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ABSTRACT 

We propose to measure the yield of charged hyperons, and to 
I 

search for new particles at NAL in a short unfocus~ed beam, using a 
I 

Cerenkov counter technique. We will detect charge~ particles of 

proper 1i fet-ime . ~.3·1 0-11 seconds, and of mass bet1een 1 and 5.5 

Gev/c2. We hope to answer 
. 

the following questions:: 
! 

a) What are the production rates of the know:n hyperons and 
Iin particular.do the relative production rates of baryons of strange

ness =0, -1, -2 and - 3exhibit any regularity? 

b) Can a useful flux of E+ hyperons be ident~fied? If it can, 

such a liE+ beam" would be unique to NAL since this hossibility is 

excluded at lower energy accelerators. This questi6n has important 

implications for pla~ning a specific experiment on t± + A e±v which 

is a test for the existence of a second class curre~t in the weak 
I 
! 

interactions. 

c) What are the optimum conditions for the d~sign of a high 

intensity hyperon beam? 

d) Finally, are there additional hyperons of Imass larger than 

the Q- particle of either plus or minus charge? 

We believe that an early answer to these ques!tions would enhance 
I 

future hyperon experiments at the Nati ona 1 Accel eraltor Laboratory. 

http:particular.do
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Physics Justification: 

Introduction 

There is at present mounting interest by our group and many 

others in hyperon beams. 1- 17 These beams are expected to be used for 

(a) elastic and inelastic hyperon proton scattering,2-_8,lO-15 

(b) non-leptonic hyperon decay9,16 investigation, and (c) semi-leptonic 

decay studies of hyperons. 2,12 Although (a) and (b) might be done in 

less than optimum intensity beams and without on line particle identifi

cation (tagging), we feel the very low branching ratios for beta decays 

dictate a tagged beam of optimum "intensity. 

Both the increased flux, and the higher energy afforded by the 

NAL offer unique advantages in net hyperon flux, and especially the 

ability to create bothL+ and L- beams. Further, at NAL the L+/p ratio 

in the positive beam should be much more favorable than at any other 

accelerator. Therefore we have begun work on an experimental design for 

an accurate measurement of the rates of L± ~ Ae±v, which is a test for 

the presence of second class currents in the weak interactions. We 

have designed a high resolution, large acceptance Cerenkov counter that 

will identify on line the L±hyperons at NAL energies. Further progress 

in our experimental design (and we imagine all other proposed hyperon 

experiments) would be greatly aided by an early measurement of hyperon 

fluxes at NAL. We need to know especially the E+/p ratio which cannot 

be extrapolated reliably from lower energies. A detailed study of hyperon 

production could be performed using the Cerenkov counter described below, 

and this instrument would allow a search for additional short lived 

particles (proper life ~3'lO-11 sec) up to a mass of 5.5 GeV/c2. 
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We therefore propose to make an early study of the production 

fluxes of all charged particles of mass between 1 and 5.5 GeV/c2, and 

proper lifetime ~ 3'lO-11sec, In the sections that follow we shall 

outline an effic~ent technique using a short (6 meters) unfocussed beam 

channel-and a differential Cerenkov counter. 

Physical Mechanism of Hyperon Production 

At MAL, hyperons will be produced most copiously via strong 

interaction associated production by incident proton beams. At high 

energies diffraction like particle production is expected to become 

increasingly important, It is already known that certain N*'s have 

associated (strange particle) decays, and it has been proposed that 

one of the main sources of hyperons will be from nucleon resonance 

.diffracti ve reacti ons such as: 18,19 

(1 ) 


where Y is an s = -1 hyperon. In addition, hyperons may be produced 

in a one step IIfireball ll for example: 

Ko + 21T+ (2)P +N "* N + Y + 

or via a two step process such as 

(3) 
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In figure (1) we show the prediction of Grote, Hagedorn and Ranft19 

concerning the ~(fireball + diffraction dissociation) and the E(fireball 

only). Reaction (1) will tend to produce forward V's at close to the 

beam energy. Reaction (2) (fireball) tends to peak the V momentum 

much lower, as would also be the case from 2-step reactions (3). In a , 

first measurement of the hyperon system we cannot hope to disentangle 

the production details well enough to know exactly what is happening 

inside the target," However, we can answer some questions of physics 

interest, these are: 

a) Is there any regularity in the production rates of particles of 

strangeness 0, -1, -2, and -3? There have been suggestions, based on 

the dual resonance model and Lorentz covariance arguments, that for 

large transverse momentum, the relative abundances vary slowly with mass 
20for heavy particles, almost independent of strangeness. This would be 

relatively easy to check at NAL energies. 

b) Is there a new particle beyond the ":)2-7 All three models of 

hyperon production indicate that our measurements would be sensitive to the 

production of previously unreported hyperon-like particles; do these 

exist? 

