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1.  

· .  
1. rNTRoDucrION 

Short lived particles of two kinds that could have lifetimes 
11 15between 10- and 10- s have been postulated - heavy leptons and charmed 

hadrons. Many different models have been introduced which incorporate heavy 

leptons or charmed particles and only experiment can decide the extent to 

which they represent the real ,vorld. Limitations of spatial resolution 

make it impossible to detect di:r'ectly the existence of such particles using 

bubble chawbers except under special circumstances near the upper end of 

the above lifetime range. The spatial resolution available using emulsions 

14however enables unstable particles of lifetimes down to 10- s to be 

detected readily, while favourable conditions thl.s limit could be 

-15extended do,vn to 3 x 10 s or even lower. 

1.1 Charmed Particles 

'rhe non-observance of the strangeness non-conserving neutral 

+ -current decay, KL + , cannot be understood in terms of three-quark 

models of hadron struct.ure (1). A fourth quark carrying a new property called 

•charm' has been proposed to overcome this difficulty, leading to a new 
(2 3) 

Itype of hadron endowed \vith a ne\'1 quantum nuwber writtoan C, the charm' , 

(4 5 6)The observed narrow resonances " at 3.1 GeV 

and 3.7 GeV have been attributed to mesons which, although themselves not 

possessing the property of charm, are composed predominantly of charmed 

quark and antiquark constituents, just as the meson is thought to be com-

posed of strange quark and antiquark constituents. If this 

interpretation is cor.rect, the particles could decay by strong interaction 

processes into a pair of charmed mesons. The width of the resonances is 

that characteristic of electromagnetic transition processes so that one can 
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conclude that tl1c decay to a pair of charmed mesons is inhibited on 

energetic grounds, implying a charmed meson mass above 1.85 GeV. On the 

other hand, if the observed structure around 4.1 GeV in the experiment 

can be attributed to a broad resonance it could suggest a charmed meson 

mass around 2 GeV. 

The possible properties of charmed particles have been discussed 

by M.K. Gaillard et a1 (7). The lO1,o1est lying charmed. (C = 1) bar.yon states 

. . . 1 + ++ + 0 are expected to form an 1sosp1n s1ng et, Co ' and a triplet, C : C ' C •l l l 

These have strangeness o. Tne lowest lying charmed meson states form the 

+ 0 - -0doublets (D , D ) and (D , D ) with C = +1, -1, respectively and zero strange-

+ness; and the two singlet states, F , F w:i.th c, S = (1, -1) and (-1, 1) 

respectively. 

The for charm3d baryon production seems likely to be 

lower than that fnr charmed meson production. The production processes in 

neutrino interactions would be: 

.:.. 
-+ C++\I + P + 11 + hadrons1  

c+ \I + n -+ + 11 + hadrons1  

+  or + 11 + hadronsCo 

Provided the masses of the particles involved make it energetically possible 

the most probable process for charmed meson production would then arise from 

charmed baryon decay in the processes: 

or 
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. 
CO -+ N + DO or I: -	+ F+ 

1 

+ 
-+ N + D+ or AO + F+ Co 

If mass relations between members of charmed multiplets are similar 
. ++ 

to those familiar from SU , one might expect C to have the lmlest mass3 I 

of the Cl triplets, so that it could happen that "lhile could del..dY 

promptly to D, F, through a strong interaction the same process 

could be inhibited for The C++ would then decay thrm.lgh the \-leakI 

processes: 

+ 
11 +p+v

11 
+ or e + p + V e 

Assuming the coupling constant for charmed particle decays to be equal to 

the Fermi constant, GF , the Iifetime of the charmed baryon, would be 

expected to be: 

with Q = HC MC' 1'\J being respectively the charmed baryon and nucleon 

masses. 

The charmed mesons D+, DO, whether produced directly or following 

the decay of a charmed baryon, would be expected to to leptons or 

hadrons in the following predominant processes: 

(i) 	 leptonic: 
+ -0 +n+ -+ if + e + v 	 or K + 11 +v e 11 

+ +nO -+ K + e +v 	 or K + 11 +v e 	 II 

---.....
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(ii) hadronic: 

+ +p+ + K + 1T + 1f 

K + 1f 
+ or K.o + 1T + 1f 

+ 

with a branching ratio of about 13 per cent for 1eptonic decays, 87 per 

cent for hadronic decays. 

strangeness-changing hadronic decays of charmed mesons are 

associated with the cosine of the Cabibbo angle and hence favoured 

relative to not involving a change of strangeness. 

Again assuming the Fermi constant, G , to be relevant to such 
F . 

decays, the lifetime of charmed mesons,. D+, pO of mass Me' is expected to 

b 10-11 ( / ) 5 f 2 / 2 ] dab'" -_ 3 x ].0-14 e 't' He • I Me GeV c as speci .' .ate ove,. s,C< C< 

corresponding to a f1.ight path of 10 '11m for particl.es :noving \-lith velocity c. 

Flight paths of this before Gecay be readily observed in 

nuclear emulsion. Such estimates .of lifetime a-:::e very speculative but at 

least it can be said that charmed particle lifetimes in the range covered 

by this proposal are feasible. 

The estimated cross-section for charmed baryon production depends 

on whether there is an appreciable strange parton constituent in the nucleon. 

Studies of deep inelastic scattering of and neutrinos by nucleons 

give an upper limit of 10 per cent for this strange parton constituent. 

This would correspond to an upper limit of the ratios: 

(J. (J"" __c_ < 0.16 , :/ < 0.35
" (Jtot(Jtot 

where (J " is the cross-section for charmed baryon production and (J " the c .tot 

http:particl.es
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total neutrino interaction cross-section. If the strange parton consti-

tuent of the nucleon is zero: 

v v 
0" 0" c c tan2e = 0.04, = 0.005. v. c  

O"tot 0"tot  

In this case then, a sample of 500 V int".p.ractions conta,in 20 cases of 

charmed particles of which 3 would decay leptonically and 17 had7onically. 

These figures refer to estimates of upper limits that might be valid for 

very high energy neutrinos. A typical topology of such events is illustrated 

in Figure 1. 

Fourteen cases of di-leptonic production \'lere observed in the 

lA experiment(S) but it is difficult to establish whether or not these are 

cases of charmed pctrticle production. It could result from charmed baryon 

(C++) production (Figure la), or from charmed meson production (n+, Figure Ib; 

DO, Figure ld). h similar could however also imply production 
+ 

of the intermediate charged vector boson, Ttl (Flgure If) • Again the decay  

of a neutral heavy leP-t:on, MO (Figure lh) \liould give a similar signature.  

The emulsion is the only technique that could establish definitely in di-

, leptonic events one of the leptons is the decay product of a particle 
-15 -11with lifetime in the range 3 x 10 s < < 3 x 10 s, thus greatly  

facilitating d1ei£ interpretation.  

'Heavy Leptons, 

RenormaI ' able ga,uge (9) . f weak andth' that y e1ectro-

magnetic interactions require the postulation of neutral weak currents or of 

heavy leptons, or both. Evidence for the existence of neutral \lieak currents, 

both leptonic and has been obtained recently but heaVy leptons have 

not yet been found. 
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Corresponding to the two types of neutrino, v , v , heavy 
.e II 

electrons, E, and heavy muons, M, have been postulated(9)with decay 

modes: 

+ O + -M+ -+v + V + II M -+ II + II + V 
II II II 

+ +V +V + e 11 + e + V 
11 e e 

V + hadrons }.l + hadrons 
II 

with parallel decay modes for the heavy electrons, E. 

Once the decay rate would be expected to increase 

proportionately to t.1L being the heavy mass. Bjorken and 

Llewellyn-Smith (9) have estimated lifetimes for the mass range 2 - 5 GeV which 

are given in the table below: 

1-1 (Ge'l) T (sec) CT (llm).
L 

10-132 3 x 90  

+0-14 3 4 x 12  

10-14 4 1 x 3  

5 3 x 10-15 1 -

14 -1  
A transition rate 3 x 10 sec corresponds to a heavy lepton mass of 

25 GeV/c • 

Heavy leptons should be produced in the fast neutrino reactions 

+v . + N -+ M+ + hadrons; V + N -+ E + hadrons. 
II e 

Typical topologies of such interactions are shown in Figure 1 g, h. 
'. 

Such heavy leptons of the Bjorken-Glashow type could be identified 

by the emission of a 'wrong sign' ordinary lepton from the neutrino interaction. 
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The non-observance of such 'wrong sign' leptons in neutrino interactions 
• (10)led et al to place a lower limit of 8,GeV for the masses of 

Bjorken-Glashow heavy leptons. Other short-lived objects, distinct from 

heavy leptons associated with renormalizable gauge theories, have also been 

postulated and these might be produced in neutrino interactions. Thus, 
Oheavy leptons, h , h+ with decay processes 

O + 0 + ± ±. 0h + 'If + II or 'If + \) ; h- + II +.Y or II + 'If 
II II 

O + + .± ± 0h + 'If + e or 'If + \) h- + e + y or e +11° e e e 

have been proposed Cll , 12) The mass limit of Bnrish et al would not apply 

to ,such objects. 

The emulsion is the only technique that could detect any such 

objects directly if their lifetimes lie in the range indicated in this paper. 

2. OBSERVATION OF NEUTRINO INTERAcrIONS IN NUCLEAR . PHOTOGRAl?HIC 

. EMULSION 

Nuclear photographi= emulsion detectors have by far the highest 
, " . 

spatial resolution of any particle detector. They can resolve events 

separated in space by a few }lm. A particle travelling with the velocity c 

will traverse 1 llm in a. time of 3 x 10-15 
5, so that short-lived particles 

15of mean life of the order 10- s should be capable of direct detection 

using this teChnique. 

