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1. INTRODUCTION

Short lived particles of two kinds that could have lifetimes

between 10~ll

and 10'-lS s have been postulated - heavy leptons and charmed
hadréns. Many different modelshave been introducea which incorporate heavy
leptons or charmed particles and only experiment can decide the extent to
which they represent the real world. Limitations of spatial ?esolﬁtion
make it impossible to detect directly the existence of such particles using
bubble chambers except under special circumst;nces near the upper end of
the above lifetime range. The spatial resolution available using emulsions
however enables unstable particles of lifetimes down to 10”14 s to be
detected readily, while under favourable conditions this limit could be
extended down to 3 x lO“ls s oxr even lo%er.

1.1 Charmed Particles

The non-obﬁervance of the strangeness non-~conserving ngutral
current decay, KL -+ u+u-, cannot be understood in texrms of thrge—quark
models of hadron structure(l). a fourth quark carrying a new property called
*charm' has beén;proposed to overcome this difficulty, leading to a new

“type of hadron endowed with a new guantum number written C, the 'charm‘(zf 3).

(4, 5, 6) at 3.1 Gev

The recently cbserved narrow § resonances
and 3.7 GeV have been attributed to mesons whiéh; although themselves not
possessing the property of charm, are composed predominantly of charmed
quark and antiquark counstituents, jﬁst as the ¢ meson is thought to be com-
posed predominantly of strange quark and antiquark constituents. If this
interpretation is correct, the { particles could decay by strong interaction
processes into a p;ir of charmed mesons. The width of the Y resonances is

that characteristic of electromagnetic transition prccesses so that one can




conclude that the decay to a pair of charmed mesons is inhibited on
energetic grounds, implying aicharmed meson mass above 1.85 GeV. On the
other hand, if the observed structure around 4.1 GeV in the SLAC éxperiment
can be attributed to a broad resonance it could suggest a charmed meson

mass around 2 GeV.

The possible properties of cnarmed particles have been discussed

by M.K. Gaillard et al(7). The lowest lying charmed .(C = 1) baryon states

++ +
, and a triplet, C. . Cl' C?.

. X . +
are expected to form an isospin singlet, C 1

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

+ O - =0 . : .
doublets (D , D) and (D , D) with C = +1, -1, respectively and zero strange-
: . R
ness; and the two singlet states, F , F with C, S = (1, -1) and (-1, 1)

respactively.

The thresiinld for charm=d baryon production seems likely to be
lower than that f»or charmed meson production. The productién processes in

neutrino interactions would be:

++

1 + u_ + hadrons

v+p > C

v+n - CI + u- + hadrons

+ -~
or C0 + u  + hadrons

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:

MM
1
+ + -
C + N4+ D or ZO + F+




. - +
Cg -+ N + D0 or L +F
+ + o] +
C0 = N 4+ D or A 4+ 7P

1f the mass relations between members of charmed multiplets are similar

to those familiar from SUB' one might expect CI+ to have the lowest mass
D V . . + e
of the Cl triplets, so that it could happen that while Cl’ C? could decay

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

++
could be inhibited fox Ci+. The Cl would then decay through the weak
processes:
cHt s Wep ey
e

o}
or e +p+\ie

Assuming the coupling constant for charmed particle decays to be equal to
o o , "
the Permi constant, GF' the lifetime of the charmed baryon, Cl , would be

expected to be:

T o= lo—ll(MN/Q}S sec,
‘with @ = MC - MN' MC, MN being respectively the charmed baryon and nucleocn

“~

masses.

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

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

hadrons in the following predominant processes:

(i) leptonic:

. + o _
p¥ > B2 +et 4y or K+t 4w
e ) u

- + N - +
DO <+ K +e + ve . orx K +u + vu




(ii) hadronic:
+ - + +
D =+ K 47 +7
D0 + K 4 ﬂ+ or Ep o+ w+
with a branching ratic of about 13 per cent for leptonic decays, 87 per

cent for hadronic decays.

Strangeness-—changing hadronic decays of charmed mesons are
associated with the cosine of the Cabibbe angle and hence favoured

relative to those not involving a change of strangeness.

