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ABSTRACT 

It is proposed to study the interactions of 200 GeV/c~ 100 GeV/c 

and 50 GeV/c E - hyperons in the NAL 15 foot liquid hydrogen bubble 

chamber. A total of 275 kpix is requested, which might be expected tc 

yield approx. 124,000 E P interactions. 

A general survey of E-p interactions will be made to search for 

new and unanticipated phenomena and to obtain information on topological 

cross-sections~ multiplicity distributions, inclusive distributions 

and diffractive and inclusive resonance production• 

. ' Specially developed high field pulsed dipole and quadrupole 

magnets will be employed to achieve a useful E-/-rr- ratio in the bubble 

chamber. 
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1. 	 THE PROPOSAL 

1.1 	 Introduction 

The proposers of this experirr~nt have been involved in a 20 GeV/c 

AO beam experiment L1] performed at CERN in the 2m RBC, and have 

pioneered the use of high-field pulsed magnet beam components in building 

short hyperon beams for bubble chamber experiments. They have also 

performed feasibility tests at CE~~ for the design of a high energy E 

beam, which have led to the construction at RHEL l2] of prototype 

pul-sed dipole and quadrupole magnets suitable for NAL energies. It is 

intended to use such magnets in the experiment proposed here. 

The IS' bubble chamber at NAL is ideal for a bubble chamber study 

of r-- interactions at high energies. The bulk of events are likely 

to have a fast hyperon in the final state whose decay stands on high 

chance of detection in the 2-3m of available liquid hydrogen. No beam 

tagging or external particle-detection facilities are required in this 

experiment. 

This proposal envisages taking 275,000 pictures distributed amongst 

different momenta as follows (full details are given in Table I on 

p. 5): 

A. 50 kpix of 200 GeV/c hyperons 

B. 75 kpb!; 100" ..It 

C. 150 kpix 50"tI 	 11 

It is intended to start with Exposure A since it requires 300 GeV/c 

primary protons and should therefore be easier to schedule than Exposure 

B for which 200 GeV/c primary protons are needed. Exposure C will 

depend on the availability of 62.5 GeV/c protons lY'hich ""ill deoand front 

porch extraction and could therefore be two years or more off. The nu~ber 

of pictures is chosen so as to yield rouBhly the same number of interactions. 
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As no r p date exist at 10T,fer energies it is important that ::my energy 

trends be picked up by using at least nlO beam momenta. 


5

" For this experiment lole require only that rv 10 protons per pulse 

be transported to the bubble chamber, there being no requirement for an 

NAL separation stage. It is intended that the hyperon bean-separation 

components (to be provided by RHEL) ,,,ill be in the forJ!1 of a compact, 

pre-assembled and tested unit that can be quickly installed or removed 

from its position just in front of the bubble chamber. 

It is arguable that strong interaction physics has suffered up till. 

now from not having strange baryon beaos as 'Hell as strange reeson be:nlls 

"available for systematic studies of strong interaction phenomena. If 

this proposal is accepted there is therefore every hope that hyperon-

nucleon interaction data should become available to the high energy physics 

community at an early stage of the NAL IS' bubble chamber progt"am. 

1.2 Proposed Experiment 

Because of the short lifetime and hence decay length (e. g. 3. 72r..l 

for 100 GeV/c r-) a conventional separated hadron beam is unsuitable 

for hyperons. The sort of physics envigaged can be done using a besr;, 

with a poor momentum resolution (rv + 5% op/ ) and hence it is possible 
" - "p , 

to use a very short beam line (Le. gm at 100 GeV/c) ~"]hich can be 

constructed using the specially developed high field dipole and high 

gradient quadrupole magnets. The choice of a secondary momentut:t close 

to the primary proton r.10mentum automatically gives a very favourable 

r-/n- ratio. 

5With about 10 protons incident on a Imm x Imm cross-section target 

the estimated numbers of r-'8 arriving at and interacting in the bubble 

chamber should be as indiceted in Table 1. Details of the beaLI line .1.,.d 
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flux calculations may be found in Section 2 and Appendix II. The E 

flux es timates are based on the measured values of Hungerbuehl~r et a1 I 3] 

and Badier et al L4). 

We request: 


5

(a) The possibility of delivering 'V 10 protons per pulse, at 


momenta of 250, 125 and 62.5 GeV/c to a lITm x lrom target near the 


15 foot hydrogen bubble chamber. Targets of various materials ranging 


from Beryllium to Tungsten may be required. 