Neutrino interactions in nuclear emulsions have been located 

successfully(13) by observing secondary particles (usually muons) in a 

chamber accurately located relative to a photographic emulsion staCk and 

..__..._-_ ...._----------
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follmling them back to their origin in a neutrino interaction in the 

emulsion. 

With the more intense and more energetic beams of neutrinos 

now available at Fermilab it is proposed to repeat the experiment, aiming 

to obtain 500 interactions in a block of emulsion of volume 20 liters. 

3. EXPECl'ED RATE OF NEUTRINO INTERAcrroNs 

Interaction rates expected for neutrinos from the \'lide-band 

beam and based on experience experiment 1A have been given by Benvenuti 

et al in the proposal have submitted for Experiment 310 (see 5/31/74) . 
17For 10 'protons .")f energy 400 GeV on beam target and employing the 2-horn 

, .- ... 
arrangement,. they (Table IV) for tl1enumber of neutrino interactions 

5in a target of 3.5 x 10 kgm: 

(i) \I + N -+ 11 + hadrons 100,400 events 
11  

(U.) \llJ + N -+ \llJ + N 10,040 events.  

2 x 1018 protons in an exposure spreag over a 6-week period of an 

emulsion stack of volume 20 litres (78 kgm) we obtain then the follmving 

entimates of the expected numbers of reactions: 

(i) Charged current reactions: 

(ii) Neutral current reactions: 45 

or a total of approximately 500 \I interactions in all. For the \I beam this 

number would be reduced by a factor 'of about 3.5. 

From the estimates of Sectiot; 1, assuming the existence of charmed 

quarks, the number of events in which charmed mesons are produced in such a 

sample would be expected to be between 18 and 72. 
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We can also evaluate, by assuming scaling and the lot'ler bound 

computed by Llewellyn-Smith (14) , the fraction of these events 

to production of heavy of a given mass. M • Detailed calculationsL
and the approximations used are given in Appendix I. Figure 3 shov/s the 

results for the assumed neutrino spectrum sho\¥n in Figure 2. 

GENERAL DESCRIPTION OF THE 

The apparatus which it is proposed to use for the location of 

neutrino interactions in emulsion is shown schematically in Figure 4. The 

apparatus consists of the following parts: 

A. To Locate the Neutrino 

(1) 'emulsion ES, in which the details 	of the interactions 

produced 	by the incoming neutrinos ere observed and the decay of 
-15 . 

unstable particles with lifet.imes greater than about 3 x 10 s 

can be detected. 

(2) 	 A system of two 'wide gap' spark chambers, WG, in which charged 

secondaries of the neutrino interactions are seen as thin, bright 

tracks that in general allow one to localise the posit.ions at 

which secondaries leave the give their direction and to 

determine a small fiducial region around the interaction point in'ES 

(3) 	 'Veto' counters, Vi and a narrow gap spark chamber, SCI, which are 

placed before ES in order to ensure that the observed events are 

actually produced by neutral particles. These veto counters also 

reject some cosmic ray muons. 
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B. To Enable the Analysis of Secondary Products'of the Interactions 

(4) 	 Tae muon spectrometer of experiment 310. The use of these magnets  

will enable the sign and momenta of muons emerging from neutrino  

interactions in the emulsion to be determined.  

(5) 	 The hadron calorimeter of experiment 310. This will enable the  

energy in the hadronic component of the secondaries from the  

neutrino interactions to be estimated.  

(6) 	 Shower Detector, SD, to enable the electrons emitted in the decay  

of short-lived to be detected and to have their energies  

estimated.  

In addition, the scintillation counters A and B are included as 

part of the system for triggering the spark chaFlbers. In between these 

counters is located the shower detector (SD). The wG chambers would then be 

triggered by master coincidences of blo types, vi.z: 

(1) 	 ABMSV, to detect interactions produced in the emulsion stack by  

neutral primaries coming from the neutrino beam direction and  

with a fast muon amo,ng the secondary products.  

, (2) A(SD)tW, to detect similar interactions having a fast electron 

among secondary products. 

Here, 11 is a signal from the accelerator I S a s.ignal from one of 

the counters of the experiment 310 arrangement., Dependi,ng on the particular 

counter chosen and the amount of matter between counters A and S the energy 

demanded of the fast muon can be varied. A typical value could be 1.5 GeV. 

(SD) is a signal from the shower detector. 

The apparatus of the present experiment would be located immediately. 
-upstream of 	the apparatus of experiment 310. The maximum of.emergence 
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of a muon that could be analysed 'l..,rould be 120
• Figure 5 shows a schematic 

diagram of experiment 310 apparatus showing the location of the equipment 

for the present experiment. 

,In order to make use of the analysis system of experiment 310, 

it will be necessary to arrange for the triggering of the drift chambers by 

the same master pulse that triggers the wide gap chambers of the present 

experiment. It is anticipated that the counting rate. will be about 1 per 

400 machine pulses. 

The spurious trigger rate due to cosmic rays is expected to be 

very small since we require that the events occur in coincidence with 

signal H of the machine and the latter will o,;?erate 'l.vith short spill-out 

time. 

5. , . '!'HE 'Er-mLSIONSTACK AND ITS MOUNTING 

The volume of emulsion used is determined by a compromise 

between cost on the one and the need tQ examine a number of 
18interactions. To obtain about 500 neutrino interactions for 2 x 10 protons 

incident on target would require a volume of about 20 litres costing approx-

imately $70,000. 

It is proposed that the emulsion should be in the form of six 

stacks, each consisting of 333 pellicles 20 x 8.3 em in surface dimensions 

and 0.6 rom thick. The pellicles in each stack would be clamped together 

3to form a block of emulsion of volume 20 x 20 x 9.3 cm • The dimension is 

kept dOvm to 8.3 em in the direction of the beam. Narrowing the stack in 

this direction reduces the time required to find an event. 
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Figure 6 shO\vs how the stacks will be mounted on a plate. Each 

stack will be located on the plate by means of dowel pins. Figure 7 sho'.vs 

the clamp used for holding each stack. The design permits the milling of 

the sides of the stack after assembly•. Fiducial marks are provided on the 

base of each clamp and the distances between the milled sides of the emulsion 

and the fiducial marks will be measured prior to sealing the emulsion by 

wrapping in black tape. 

Provision has to be mada for removing the emulsion during beam 

adjustment if there should be any danger of spraying of the stack \,lith stray 

hadrons. Since th.e total vleight to be removed will ,.,eigh approximately 100 

kg, this operation will require care. 

perpendicular views of the spark chambers and emulsion stack 

will be photographed and recorded side by side on the film. Each vie," will 

show the sparks and t.D.e fiducial marks on the ,stack assembly. In principle 

then it is less important to ensure that the emulsion stack assembly should 

be returned to precisely the same place after removal. It is proposed to 

locate the plate to which the emulsion stacks are clamped, relative to another 

plate, also carrying fiducial ma:i.:ks. Any errors of relocation of the emulsion 

assembly \'lould be evident from comparing the fiducial marks pn the two plates 

(see Fj.gure 6). 

If the has to be milled in Europe it will need to be 

transported to the USA by ship to avoid contamination of the 

stack by the high cosmic ray background of a high altitude jet flight. If 

the stack could be assembled and milled at FNAI, the emulsion could be flown 

from Europe and the plates shuffled before assembly, thus avoiding confusion 

from cosmic ray tracks that follow through the whole stack from one 

emulsion pellicle to another. 
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After exposure the. stack \.,ould be taken apart after numbering 

of the plates. They \'lOuld then be shuffled before being flown to CERN 

where a grid would be photographed on to the individual pellicles to facilitate 

locating events and following from pellicle to pellicle. It is intended 

to process the stack using the facilities available at CERN. We return to 

the discussion of the cosmic ray background in Section 8. 

6. . SPARK CHAl'iBERS 

With the event counting rate expected, simple mUltigap optical 

spark chambers should be quite satisfactory. For the event reconstruction 

however we need a chamber allowing the measurement of tracks over a sufficient 

length and \Olith n. good multitrack efficiency. Wide gap chambers have better 

spatial resolution than ordinary spark chambers. Furthermore, they can 

record up to 50 more tracks per event. Radiofrequency interference can 

be avoided by double shieldi.ng of the \"ide gap chamber. A wide gap chamber 

with two gaps each of separation 15 cmis proposed (HG). For high energy 

events the multiplicity may be high and there may be some overlapping of 

secondaries beamed fo.tWard so that the distance between the emulsion and WG 

should be optimised in order to obtain at the s&oe time a pre-

cision (better than 0.3 rom) in the determination of the position at \"hich 

the particles leave the emulsion and a good separation of the tracks at their 

point of entry into WG. The geometry in Figure 3 should enable this 

to be achieved. 

7. SHOI'lER DETEcrOR 

Figure 8 ShO\OlS the design of the shower detector. It is of 

modular type l made of 4 identical moduli. Each modulus - of dimensions 

http:shieldi.ng
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90 em x 90 em - consists of a 1 em thick Pb plate, followed by a 2 em thick 

plastic scintillator and by a double wide-gap spark chamber, "lith tNO 10 cm 

gaps. Each plastic scintillator is vievled by four photomultipliers. 

chambers are sensitized by a trigger pulse '''hich involves a ,signal from the 

photomultipliers in excess of a certain threshold. same pulse is used 

to trigger the main wide gap spark chambers on high energy electron secondaries. 

The detector has a total thickness of 1 m and contains about 
270 gm/cm of material (mostly lead) which should not interfere seriously 

with· measurements of the muon momentum, and will give only a small correction 

to the estimate of the energy of the hadronic component using the calorimeter 

of experiment 310. At the same time it corresponds to about 9 radiation 

lengths and the efficiency of the detection for hIgh energy electrons is 

very high. 

