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ELASTIC SCATTERING OF THE HYPERONS 

We propose to measure the elastic scattering of the hyperons 
- - - 0E • :=: • n and A over a region of momentum transfer up 

to about 1 GeV / c. As part of this program we will measure 

the production cross sections of the negative and positive 

hyperons and carry out a search for new particles with life-

time "> 10- 11 seconds. This experimental program is based 

on the use of novel detectors of high spatial resolution which 

we have developed. 
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I. INT RODUCTION 

We propose to measure the small angle scattering of most of the 

hyperons. For some time we have been developing detectors of high spa-

tial resolution - almost an order of magnitude greater than that obtained 

in normal wire spark chambers - necessary to do experiments with beams 

of high energy hyperons. These technical developments coincide well with 

our interest in the physics of small angle scattering: the change in shape 

or "shrinkage ll as energy is increased and the measurement of the forward 

scattering amplitudes and comparison with SU3. 

As part of this program we will measure the production cross sec-

tion in the forward direction of the charged hyperons, ~ -, :B: -, and n-. 
The positive hyperons, ~+, 2:;+, :::t, and n+ will be produced along with 

a substantial proton flux, but we feel that those produced with substantial 

cross sections - as most likely the ~+ - can be detected and their produc-

tion cross section measured. Two methods of detection are proposed to 

be implemented for the charged hyperons. One is a high resolution gas 

Cerenkov counter placed immediately after the magnetic channel and the 

other relies on observing the hyperon decay products. We will be sensi-

tive to hyperon decays which lead to a final state neutron such as 

L; ...... nrr 

and to those which lead to a final state 1\0 such as 

In addition, we are particularly interested in the search for new short 

lived particles, which might well escape discovery elsewhere. Also, the 

decay properties of such rare particles as the n will be studied very 

effe ctively. 

While most of the effort will be devoted to charged particles, we hope 

to use the neutron-poor 1\ beam created by ~ charge exchange in Be to 

study 1\-p scattering. This requires no additional equipment and is prob-

ably superior to experiments relying on direct neutral beams. 
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II. A. ENERGY DEPENDENCE OF SMALL ANGLE SCATTERING 

In the last ten years this has been one of the topics in particle physics 

most discussed by theorists. Here we risk oversimplifying the issues to 

bring out what seems to be the most crucial question to be settled by going 

to high energy. This is whether the scattering of small momentum trans-

fers approaches an energy-dependent form as the energy increases. or con-

tinues to exhibit a steady Shrinkage. 

The different theories developed to explain elastic scattering divide 

rather clearly on this point. Theories of the Regge -pole type with a Pom-

eranchuk trajectory roughly parallel to other known trajectories predict a 

shrinking of the diffraction peak for all scattering processes, that is. a 

continuous inc reas e of slope of the dcr Idt as a function of ene rgy. On the 

other hand. theories with a fixed Pomeranchuk singularity. that is a tra-

jectory showing a very small slope increase with momentum transfer, as 

well as a wide class of theories related to the optical model such as that of 
i 2Chou and yang or Durand and Lipes , predict an asymptotic approach to 

an elastic scattering differential cross section which is independent of energy, 

particularly at small It I. 
What we now know is that at AGS energies. some peaks shrink (p-p). 

some grow (p-p). and some remain constant ('IT-p). Figure I illustrates 

this situation. The fashion among Regge theorists recently has been for a 

flat Pomeranchuk trajectory. The observed variations with energy are then 

ascribed to secondary trajectories. while effects at large It I are obscured 

by cuts. Thus the question can only be resolved by experiments at higher 

energy and at very small It \. Great interest has been aroused by the only 

higher energy result available. the p-p scattering from Serpukhov. There 

IT. T. Chou and C. N. Yang. Phys. Rev. 170, 1591 (1968). 

2L • Durand and R. Lipes. Phys. Rev. Letters 20, 637 (1968). 
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it seems that the p-p elastic peak does not stop shrinking, but rather indi-

cates a Pomeranchuk trajectory with a large slope, Fig. 2. If these results 

are really correct, perhaps we will find that at sufficiently high energies the 

'TT-p and p-p peaks will begin to shrink too. If so, the old-fashioned Regge 

model may turn out to be right after all! 