(b) The construction of an adequate number of dipole and quadrupole 

magnets with spare coils etc, suitable for 'V 5 x 105 pulses. It is 

hoped that the Rutherford Laboratory will supply the magnets, power 

supplies and personnel to test and run the equipment. 

(c) The construction of "small Tungsten collimators for use near 

the. target and laminated collimators for use within the quadrupole magnets. 

• 	 Machined slots in these collimators will define the beam acceptance. 

Tungsten or Uranium shielding blocks, some of which wilLneed machining, 

will be required in the early part of the beam line. Standard lead or 
, . 

steel blocks should suffice for the latter part of the beam line. It is 

expected that much of the shielding will be available locally at NAL 

. and some is available from the earlier CEP.N A-experilnent \lJ. 

(d) That 50,000 pictures'>be taken at an incident proton momentum 

of 250 GeV/c and then when machine scheduling allows a further 75,000 

at 125 GeV/c. At some later stage when 62.5 GeV/c protons are available 

we would hope to complete the proposal with a final exposure of 150,000 

pictures. The spill tirce should be suitable for bubble chan:ber use. Ti!:!c 

should be al1o~led for beam tuning. Tuning of the incident proton beam 

should be straightforward but tuning of the sigma beam will involve 

scanning and rough measuring of test pictures taken in various conditions. 
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It is expected that vle \,7il1 ~"ish to try various target I:'t3terials and r.ay 

wish to vary the proton momentum to obtain different ratios of secondary 

to primary momentum. 

The numbers of interactions listed in Table I are based on 

0tot(E-p) = 30 mh, the measured l4J value at 19 GeV/c being 34.0 + 1.1 mh. 

It is assumed that the hyperons entering the chamber interact in 2m of 

liquid hydrogen and the expected numbers of interactions are given in the 

second last colurr:n. lilien considering particular final state particles 

such as secondary hyperons, one should a11m'1 for the probabil i ty of 

subs~quent observable and fi ttable decays. The numbers in the last 

column are obtained by requiring a secondary E of beam momentum to decay 

leaving at least O.5m of decay TI track. Since secondary r-'s will on 

average have less than beam rromentum this is a pessimistic approach, 

though we also have to think of observing secondary AO,s which have a 

smaller decay probability, and so the numbers of interactions quoted in 

the last column are probably representative. 

The 	fluxes have been chosen to yield 10 beam tracks per frame. 

Secondary - r-/1r E r L r inter 1Exposure kpix proton E at entering observable inter- actionsmomentum 	 I 
momentum DC(a) BC beam actions observed 
(CeV Ie) (GeV/c) decays (b) (c) 

A 50 250 200 6/4 300k 64k 48k 8.4k 

B 75 125 100 4/6 300k 114k 42k l3.5k 

C 150 62.5 50 2/8 300k l83k 34k 18k 

Totals 275 	 361k 124k 40k 

TABLE I Details of Proposal 

(3) See Table IIC of Appendix II 
(b) Based on ° O':-p):= 30 mb 

to.t 
(c) 	Assumes required to observe secondary E 

liclvlf1.t; Lt!iiil! l.i:Ol:~elltL1~l (st!e s~cLlt.'u. 1.2) 
(d) 	The running time for each exposure is expected 

to be as follows: A) 2 weeks; B, 3 weeks; 
C, 6 \Jeeks. 

- ----_.. _------
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1.3 Physics Case 

(1) The intention is to carry out a general survey of L p 

interactions~ comparable to the surveys of pp and n p interactions 

currently being carried out in the 30" HBC at NAL at energies in the 

100 - 300 GeV/c range. 

We would obtain information on topological cross-sections) 

multiplicity distributions, inclusive distributions and correlations and 

so on. 

A new type of beam particle at new energies, together ,d. th the large 

visible volume and good spatial resolution of the 15' bubble chamber, 
.. 

should 
' 

be capable of revealing unanticipated phenomena. The strangeness 

of the beam,:particles should tend to lead to final baryon states of 

high strangeness, and the bubble chamber is ideally suited to observing 

and ana~ysing such multi~vertex events. 

Further particular topics 	for investigation would be as follm;s: 

(2) Inclusive Processes 

}~asurement of all observed hyperon decays will enable us to study 

the 	inclusive processes 

E p -+ 1:-
+ 

+ anything 

For the EO we will try and use the 12% of EO events where a conversion 

y is available and the EO is therefore fittable. 