The system selects high ene.rgy electro!ls on the basis of the 

counter pulses associated with the development of the electromagnetiG cascade, 

and yields an recognition of the latter by direct observation in 

the track chambers, which detect many-part.icle events with good efficiency. 

+Bremsstrahlung losses suffered by e- electrons in the emulsion  

stack do not lead to any appreciable loss of events thro.':lgh deviations of  

the .initial e-
+ 

direction, since these deviations are of order mc 
2JE «l Mr, e 

2 +-(mc "= -electron rest energy; E = total energy of e-).e 

e.nergy background photons can contribute of course to the 

tr..igger rate ana e\l'en simulate 'good' events. In particular neutral pions 

. produced in the v .interactions can give rise, via y ray convers.ion in the 
II 

emulsion stack, to single tracks in the \-lide gap chambers (non-resolved e + e -

pairs) follo\{ed by the development _of the electromagnetic cascade in the 

shower detector. These background effects are .nowbeing estimated. 
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8. THE PROCEDURE FOR LOCATING NEUTRINO INTERACTIONS' 

The interactions may be located by line scanning along a track 

seen in the spark as emerging from the stack •.. Tnis technique was 

used in the earlier work. It ceases to be viable in the presence of a large 

muon background. The spark chamber enables the location of the exit point 

of a particle from the emulsion stack to within apprOXimately 0.3 rom a ..:.j its 

direction to within about 0.2°. A muon background that there are more 

than five possible candidate tracks in this area and in the right direction 

would be unacceptable on account of the time required follow spurious 

tracks through the emulsion. It is estimated that the time required to find 

an event by this method could be 7.5 scanner days. 

Alternatively, interactions may be located by area 

2scanning of a cylinder of emulsion of cross-sectional area about 4 mm and 

length equal to the thid:ness of the stack. For a stack of thickness 8 cm, 

2this ylould involve area scanning c;,f an area 80 x 2 mm on each of four plates, 

2i.e., an area of the order 6 em , a task which a competent scanner should 

be able to accomplish in two days. 

In many cases two or more tracks from a given neutrino interaction 

will be located by the wide gap spark chamber. In such cases it should 	be 
2possible to locate the interaction within a cross-sectional area of 5 rom 

and a depth of 20 mm. Finding the interaction would then involve scanning 

2 2 an area 20 x 2.25 mm on each of four plates, i.e., an area of 1.8 cm in 

yieldi,ng 1 event per 0.7 scanner days. 

If an area scanning technique is used to locate neutrino inter-

actions a very much larger muon should be tolerable since the 

followi,ng of tracks through from one emulsion pellicle to another is not 
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involved in finding the interaction. The tolerable muon background limit 

could then be set by tile memory time of the spark chambers used for location 

of the secondary tracks from neutrino interactions. Typically this time 

6is of 	the order of 10- s. Supposing in the whole experiment we need 
5

2 x 10 pulses and the spill-out time for each pulse is the total 

spill-out time is 10 s. The tolerable muon background is then of the order 
72·of 10 for 	the \'Jhole run over the area (1 m ) of the spark chambers, or 10 

2 muons per m per pulse•. The maximum tolerable general backqrour.d of tracks 

in the emulsion is considerably greater than this for area scanning. 

Neutrons produced in neutrino interactions in the shield also 

provide a background vlhich may be troublesome in an emulsion experiment in 

a neutrino beam. Slovl neutrons accompanied by low energy gamma rays could 

produce an unacceptable density of particle tracks in tile emulsion so that 

it may be necessary in an experimental arrangement to make provision for 

shielding the from the neutron background. 

In the case of area sca.....ning, stars due to neutrino interactions 

may be confused with cosnic ray stars. Assuming a delay of 2.5 months 

between manufacture and development of the emulsion .ve expect about 25 back-

ground stars in the fiducial defined by tracks observed in the WG 

(15)chambers • The nurrber with minimum ionization trades emerging at an , 
o.angle less than 20 ",ith the neutrino direction will be only 0.13 however. 

Y..ost of the minimum ionization tracks com.ing from cosmic ray interactions 

may be distinguished from those coming from neutrino interactions if the 

pellicles are shuffled in the process of building up the stacJ.::. and reshuffled 

again immediately after the exposure ends. Minimum tracks from cosmic ray 

stars produced before or after the exposure will not then follow through into 

the next pellicle while tracks from neutrino interactions should of course 

follow through. The confusion due to cosmic ray stars produced during the 
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actual run should then amount only to approximately 0.02 in the fiducial 

volume of emulsion for an event defined by tracks in the WG chambers. 

The cosmic ray backgrotmd is discussed in more detail in Appendix 

II. 

9. ANALYSIS OF THE NEUTIUNO INTERACI'rONS 

The scanning of areas of the emulsion stack indicated by the. 

spark chamber observations should lead to the location of neutrino inter-

actions. The topology of types of interactions of interest is illustrated 

diagrammatically in Figure 1. 

Under favourable conditions a separation of 1 between the 

neutrino interactions and the decay point of the heavy lepton or charmed 
. -15

particle should be detectable, corresponding to a lifetime of{3 x 10 /y) s, 

where y is the Lorentz factor of the unstable particle. The minimum detect-

able decay path will be larger hm-lever if many secondary particles are 

emitted in the interaction. 

Kinematical calculations are described in deta.il in Appendix III. 
+

In these the angular and momentum distributions of the muons from M- decay 

are calculated and the detection efficiency of the apparatus estimated. 

By linking the experiment with the calorimeter - spectrometer 

system of experiment 310 and also using the electron shower detector it 

should be possible to ru)alyse any interactions give rise to short-lived 

particles. 
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10. , ESTH1ATE OF BACKGROUNDS 

In an experiment using nuclear emulsion there are rather stringent 

limits to the backgrounds that can be tolerated. The question of cosmic 

ray background has already been discussed. Muons accompanying the neutrino 

beam would be particularly troublesome since they give rise to tracks in 

emulsion nearly parallel to those sought among neutrino interaction 

If the technique is used of picking up neutrino interactions by follo;<ling 

tracks picked up from the spark chambers back to the interaction point 

where they are produced, background muon tracks are likely to be followed by 

mistake. The maximum tolerable muon background is about 5 tracks per rom2 • 

For area scanning a higher background is tolerable. A study of the back-

grounds observed in the 15 foot bubble chamber and in the external muon 

identifier leads to the conclusion that for 300 GeV protons incident on the 

target the muon background \l1ithin. 200 of the beam direction would amount to 
2 180.5 tracks per rom per 2 x 10 protons on the t1rget. This is quite 

acceptable. It will be necessary however to check the muon background \..hen 

400 GeV protons are incident on the target. 

The hadron background could also cause difficulty. It should not 

bs difficult to avoid a large hadron background during normal runni,ng. T'ne 

necessity to protect the emulsion stacks from heavy hadron background dU9 

to beam tuning etc. gives cause for concern. As already mentioned provision 

will be made to remove the stacks to a safe place provided adequate warning 

is given. Since the value of the emulsion will be about: $70,000, it seems 

imperative to work out a fail-safe proceduro to give adequate warni.ng to a 

representative of the emulsion experiment group should it become suddenly 

necessary to change the running schedule of the accelerator so that the risk 

arises of spraying hadrons into the neutrino area. 

http:warni.ng
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Another development that could give difficulty arises from the 

possible use of double puls.ed operation of the 15' chamber with alternate 

neutrino and hadron pUlses. Although the hadron pulse is a ve.ry \-1eak one, 

the emulsion exposure is such a long one that it may not be possible to 

operate the under conditions of double pulsing unless very 

elaborate shielding is provided for the stack. 

Test emulsion plates have been exposed in. the neutri.no beam in 

various positions relative to a thick concrete slab upstream from the position 

of the apparatus 310. The plates exposed upstream from the 

concrete (position 1) showed the presence of 10\-1 energy electrons 

1 HeV). These were not present in the plates exposed'in position 2, behind 

4 metres of concrete. Interaction stars were also observed in these plates. 

Those exposed in position 1. exhibited a density of these stars about equal 

to that to be expected from cosmic radiation alone. Those exposed in 

position 2 shot-led a star density approximately twice as large. The additional 

interactions could have arisen from neutrons produced in the concrete by the 

neutrino beam. In general the characteristics of these stars 'were quite 

different from those to be expected in stars produced by fast neutrino inter-

actions. In any case, extrapolating to the star density to be expected for 

an exposure corresponding to 2 x 1018 protons on can be inferred that 

this source o-r:" bac.'<ground \1ill not be significant. It is concluded therefore 

that the proposed location of the experiment behind a thick concrete slab I 
! 
! 

and immediately upstream from the location of experiment 310 will be 

11. GENERAL CONS IDERATIONS OF COST, TIl1E-TABLE, ETC 

If the proposal is accepted work will commence immediately on 

the preparation of the apparatus. The electronic and spark chamber arrangement. 

http:target~.it
http:neutri.no
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\'1ill be set up and tested in CERN during April a.'1d f.1ay 1975. The equipment 

will then be shipped to FNAL and a prototype experiment carried cut u7ing 

1 litre .of emulsion and the .other emulsicn stacks simulated by matter .of 

abcut the same density. It is expected this prctotype experiment could be 

carried cut during any suitable neutrino run after 1975. It shculd 

then be pcssible to carry cut the main during the first part .of 

1976 when a suitable neutrino run is scheduled. 

Tne design and constructicn of the wide gap chambers and 

asscciated .optics is being carried cut by the Strasbcurg and Mulhouse groups. 

