have 

recently been reported. A measurement of Deutschmann et 

al (1978) using 101 events produced by 10 and 16 GeV/c K- 
yielded a lifetime of r = 1.41T:~:.10-10 set in agreement 

with the earlier bubble chamber results. The measurement 

of Hemingway et al (1978) with 40 R- produced by 4.2 G&/c 

K- gives T - 0.7S-.11. +.14 1o-1o set and that of Baubillier et 

al (1978) using 41 events produced by 8.25 GeV/c K- yields 

7 - 0.80f::~.10-10 sec. The measurement of Hemingway et 

al is claimed to be particularly free of biases since their 

data is just above the n‘ production threshold and used 

only events where the production kinematics were over con- 

strained (no missing neutral particles) to help separate 

the Q- from the much more copious, and topologically 

similar, 3- decays. This was not possible for.the other 

measurements because of their higher energy. 

The hyperon beam measurement of Bourquin et al, (1978) 

used a sample of 1410 R- which decayed by the mode n- +AK- 

and A -c n-p. They estimate their background as 23 events, 

about half of which are due to another R- decay mode and 

the rest due to misidentified E- decays. The best fit to 
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the data yields a preliminary lifetime of 0.82 r0.06.10-10 

sec.in good agreement with Hemingway et al (1978) and 

Baubillier et al (1978). 

Bourquin et al (1978) measured the D- decay branch- 

ing ratios and the o parameter for the decay R- + AK-. 

These are given in Table 2. The ratio of the decay il + 

s OS- to n‘ + s ‘me is predicted to be equal to 2 for a pure 

AI = l/2 amplitude. This same group also find three 

possible candidates for the leptonic decay of the R-. The 

analysis is still preliminary but these events would cor- 

respond to a ~1% leptonic branching ratio. 

4.4 The Fermilab Charged Hyperon Beam 

The charged hyperon beam under construction at 

Fermilab is designed to target the primary 400 CeV proton 

beam at fluxes of up to 101’ protons per pulse. The main 

component of the hyperon channel is a large dipole magnet. 

7m in length, and capable of 3.5T. The channel itself is 

designed to operate~over a momentum range of 100 - 3SO 

CeV/c. Figure 18 a and b show the expected positive and 

negative particle fluxes at a distance of 10m from the 

production target. Flux estimates for this beam have 

been made by Doroba (1978); the above figure incorporate 

the recent flux measurements of Bourquin et al (submitted 

to Nuclear Physics 1978). The figures assume that the 



incident proton beam is adjusted to give lo6 secondary 

particles emerging from the channel. These hyperon 

fluxes are very substantial and in the high momentum 

range of the negative beam, hyperons become the dominant 

particles. The approved program for this beam will in- 

clude a new particle search, a hyperon flux and polariza- 

tion measurement, and a measurement of hyperon elastic 

scattering. 

5. Future Prospects 

At this time two hyperon beams art operational, a 

neutral beam at Fermilab and a charged beam at CERN. 

Within a year a new charged cchyperon beam will be completed 

at Fermilab capable of exploiting a considerably higher 

energy and intensity range than the existing beams. The 

utilization of these beams in the next few years should 

provide significant advances in a number of areas. 

Systematic measurements of A and b production 

cross sections over a wide range of kinematic variables 

have been published, and a high statistics study of Se 

production, including A dependence and polarization, has 

been completed. Similar measurements for the charged 

hyperons are tither planned or already in progress. The 

behavior of the A polarization as a function Of pr Out 

to 6 GeV/c is planned for the Fermilab neutral beam. 
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Precision measurements of the static properties of the 

hyperons have been demonstrated by the recent hyperon beam 

measurements of the $3‘ lifetime and the A andE” magnetic 

moments and have obvious extensions to the other hyperons. 

Only the high energy charged beams have sufficient fluxes 

of P- to make .significant advances in the study of its 

branching ratios and other static properties. Almost all 

previous knowledge of antihyperon properties has come from 

bubble chamber measurements and had limited statistical 

impact. The significant fluxes of antihyperons in the 

SPS and Fermilab high energy hyperon beams should allow 

measurements of their static properties and tests of CP 

and CPT with much greater precision. 