Some SU(3) predictions for inclusive reactions are listed in 

Appendix l(a), and many of them, such as, e.g. 

== 
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could be readily tested in this experiment for SU(3) s~etry breaking. 

The inclusive process pp + 6
++

X has recently been found L7J to have 

the value 1~.3 + 0.5 rob 	 at 303 Ge.V/c. \<le can therefore check factorization 

A++in the process E p + Xu, for which the cross-section should be half 

this value. Furthermore, an SU(3) prediction, 

0: 	 = ~ [(p + 6
++

) + (p + 6
0 

) J 

t\, 1.0 mb 
IV 

can be investigated. We therefore note that 3.1 rob, or 10% of the total 

cross-section, is perhaps involved with the inclusive production of the 

E(1385) and 6(1238) resonances. 

(3) Diffraction Dissociation 

The importance of diffractive mechanisms at very high energies is 

nO'-1 clearly recognised. 

Lipkin L8] has recently proposed a net.. model for diffraction 

dissociation which suggests the existence of new Y *'s, not yet discovered, 

which would be observed in diffraction dissociation but only v,eakly 

coupled to t\w-body formation and decay channels. The SU partners of
3 

the Roper resonance N*(1470), na~ely a Y *(1620) and a (1770)~ might be 

such states and be found Hith hyperon beams. 

In any case the use of hyperon bea~s affords the possibility of 

producing hyperon resonances without strangeness exchange and therefore 

by diffractive mechanisms (such as Porneron exchange). 

\'1e recall that the process pp ~ pN*1 has SbOwll evidence for the 
2 

production cross-section totals l.l. mb at '\; 30 GeV/c. Observation of 

- R
the corresponding process E p + Y P would therefore seem to be favoured 

by the follotJing considerations: 



.' 

1. 	 Large a ~ 1 mb (assuming 0 ~ ccnst) 

2. 	 LO\y background (assuming 0 falls wi th s). 

*3. 	 Y's have narrower widths (typically 50 - 70 NeV) than 

N* 's (100 - 300 NeV). 

Using fitted inelastic events such as e.g. E p ...... Aprr , allm-79a 

direct search for such processes. Hm-lever, even with unfitted events 

a search for Y* t 3 is still possible. Host often the proton "Till be . 

identifiable as a dark track, and the missing mass distribution calculated 

from the proton momentum (or range) and proton angles alone may reveal 

resonant structure i.e. we study E-p ...... X-p and determine M(X) from the 

proton variables. 

Furthermore, both final-~tate baryons should be identifiable in 

r p 	 reactions since both the hyperon decay and the proton stub can be 

seen. The remaining tracks are almost certainly going to be pions, and 

so 	for 

r p 	....... X(E- + charged pions) + p + neutrals 


. we 	 can study H(X) without having to fit events. 

In each case we might hope to see any resonant structure in ~1(X) 

above a smooth background resulting from the effect of undetected. neutrals. 

About 25% of single 11'0 events could be vetoed since 'tve cOllld expect to 

observe a y-conversion, and the proportion of vetoed events will be higher 

· 0f or 	mu1t1-rr events. 

(4) 	 Study of Inelastic Processes 

A great variety of inelastic processes can occur, e.g. 


I p .... Aprr 


.... ppK 'IT 

and in addition rarer events might occur involving :;'g or r.::ore than one 


hyperon in the final state, such as 




-

'1. 


+ 
E p -+ pK n~ 

- +-+ E AK , 

as \"ell as cha.nnels similar to the above '!:lith further 'IT+'IT- - pairs. 

All of these are potential four-constraint fits and should be relatively 

uncontaminated channels. (See Section 3.5). Production of Y* 's from 

*!'
E-p should be as copious as N 's from pp collisions as mentioned above. 

A number of SU and SU predictions among baryon-baryon reactions exist3 6 

and are listed in Appendix I(b). Some of these might be tested in this 

experiment. 

(5) Total and elastic cross-sections 

Inforrr~tion on cross-sections will be a by-product of the experiment. 

It should be possible to obtain total cross-sections to a statistical 

accuracy of 1-2% by counting all interactions and subtracting 'IT-P 

interactions (assuming that the n-p total cross-section is kno~m to 

1%), the E-- flux being known from beam decays. Observations of E p 

interactions by identifying fast secondary strange particles, after 

correcting for unseen states (such as those involving K-) and for strange 

particles produced in 'IT-P collisions. affords an independent means of 

cross-section determination to similar statistical accuracy. The 

systematic errors in these determinations might '!:Jell be 3-4%~ but they 

would provide an independent check on counter measnrel"'cnts. 