To answer these questions, we should determine the trajectory func-
2tion, a(t), to an accuracy of 0.05-0.10 in bins of O. 1 in _t . This requires 

10,000-20,000 events at each energy, if the determination is made on the 

basis of measurements at 75 GeV I c and 150 GeV I c. We would probably wish 

to take 4-6 different energies. For the rarer hyperons, where the rates are 

limited by flux, we would make do with smaller statistics, appropriate to the 

fluxes found in the experiment. 

http:0.05-0.10
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II. B. THE HYPERCHARGE DEPENDENCE OF FORWARD SCATTERING 

Our program of studying the elastic scattering of charge particles is 

particularly relevant to studies of the hypercharge dependence of the strong 

interactions, within a given family of particles. The possibilities are most 

striking in baryon-baryon scattering, where we will observe states with 

four different values of the strangeness: 

p-p S 0 

~- -p, A-p, (~+ -p) S =-1 

~ -p, ...... 0 
~ -p S -2 

n -p S= -3 

In terms of the quark model, we have reactions containing from zero to 

three strange quarks. These reactions are an ideal testing ground for this 

model, since the simplest interpretation of present data is that the strange 

quark has a somewhat different interaction from the non-strange pair. 

The least speculative predictions of interactions in the quark model 

are those dependent on the assumption of additivity of quark amplitudes for 

forward scattering, since the momentum transfers are then very small. 

The tests of this model in meson-baryon scattering are well known, and we 

would look forward to testing these at high energies, where secondary effects 

are presumably smaller. In baryon-baryon scattering, there are a host of 

sum rules which may be predicted. A sample of these is given below. 1,2 

These are divided into groups, with succeeding groups making the stronger 

assumptions of spin independence, SD(3) invariance, and high energy limits 

on quark scattering. Particle labels denote values of the corresponding for-

ward scattering cross sections: 

:t- - 0
2:: P - 2:: P = pp - np +:5: p -:5: p 

,.,f3 Cl\p 

1D. A. Akyeampong, Nuovo Cimento 48A, 519 (1967). 

2 Dare, Nuovo Cimento 52A, 1015 (1967). 

- ... ... ...---------~-..~ ~..~~~--~-.--
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+ -1\p 1/2 [~ P + ~ p] 

+ pp + 1\p = np + ~ p 

:E 
- p=:E:0 p 

~+p np 

n p = 1 /2 [1\ p + pp] 

+3/4 [np - :E p] 

+3 [2 1\ p - ~ p] ::; 4 np - :E P 

.... ....+pnp = pp. 1\p = ,4.J P ,4.J 

1\p = 1/2 [np +:E:op] 

Aside from the quark model, one can test the predictions of SU3 for 

the baryon-baryon scattering amplitudes. This is again a favorable place 

for a test because of small momentum transfers. One needs at least three 

hyperon cross sections, in addition to the nucleon cross sections. to carry 

out a test. This should be possible in our experiment, since we should ob-

tain the ~-p. :E: p. and 1\p cross sections. 
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III. A. mGH RESOLUTION DETECTORS 

This experiment relies on the use of novel detectors with high spatial 

resolution. Since these are described only in as yet unpublished reports, 

a summary of the work which has been done and the characteristics of these 

detectors may be of interest here. Members of the team presenting this 
1proposal have worked on high resolution spark chambers , 2 and high reso-

3lution proportional chambers . At the present moment, the wire spark 

chambers have higher accuracy, and our experimental design is based on 

the resolution which can be achieved in this way with the techniques we have 

demonstrated. This resolution, 50 ....m. is about five to ten times better than 

that usually achieved in wire spark chambers. 

A parallel effort in proportional chambers is yielding very encourag-

ing results. We are confident of achieving an effective resolution within a 

factor of three of the above value with the present techniques, and we may 

reasonably hope for further improvements in the near future. Our plan for 

this experiment is to prepare the wire spark chambers which we know will 

provide the resolution needed, but to pursue the proportional chamber devel-

opment as well. If the latter turn out to meet the resolution requirement, 

we would certainly adopt them to gain the advantage of a factor of a hundred or 

more in rate and much better time resolution. 