In addition, our measurements should produce data on hyperon fluxes 

to aid designs of hyperon beams for specific experiments, 
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Experimental Method 

(a) Generaf description: 

Hyperons will be produced by a high energy proton beam incident 

on a heavy element target. A short (6 meter) unfocussed magnetic 

channel. of inherent momentum spread l'lp/po:}; 20% set at the momentum 

75 < Po < 150 G~v/c will deflect and define the secondary beam. We 

will further restrict the beam with scintillation counters using the 

correlation of position and' angle to specify ""p/po ~ 5% on line. ~le 

have designed a special differential Cerenkov counter of unique optical 

construction that. will then identify the hyperons in the presence of 

high fluxes of TI, k, P in the beam. The expected yields of particles 

at a distance of 12 meters from the target is shown in fig. 2. 

(b) Cerenkov counter . 

. The Cerenkovcounter is described in detail in reference 21, but 

we will review here its main characteristics. The counter length and 

Cerenkov angle, were chosen as described below. For example at p = 150 

Gev/c a three way light splitter divides the Cerenkov light into bands 

81 < 9.4 mrad ("under"), 9.4 ~ 82.::i 10.6,and 10.6 -< 83 C'over ll ).22 The 

pressure is adjusted such that the hyperon of interest counts in 82' 81 

and 83 are then anticoincidence channels. The light is directed from 

each band of angle into the photomultiplier tubes with a "light funnel." 23 

Such a counter need only be 5 to 6 meters long, has an expected efficiency 

of > 99% and a calculated rejection of ~ 10-6 for unwanted on momentum 

particles. Due to the relatively small Cerenkov angle (10 mrad) we gain 

two advantages over other differential Cerenkov counters with similar 

characteristics;24 (a) dispersion is relatively small and need not be 

corrected thus the counter is less complicated and cheaper to build. 

(b) angular acceptance is an order of magnitude larger, which is extremely 

important in an unfocussed beam. 
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Due to the efficient anticoincidence counting of beam particles, 

a false count from a beam particle is not a troublesome background. 

However we expect that particles not associated with the beam can traverse 

the counter and count in the differential section while failing to anti. 

One way for this to happen is for a muon to produce light in the glass 

envelope of the differential photomultiplier tube. If, at the same time, 

a false beam trigger were to occur (perhaps due to afterpulsing in the 

trigger counters), then a false event would be recorded. We plan to 

take the following precautions to guard against this type of failure: 

1) Reduce beam trigger false coincidences to the minimum possible 

by using nonoverlapping light pipes for the scintillators, and specially 

chosen low-after-pulse photomultipliers. 

2) Place four photomultipliers instead of one on the differential 

light funnel of the Cerenkov counter, so arranged that each sees only one 

quadrant of the differential mirror (see figure 3). Our trigger will 

demand two opposite photomultipliers in coincidence. This reduces both 

stray background and far off-axis particles that fail to anti due to 

anti i neffi ci ency. 

3) Stagger the four differential photomultiplier tubes so that it 

is unlikely for anyone particle coming from near the production target 

to hit two opposite tubes. 

4) Surround the tubes with an anti-counter. 

With these techniques we hope to hold our beam failures to no 

more than one per 104 true beam triggers, and our accidental rate in the 

four Cerenkov counter differential tubes to l05/ sec , for a 107/sec beam rate. 

Then the number of false events, assuming a 5 x 10-9 sec coincidence 

resolving time, is given by the product of the false differential rate 



7 

-8 x x 10 sec 

and the beam failure rate • 

•
The net false events are 

102 x 103 -8 10-3 
x 10 =secsec sec. 

For a beam of 1 sec spill this is then 1 false event per 103 pulses. 