A quark model prediction for total cross-sections, 

- - - + +o(E p) = a(pp) + o(K p) - o(n p) + 21a(K n) - a(K p)] 

is satisfied at 19 GeV/c l4], "lith L.BS. ;;: 3/•• 0 + 1.1 and mlS "" 35.0 + 0.9, 

and could therefore be tested up to 100 GeV/c in this experiL'ent. 
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Statistics only allow an elastic cross-section determination to 

2-3%" but values of -I t I down to ~ 0.02 GeV2 from observation of recoil 

protons and to ~ 0.01 Gev2 using track-following techniques (Section ~l) 

should be possible, complementing a NAL counter proposal 19] to measure 

2 
do~m to ~ 0.1 GeV • 

(6) Particle Production Models 

Experimental information on production of hyperons in nucleon-

nucleus collisions will err£rge from measurements of the E ,,_ and 

possibly even 0- flux entering the bubble-chamber. 

Taking 3-/r.- ~ 1/60 [4] and 0-/3- :t E-tr.- we expect to see 

'V 2000 3 decays and ~ 100 0 - decays from the 100 and 200 GeV/c 

experiments. 
-, 

Such information will provide an interesting test of various 

particle production models, such as the Hagedorn-Ranft thermodynamic 

model tlO] and the nova model tIl). 

(7) New Technique 

Finally.. this experiulent '(·;ill establish the technique of using 

hyperon beams for 'conventional' bubble chamber studies of hyperon-

nucleon interactions. It is arguable that strong interaction physics 

has suffered in the past (at least from the point of vie\v of SU(3) and 

the 'quark model) from not having available baryon beams as well as meson 

beams of varying hypercharge. With NAL energies this shortcoming could 

now be rectified. 
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2. EXPERIHENTAL DETAILS 

2.1 The incident proton beam 

For 	the production of 50.100 and 200 GeV/c r beams we will require 

5protons of momenta 62.5, 125 and 250 GeV/c respectively. About 10 

protons per burst focussed onto a Imm x lmm cross section target -vill be 

needed. It is most likely that a Tungs ten target 'l,Y'ill be used but 

copper and beryllium targets should also be available. The 	 targets 

should be about one interaction length long. 

Given that the synchrotron is operating at 300 GeV then protons of 

the above energies could be obtained by the technique knmvn as front 

porch extraction. Alternatively, secondary protons could be used in the 

200 GeV/c r- experiment but at the Im-ler energies the pion contamination 

which leads to muon contaminati'on in the bubble ch8t!lber is too high. 

. 	 10 11It ~s expected that about 10 to 10 protons per burst could be 

extracted from the synchrotron. It has been our experience l'1i th a 8 GeVIe 

proton beam at the Rutherford Laboratory (K9) and with a 24 GeV/c 

proton beam at CERN (U5) that provided the beam line has several stages 

of momentum analysis and adjustable collimators then it is quite 

straightforward to achieve an attenuation in the pLoton intensity of a 

factor 10
6 

and a final spot s~ze of l~~ x lmm. 

Because acceptances are so small adjustments to quadrupole magnet 

currents should be unnecessary and bema tuning should involva only steering 

by adjusting dipole magnet currents and collimation about the beam axis. 

It has been our experience that polaroid film plates enable the above 

processes to be completed very rapidly. The proton intensity at the targe.t 

can be oonitored using a scintillator with an output proportional to the 

proton intensity; (counting of individual protons is out of the question)~ 



2.2 The Sigma beam line 

By choosing a secondary momentu~ close to the incident proton 

mo~enturn a very favourable E-/~- ratio at production can be obtained. 

The rather short decay length of the r (1.86m at 50 CeV/c. 3.72m at 

100 GeV/c and 7.44m at 200 GeV/c) means that if we are to finish up '-lith 

a reasonable ratio at the bubble chamber the distance from target to 

bubble chamber must be kept small. 

However, the other particles produced at the target along with any 

protons that did not interact must be eliminated. This requires 

shielding material to be placed becvleen the target and the bubble 

chamber. 

The beam line design outlined below is essentially a compromise 
, 

betl-Teen the requirement to keep the beam short to obtain a good l,:-/1r

ratio and to make it longer in order to improve the shielding and hence 

reduce the background. 