The rest of the electronics and particularly the shower detector will be the 

responsibility of the Rome group_ These blO grcups will together .organize 

the analysis .of the spark pictures. The design and construction .of 

the clamps and other apparatus for the mCllilting .of the emulsion stacks is 

the responsibility of the Lcndcn ,(UeL) group. Arrangements have been made 

fcr prccessing of the emulsion after expcsure using the processing plant 

at CERN _ Discussions are at present taking place ccnce,:ning the best prc-

cedure for the assembly and final milling .of the emulsicn stacks but this 

does nct represent a real prcblem. All the labcratories concerned will 

participate in the scanning .of the emulsion after expcsure and in analysis 

of the neutrinc interacticns. All the basic equipment, including electrcnics 

and cptics,will be brcught to FNAL from Eurcpe tcgether witll the number .of 

physicists and technicians necessary tc operate the experiment. The perscnnel 

required tc come for this purpcse v11ll be decided in consultation with the'. 
FNAL participants. We should of course need from FNAL help in the mounti?g 

.of the apparatus in the agreed position in the neutrino beam and the use of 

technical services needed in the carrying out .of the experiment. Also, 

althcugh the experiment is conceived as parasitic to E3l0, the financial 



21. 

commitment in the form of 20 litres of nuclear emulsion is a substantial 

one. The nuclear emulsion will deteriorate if it is not used. Therefore 

once the experiment has been scheduled and commenced, it would be a considerable 

financial embarrassment if it had to be interrupted for any reason other 

than unavoidable ones, such as the of the accelerator, of the 

hardware for the neutrino beam or the malfunctioning of the part of the E3l0 

equipment vIe hope to use. It appears desirable therefore to obtain agreement 

on the procedure, should, after the scheduling of the run, the E3l0 group 

not wish to proceed for any reason other than unavoidable ones such as those 

specified above. 

The foreseen overall costs for the mounting of the experiment 

at FNAL which are to be borne by the visiting groups are set out belm.,; 

$ 

Cost of em.ulsion and its processing 87,boo 

Cost of other hardvlare, including spark 

chambers, electronics, optics, mounting 

of emulsion, etc. 25,000 

Travel and maintenance costs 20,000 

TOTAL $132,000 

This cost will be shared equally between the groups and approaches 

have been made to the appropriate grant-giving authorities in the various 

countries and it is possible to give the assurance that they will be covered 
. .  

provided the experiment is scheduled. Adequate resources are also available 

to enable the analysis of the results after the run to be carried out quickly 

and effectively (within 6 months after completion of the exposure in 

the v.beam). 

----------------.-.-.. ..-----. 
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APPENDIX I  

CROSS-SECTION EVALUATION  

Evaluation of thresholds is given in Table Al for production on 

nucleons at rest assuming various values of the masses of heavy leptons, M± 
+ 

or charmed baryons, C- • Fermi motion. can lOHer these figures by about 25% 

when the target is a nucleus. 

Table :r;.l 

+ 
m(t·C) E (threshold) 

2 GeV 4.13 GeV 

3 7.80 

4 12.52 

5 18.33 

E (threshold) 

2 GeV 1.86 GeV 

3 4.67 

4 8.51 

5 13.42 

difference in the two cases is in the availability of the nucleon mass 

for baryonic C± production but not for Ir.+ production) • 

The cross-sections are not easily 

(a) Charmed Baryon Production 

For charmed baryon production Gaillard et al(7) give for 

the differential cross-section of the 'elastic'processes, V + N C + in 

the threshold region, 

.. 



- -
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d 2 1 g +g 2 	 gA-gv
...!!. :::: - G 1125in2 6 {( A V) (1 - Y ) + ( 2 } (l y) (1 + ) } dy 7f F c Y 2 th	 - - Y Yth 

..There y :::: E IE is, the fraction of the incident neutrino energy transmittedc" ' 
to the baryon, Yth the value of y corresponding to the charmed baryon pro-

duction threshold, M the nucleon mass ,and e the Cabibbo angle. Figure 9 c  
dO' 

shows dy plotted against y for the case Mc 3 GeV, <E > = 25 GeV, correspondingv 
to 	 18. Curves are shown for pure V-A and V+A coupling. Also is· 

210- Th d' f + ,. 	 (e pro 0 r 0 is expected on the basis of SU4) to 

be almost pure V-A is most favoured but even here the cross-section is well 

below the 1 per cent level. 

Charmed baryon production in deep inelastic processes can occur 

in the ranges 

Eth Eth  
1 - -- --< Y 1 E ....yE" "  

of 	the usual scaling variables, x, y, where E = is the thresholdt,.."1. 

energy for production of a charmed of mass Mc' Gai11ardet a1 (7), 

estimate the corresponding production cross-sections using a parton model. 

If Fs' Fd are ptoportions of strange, non-strange isospin 

up, and non-strange isospin down partons in the nucleon, then assuming 2F = s 

0.1 + Fd)1 corresponding to the upper limit of strange parton 

derived from deep inelastic electron and neutron scattering, Figures 10 and 

11 show respectively the y and w 2 distributions for v interaction cross-

sections (w is the invariant mass of the hadron distribution). The shaded 

portion in each case shoivs the contribution to the cross-section from charmed 

baryon production. 

In the extreme asymptotic region these assumptions give the 
v \)

estimate ,"O'c/O'tot " 0.35. For" interactions, O'c/O'tot 0.16 under similar 
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v ' 2assumptions. This follO><ls because datot/dy falls off like, (1-y) for 

increasing y, \V'here charmed baryon production becomes most important, while 
v v ' is independent of y. da Idy, da Idy are both expected to be in-
c c' 

dependent of y. Since the overall v flux is expected to be about 4 times 

the v flux, e-..ren under these conditions it would be advantageous to do the 

experiment using v rather than v. 

These estimates are based on the upper linlit of the estimates 

of the proportion of strange partons in the nucleon. This is probably a con-

siderable over-estimate. If this proportion should be zero, charmed baryon 

production could still occur at a level of approximately tan2e 0.04 for 
c 

v " . v v cr la t and 0.005 for cr Icr t. t c tco' 0 

(b) Heavy Lepton Production 

For leptons, we have the tL."'lusually L'.rge mass of II bringing 

into playa larger number ()f (unknm·;n) structure functions as compared \-lith 

the " inclusive reaction. For both leptons and charmed particle produc-

tion, the assumption of universal coupling is generally made. 

Hhat \'le actually need for detection of special decay modes is . 

the product of the cross-section times the branching ratio for mode. 

This will make the rate of unusual events even more uncertain. 

Followi,ng JJlewellyn-Smith (14), we give here the bound for 
+ 

cross-sections for inclusive M- production by neutrinos assuming conventional 

scali,ng. 

By introducing the usual variables x, y, already defined, we find 

that the inclusive cross-section is larger than or equal to: 



25.  

Here / M is the nucleon mass / t'.l the lepton mass / S = 2ME + M2 I G is theL V 
Fermi coupling constant and F2 the scaling structure function. 

The formula is simpler when ML > 2 GaV and Ev »H. To a very 

good approximation, after integration o'V.,;,r y, 

To integrate over x, an explicit choice of F2 must be made. We assume 

compatible with v + N -+ ].I + anything/data. Putting x == -/ we, get·m S 

2 
(j = c s f (x ) wheretotal 4rr m' I 

44 . 1 2 
f (x) 1 + - 4(2 + 3x)xlog- - 12 x . x 

values are given in Tabl8 A2: 

Table A2 

In this. range, a useful numerical interpolation is provided by: 
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(1 - X)6f(x) 1 + 13x • 

Note than f(x) gives the ratio of production rates (v M+)/(v thus 

measuring the fraction of the usual muon-events corresponding to heavy-

lepton production as a function of MilS. 
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APPENDIX II  

BACKGROUND DUE TO COSMIC RAYS  

Cosmic ray stars are produced in nuclear emulsion at a rate of 
3 3' 

loS/cm /day at sea level and 300/cm /day -at a level of 10,000 m. 

As is shown in Table A3, the stars generated at an altitude of 

about 10 KID simulate neutrino stars more closely than those produced at 

sea level. 

Table A3 

stars sea level 10 Km 

o 3 n /cm /day tV 1.S tV 300 

neutral primary 95% 80% 

n = 0 92% 82% s 

n = 1 5% 10% s 

n ::= 2 3% 8% s 

n < 4 82% 62% 
H 

(all n )s 

(n ::= number of minimum tracks;. n = nUIrber of heavy tracks)s H 

Due to the wide angular distribution of the particles producing the 

stars, the minimum tracks have a wide angular distribution so that only a 

small fraction of them would be accepted in the angular window allowed to 

those produced in neutrino events (8% within 200 with respect to the beam). 
. 3 . 

Assuming a stay of 12 hours at an altitude of 10 Km we should have 150 stars/cm , 
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and 1 star/cm3 with at least one minimum ''lith a < 200
• On the other 

hand, a delay of 2.5 months between fabrication and development 
3of the emulsions, we expect 110 stars/cm generated at sea level, giving 
3an even lower contribution (0.3 stars/cm ) to misleading events,but with 

a higher fraction of stars '"ith heavy prongs that must be very carefully 

studied before being rejected. 

The events "'ith a minimum track in the allowed angular window 

require a lot of work (follmving the track, accurate angular measurement, etc) 

before rejection, and it may be that in some cases distinction between 

neutrino and other events will not be possible. However, one only expects 

0.13 such ambiguous events in the fiducial volume of 0.1 cc per event, defined 

by tracks in the WG chambers. If the pellicles are shuffled before and 

after the exposure the number of aTbiguous events in this volume is reduced 

to 0.02. 
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APPENDIX III 

KINENATICAL CALCULATIONS AND BRANCHING RATIO IN HEAVY LEPTON 

The kinematical features of the process 

+v + p + M + anything 	 (1)
II 

+ V + V 

have been studied by a calculation to evaluate the efficiency 

of 	the experimental apparatus in detecting events from process (1). 

The kinematical magnitudes involved are defined in Figure 12. 