Again assuming the Fermi constaht, GF' to be relevant to such
, +
decays, the lifetime of charmed mesons, D , Do of mass Mc, is expected to
~11 5 \ 2 . ~14
be T = 10 (MNXMC) . If MC = 2 GeV/c¢™ as specilated above, T ¥ 3 x 10 Sy
corresponding to a flight path of 10 um for particies moving with velocity c.
Flight paths of this magnitude before decay shouvld be readily observed in
nuclear emulsion. Such estimates of lifetime are 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 ihe nucleon.
Studies of deep inglastic scattering of electrons and neutriﬁos 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:

v v
) Gé : Gc
< 0.16 A ’ 5 < 0.35
Teot “tot
V.o, . .
vhere 0¢'ls the cross-section for charmed baxryon production and czot the

!- s o
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total neutrino interaction cross~section.l If the strange parton consti-

tuent of the nucleon is zero:

v v

Uc ) gc

- = tan%c =~ 0.04, 5 — = 0.005.
%ot . ot

In this case then, a sample of 500 v interactions would contain 20 cases of
charmed particles of which 3 would decay leptonically and 17 hadronically.

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 caseg of di-leptonic production were observed in the

1A experiment(s) but it is difficult to establish whether or not these are

cases of charmed particle prbduction. It could result from charmed baryon

++

. + ,
(C ') production (Figure la), or from charmed meson production (D , Figure 1lb;

DO, Figure 1d4). & similar signature could however also imply production

of the intermediate charged vector boson, ﬁt (Figure 1f). Again the decay
of a neutral heavy lepton, MO (Figure lh) would give a similar signature.

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

- leptonic events whether one of the leptons is the decay product of a particle

15 11

with lifetime in the range 3 x 10~ s <T<3x 10 s, thus greatly

facilitating cheis interpretation.

1.2 ‘Heavy Leptons

(9)

Renormalizable gauge theories that unify weak and electro-
magnetic interactions_requiré the postulation of neutral weak currents or of
heavy leptons, or both. Evidence for tﬁe existence of neutral weak curfenés,
both leptonic and hadronic, has been cbtained recently but heavy leptons have

not yet been found.




Corresponding to the two types of neutrino, ve, uu, heavy

(2)

electrons, E, and heavy muons, M, have been postulated’ ™ 'with decay

modes:

+ + 0 + - -
M =>v_ +v + M > + + v
U U 11 s s U
. + + - -

v o+ + : +
u v, te U e + v
vﬁ + hadrons pn + hadrons

with parallel decay modes for the heavy electrons, E.

Once again, the decay rate would be expected to increase
proportionately to Mi, ML being the heavy lepton mass. Bjorken and
LlewellYn—Smith(g) have estimated lifetimes for the mass range 2 - 5 GeV which

are given in the table below:

ML(Gé‘f) T (sec) ot (um).
2 3 x 10','13 20

3 4 x 10 12

4 1% 10 3

5 3x 107 1

4 - ‘ . .
A transition rate 3 x 101 sec l corresponds to a heavy lepton mass of

5 Gev/c2.
Heayy leptons should be produbed in the fast neutripo rgactions
vﬁ + N -+ M+ + hadrons; ve + N » E+ + hadrons.

Typical topologies of such interactions are shown %F 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.%




The non-observance of such ‘'wrong sign' leptons in neutrino interactions
led Barish et al(lo) to place a lower limit of 8 GeV for the masses 6f
Bjﬁrkeanlashow heavy leptons. Other short;lived objects, distinct>from
heavy leptons éssociated with reno:malizablelgéuge theories, have alsoc been

postulated and these might be produced in neutrino interactions. Thus,

+
heavy leptons, ho, h with decay processes

O -+ - o]
hu > W o+ or T o+ Vv

i+

O

-y

+ + .
y U kY or W +7

0 + - . 0 bl o + o
he > 7w +e or W + v e +e +y or e +

oy

e

have been proposed(ll' 12). The mass limit of Barish et al would not apply

to such objects.

The emulsion is the only technique that could detect any such

objects ditectly if their lifetimgs lie in the range indicated in this paper.

2. » OBSERVATION OF NEUTRINO INTERACTIONS IN NUCLEAR PHOTOGRAPHIC

"EMULSION

Nuclear photographic emulsion detectéx% have by far the highest
spatial resolution of any particle detector. They can resolve evegts
séparated in space‘by a few pym. A éarﬁicle travelling with #he veiocity <
will traverse 1l uym in a time of 3 x 10"15 s, so that short-lived particles
of mean life of the oxrder lowls s should ﬁe capable of direct deteétion

using this technique.