The basic design is similar at all momenta. A combination of two 

dipole and two quadrupole magnets 1S used to produce a dispersed 1mage 

in the vertical plane with a resolution of '" .:!:5% op/p_ The output 

geometry in the horizontal plane can be varied. As an example the 

disposition of elements in the 9 metre long 100 GeV/c E- beam line is 

shmffi schematically in Figure 1. Exactly the same elenents 'will be used 

at 50 GeV/c and 200 GeV/c, but l-lith different separations. 

A 25cru long Tungsten collimator placed immediately after the target 

defines the solid angle acceptance of the beam. Pions outRide the 

acceptance must be reduced in enercy as soon as possible to minir.lise the 

production by decay of muons of energy sufficient to penetrate all the 

shie1dine and reach the bubble chamber. 
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The protons "lhich have not interacted in the target ('V 40% of the 

incident flux) pass along with the particles within the acceptance 

through a hole in the entry coil of the first dipole nagnet. A field of 

lOT or more over a distance of 40cm deflects the charged component of the 

beam. 

Only negative particles above about 50 GeV/c pass through the slot: 

in another Tungsten co1liraator itr.mediately beyond the dipole magnet. 

This negative beam is brought to a focus in the vertical plane and 

made para1lel in the horizontal plane by the tHO quadrupole magm.!ts. The 

second dipole magnet is used to inc~ease the dispersion of the beam at 

the focus where the resolution is such as to enable us to obtain a beaIn 

with a momentum resolution of 'V + 5% op/p. 

It vlOuld be advantageous to use Ura.nium or Tungsten shielding 

blocks carlyon in the beam if these are available, although lead bricks 

could be used later on when the nuclear cascade has become F.~re diffuse. 

(Some of the relevant properties of these magnets are listed in the 

Table lIB of Appendix II.) 

The dipole and quadrupole nagnets are of types designed by Rutherford 

Laboratory personnel (2). Prototypes have already been built and tested 

5for around 10 pulses. A complete set of magnets and spare coils could 

be ready within a year of this proposal being accepted. It should be 

noted that it is proposed to tvork \-,e11 '>lithin the design fields and 

gradients. 

The magnets ,"Ji 11 be operated in series from a single pO'per supply 

V7hich vlas in fact used in the Cambric[;e flO experiment at CERN in 1971. 

2.3 Particle fluxes and background 

No systematic measurerr.ents of particle yields fron proton-proton 

or proton-nucleus collisions above 30 GeV/ c prirr.ary monentum have yet 



-14

been made. The procedure adopted to arrive at an estimate of n nnd 

r yields is discussed in detail in Appendix II. It is expected that 

the predictions will be found to be accurate to ,vi thin a factor 2. 

The amount of shielding betHeen the target and bubble chamber 

should be more than adequate to eliminate the hadronic component of the 

-. nuclear cascade. Huons are t!lore of a problem but a calculation indicates 

that fewer than 10 muons.per burst will have sufficient energy to 

penetrate the shielding and arrive at the bubble chamber, which ;;ve believe 

is a tolerable background. 

The shielding problem is discussed in some detail in Appendix III. 

3. ANALYSIS OF EVENTS 

3.1 15' Bubble Chamber 

It is assumed that there is 4m of liquid hydrogen, of which 2m is 

useful for interactions, a chamber field of 3.0T and menn spatial 

point accuracy of 300 II m. 

The first stage in analysis will be to locate every r. - decay by 

track follOl"ing wi th the semi-automatic measuring machine Sweepnik. 

The large curvature change in r 4 ~ (from 4.5 ror/m to ~ 12.5 mr/m for 

a 200 GeV/c r-) should be easy to detect since on 1m of track the angle 

error is 6e~ 0.6 mr. Single view measurements are adequate since beam 

tracks and decay products are essentially at fixed depth. At the same 

time all interactions of beam particles (including stl'lall angle scatters) 

will be recorded for subsequent scanning. 

3.2 Beam Homentum 

The nominal beam momentum uncertainty is .:!:. 5%. l!O't.,ever~ there will 

be a correlation between the position and angle of - beam tracks and 

;;-.ot~entUi;:;. h~ading to a likely ~p/p of '-Uj -
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measuring a sample of 1: beal71 tracks of good length~ for which a 

measurement error of l::.p/p 'V 1p~ should be achieved. 