The improvement in the performance of the wire spark chamber reso-

lution derives from a program which attacks each of the primary limitations 

in wire spark chamber accuracy. The diffusion of electrons in the spark 

lW. J. Willis, W. Bergmann. and R. Majker. "High Resolution Optical 

Spark Chambers. " (to be submitted to Nuclear Instruments and Methods). 

2W. J. Willis and I. J. Winters. "High Resolution Wire Spark Chambers, If 

(ibid. ). 

M. Atac and J. Lach, "High Spatial Resolution Proportional Chambers, If 

NAL Report FN -208. April 1970. 

..--..--~-.--- -----------------

3 
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chamber gas, the basic limitation, is reduced by increasing the gas pres-

sure. The effect of structure and instabilities of the spark column is re-

duced by reducing the gap width, and thus the spark length. This is per-

missible because of the higher pressure, which increases the number of 

ions per unit length, and reduces the spark formation time. Reducing the 

gap width also decreases the effects of track inclination to the spark cham-

ber plane. In using magnetostrictive readout, the resolution is improved 

by reducing the size of magnetostrictive wire in the pick-up coil, and by 

providing a scale magnification by fanning out the wires to four times larger 

spacing at the readout line. 

The wire planes which have been used so far are etched from 10 f.Lm 

copper on a Kapton backing, with a spacing of eight wires per millimeter. 

A spacing of twelve wires per millimeter is also feasible with the same 

technique. The chamber is operated at a pressure of 5 15 atmospheres of 

90% neon, 10% helium, 1% argon, 0.1% CH • A set of these chambers424 x 4 cm has been operated in a low energy test beam to measure the reso-

lution. The results, which were limited by multiple scattering, gave an 

upper limit on the resolution of 65 f.Lm (1 standard deviation limit), It should 

be possible to attain 25 f.Lm resolution with these chambers. In gases at 

reasonable pressures, diffusion sets the ultimate resolution limit at 10-15 f.Lm. 

The developments in proportional chambers have 	so far relied on care-
3ful field shaping and the possibility of variable pressure , Chambers have 

been operated with a spacing of one and two wires per millimeter. Both 

chambers operate well, and the former has been operated in a test beam, 

with demonstrated efficiency and resolution. With a pair of staggered 

chambers, this promises 125 j.Lm resolution, Further development is con-

tinuing steadily, and within a few months we should know if it is possible 

to produce proportional chambers of the required resolution at the date 

needed for this experiment. 
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III. B. HYPERON EXPERIMENTAL ARRANGEMENT 

General 

This phase of the program breaks naturally into two parts. The 

first is a survey of hyperon production and search for new particles. and 

the second is a study of the small angle hyperon-proton scattering. Here, 

we intend to study the range of t from It I~ O. 1 to It I '"=' 0.6 for which 

one may usefully detect the recoil proton. Detection of the recoil is nec-

essary in the hyperon scattering experiments in order to provide a trigger 

which efficiently selects scattering events. 

Figure 3 is a diagram of the experimental arrangement of the short 

lived particle phase of the program. A beam of 200 GeV protons impinges 

on a target of cross section 1 mm x 1 mm and approximately one interac-

tion length in the beam direction. High energy negative particles produced 

in the forward direction are transmitted by a magnetic channel. FollOWing 

the channel approximately 5 m is available to insert precision wire cham-

bers. focusing Cerenkov counter, and/or a liquid hydrogen target. A 

focusing Cerenkov counter will be used in the new particle search and as 

a check in the survey of hyperon production fluxes. Then begins the decay 

region followed by the first analyzing magnet, Al. This magnet allows a 

determination of the momentum of the low energy particles, leptons, and 

mesons, produced in the decay. The high momentum protons produced 

through a decay chain such as 

- 0 
-+ K "A. 

~ rr p 

are further deflected from the long lived component of the negative beam by 

A2. They strike the proton trigger counter shown in Fig. 3. High energy 

neutrons produced in decays such as 
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are identified in the neutron shower counter indicated in the same figure. 

We now discuss the arrangement in more detail. 