If we include a safety factor of 10 then our estimate of the backqround 

counting rate is 1 false event per 102 pulses. 

(c) Optimization of the Cerenkov Counter Design. 

We have studied the optimum conditions for the use of a differential 

Cerenkov counter in an unfocussed beam. 25 Figure 4 shows the intensity I, 

as a function of y of the particle and 68 the acceptance of a Cerenkov 

~ounter in such a beam. 

The line roI/d(68) = 0 for constant y shows the best tuning that 

can be obtained at any y. The intersection of the line raI/Oy = 0 shows 

where the maximum intensity occurs. Note that the curve of constant 

counter length ~ = 5.5 meters closely approximates the optimum curve. c· 
This fact suggest the proper counter length and tuning conditions. 

Therefore, only Mj shou1 d be changed to correspond to a change in y. ~/e 

conclude that the following design parameters are appropriate: length 

about 5 to 6 meters, Cerenkov angle 0c = 10 mrad, and angular acceptance 

60 = 1.2 mrad full width (chosen for E, ~ separation at 150 GeV/c).c 
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(d) Monte Carlo Studies of Cerenkov Counter Rejection. 

In Reference 21 we have computed the rejection for an idealized 

beam with angular divergence close to the counter angular acceptance, 

and a small uncorrelated momentum acceptance. The proposed NAL hyperon 

beam is substantially larger in divergence and momentum spread than the 

counter acceptance. We have written a Monte Carlo program which tests 

the Cerenkov counter performance for one possible configuration of the 

NAL hyperon beam. Particles afe generated fandomly in momentum, angle 

and position in a 1 mm square target, at the entrance to the magnetic 

channel. The channel is 6 m long, with a 30kG magnetic field. The 

entrance and exit apertures are 2 x 2 rrm and 6 x 6 rrm respectively. 

Discrete apertures are inserted at 1.5 m intervals, to represent the walls 

of the channel. The increase in width of the apertures is proportional 

to the distance from the target. For a central momentum of 150 Gev/c, 

the output of the channel is a beam with ~p/p = 12% (fwhm), vertical 

divergence of 1 mrad (fw), and a horizontal divergence of 2.4 mrad (fwhm). 

These particles are then examined to see if they would trigger the 

Cerenkov counter. The Cerenkov angle is calculated from the particle velocity 

and the index of the gas. The actual number of photoelectrons produced by 

each particle is randomly chosen from a Poisson distribution, where the average 

number of photoelectrons is equal to 100 .sin2
S ·L, (L is the length of the c

counter in cm). These photoelectrons are then distributed randomly in 

azimuth and over a small range of Cerenkov angle, appropriate for the dis

persion of Helium gas (6E/E = 0.016). The photoelectrons (which represent 

detected photons) are then propagated through the spherical mirror and the 

light splitter using geometrical optics, and the number falling on each 

photomultiplier is counted. One photoelectron in a photomultiplier is 
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considered sufficient for detection. The differential mirror is divided 

into 4 quadrants and there is one "over" and one "under ll photomultiplier. 

for a total of six (see figure 3). The outputs of the six PMT's are 

examined to determine the successful counts. Asuccess is 

(over) 	 . (01'03 + 02·04)' (under). 

where 01 thru 4" are the 4 quadrants of the differential mirror •. means 
-	 . 26ANO, + 	means OR. and x means no count 1n x. 

The results are summarized in Table I. The!::.0 is chosen as large 

as possible without directly including the undesired particle. Unwanted 

(wrong mass) particles that count are, for most part, sufficiently off

momentum to simulate a particle of the desired mass. Better rejection 

can be obtained by narrowing the momentum acceptance and diverqence of 

the beam to be compatible with the counter. 

Experimental Objectives 

A. 	 Hyperon Production Measurements. 

The objective of the first measurements is to survey the production 

of the L+ , L - , and Q- particles. In order to accomplish this, we 

shall measure fluxes at an incident proton energy of 200 GeV as a function 

of: 

a) Secondary beam energy, in three steps p = 150. 110, 75 GeV/c. 

b) Secondary beam angle with respect to the primary beam, in 

three steps of 0°, 5 mrad, and 10 mrad. 