3.3 Inclusive Studies 

Secondary particle momenta should be obtainable to 'V 5%» with 

tJ.G 'V 0.5 mr, provided ,ve use at least 2m of secondary track, l>Jhich is 

adequate resolution for useful physics. 

3.4 Mass resolution 

The error on invariant mass determination has been checked using 

events of the type 1: p + 1: ff 
+

TI 
-

P generated by the program FAKE (see 

3.5 below). The (1: 
-

ff 
+TI - )-system was found to have mean mass error 

oM 'V 75 HeV for H = 2 GeV» increasing to 150 HeV for M = 3 GeV. This 
'V 

should be adequate resolution for useful physics. 

In deriving F~ssing masses from recoil protons~ the usual factor 

limiting precision is the error on the proton angle due to mUltiple 

scattering, which, e.g. results in a oH 'V 100 HeV for a system having
'V 

H = 2 CeV recoiling with mOIr.entum 100 GeV/c from a 300 HeV/c proton. 

Hmvever, the uncertainty in the beam momentum will contribute 

a further contribution to oil of similar magnitude unless this uncertainty 

is reduced in the manner described in 3.2 

3.5 4C fitting 

0-+- - +-0 iEvents of the type E p + E p, E pTI, L p1f 'IT and E p'iT 1T 'lr ~;;.t 100 CeV/c have 

been generated in order to assess the reliability of identification by 

4C--fitting. A simple peripheral model 'Has used in order to give the sar:~e 

t-distributions for final state baryons. and P distributions for pions
T 

- +
as found at energies < 30 CeV. The elastic and E pn w events gave 9BZ 

pass rates corresponding to a X 2 probability> 1% (b.ascd on 1000-event samplC:.s). 
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FurtherMore, only 6% of the latter event category fitted ,·,ben p and 

1T 
+ \.;ere interchanged, and in nearly all cases the ambiguity could 

be resolved using bubble density. 

To test the effect of events with further lTo,S contaminating 

..... 0
4C channels firstly 1000 r plT events were used, it being found that 

~ 15% were either wrongly or ambiguously fitted as 4C's. Bearing in mind 

the large difference in cross-sections the contamination of elastic 

- + - 0events is likely to be ~ 1%. A similar study of 1000 r plT 1T IT events 

- +leads us to believe that 'the contamination of the L plT IT channel can 

be kept down to ~ 15 - 20%. 

on average have more missing transverse r:1omentum \..re conclude that 

contamination of 4C's is of manageable proportions, and can be corrected 

for on a statistical basis, and by using 'tagged' rro_ events with 

y-conversions. 

3.6 Heasuring Facilities 

The Cambridge group has 2 semi-automic S'weepnik measuring devices 

and 3 conventional measuring machines with on-line computer connection 

all capable of modification to handle 70mm film. Two large scan tables 

(designed for BEBe filM) will also be available for the experjmeut. 

The Cambridge group is thus capable of fulfilling the ~easuret~~nt 

requirement of 50-100 k events in l-q years, but \'lOuld be glad to consider 

u.s. collaborators to assist in all stages of the experiment. 



-17

APPEHDIX I - SYlilffietry predictions invo1vinfi. hyperon-micleon interactions 

(a) Inclusive reactions 15]. The following predictions based on 

SU(3) should hold for the fragmentation of a into c (a -+ c), all 

assumed to take place on the same (proton) target. They should hold 

for all (x,PT) in the fragmentation region • 
.

+ 0:- -+ 	 KO) H (p+'ll' ) + (p+'ll' ) ]'" s 

(1: - -+ r:-) (p -+ 	p)'" 

(r:- -+ r:+) (p -+ c-)== 

-
(1: 	 -+ S ) = (p -+ n) 

"+
(r: - -+A) = H(p+E ) + (p-+1:-)] + ~ i.. (p-+n) ... (p-+So) - (p-+A) ] 

-
(E -+ A or rO) == (p -+ A or r °) (sic!) 

+
(=- -+ K.° ) == 0:- -+ 	 KO) = !l(p -+ 1T ) + (p -+ 1T-:'») 

s 	 s 

-{E -+ E-) ::: (p -+ p) 

+ (c - -+ A or EO) == 	 ! I (p-)-r ) + (p+I: )J + .g I (p-+co) - (p-+c-»)+ (p-+f.) 