The calculation proceeds as f011m'ls: 

(a) 	 The neutrino energy, E , is generated in agreement with the . V  

spectrum in Figure 1..  

(b) 	 For a fixed value of the heav.i lepton mass m, PH and e)1 C4re 

obtained from the variables 

x 	= _ q2 2pq  
y - S - MZ 2pq 

where p is proton fOUr-momentum, q is the momentum transfer 

and M is the proton mass. 

d 2aThe cross-section dxdy in these variables given by Llewellyn-

'th(14), dS 	 use •

(c) 	 The heavy lepton disintegration is assumed to occur according to 

invariant phase space. 

The distributions obtained for P , ell' 9 are represented inll llM 
Figures 13, 14 and 15. 
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The detection efficiency of the e>:perimental apparatus was  

calculated taking into account the following points:  

(1) 	 The angular acceptance of t..'18 apparatus in detecting the decay 

muons. Th cases were 'dered accord' as e '6° 0ree 	 max =, 10 , J.1 
oa"'1d 20. The first two correspond to the magnetic angle and 

trigger angle of the apparatus described in paragraph 4. 

	 The scanning inefficiency for very small values of e M' We 
J.1 • 

assumed that an event is lost in the scanning when it has a 1 
].l:' 

min< a • We considered three cases: 
J.1M  

thr (3) threshold value p 1.5 GeV/c, has been assumed for the 
J.1 
- < thr th d h th tmuon moment urn. If P J.l PJ.1 e muon oes no.... ave e pene ra-

tion required by the master coinci'1'911ce. 

The calculated efficiencies for heaV'.! leptons are given in Ta!:>le 

A4. Furthermore, we give in Table AS the minimum expected number of heavy 

lepton observed events, assuming that during the experiment, 103 

muon events are produced. This mumber has been calculated assuming the total 

fraction of v -+M+ to V -+ J,1 events as in Figure 2 and considering the 

. bx:anching ratio 

r -+ J,1VV
H = 0.3.r -+ all 
M 



-------- ------------------

Table 1-\4  

Detection Efficiency pf the Apparatus (in %) as a function of mt  

6° 10° 20° eml.n 6° 10° 20° Amin" 6° 10° 20° 
11M 

0° 

1° 

2° 

50 

42 

29 

70 

62 

48 

83 

75 

60 

0° 

1° 

2° 

49 

42 

30 

72 

(4 

52 

87 

79 

67 

0° 

1° 

2° 

54 

48 

38 

75 

71 

59 

90 

86 

74 

m "" 2 GeV 

" 
m "" 3 GeV m = 4 GeV 

Table AS 

Minimum Expected.Numbers of Heavy Leptons Detected for 1000 v Interactions 

6
-) 

10° 20° emin 6° 10° 20° emin "- 6° 10° 20° 
11M

0° 44 61 72 0° 19 28 34 '0° 8 11 14 

1° 37 54 65 1° 16 25 31 1° 7 11 .13 

° 2 25 42 52 2° 12 20 26 2° 6 9 11 

m = 2 GeV m = 3 GeV m = 4 GeV 

w 
I-'. 
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Figure Captions 

Figure 1: 

Typical topologies of different processes involving production of charmed 

particles and heavy leptons. 

(a) Production of charmed baryon, c++, in the process 'V + P + ll- + C+!o (+KO). 

('{he p:::oduction of the KO is not essential but strangeness-changing processes 

of charmed particle production are more probable). The c++ is then supposed 

to decay leptonically in the process, 

c++ + ll+ + P 	 + 'V • 
II 

Other detection processes "lQuld observe a signatLlre only of t,,,o fast muons and 

(b) 	 Production of charmed meson, D+ in the process v + N + P + D+ + N, 

. + + -0 + bfollowed by leptonic decay D + II + K + 'V • (Tne D may either e produced
ll 

directly or in the strong decay process of a charmed baryon). 

Other detection processes would observe only two fast muons and a hadron shower. 

+(c) Production of charmed meson, D as (b) followed by hadronic 

decay 

+ + +D +K +11" 	 +'IT 

(d) Production of charmed meson, DO, (either directly or in strong 

of a charmed baryon), in process 'V + N + ll- + DO + N, followed by leptonic 

decay D° +ll+ +K + 'V • 
P 

other detection processes would observe a signature of two fast muons, a hadron 

i 
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shower and a K • 

(e) Production of charmed meson, DO, as in (d), followed by hadronic 

decay 

(f) Production 	of in t.'h.e process 

- + + N + + W + N 

follo\ved by the decay 	\'V+ + + + v • In this case, the w+ decay liould be too 

rapid to observe directly in emulsion. 

+ 	 +(g) 	 ProC;.4ction of heavy muon, H , in the process v + N +!-1 + hadrons i 
++ +follo\'led by the decay 	H + (e ) + V (v ) + v • 

l.l e 

O	 O(h) 	 Production of heavy muon, M , in the process v + N + M + hadrons, 
o + +followed by the decay 	H + + (e ) + V (v ). e 

Note that other detection processes could not distinguish between (a), (b), (d), 

{f}, (h). 

Figure 2: 

+ 
The dotted lines show 	the branching ratio f(x ) = o(v + M_) as a function of m o{v + ) 

neutrino energy, E , where x ;:: I12/2HE , M , 1-1 Leing respectively mCisses of v m L v L 

the heavy lepton and the nucleon. f{x ) is shown for = 2 GeV (curve 1) and m
= 4 GeV (curve 2). The full curve 3 shO\1S the assumed neutrino spectrum, 

neE ), multiplied by E. The kaon decay shoulder of the spectrum is not v 	 v 
included. 
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The other two full curves show the rate of heavy lepton emission, 

Figure 3: 

The total ratio (integrated over the neutrino spectrum) of v + M+ to v + 

+ +events as a function of M • (The branching ratio for M + . decay is.notL

included in this calculation). 

Figure 4: 

Schematic arrangement of apparatus for locating neutrino interactions. 

scintillation counters 

W.G. wide gap chambers 

SCI narrow gap spark chamber 

E.S. emulsion stack 

S.D. shower detector 

M.S. muon spectrometer (from expt. 310 apparatus) 

S. scintillation counter from expt. 310 
apparatus providing master signal. 

Figure 5: 

Arrangement of apparatus of expt. 310 showing suggested location of apparatus 

of this experiment. 

Figure 6: 

Illustrating the mounting of the emulsion stacks together with fiducial 

marks relative to the chamber assembly. 
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Figure 7: 

Illustrating clamp used for holding each stack of emulsion pellicles. 

Figure 8: 

Illustrating the shower detector (S.D.). It is of modular type, made of four 

2identical moduli. Each modulus, of 90 x 90 cm useful area, consists of a 1 cm 

thick Pb plate (A) followed by a 2 cm thick plastic s'cintillator (S) and a 

double vlide-gap spark chamber (rIG). The spark chambers are triggered by a 

pulse involving an integrated signal from the photomultipliers connected to 

the scintillation counters,in excess of a certain threshold. 

Figure 9: 

Differential cross-section for elastic neutrino production of charmed baryons 

++ - +with C = L, S = 0, in the processes v + p + +C +C 

Tne cross-section is a coherent sum of V-A and V+A contributions (after Gaillard.' 
et al (7)) • calculations are calculated for a charmed baryon mass, M. c 
3 GeV C'nd mean neutrino energy <Ev> :::: 25 GeV. Correspor.dingly, Yth = 0.18. 

Figure 10: 

Differential cross-section dov Idy for production (shaded area) and 

ordinary deep inelastic scattering (dashed line) by antineutrinos for the case 

Eth/Ev = 0.5 (as would for example be the case for Mc :::: 5 GeV, Ev :::: 25 GeV). 

The solid line,which 
:
represents the total inelastic production, shows a 

threshold effect. A five per cent s-parton content of the nucleon has been 

assumed (after Gaillard et al(l?». 
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Figure 11: 

Differential cross-section dO'\i/d\'12 for charm production (shaded area), 

ordinary deep inelastic scattering from anti-partons (dashed line) for 

production by \i under the same assumptions as for Figure 10. The charm 

threshold effect can be seen in the total contribution (solid line) (after 

Gaillard et al (7». 

Figure 12:  

Definition of kinematic quantities.  

Figure 13:  

Momentum distribution of muons from heavy lepton decay, (a) for all events, , . 

(b) for events with e 
J.l 

< o6 • About 10,000 events are included in (a) and 

5,000 in (b). 

Figure 14: 

Angular distribution (.vith respect to incident muon direction) for 

secondary muons from heavy lepton decay. 

Figure 15: 

I 

Angular distribution of secondary muons with respect to 	the heavy lepton 

60direction, (a) for all events, (b) for events with e < • 
J.l 
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An experirrent to for shOl.t-lived particles S/5l. S/7.i; 

(10-15s IT <10-12s) d' -., P.LU,..luce ill the interaction of \), \) in emulsion. 

Renonnalized unified theories of weak and electranagnetic 

interactions require the postulation of neutral weak currents or of 

heavy leptons,or both. The discovery of neutral weak current processes 

makes it of special interest to investigate the possible existence of 

heavy lepta..'I1S. Corresponding t.o t..l)e two types of neutrino, \) , \) ,e 1-1 

heavy electrons, E, and heavy muons, M, have been postulated" (I) in several 
+models, produced in reactions \) + N + M + hadrans 

1-1 
+\)e + N -)- E + hadrons 

with the decay rrcdes, 

+ + + +M +\)\)]..1 E + \)e\)ee
]..I 1-1 

+ +\) \) e \) \) II 
]..I e ell"  

\) ha.drons \) hadrons  
]..I e 

(Note that for the heavy leptcns the positive charge is supposed to 
go with positive leptcn mmi?er) • 

Neutral heavy leptons with decay m:::>des 

.D + -- o + --
M+]..Ill \) E + e II \)ll

]..I 
+ -- + --

j..l e \) e e \)-e e 
+ + 

]..I hadrons e hadrons 

are also predicted, but possibly rrost readily produced by incident charged 

leptons. Their production by neutrinos involves neutral weak currents. 