We shall record both beam and non-beam background. Such a study 

would provide useful hyperon flux data for beam and experiment design, as 

well as for physical understanding of hyperon production mechanisms. 
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The average expected flux13 ,19 in our apparatus, is about 10-7 

r±/incident proton, 10-9 E-/proton, and 10-11 n-/proton. Thus 

while we could begin tuning at perhaps 107 incident protons/pulse, 

we would need about 1013 to 1014, protons total for our survey of the 

known hyperons. 

B. Mass Search. 

The mass search will be over the same kinematic variables as 

Section A. The mass variation will be over 17 pOints at [jm/m = .2 

GeV/c2 between 2 and 5.5 GeV/c2. For a sensitive mass search we wish 

to take 103 pulses per point, with at least 109 incident protons/pulse. 

Thus we need about 3.1014 protons on target. Figure 5 shows beam accept

ance and mass resolution for a counter modified for a mass search. Figure 

6 shows the sensitivity vrs. mass and life time,based on a lower limit 

of one false count per 100 pulses, assuming a flux of 10-5 Z:-/incident 

proton, which we expect in our apparatus at 150 GeV/c, 0°. 

C. Tuning and Set Up. 

In addition to the above requirements we need a minimum of two 

weeks for the set up and tuning of our equipment. 

Experimental Equipment 

We will use an unfocussed magnetic channel and differential 

Cerenkov counter close to the production target (6 meters) to study 

charged particle fluxes. The hyperon beam will be defined to AP/Po 
'\,
'\, 5% by scintillation counters, and fast logic. In addition, in order 

tp understand the counter performance, proportional wire chambers will 

'1 



be used in test runs to measure the beam divergence. For every particle 

accepted by_ the Cerenkov counter we wi 11 record the pul se-hei ght of the 

counter photomultiplier tubes signals. 

We shall need the following equipment: 

Beam. The short charged beam located at the end of the diffracted 

proton beam m2 required for NAL experiment # 97, is suitable for our 

study. This beam is currently scheduled for operation in the middle of 

1972. Our estlmates are based on a channel width of 2 x 2 mm input and 

6 x 6 mm output, appropriately curved so that the central ray at 30 KG 

magnetic field is 150 Gev/c. 

Cerenkov Counter. We will build the Cerenkov counter. We estimate 

that this will take from 6 to 9 months for constuction and testing, and 

will be ready early in 1972. We will also supply equipment to measure 

the index of refraction of the Cerenkov radiator. Either a laser inter

ferometer or a microwave refractometer would be capable of the required 

precision of about 3 x 10-6. 

Beam Instrumentation. Scintillation counters and fast logic are required 

to define a suitable beam. In addition, at least 4 small wire proportional 

counters are needed for some of the measurements. We can easily provide 

the relatively modest amount of equipment needed. 

Data Record-j n9. The small amount of data per event does not demand 

a computer based system. We expect to use a digital tape recorder, 

with a small input buffer memory to provide high rate capability. This 

can be constructed and tested in 2 months, and will be ready when needed. 
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Mass A Mass 2 0 il0(fw) acceptance acceetance Mass B 
mrad mrad for Mass A acceptance Mass A 

- E 10.0 1.2 45% 6.3% 	 These can be 
reduced to <1%-

- E 13.0 1.0 45% 5.6% 	 "off line ll 
• 

The conditions are the same as in Table I. Most of the errors occur 

in a very narrow (0.2 mrad) angular region at the largest channel 

bending angle. These can easily be rejected after the fact, leaving 

< 1% contamination. 
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TABLE 1 

Monte Carlo Results 

P = 150 Gev/c,channel 6m long, 2 x 2 mm entrance, 6 x 6 mm exit 

B = 30 KG, target 1 x 1 mm 

Counter ;s tuned to mass A 


Successful count = (OVER)· (Dl'D3 + D2'D4) . (UNDER) 


Cerenkov angle = 10 mrad, counter length = 6 m 


acceptance acceEtance Mass BMass A Mass B i.l8(fw) mrad for Mass A acceptance Mass A 

±K± 1T 0.8 16% 1.9% (19 events) 

i:
+ + 2.0 49% 0.5% (5 events)If> 

i: 1.2 25% 2.9% (29 events)-
~-n 4.0 70% 0.3% (3 events) 

The acceptance of Mass A is based on 1000 successful events. 
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