The Magnetic Channel 

The magnetic channel we have chosen is 6 m long and is a modified 

main ring bending magnet. Figure 4 is a cross section view of this mag-

net. The inner coils of a standard main ring magnet have been removed 

and the pole tips closed down to a gap of 1 cm. Computations with the LRL 

magnet design code, LINDA, indicate that with this modified configuration 

one could achieve a field of 40 kG. The channel is tapered in the horizon-

tal plane from an aperture of 2 mm increasing to 6 mm at the channel exit. 

The channel has as its central momentum 150 GeV I c at a field of 30 kG. 

With this channel geometry one could easily deflect particles of up to the 

full beam energy down the channel. The actual design would have an en-

larged portion of the channel in the region of the target so as not to confuse 

interactions in the walls with those in the target. The properties of this 

channel have been investigated extensively using a Monte Carlo computer 

code. The full momentum band transmitted by the channel is 100/0. How-

ever, momentum and exit position and angle are highly correlated, and with 

our detectors the momenta of individual hyperons can be determined to 

within O. 10/0. 

Hyperon Fluxes 

We have used the 	hyperon production cross sections suggested by  
1 Sandweiss and Overseth to estimate the hyperon fluxes emerging from our 

magnetic channel and surviving to 5 m beyond it which is the start of the 

1J. Sandweiss and O. Overseth. TM-199, NAL, January 1970. 

-- ..~-~...~- .... ~...-~~...--.--.. --------------
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decay region. They estimate that using 200 GeV incident protons to pro-

duce,z; at 150 GeV / c in the forward direction the cross section is 

0.038 ,z;-/int. proton/ ster/GeV / c. 

10For the channel we have described and for 10 protons interacting in our 

target this results in a flux of 

1775 ,z; per pulse. 

If we assume the production cross section for:S is lower by a factor of 30 
- 2and of 51 by a factor of (30) we observe at 150 GeV / c 

60 A per pulse 

0.6 51 - per pulse. 

2Using the Hagedorn-Ranft computations we will also have emerging from 

our channel 

83,000 'l1' per pulse. 

This is a flux of pions which will give no problem with accidentals and indi-

cates that incident proton fluxes of up to 1011 protons per pulse might be 

desirable. 
2An estimate of the ,z;+ has been made by Hagedorn-Ranft and give at 

10150 GeV / c for 10 interacting protons per pulse 

+35 .. 000,z; per pulse. 

The proton and 'l1'+ contribution to the beam will be according to the same 

Hagedorn-Ranft computation 

3.. 000, 000 protons per pulse
and +450,000 'l1' per pulse. 

T. G. Walker, NAL.. 1968 Summer Study, Vol. 2, p. 59. 2 
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If these predictions have any validity we should be able to extract a fair 

amount of physics with this :L:+ beam. There are no predictions for the 

expectE~d yields of the other positive hyperons. 

High Resolution Cerenkov Detector 

3A high resolution Cerenkov counter used at the magnetic channel 

exit would provide detection of hyperon fluxes regardless of their decay 

mode. This counter would be used to check the production fluxes of the 

known hyperons, which would be determined primarily by decay identifi-

cation, and to search systematically for new particles which might not be 

detectable via their decay with our apparatus. The results of our studies 

can now be summarized as follows: 

1) 	 We propose the construction of a 4-meter, low-pressure gas focus-

ing Cerenkov counter. The cone angle will be from 7 to 12 mrad, a 

parabolic or spherical mirror will be used. and a ring aperture on 

a single 2-inch fused silica-window photomultiplier will provide 

velocity selection and hence particle identification. The attainable 

resolution in (3, limited by the energy spread of the beam and the 

angular divergence accepted. will be in the range 5 to 10 x 10 -6. and 

will be adjusted to just separate adjacent mass particles; the most 

severe requirement is the Z; -2: separation. The data of Reference 4 

indicate that we should average 8 photoelectrons per particle. 

2) 	 Suitable angular restriction of the accepted beam. which must be held 

to ::1:0.2-0.3 mrad, will be obtained from coincidences with the hodo-

scopes required to determine the hyperon direction with high precision. 

3A. Roberts, M. Atac, R. Stefanski, NAL internal report. 