Other decaying like 

..f(0 -+ II+ ]..1- or 

nO \)
II 

have also been proposed (2) . 

Fig. 1 sh<MS the relaticn between decay rate and mass of heavy 

leptons, given by Bjorken and Llewellyn-Smith. A transition rate of 



- 2 -

15 -1 210 sec corresponds to a heavy lepton mass oft'05 GaV/c • 

The has also been postulated of hadrons whose isospin 

and hypercharge values are incarrpatible with the usual SU(3) scheI!E. 'lliey 

are called "charmed" particles and, if their existence could be verified, 

they would be characterised by a non-vanishing value for a new quantum 

nu.nber, called charm. (3) Olarmed particles, if they exist, should also be 

prcduced in reactions like 

\I +n701J +B +hadrons1J c 

with Bc l the "charmed" baryon decaying in processes 

B + N n c 
N* n 
N* n If 

N \I 1J1J 

+'llie decay rate should be similar to that for M decay, but there will be 

a ,where the coupling constant correspcnding to 

weak decays of channed particles. If this factor is appreciably less 

than unity charmed particles of masses well above 5 'Gav/c2 could have mean 

lives> 10-15sec• 'llie existence of charmed mesons has also been postulated 

and these could presumably have a similar lifetime. 

Observation of neutrino interactions in nuclear photographic emulsion. 

Nuclear photographic emulsion detectors have by far the highest 

spatial resolution of any particle detector. 'lliey can resolve events 

separated in space by 1 J.lffi. A particle travelling with the velocity C 

will traverse 1 wn in a time of 3 x 10-15 s I so that short-lived particles 

of mean life of the order 10-15s should be capable of direct detectioo 

using this technique. 

Neutrino interactioos in nuclear emulsion have been located 
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successfully (4) by observing secondary particles (usually muons) in a 

spark chamber accurately located relative to a photographic emulsion 

stack and follaving than back to their origin in a neutrino interactim 

in the emulsion. 

With the nore intense and more energetic beam of neutrinos nav 

available at NAL it is nav proposed to repeat the experiment, aim.tng to 

cbtain lexx> interactions in a block of emulsion of vollllIE 10 1. 

Using figures obtained with the CERN neutrino beam, for nuclear 
3e.'1lUlsion of density 4 grn an- one would expect for the number of neutrin.o 

interactions occuring in the emulsion, 2 x 105 per' rretre3  

19  per 10 protons incident m the target. The higher energy neutrinos  
.,  

available using the NAL machine should have a larger interaction cross  

section, but taking the CERN figures as applicable, 1019 stopping protons 

should give 2COO 'V interactions in the emulsion block. For the v beam 

this figure should be reduced by a factor of 6. At NAL the estimated 

nunber of primary protons per 6 week peric:d is 3 x 1018. An exposure of 

the stack for three six--weeks periods I spread over perhaps six months 

should give therefore about the required nunber of interactions. 

The interactions may be located by line scanning along a track 

seen in the spark chamber as from the stack. This technique was 

used in the earlier work. It ceases to be viable in the presence of a 

large muon background. The spark chanber enables the location of an event 

in position to within approximately 1 mm and in direction to within 10. 

A muon background such that there are more than five possible candidate 

tracks in this area and in the right directim would be unacceptable on 

account of the tirrerequired to follav spurious tracks through the ernulsia::. 

It is estimated that the time required to find an event by this method 

could be 7.5 scanner days. 

Alte:rnatively havever interactims may be located by area 
2 . scanning of a cylinder of emulsion of cross sectional area about 4 rrm and 
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length equal to \the thickness of stack. Supposing a stack of thickness 
25 em this \\QuId involve area scanning of an area 50 x 2 mn on each of 

2four plates, i.e. an area of the order of 4 cm , a task which a carpetent 

scanner should be able to acccmplish in a few hours. The time required to 

find an event by this method is estimated to be not more than 2.5 sca'111er 

days. 

In many cases two or rrore tracks fran a given neutrLno interaction 

should be located by the wide gap spark chamber. In such cases it should 
2be possible to locate the interaction within a cross sectional area of 5 mm

and a depth of 20 mm. E'inding the interaction would then involve scanning 

an area 20 x 2.25 mm2 on each of four plates, i.e. an area of l.8 an2 in all. 

If an area scanning tech."1ique is used to locate neutrino inter-

actions a ver.y Inuch larger muon background should be tolerable sinoe the 

following of tracks through from one emulsion pellicle to is not 

involved. The tolerable background muon limit is then set by the rremo.ry 

time of the spark chambers used for location of the secon<1ary tracks from 

neutrino interactions. Typically this time is of the order of 10-6 sec. 

Supposing in the whole experiment we need 106 pulses and the spill-out time 

for each pulse is 50 llsec the total spill-out time iR 50 sec. The tolerable 
. 7 

muon background is then of the order 5 x 10 for the whole. run. In the 

experimental arrangem:mt proposed below the area of stack exposed to the 
2 6neutrino beam is 0.2 m so that the tolerable muon background is 250 x 10

2 2 muons per m I or 250 mucns per m per pulse. This gives also about the 

maximum tolerable general background of track..s in the emulsion for an 
6 exposure of 10 pulses. 

Neutrons produced in neutrino interactions in the shield also 

provide a background which may be troublesane in an emulsion experirrent in 

a neutrino beam. SIaN neutrons accanpanied by low energy gamma rays could 

produoe an unacoeptable density of particle tracks in the emulsion so that 

it may be neoessary in an experimental arrangerrent to make provision. for 

..----

http:rremo.ry
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shielding the stack from the neutron backgrourrl. 

The arransaerrent • 

.Fig 2 shews the proposed experirrental arrangerrent. Charged 

secondary products of neutrino interactions occuring in the emulsion stack:" 

EM, are ooserved in the wide gap spru::k chanber, SC • A narrew gap charrber2
SCI together .with two scintillation C C are used to veto eventsl 2 
in which a charged particle entered the emulsion stack. SCI is not 

essential but is useful to correct. for the (small) inefficiency of C and S-
l 

A scintillator C3 is placed between EM and SS. lead blocks dolmstream :fran. 

SCI together with the scintillators C4 and C and the narraH gap chamber SC;s 

2 . 3 

enable mua.."1 secondaries to be detected. 

The signal C1'C2C3C4CS is' used to trigger the spark cha.mbers. SC3 
provides confi:rmation that the muon seen by C is indeed correlated ins 
directiOJ."1 vlit...'l the muon measured in SC The time of flight betweCl'1 C 2n;: 

C i s .fVI6 nsec so that infonnation fran these two counters shoulds 
pennit rejection of particles fran the cosmic ray backgromd going through 

'. 

the apparatus fran back to front. The lead plate behind SC protects c
3 s 

and SC fran the noise of lew particles entering the system fran the3 
back.. 

It is prop:>sed to insert· counters at intervals along the lead 

degrader to pennit range measurerrents of the secondary particles. The exact 

type of counter to be employed is under discussion. 

The arrangement is designed to pennit detection of secondary 

particles emitted at angles within 100 of the incident neutrino beam 

direction. 

Einulsion stack.. This is designed to be as thin as possible in the 

direction of the neutrino beam. If the methoo of along the track scanning 

is used this reduces the time-consuming work of follCMing the track fran 
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pellicle to pellicle. If the nethod of area· scanning is used it reduces 

slightly the area to be scanned since multiple scattering effects are 

kept small. 

The actual volurre of the emulsion is detennined largely by cost 

considerations and the need to examine a IlEaningful number of interactions. 

To obtain aOOut 1(XX) neutrino interactions in a ti..me of about 6 rronths a 

volurre of aOOut 10 litres of emulsion is needed. The present cost of 
'. 

emulsion is £1400 per litre. 

It is proposed that the diIrension of the emulsion stack i::1 the 

direction of the neutrino beam should be 5 an and that the emulsion should 

be ·in the fonn of four stacks each consis:ting of 416 pellicles 20 x 5 an 

in surface dimensions I 0.6 mn thick. These four stacks would be held in 

clanps and the face to be placed nearest the spark chamber SC2 milled. 

Fiduciary marks on each pellicle would enable it to be located accurately 

relative to the clamp holding it. Fiduciary marks on tl-).e clamp mountings 

and en the spark chamber SC2 would then make it j;X>ssible to lcx::at..e the 

tracks in the spark chamber relative to their expected position in the 

10emulsion stacks to the required accu.racy fCttl rom in p::>sitian, in 

. direction) • 

Fig 3 shows the estimated p::>sitions of the four emulsion stacks 

(clamps not sha.-m). Each will fonn a block of emulsion of dimensions 

25 x 20 x 5 em. Allowing for the size of the clamps the emulsion will be 

spread over a cross sectional area of approximately 60 x 60 an. This 

detennines in turn the area of the counters and spark chambers of the 

detection system. 

If it proves necessary to shield the emulsion fran a neutron 

and y-ray background it may be necessary to surround the stacks with 

properly designed shields of paraffin wax, cadmium or boron and lead. 

. £Park chambers. Wi.th the event counting rate expected simple multigap 

.----------.. ....-.-. 
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optical spark chambers should be quite satisfactory. For the ewnt 
, 

reconstruction hcwever we need a charnber allONing the rreasurerrent of 

tracks on a length of more than 10 an and with a gcx:x:i multitrack 

efficiency. A wide gap chamber with separation 1::(20 an is proposed (SC ). 