Neutrino interactions in nuclear emulsions have been located

successfully(l3) by observing secondary particles (usually muons) in a spark

chamber accurately located relative to a photographic emulsion stack and




following them back to their origin in a neutrino interaction in the

emulsion.

With the more intense and more energetic beams of meutrinos
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. EXPECTED RATE OF NEUTRINO INTERACTICNS

Interaction rates expected for neutrinos from the wide-band
beam and based on experience with experiment lA have been given by Benvenuti
Vet al in the proposal Fhey have:éubmitted for Expériment 310 (seé 5/31/74).'
For 1017-protons »f energy 400 Gev.on beam target and employing the 2-horn
arrangement} thé& estaimete (Table IV) for thé~number of neutrino interactions

in a target of mars 3.5 x lO5 kgm:

(i) | vﬁ + N > u  + hadrons 100,400 events

(i1) vﬁ + N +-v# + N V V 10,040 events.

. 18 , .
. Assuming 2 x 10" protons in an exposure spread over a 6-week period of an
‘emulsion stack of volume 20 litres (78 kgm) we obtain then the following

estimates of the expected numbers of reactions:

(i) Charged curxrent reactions:

(ii) Neutral current reactions: . 45

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

number would be reduced by a factor of about 3.5.

From the estimates of Section 1, assuming the existence of charmed

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

sample would be expected to be between 18 and 72.




We can also evaluate, by assﬁming scaling and the lower bound

{14)

computed by Llewellyn-Smith , the fraction of these events corresponding

to production of heavy leptons of a given mass. M, . Detailed calculations
and the approximations used are given in Appendix I. Figure 3 shows the

results for the assumed neutrino spectrum shown in Figure 2.

G ' CENERAL DESCRIPTION OF THE APPARATUS

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 Interactions:

{1) ' The ‘emulsion stack', ES, in which the details of the interactions

produced by the incoming neutrinos are observed and the decay of

unstable particles with lifetimes greater than about 3 x 10—15 s

can be detected. .

(2) - A system of two 'wide gapf spark chambers, WG, in which ﬁhe charged
secondaries of the heutrino interactions are seen a; thin, bright
t#acks that in general‘allow one to localise the positions at
which secondaries leave the stark, to give their direcﬁion and to
determine a small fiducial region around the interaction péint in ES.

(3) 'Veto' counters, V, and a narrow gap spark chamber, SCl, 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.




(4)

(5)

(6)
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B. To Enable the Analysis of Secondary Products of the Interactions

The 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.

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.

‘Shower Detector, SD, to enable the electrons emitted in the decay'

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

egtimated.

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

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

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

triggered by master coincidences of two types, viz:

(1)

-(2)

ABMS§} to detect interactions produced in the emulsion étack by
ﬂeutral primaries coming from the neutrino beam direcﬁioﬁ and
with a fast muon among the secondary products.,

A(SD)M%} to detect similar interactions having.a fast electron

ta

smong secondary products.

Here, M is a signal from the accelerator, S a signal from one of

the counters of the experiment 310 arrangement.. Depending on the particular

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

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

(sp) 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 angle of emergence

i
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of a muon that could be analysed would be 12°, Figure 5 shows a schematic
diagram of experiment 310 apparatus showing the location of the equipment

for the present experiment.

‘In order to méke use of the analysis system of exéeriment 310,
it will be necessary to arrange for the triggering of the drift'chambeés by
theAsame master pulse that triggers the wide gap chambers of the present
éxperiment; It is anticipated that the countingAratexwili be aboﬁt 1 éer

400 machine pulses.

The spurious trigger rate due to cosmic rays is expected to be
very small since we reguire that the events occur in coincidence with the
signal M of the machine and the latter will operate with short gpill-out

time.

5. ©THE EMULSION STACK AND ITS MOUNTING

The volume of emulsion used is determined by a compromise
between cost on the one harnd and the need to examine a,meaningfu% number of
interactions. To obtain about 500 neutiino in£exactions for 2 x lolg protons
incident on target would require a volume of about 20 liFres costing épprox—.

imately $70,000.