Yu. P. Gorin et al., lHEP 69-63, Serpukhov 3-20 (1969). 4 
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3) 	 The dispersion and momentum acceptance of the presently conceived 

magnetic channel are such that the angular restriction required for 

the Cerenkov counter will admit only about 1-2% of the total hyperon 

beam. This appears to be adequate for survey purposes, although 

not for experiments on the rarer hyperons. 

4) 	 The resolution of the counter is adequate for separation of all parti-

cles heavier than kaons; it is marginal for kaon-pion separation and 

inadequate for lighter particles. For survey purposes, the resolu-

tion can be varied, so that it is adjusted to be sufficient for the known 

hyperons; for a search for heavier particles, it can be decreased to 

make the search easier. The mass search is conducted by varying 

the counter pressure, thus varying the velocity interval accepted. 

Hyperon Decay Spectrometer 

Table 1 is a summary of the maximum decay angles of the hyperon 

decays of interest at 150 GeV I c. For comparison we also list the decay 

angles at 23 GeV I c which are appropriate to the hyperon experiment being 

done by this same group at Brookhaven National Laboratory. The angles 

of the two experiments scale approximately as the ratio of the momentum 

of the hyperons. The most crucial measurement is the determination of 

the hyperon angle which is accomplished by high resolution wire chambers. 

As was mentioned earlier we believe we can achieve spatial resolutions of 

50 fJ. which means that the initial hyperon direction can easily be determined 

to the required accuracy before and after scattering from the 40 cm liquid 

hydrogen target in the 5 m between the magnetic channel and the start of the 

decay region. For both the initial hyperon flux measurements and the hy-

peron scattering experiment the hyperons will be identified by their decay 

products. It is worthwhile to consider in some detail the kinematics of the 

relevant decays. Consider first the decay of L;- ...... nIT. The IT angle and 

momenta are determined by spectrometer Al and wire spark planes of con-

ventional design (resolution .......0. 3 mm). The neutron direction is determined 
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by a hadron shower counter similar to the one used in our BNL experiment. 

To achieve equivalent angular resolution, assuming the neutron interaction 

position can be determined to about 1 cm requires a neutron detector of 

1 m x 1 m in size positioned about 100 m from the channel exit. The neu-

trons resulting from the L: decay are of high energy and the neutron de-

tector need only give us a very crude indication of energy. 

The signature of the:g will be 

- 1\ 0S! -+ IT 1:1,. 

L 1T p. 

The if kinematics are determined by A1 as well as the properties of the 

1T 
- resulting from the A0 decay. The proton from the A 0 decay is further 

deflected by A2 and is well separated (~O. 75 m) from the if - beam emerg-

ing from the channel at about 50 m from it. Here a wire chamber array 

and a proton trigger counter will be located. The emergence of a positive 

nucleon from a well defined negative beam should provide a powerful trig-

ger for A0 events. The kinematics and triggering of the n - -+ K- A0 

decays is qualitatively similar but can easily be distinguished in this highly 

overconstrained fit (4c) from the:g decay. The apertures required of A1 

and A2 are modest. Standard BNL 18D72 magnets would be adequate. 

We note that the hyperon beam described here offers many potential 

advantages for the study of rare hyperon decay modes. In particular the 

longer decay lengths at NAL energies implies substantial improvements 

both in absolute rates and in beam background. We anticipate that the pro-

duction fluxes and the developing techniques of particle identification at high 

energies will make these experiments feasible and attractive. 

New Particle Search 

The beam geometry used for the short-lived particle phase of this 

experiment is ideal for a search for new particles of lifetime 10 -11 -10 -1 

seconds. This lifetime range is not accessible to the conventional beam 

0 
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survey experiments. Such particles are detectable with a focusing Ceren-

kov counter or by their decay products. The detection via the Cerenkov 

counte}' would, of course, be independent of decay mode; but because of 

the limited angular acceptance of the Cerenkov counter only about 1-2% of 

the beam could be counted. The flux of such a presumed particle would 

depend on three factors; its production cross section, its lifetime, and 

mass. Figure 5 indicates the regions of these variables in which our 

search would be significant. In that figure we relate the production cross 

section of our particle to that of the Hagedorn - Ranft 1T production cross 

sections. We have plotted for a given production cross section the lifetime 

versus mass which would give us one count in the Cerenkov detector for 

1011 interacting protons. The efficiency of the Cerenkov counter (1%) has 

been included in these calculations. Both positive and negative particles 

could be investigated in this manner. 