= (p-+A or r °) +1:. 
6 	

l(p-+2
0

) - (p-+S-) ] 

(b) 	 Exclusive reactions [6] 


From SU :

3

- *- 2 - + - 2
3 M(r. 	p+pY ) I 1f(r. p-+E !J. ) II 1 	 I 
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From SU :
6 


5~ l~iO:-p-+nY~o) 12 = IN(pp-+p6+) 12 

. , 


8 IN(E-p-+AbO
) 12 \}f(pp-+pb+) 12


3 . ~ 

'. 

.' 8 1 - *- 12 :::: IH(t-p-+E-b+)12
9" ~J(t p-+nY1 ) 

I 
, 

I 

I 

I 
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.APPENDIX II - Estimation of Particle Fluxes 

The Hagedorn-Ranft Thermodynar.:.ic Hodel (HRTI1) llO} provides a 

good description of pion production in proton-proton and proton-nucleus 

collisions at momenta up to 30 GeV/c over a ~?ide range of secondary 

momenta and angles. For pions at 24 GeV/c He therefore use HRTH and 

then to obtain the corresponding 1.:- fluxes 'iVe make use of the 

1.:-/rr - ratios determined by Badier et al ll.). In the forw-ard direction 

the calculated 1.: fluxes agree to within 20% with the measured fluxes 

of Hungerbuehler et al l3J. 

Fluxes at higher primary momenta are obtained using the scaling 

forr.mlae, 

I £ - (x)
l: 

(J r 

1 (dN) = f -(x)
dx 'IT 

(J - 'IT 
rr 

\,rhere x tV pIp and integration over all angles has been carried out. 
o 

tIN


Values of 0. d~ and f(x) used are surrmarised in Table ITA. It is probe.ble 

that the increase in (J - '\-lith energy is due to an increase in numbers 
7T 

in the pionization region (:{ tV 0) and not the fragmentation region \7hich 

concerns us here. If this is so the pion flux ,.;ill have been overcstinated. 

It is assumed that the cross section for E production «(JL~) varies in the 

san~e 'I,lay as that for AO production. That AO,s scale in the above lTay.is 

strongly sugLcsted by the data of Charlton ct al 1.14J at 200 Ce\'. 

The E and TI fluxes at 50, 100 and 200 GeV/c together with various 

assuTIlptions made are lis ted in Table IIC. 

i: , 

http:Thermodynar.:.ic
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APPENDIX III - Estimation of Backr,round 

A detailed assessment has been made of the background expected 

at the bubble chamber. Ranft l15] has performed extensive Monte-Carlo 

calculations on the nuclear cascade in shielding materials which have 

been experimentally verified below 30 GeV/c. For 200 CeV/c protons 

incident on steel these calculations show that after an initial build 

up to about 8 particles per incident proton the laterally integrated 
" 

charged particle density then attenuates rather rapidly with increasing 

2thickness of steel having a value of 10- after 2.5 metres. Beyond 

this thickness the charged particles are mainly muons 'ivbich attenuate :only 

slo~.rly ",lith increasing thickness. Data on muon contamination are given 

out to only 3 .. 5 metres of steel and although extrapolation to the 

thicknesses of material to be used in the proposed experiments indicates 

less than 1 muon per 105 incident protons an independent calculation ha.5 

been performed by us at each momentum to confinn this result. The 

method used at 200 GeV/c is outlined below. 

Jon estimate of muons arising from pions and kaons decaying along 

the E beam channel has also been made. The possibility of hadrons 

produced outside the beam line acceptance scattering into the channel has 

also been investigated and along with the rr.uon problem is discussed in 

more detail below. 

(a) r-!uon Background 

By using Tungsten and Uranium to attenuate the high energy part 

of the cascade and Lead else'tvhere .. then, except in the vicinity of the 

beam channel, the shielding i,s sufficient to stop nuons of mor:.:enta less 

than 10. 15 and 23 GeV/c ~n the 50. 100 and 200 GeV/c experiments 

respectively. Using the Hagedorn-Ranft 110) flux estimates for pion 

production~ and n:ultiplying by the probabili ty that a decaying pion ".'ill 
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give a muon greater thRn the above cut off momenta) and by the 

probability of the pion decaying into a muon 1 then in the 200 GeV/c 

experiment ,,'here the shielding requirereents are r:J.ost severe one finds 

... 
that on integrating over all angles and r:J.ome.ilta "'2 il and "'41 ",rill be 

produced in the 0.1 metre that the pions are allowed to travel before 

interacting. About 90% of the muons originate from pions llith momentum 

less than 60 GeV/c. 