The semileptonic decays of hyperons present a unique 

handle on the fundamental parameters of weak interaction 

theory. These decays are experimentally very chaIlenging 

but measurements made with the early CERN and BNL demon- 

strate that they can be done. The much higher fluxes 
available with the higher energy beams coupled with mod- 

ern detector technology should provide for better control 

of systematic errors and allow the extension of these 

measurements to a wider group of decays. A high statis- 

tics study of polarized A” + pe-G, will be done in the 

FNAL neutral beam. The existing discrepancy in the decay 
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E- + n e-3 noted in section 3.4.2 should be resolved and 

a much more accurate [and hopefully consistent) set of 

decay parameters will be attainable. The possiblity of 

making measurements of the n- leptonic decays is a par- 

ticularly intriguing since no measurements of the weak 

decays of any member of the baryon decouplet now exist. 

Hyperon beams provide the only means for measuring 

the strong interaction properties of the hyperons. Again 

the early'hyperon beams showed the feasibility of measuring 

total and differential cross sections, and the diffractive 

excitation of hyperons. Because hyperons are convenient 

analysers of the spin configuration of their final state, 

they have unique advantages in helping to understand 

hadronic excited states. This field is totally unexplored 

at high energies. 

We are pleased to acknowledge helpful and frank dis- 

cussions with many of our colleagues engaged in.hyperon 

research. 
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Figure Captions 

1. The lowest mass l/2’ octet representation and 

3/2* decuplet representation of the baryons. 

2. The configuration of the BNL charged hyperon beam 

showing in detail the beam dump region and the 

beam channel Cerenkov counter with high resolution 

spark chamber. 

3. The CERN charged hyperon beam. Note that the two 

superconducting quadrupoles fit snugly between the 

coil of the dipoles and take little extra space. 

4. Invariant cross sections for 2- and E- production 

by protons on beryllium as a function of x. These 

data are from Hungerbuhler et al (1975) and Badier 

et al (1972a). Production cross sections of other 

particles taken from Allaby et al (1970) are shown 

for comparison. Note the differences in incident 

momentum and production angle. 

5. The apparatus of Dydak et al (1977) used to measure 

the I’ lifetime. 

6. A comparison of the I-p elastic scattering cross 

sections from the CERN and BNL charged hyperon beams. 

7. The data of Dydak et al (1977) used to extract the 

1. lifetime. The Primekoff effect peak is clearly 

visible at small q2. 
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8. Layout of the Fermilab neutral hyperon beam. The 

magnet Ml restored the proton beam to the production 

target T. M2 was the neutral beam collimator and 

charged particle sweeping magnet. Decays were ob- 

served after the veto by MWPC's Cl - C6 and the 

analyzing magnet M3. 

9. Invariant Cross Sections at 300 CeV taken from 

Skubic et al (1978). 

81 p + Be -c A/I" + X 

bl p+Be+r+X 

10. Differential multiplicities for A production at 

0 mrad from Be, Cu, and Pb taken from the paper by 

Heller et al (19771. 

11. Polarization of A and h produced by 400 GeV protons 

on beryllium taken from the work of Heller et al 

(1978). 

12. The !J precession angle a; a function of the mag- 

netic field integral from Schachinger et al (1978). 

13. Ap and rp elastic scattering cross sections from 

the Fermilab neutral hyperon beam. The xp cross 

section have been multiplied by l/l0 to facilitate 

plotting. 
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14. A compilation of elastic scattering b parameters 

evaluated at t - 0.2 (GeV/c)-' for hyperon pro- 

ton scattering. Selected pp data is shown for 

comparison (Giacomelli 1976). 

1s. The CERN SPS charged hyperon beam. The magnetic 

beam transport elements are shown in (a) and the 

layout of the magnetic spectrometer is shown in (b]. 

16. A DISC pressure curve taken for positive particles 

with the SPS hyperon beam. 

17. Particle production ratios as a function of strange- 

ness from Bourquin et al submitted to Nuclear 

Physics B. 

18. Flux estimates for the Fermilab charged hyperon beam. 

The data points represent the range in x of measure- 

ments made with other charged hyperon beams. See 

Doroba (1978) for details. 
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