For the case of detection via decay only, the sensitivity would be in-

creased by a factor of 50-100 (the loss due to Cerenkov acceptance) but 

reduced by its branching ratio into a detectable decay mode. 

In the decay experiment the system trigger would be various combin-

ations of a high momentum neutral or positive particle (presumably the 

fast baryon) in coincidence with a lower momentum particle (presumably 

meson or lepton). 
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IV. SUMMARY OF RATES AND BEAM REQUIREMENTS 

Diffraction Peak Measurements with Hyperons 

Here, at least for the:S and n , the experiment is limited by avail-

able beam flux. On the other hand we do not attempt to measure the Cou-

lomb interference so less data is needed. As noted earlier in these meas-

urements we must detect the recoil proton and measure its energy. This 

limits the t range to It I = o. 1 to 0.6. Also measurements will most likely 

not be made for the anti-hyperons so the measurement matrix is smaller 

than for the stable particles. These factors nearly compensate and we ex-

pect that this phase of the experiment will also take about 200 hours of ideal 

time to complete. It should be noted however that there are large uncer-

tainties in the estimates of the hyperon fluxes, particularly for the:S and 

n These fluxes will hopefully be better estimated after the BNL Y 

experiment has run in 1970-71. 

Experimental Equipment Required 

Much of the counting and data collecting equipment required for the 

experiment is very similar to that being developed by this group for the 

BNL hyperon experiment. This experiment will require an on-line data 

collecting computer such as the NAL PDP-15 which will be used for the 

BNL hyperon experiment. The interfaces being developed for its BNL usage 

would also be needed for this experiment, and it is requested that this same 

machine be made available to us. Ideally, as in our BNL usage, we would 

like a link from the PDP-15 to a larger machine capable of carrying some 

fraction of the data through to the final analysis. However if this is not 

available access to a larger on-site computer which would be capable of 

reading the magnetic tape output of the PDP-15 would be essential. 
10 11We require a high energy (-200 GeV) proton beam of intensity 10 _10

protons per pulse focused to a spot of about 1 mm in cross sectional area. 
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We believe the proposed diffracted proton beam planned for Area 2 would 

be suitable. We believe the magnetic channel can be a main ring bending 

magnet with the inner coils removed and magnet channel sketched in Fig. 4 

inserted. Two analysis magnets comparable to BNL 18D72 magnets and a 

liquid hydrogen target complete the list of requirements. 
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Table 1 

. Hyperon Decay Kinematics 

Maximum Laboratory Angles 

23 GeVJc 150 GeV/c 

-
L: -.. nIT B 10.7 mr 1. 63 mr n 

B 71. 7 11. 00IT 

- 0-S -+1\ 1T 7. 15 1. 10B1\0 
B 57.2 8.78IT 

-.. 1\ 0 K-n 19. 1 2. 93B 1\0 
153.0 23.4BK 

0 
1\ - IT P B 5. 17 0.79 

P 
B 34.8 5.34IT 
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Figure 2 
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ELASTIC SCATTERING OF THE HYPERONS - ADDUNDUM TO E97 
1/l A.7:e1/l / ,' /1, Cl,_ 1 .c. Ankenbrandt, s. Ecklund, P. J. Gallon, 

J. Lach, J. MacLachlan, A. Roberts, 
and G. Shen 

Fermi National Accelerator Laboratory; 
Batavia, Illinois 60510 

and 

L.A. Fajardo, R. Majka, J. N. Marx, 
P. Nemethy, J. Sandweiss, A. Schiz, 

and A. J. Slaughter 
Yale University 

New Haven, Connecticut 06520 

In this note we update our charged hyperon E97. We had 

written E97 and it was approved in 1970 before the successful 

operation of either the CERN or our BNL hyperon beam. In the 

intervening years both of these beams have demonstrated the rich-

ness of the hyperon beam technique as a way of measuring ~he 

basic properties of the hyperons. We need only recall the CERN 

measurements of the hyperon total cross sections1 and our measure-

ments of the E-p differential cross section 2 and program of hyper-

on weak decays 3 using the beam we constructed 4 at BNL. We have 

gained much experience using hyperon beams since E97 was written 

and we now wish to embody this experience into our Fermilab pro-

gram. 