The slot in the Tungsten collimaEor immediately follo-.;·7ing the 

target accepts about 2% of these lo'!N energy pions vihich can drift for 

about a metre on average before interacting. The muon estimates should 

be increased hy a factor L 2 to take this into account. A similar 

factor is needed to allow for the n:uons froffi kaon decay leading to a 

final estimate of 6 muons per picture on average in the 200 GeV/c 

experiment. This number falls with the 1:: momentum and is expected to be 

less than I in the SO GeV/c jxperinent. 

(b) Iladi6n Background 

By ensuring that n,ost particles enter the shielding either at large 

angles or at large distances from the channel boundaries the probability 

of secondaries scatterinf, into the channel is minimised. The I!lagnetic 

fields and shape of the channel conspire to make it difficult for the 

scattering processes to feed um-mnted particles into the bubble chamber. 

Our experience with neutral beaDs at CERN and at the Rutherford Laboratory 

enable us to predict with scme confidence that the hadron background 

will not be serious. 
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TABLE IIA 

Fluxe~ at target of L and n at x ~ p~ /p = 0.8 
""n 0 

p p o - xlO3 xl03 a - xl03 xl04 
0 I:,n L n 

(GeV/c) (GeV/c) (rob) (dN) l(dN) (rob) (dN) _ l(dN) _ 
dx L dx n o dx ni °rx '[,-' n 


24 19.2 0.29 5 17 34 0.6 1.7 

.. 

62.5' 50 0.47 8 17 55 0.9 1.7 


125 100 0.63 11 17 70 1.2
I 
. 1.7~ 

. 
150 200 0.82 14 17 92 1.6 1.7 J 
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Tf.BLE lIB 

Sigma Beam Line Hagnets 

Dipole Naenets 

::: 
qn Design Field 15 T 

Length of Field Region == 0.4 m 
....... 

Hidth of Field Region = 0.02 m 

Coil Thickness at ends == 2 x 0.02 In 

1st Quadrupole Hagnet 

IDesign Gradient 550 T m-

Length = 0.8 m 

Diameter of useful 
Aperture 0.02 m 

2nd Quadrupole Nagnet 

Design Gradient = 

Length = 0.4 ill 

Diameter of useful 
Aperture 0.05 m 

The lengths of the quadrupole magnets could differ from 

the values quoted. Detailed field plots have not yet 

been done. 
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TABLE IIC 

"Particle Fluxes'l 

200 GeV/c 100 GeV/c 50 GeV/c 

Primary Proton Homentum (GeV/c) 250 125 62.5 
",t':' 

" , 

, Length of Beam Line (rn) 13.0 9.0 6.5 
'l7 

.~ decay length (m) 7.44 3.72 1.86 

Decay loss factor for ~ .0.174 0.089 0.031 

Horizontal Acceptance (mrad) 7 10 16 

Vertical Acceptance (mrad) 4 5 8 

Effective momentum bite (GeV/c) 30 15 10 
.. 

( 1T 4 6 8Fluxes* ( ~ 6 4 2 

Incident Protons 7xl04 105 1.4xlO5 

,. * Allo~ance has been. made for losses in dipole end coil and beam entry 


'Hindo't,s and for actual solid angle acceptance and momentum bi teo 
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Addendum to P 214 

1. The University of Michigan (Chapman et al. ) and the University of 

Strasbciurg (Fridman et al.) groups have expressed a desire to collaborate 

with us in the study of L~P interactions in the 15 foot H.B.C. Their name& 

should be added to the proposal. 

2. We wish the proposal to stand but with the addition of a 50kpix exposure 

at 250 Gr:,V!c to the proposed exposures at 50 and 100 GeV/c. 

3. 
-

Instead of the pulsed dipole it might be more useful to consider a 

superconducting dipole of length 1 metre, should this be available. 

The pulsed quadrupole magnets and associated power supply already at Fermilab 

could be used for our exposures. 

• 

4. For technical reasons it makes sense to do the exposure at 250 GeV/c first. 

This would require 300 GeV/c protons which can be transported in adequate 

numbers and focussed down to a small spot. Furthermore, L decay losses will 

be lower and shielding from background will be relatively easier at the 

higher momentum. Since ~- will enter the chamber along with the L- the fact 

that an. exposure to ~ at 250 GeV/c (Experiment 1= 234) has already been made 

will permit a useful comparison and/or correction to be made. 

J.G. Rushbrooke 

16 July 1975 
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