For high energy events the multiplicity may be high and there may be sarre 

overlapping of secondaries beamed fo:rward so that the distance beutleen 

the emulsion and SS should be q::>tirnized in order to obtain at the sane 

tine a satisfactory precision (better than 1 rom) in the determination of 

the position at which the particles leave the emulsion and a gocrl 

separation of the tracks at their point of entry into SC • The gea:retry2 

sha;.m in fig 2 should enable this to be achieved. 

Analysis of the neutrino interactions. 

The scanning of areas of the emulsion stack indicated by the 

spark chamber observations should lead to the location of neutdno inter-

actions. The tOpology of t:ypes of interaction of interest to us is 

illustrated diagramatically in, fig 4 for. the cases 

+(a) "V + P -+ M + hadrons 

+v +"v" + 
V 

+ 
or "V 	 + e + "e etc 

(b) 	 + p -+ MO + hadrons  
V  " 

L"  + -+v +v 
V 
- + or V + e + "e 

++ e + e 	 etc or " V 

(c) +p+ V 
- + c-+ + hadrons 

V " 
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Cd) v·· + p l.l- + CO + hadrons 
l\ 

A separation of 1 }..lIU betvveen the neutrino interaction and the decay point 

of the heavy- lepton or charmed particle should readily be detectable, 

corresponding to a lifet.ima of 3 x 10-15/y sec, where y is the Lorentz 

factor of unstable particle. 

Identification of the details of the interaction. 

The infonnation that can be expected about t..i1e seGondcu:y particles 

from rreasurernents in the emulsion is limited, especially as their tracks 

would usually be expected to shaN minimum specific ionization. The short 

oimension of the stack in the forward direction rreans that info:rmation on 

specific ionization and multiple scattering will be :rreagre. The lead 

degrader in the electronic detectirn part of the apparatus should pennit 

the separation of rr.uons fran,ha<iLons. The introduction of counters of a 

suitable type at intervals along the lead degrader should permit muon 

estimates. 

It would of course be useful also to knav the sign of the muon. 

This would be difficult and costly to achieve o,ving to the large dime..1'1Sions 

of the wide gap chambers over which a magnetic field would need to be 

established. If one were to attempt a sign detennination it would be 

eronanical to introduce extra wide gap chambers. If the total length of 

path of the muons in wide gap chambers were 80 an a particle of rncrrentum 

2 Clev/c would be deflected by 2 mn in a field of 500 oersted. To establish 

a field of this magnitude over the necesscu:y volume two coils each of 

diarreter 1 m separated by 1 m, each with 50, OCO anpere turns would be 

needed. On conservative estimates each coil would need to contain about 

700 kg of ccpper. This would be a major addition to the cost of the 

experi.ment that would probably not be justified. If a suitable magnet were 

available it would be worth considering its use but it does not seem worth 
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while to introduce a facility for sign determination otherwise at this 

stage. The main task at present is to investigate whether heavy leptons 

or charmed particles of within the range 10-12_10-15 sec can be 

detected•. If fX)sitive results are obtained other exper.i.Irents can be 

devised to investigate their nature further. 

Preliminary studies to establish most suitable available location of t...'1e 

e:x;;eriment and the backgrounds to be expected. 

A cursory examination of the neutrino beam lay-out at NAL 

suggests that the most convenient position for the apparatus would be 

between the large bubble chamber and the large wide-band neutrino beam 

detectors. In this fX)sition the magnet of the large bubble cha.rrber would 

help to sweep (;'May the muon background. The lay-out and the backgrounds 

(muon, neutron, y- ray) can only be detemined in discussions and measure-

rnents on the spot. It is proposed that test exposures of 

emulsion plates should be made at var.'ious possible locations to determine 

these backgrounds. Muon backgrounds should ideally be detennined with the 

bubble chamber magnet on. If tests could also be made with it off this 

would also be useful. If there is serious intention to use along-the-

track scanning for the detection of the neutrino interactions the muon 

tests woold need an exposure of about 10 per cent of the proposed exposure 

for whole experiment (i.e. about 105 pulses). If area scanning is to 

be used a much smaller (1 per cent) test exposure would suffice (1.e. abo.:":: 

410 pulses). 

Arrangerrents should also be made to carry out exposures :.m.shielre:. 
4and also inside a neutron and y-ray shield. An exposure of 10 pulses 

should suffice for this. 

It has been pointed out above that the total duraticn of the 

experirnent may amount to six months or more so that it is neCESSary to 
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ensw::e that fading of the latent jJl1age of the tracks should not. OCC'Llr in 

this tirre. It is kncwn that fading of the latent image is associated 

with humidity of the surroundings. It is intended to seal the stacks 

henretically to prevent fading due to this cause. Fading may also be 

de:pendent on temperature so that it is necessary to knOil whether the 

stacks should be kept refrigerat.ed. Test plates have been exposed to a 

20 G:.V proton beam at CERN and are being processed at intervals up to 6 

m:mths at Strasbourg. All the plates are hemetically sealed. Half are 

being kept refrigerated. The remainder are being kept at rCXlll temperatu.l:T::, 

Fran the results of this test run it will be decided whether continuous 

refrigeration of +-.he stacks of the actual run will be necessary. 

Provision will also need to be made for the storage of the 

stacks (presumably underground) between runs to reduce the cosmic ray 

background. This means also that the arrange.ments for lIDtmting the stacks 

relative to the wide gap chamber must be very positive to ensure tl-ta tit. 

always returned to the sane positicn after removal. 

Steps are also needed to ensure that due notice is given if 

of the shielding of the neutrino beam is to be renoved to enable test 

beams of muons or other charged particles to reach the wide band neutri..rlo 

detectors behind the stack. A single pulse of this kind could caupletely 

ruin the whole experimant so that .iLt is necessary to devise a fool-proof 

procedure to prevent this happening. It is proposed that the test runs 

at NAL should be carried out during S'l.llI1l1er 1974. If the results indicate 

the feasibility of the experirrent a finn proposal for the main experirren-l; 

will then be placed before the NAL selection ccmnittee and, if approved., 

it is expected the main run will be carried out during 1975. 

http:refrigerat.ed
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Figure Captions 

Fig 1. nlustrating estimated production cross sections by neutrinos 

and decay rates of heavy leptons (I) . 

Cal The ratio of heavy lepton to muon production cross sections 
is written 

rJ (\Ill N -+- M+ + hadrons 
== 

rJ (\llJ N -+ 11- + hadrons 
M(g, gl1 coupling constants for the two processes, 

2S := (total energy) 1 = heavy lepton mass) 

The figure shONS plotted against sIMi. 
(b) Decay rate of heavy leptons, r , plotted against t),. 

Fig 2. Experimental layout proposed 

EM, Emulsion st.ack; SCI' SC3 r narrON gap spark chambers; 

SS wide gap spark chambers (one may be sufficient) i C1 ' C2 ' 

C3 ' C4 : CS' scintillation counters; C represent arrays of 

counters of a type still to be decided placed at different 

depths in the lead to enable muon range determination. 

Fig 3. Arrangement proposed for the four stacks of emulsion I 

2.5 litre. 

each of 

Fig 4. Typical topologies of different processes involving production 

of heavy leptons and chal1med particles. 
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PROPOSAL TO SEARCH FOR SHORT-LIVED PARTICLES PRODUCED IN v INTERACTIONS 
IN EMULSION, USING AN EMULSION-SPARK CHAMBER HYBRID SYSTEM (PROPOSAL 247) 

Bruxelles, Dublin, FNAL, London, Rome, Strasbourg Collaboration 

Summary. The discoveries of non-strangeness changing weak neutral currents and 

of~ particles have focussed interest on the possible existence of charmed particles 

and heavy leptons that . could well have lifetimes in the range 3 x 10-15 to 3 x 10-12 

sec. One way of producing these could be in the interactions of fast neutrinos 

with nucleons. Bubble chamber and spark chamber detectors have insufficient spatial 

resolution to detect such short-lived particles directly but the nuclear emulsion 

should enable their detection if they are produced in this way. To scan a large 

emulsion stack for neutrino interactions without any other aid would be practically 

impossible. By using a hybrid arrangement in which secondaries from such 

interactions are located in associated spark chambers and then followed back 

through the emulsion to their origin )h~~fver, such neutrino interactions in emulsion 

have been located. It is proposed to use a similar technique in the present 

experiment, the neutrino interaction either being located by track following as 

previously or by area scanning of the region of the emulsion where the origin of the 

interaction is predicted from a reconstruction of the secondary 

in .Y\ igh,- :stfc~1- =~-e:_s::o} _ut ion wi d e gap (_spark chambers• 

tracks observed 

The present agreement envisages a search for neutrino interactions in an 

emulsion stack of volume 20 litres, the secondaries being located by wide gap 

chambers down-beam from the stack. These chambers would be triggered by a 

scintillation counter system coincidence signal indicating a neutrino interaction 

in the emulsion stack. The arrangement will be triggered for interactions in 

which either one of the secondary particles is a muon or electron of energy greater 

than s ope specified value. A spark-chamber-scintillation counter arrangement, 

constituting a shower detector, wili be used to estimate fast secondary electron 

energies. 
18 For an exposure of 2 x 10 protons on target approximately 500 neutrino 

interactions would be expected in the emulsion stack. With the scanning and analysis 

strength available to the collaboration it is anticipated that the work of locating 

and analysing these would take approximately one year. 
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As agreed after the phone conversations Burhop and I had a 
few days ago with Lincoln Read, I am sending you, enclosed 
herewith, the drawings of the experimental set-up to be 
installed at FNAL for our experiment E247. These drawings, 
as well as the figure captions - also enclosed - are an 
integral part of the official "Agreement" which Professor 
Burhop has sent to you in the meantime. They correspond 
to a solution which was first discussed at the last colla-
boration meeting, held at CERN on June 25 and 26. 