About a year ago we pointed out the desirability of moving 

E97 from the M2 beam of the Meson Laboratory into a new area 

which we proposed building downstream of proton center. This new 

hyperon area would allow us to take advantage of the excellent 

optical properties of the primary proton beam and allow use of 

higher intensities and higher energy when it becomes available. 
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The configuration of this new area was discussed in detail during 

a workshop held at Fermilab in December 1975 and reported in the 

March 1976 issue of NALREP. The changes we will now.make in E97 

incorporate changes necessitated by this move, additional knowledge 

gained by our BNL experience, especially in better hyperon flux 

estimates, and finally the advances made in instrumentation during 

the last half dozen years. 

The physics we wish to do was fundamental and important in 

1970. It has lost none of its luster and we have lost none of our 

enthusiasm to pursue it. 

Physics Goals 

The physics goals are the same as in the original proposal. 

They center around the measurement of the hyperon proton differen-

tial cross sections in the nuclear region. These would include, 
- - + -r p, ~ p, ~ p, and possible Q p. We would make these measurements 

as a function of incident momentum from about 100-350 GeV/c consis-

tent with the ~vailable hyperon intensities. The first step would 

be a measurement of hyperon fluxes so that.a reasonable program 

could be planned. In particular the estimates of the Q- flux is 

very uncertain and we have only tentatively included it in our 

list of cross sections that we plan to measure. The flux measure-

ments themselves have significant physics interest since the 

forward production spectra of r , ~ and n gives insight into the 

exchange mechanics leading to high strangeness states. Another 

interesting question we would investigate is whether charged 

hyperons are produced with significant polarization similar to 
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the substantial polarization of_ A01 s seen in Fermilab E8. We 

would also search for new particles with lifetimes of ~lo-11 

seconds. It is worth noting that·~ n- particles have_ been 

detected at Fermilab and only a few 3 have been seen in bubble 

chamber pictures so we feel that this lifetime range is very 

poorly explored at Fermilab energies. Our physics goals are the 

same as in the original proposal and we refer the reader to it 

for a more detailed discussion. The extensions are due to the . 
increased accelerator energy (E97 was proposed when Fermilab's 

accelerator was a 200 GeV machine) and the higher intensity 

available in the Proton Laboratory. 

Hyperon Fluxes 

Figure 1 shows the available data on the production cross 

sections for the charged hyperons. The data shows the invariant 

cross section plotted as a function of a, the hyperon momenta 

divided by the incident beam momenta. In this range it is very 

close to the Feynman x variable. The data shown are measurements 

from the CERN and BNL hyperon experiments. We assume that these 

cross sections scale to Fermilab energies. In the following 

discussion we assume that the Q is below the H flux by the same 

ratio that the 3 flux is below the E flux. With channel designs 
• 4 5 

discussed in the next section we should be able to attain 10 -10 

E-, 10 2-10 3 E+ and~-, and a few Q per pulse assuming a total 

of ~10 6 particles per pulse exiting the hyperon beam channel. 

These are extraordinary hyperon fluxes; the fractional content of 

E- is comparable to that of K- in Meson Area beam lines; the Q-
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fluxes would allow one to equal the world sample of n in one or 

two minutes! 

The Hyperon Beam Channel 

The design of the hyperon channel has evolved from the rather 

crude design in our original proposal - remember no hyperon beam 

had yet operated - to our latest and most sophisticated version 

described in TM-610 by A. Roberts ands. Snowdon, which is attached. 

Intermediate versions are described in our hyperon decay proposal 

E353 and the attached internal note by C. Ankenbrandt. A simpli-

fied drawing of the Roberts and Snowdon design is shown in Fig. 

2. Figure 3 is the design of the hyperon beam for the CERN SPS. 

Both designs use superconducting quadrupole magnets to increase 

the acceptance and to render the beam parallel so that a qifferen-

tial Cerenkov counter can be effectively used. The superconducting 

quadrupole design was pioneered by the CERN group and_used success-

fully in their experiment done about six years ago. The quadru-

_poles we propose to use are very similar to those being planned 

for use in the Fermilab Energy Doubler/Saver. The maximum channel 

momentum is 360 GeV/c. The hyperon fluxes quoted in the previous 

section are typical and the reader is referred to TM-610 for details. 

If 1000 GeV protons were available from the Energy Doubler/ 

Saver they could be utilized with the present design. Although 

the maximum channel momentum is fixed at 360 GeV/c, increasing the 

incident proton energy from 400 to 1000 GeV would correspond to 

changing the a in Fig. 1 from 0.90 to 0.36 and hence much larger 

flux of the heavier hyperons 3 and n . Of course if one wanted 
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a hyperon beam at higher momenta, additional magnets would have 

to be added to the channel. This would be desirable for studies 

of the s-dependencies of strong interaction processes but for 

• studies of the decay properties of hyperons it is not necessarily 

the higher hyperon energy that is desirable but the increased 

flux. 

Cerenkov Counter 

An integral part of the system is a Cerenkov detector which 

we have designed to identify hyperons as they exit the channel. 

This counter is described in the enclosed technical note FNAL, 

YJS-1 by J. Sandweiss. The counter and the design of· the hyperon 

channel must be considered together in order to match their accept-

ances. This counter uses a Channel Electron Multiplier Ar~ay (CEMA) 

to achieve simultaneous identification of the three charged hyper-

ons. The CEMA technology is advancing rapidly and provides a way 

of.obtaining high spatial resolution with the quantum efficiency 

of the best photomultipliers. This "Phase I" design has as a back-

up position the ability to substitute a conventional photomultiplier 

for the CEMA. The very desirable feature of simultaneous identifi-

cation of the three hyperon types would not be possible in this 

alternative. 

Analysis Magnets 

We feel that analysis magnets somewhat larger than those re-

quested in the original E97 proposal would be highly desirable. 

Two of the newly designed ECHO series of magnets 12 x 24 x 72 11 
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would appear to be adequate for a substantial initial program. 

The full program of weak interaction physics proposed in E353 

would benefit if the first analysis magnet had larger aperture 

·and higher field integral. For both E97 and E353 we would be 

willing to undertake the initial program with two of the ECHO 

series magnets. 

Instrumentation 

The instrurnentaion in our original proposal was state of the 

art in 1970 but antiquated by modern standards. We would use 

instead of the high resolution spark chambers (cr ~65µ) propor-

tional chambers which we have developed and successfully used 

for E69 which have similar spatial resolution. We would use the 

E69 high resolution chambers which have a 3 cm aperture but in 

addition would have to build at least one cluster of such cham-

bers with approximately double that aperture. Althou~h chambers 

of that size and resolution have not been built before, we believe 

we have that technology well in hand. 

The proportional chamber readout system used in E69 would 

also be used for the hyperon experiment except that we would re-

design that section of it which uses a Lecroy hybrid circuit 

containing a one shot delay. This now represents a substantial 

electronic dead time (~600 nsec) which we believe can be greatly 

reduced .. We are well satisfied with the system organization of 

our E69 readout system and in particular the ease with which it 

allows the proportional wire chamber addresses to be interfaced 

to our analog processors. These analog processor allow us to 
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trigger on tracks which appear to change directon (kinks which 

could indicate a scatter or decay}. Such a system ha~ demonstrated 

its utility and reliability in E69 and we would plan to use a up-

dated version of it in our hyperon program. 

During the last few years our group has developed and tested 

small high resolution (50-100µ} drift chambers. We believe these 
2 chambers can be scaled up to sizes of about 1 m and have spatial 

resolutions of about 100µ. A special precision wire placement 

machine is now being completed for the construction of these cham-

bers. A prototype drift chamber readout system matching this 

chamber resolution has been constructed and is ready for testing. 

We thus would like to replace the spark chambers used for the 

momentum analysis of the hyperon decay products by drift chambers . 
. 

We estimate that the flux measurements and new particle 

search will require about 600 hours of accelerator time and the 

measurements of the differential cross sections will require 

another 600 hours. 
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particle·s produced in p-Be collisions. 
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