After this meeting I learnt from Carlo Rubbia that experi-
n1ent E310 will run with fast ejection (20 microsec) at a 
machine intensity which cannot exceed l.2xlo12 ppp, due to 
background problems in their wide-gap chambers. Furthermore 
we have now received the drawing of the lay-out of E31~ sent 
by Lincoln Read, from which it would appear that 1 foot is 
the space available for us ... All this reinforced the view, 
already expressed by several of us at the meeting, that a 
self-contained apparatus must be used for our experiment. 

The solution proposed here is based on the presumption that 
a trailer of convenient dimensions can be found and installed 
in the free area after the 15 foot bubble chamber, and that 
iron or conc rete blocks can be provided at FNAL in the quanti-
tity necessary to filter muons of energies greater than ~l.5 GeV. 

Such a solution appears satisfactory in many respects: 

a) It gives E247 complete independence from E310, yet leaving 
the possibility of a fut4re link (if judged convenient in 
spite of our present view) between the set-ups of the two 
experiments. 

b) It allows us to start the test run, possibly in October, 
without disturbing E310 with a small emu l sion stack (e.g. 
1 litre). 

c) It yields a larger number of events then foreseen in the 
original proposal, since the muon trigger has now an effec-
tive solid angle larger than before. 
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d) It allows one to keep all delicate instrumentation well 
protected in place (inside the trailer) during the period 
between the end of the test run and the start of the final 
runs at FNAL. 

The drawback with respect to the original proposal is that the 
information on the secondary particles from the neutrino 
events is not as rich as we expected originally from the 
link to E310. Nevertheless, in the solution proposed here the 
direction of the outgoing muons can be measured in a simple 
way, with an accuracy of ±2°, as explained below (see point 2). 
This possibility is not indicated in the enclosed drawings 
of the set-up, since we decided to keep them as close as 
possible to the sketch of the original proposal. You will 
judge yourself if it will be convenient to mention explici-
tely such a possibility in the "Agreement" once you have read 
point 2 below. 

As a matter of fact the enclosed figure captions give only a 
brief description of the main parts of the experimental set-up. 
They can be changed and enlarged with further information, if 
you and Lincoln Read will judge it convenient on the basis 
of what I am now going to add for your own information. 

1. General lay-out 
It is assumed that the veto system, the emulsion stack (ES), 
the wide gap chamber (WG), the shower detector (SD), the 
electronics yieldin~ the trigger pulses and the optical system 
can all be contained in a trailer, or in convenient huts, 
equipped with electric power, where at least two physicists 
can stay also for long period of times to run the experiment. 
The drawing of Fig. 1 assumes that a single trailer of useful 
dimensions 8mx3mx3m (height) is available. The lay-out indi-
cated in the figure should be re-arranged of course to adapt 
it to the type of geometry really available. 

The equipment contained in the trailer (self-consistent for 
the part of the experiment related to the "electron trigger") 
is the same already indicated in the rough dimensioned sketch 
attached to my letter of June 20 to you, Read and Stefanski, 
except that only one veto counter has been left. 

2. The muon detector 
In order to make the experiment fully self-consisten~ we pro-
pose to instal outside the trailer a simple detector providing 
the muon direction and the .. "muon trigger". The latter is 
optained by requiring that a charged particle penetrates a 
convenient thickness of dense material (e.g. a 1.2 m thick 
block of iron, as in Fig. 1) and traverses a scintillation 
counter, S , placed with --its photomultipliers under convenient 
protection~ The method for measuring the muon energy by large and 
unexpensive 'pulsed counters" (see my previous letter) cannot 
probably be applied at maximum beam intensity with short spill-
out because there will be in general more than one muon tra-
versing the counters. 
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The direction of the muons emerging from the trailer can 
be obtained with the help of honeycomb structured "plastic 
chambers" with electric read-out. This technique has been 
the subject of a systematic investigation in Rome, partially 
reported at the last Instrumentation Conference (see Proc. 
of 1973 International Conference on Instrumentation for 
High Energy Physics, Frascati, 1973, page 184). These 
chambers are rugged, very easy to construct and to operate, 
unexpensive, well suited to our case where no high space-
time resolution or large trigger rate are required. Each 
honeycomb element of the chambers provides an output pulse 
of a few Volt on a 50 ohm resistor, if it has been traversed 
by an ionizing particle just before the chamber was sensitized 
by a high voltage pulse (as in the familiar case of a spark 
chamber). The output pulses from the honeycomb elements are 
used to light little lamps to be recorded on the same picture 
frame containing the views of the WG and SD optical chambers. 

Fig. E("Extra" figure for your own information, not to be 
attached to the "Agreement") illustrates the methcrl. The muon 
trajectory is localized within a square of side~- Due to 
scattering in the dense material it is pointless to make~ 
smaller than 2.5 cm. 

The chambers are filled with an ordinary Ne-He gas mixture 
which flows slowly through the honeycomb elements. They can 
be left outside the traile~ with presumably no temperature con-
trol or any special protection, other than localized protection 
of particular points against humidity, easy to achieve. 

3. Optics 
The events will be recorded on 70 mm high sensitivity Kodak 
2485 film. Two views of the WG and ordinary spark chambers 
will be recorded on a single frame, together with relevant 
information such as event number, date and time, pulse heights 
of counters of the s.D., lamps yielding the direction of the 
muons outside the trailer, etc. 

The solution adopted for the optical recording of the events 
is obviously not unique and can be changed easily if required 
by geometrical contraints not foreseen at present. 

4. Test run 
During the last meeting we have reached the conclusion that the 
test run - to be carried out if possible in October - be made 
as a test of the experimental technique and of all main compo-
nents of the apparatus, rather than as a test of some physi-
cal interest. Accordingly a sample emulsion stack of approxi-
mately one litre should be sufficient for this run. Moreover, 
all parts of the equipment of Fig, 2 should be transported 
to and installed at FNAL for being tested under the same condi-
tions of the final runs. 
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In this connection it seems very important that you check 
whether the machine13nergy (3 00 or 400 GeV?), the primary 
beam intensity (~10 ppp?) and the spill-out time (20 µsec?) 
can be in the test run as they are foreseen to be in the 
final runs. 

5. Status of the experimental set-up 

The main parts of the experimental apparatus are now ready, 
with the exception of the second (downstream) WG chamber of 
F' i g. 2 and the plastic chambers to be installed eventually 
in order to detect the muons outside the trailer. All these 
chambers will not be ready before a few months; but we feel 
that their absence in the October test run would not make 
the latter less meaningful. 

As I wrote in my previous letter of June 20 to you we have 
already tested in May, at t he CERN PS, the two main parts 
of the apparatus of Fig. 2, i.e. the first (upstream) WG 
chamber and the shower detector. I am enclosing for yollt:'in-
formation a report by M. Schneegans on the results concerning 
the WG chamber. Another report on the behaviour of the shower 
detector is being prepared. We plan to complete the tests of 
the WG chamber and S.D. with further runs at the CERN PS in 
the third week of July. After that we could ship all the 
equipment, so that it will reach Chicago in September, p rovi-
ded we get a positive answer from you on the present proposal. 

6. Conc l usive remarks 
I feel that it is extremely important to take soon a decision 
on this proposal and to coordinate accordingly the efforts 
here and there in order to avoid energy losses and useless 
time-consuming work. In order to know if the self-consistent 
solution proposed here appears realistic to you and Lincoln 
Read I will call you up from CERN on 11th of July (Friday) 
at 10 a.m. Chicago time. 

I hope you will be able to answer the question posed at point 4 
above concerning the machine operating conditions, as well as 
the following other questions: 
1) Could you provide the trailer (or the huts) and the iron 

(or concrete) blocks for the muon trigger, once the possi-
bil i ty of installing all our self-consistent equipment after 
the 15' bubble chamber has been clarified? 

2) Could we run our experiment in parallel with the 15' bubble 
chamber at the maximum beam intensity, as foreseen in the 
original proposal? 
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As soon as the July test runs at the CERN PS are completed, 
one of us could spend a visit to FNAL to clarify further 
points difficult to settle by letter or by phone.However, 
on account of our present financial and time limitations, 
this would represent an effort to be made only if essential 
for the success of the experiment. Unfortunately Eric Burhop 
will not be able to come. I have serious difficulties, but 
could come early in August if you think this would be really 
important. Could you please inquire before July 11 if Bob 
Wilson and/or Ned Goldwasser will be there in that period? 

I hope that this long letter will be of some help in clarifying 
the rather complex situation and am looking forward to hearing 
from you by phone next week. 

Sincerely yours, 
) 

/~~//~ 
.
1
'/ /4~rc~oz,,Conversi V CERN-NP 

c.c.: Professor E.H.S. Burhop, University College, London 
Dr. Lincoln Read, Fermilab, Chicago 
Group Leaders of the Bruxelles, Dublin, London, 
Rome, Strasbourg Collaboration 

Enclosures: 
3 drawings to be attached to the "Agreement" 
1 "Extra"figure, Fig. E 
1 report on WG chamber test~. at CERN 



FIGURE CAPTIONS 

Fig. 1 Plant of general lay-out for experiment E247. 

Fig. 2 Side view (A) and plant (B) of apparatus to be 
installed inside the trailer (or convenient huts) 
for experiment E247. 

Fig. E The direction of the muon emerging from the trailer 
can be determined by means of two double-layer plastic 
chambers, with honeycomb square elements of side 
6 = 2.5 cm, provided with electric read-out (see 1973 
Frascati Instrumentation Conference, p.184). These 
chambers can operate with 100% efficiency, free of 
spurious discharges, over a wide range of av pulses, 
gas mixtures and rate of gas flow, at trigger rates 
up to about 1 per sec. 
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