It is proposed that the emulsion should be in the form 6f six
stacks, each consisting of 333 pellicles 20 x 8.3 cm in surface dimensions
and 0.6 mm thick. The pellicles in each stack would be clamped togéther
to form a block of emulsion of volume 20 x 20 x 8.3 cm3. The dimension is
kept dovn to 8.3 cm iﬂ 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 shows how the stacks will be mounted on a plate, Each
stack will be located on the platg by‘means of dowel piné. Fig;re 7 shows
the clamp used for holding each stack. The design permits the ﬁilliné of
the sides of the stack after assembly.. Fiducial marks are provideé oﬁ thé
base of each clamp and the distances between the milléd sides of tﬁe emulsion
and the'fiducial marks will be measured prior to ééaling the emuléion by

wrapping in black tape.

Provision has to be made for removing the emulsion during beam
adjustment if there should be any danger of spraying ofythe stack with stray
hadrons. Since the total weight to be removed will weigh approximately 100

kg, this operation will require care.

Two perpendicular views of the spark chambefs and emulsion stack
will be photographed and recordeq side by side on the film. Each &iew will’
show the sparks and the fiducial marks oh the stack assembly. In principle
then it is less important to ensure that the emulsion stack assémbly should
be returned to precisely the same place after removal. It is proposed to
locate the plate to whichvthekemulsion stacks are clamped, relative to another
plate, also carrying fiducizal maiks. Any errors of relocation of the emulsion
assembly would be evident from comparing the fiducial marks on the two plates

(see Figure 6).

If the stack has to be milled in ﬁuropé it will need to be
transported to the USA by ship to avoid ﬁontamination'of the -
stéck by the high cosmic ray background of a high altitude jet flight. If
the stack could be assembled and milled at FNAT the emulsion could be flown
from Europe and the plates shuffled before assembly, thus avoiding confusion
from co;mic ray tracks that would follow through the whole stack from one

emulsion pelliicle to another,




13.

After exposure the stack would be taken apart after numberiﬁg
of the plates. They would then be shuffled before being flown to CERN
where a grid would be photographed on to the indiviaual 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 CHAMBERS

With the event count;ng rate expected, simplé multigap optical
spark chambers should be quite satisfactory. For the event reconstruction
however we need a chamber alloWing thé measurement of tracks over a sufficient
length and with a2 good multitrack efficiency. Wide gap chambers haVé better
spatial resolution than ordiqary spark chambers. Furthermore, they’can
record up to 50 or more tracks per event. Radiofreguency interference can
be avoided by double shielding of the wide gap chamber. A wide gap chamber
with two gaps each of separation 15 cm is proposed (WG). Foxr high energy
events the multiplicity may be high and there may be some overlapping of
secondaries beamed forward so that the distan¢é between the emulsion and WG
should be optimised in order to obtain at the saue time a satisfactoxry pre-
cision (better than 0.3 mm} in the determination of the position at which |
the particles leave the emulsion and a good separation of the tracks at their -
point of entry into WG. The geometry shown in Figure 3 should enable this

-

to be achieved.

7. SHOWER DETECTOR

Figure 8 shows the design of the shower detector. It is of

modular type, made of 4 identical moduli. Each modulus - of dimenslions
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90 cm x 90 cm ~ consists of a 1 com thic} Pb plate, followed by a 2 cm thick
plastic scintillator and by a double wide-gap spark chamber, with two 10 cnm
k gaps. Each plastic scintillator is viewed by four photomultipliers. The
chambers are sensitized by a trigger pulse which involves a signal from the
photomultipliers in excess of a certain threshold., The same pulse ié used

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

The detectér has a total thickness of 1 m and contains about
70 gm/cm2 of material (mostly lead) which should not interfere seriously
with measurements of the muon momentum, and’wil; give only a small correction
to the éstimate of the energy of the hadronic component ﬁsing the calorimeter
of experinment 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 energy electrons on the basis of the larg»
countex pulses associated with the development of the electromagnetic cascade, -
and yields an unambiguous recognition of the latter by direct observation in

the track chambers, which deﬁéct many-particle events with good efficiency.

x .
. Bremsstrahlung losses suffered by & electrons in the emulsion
stack do not lead to any appreciable loss of events through deviations of
+ . . _— 2
the initial e direction, since these deviations are of oxder mc /Ee << 1 rr,

- - P . . i
{mc2 = electron rest energy: Ee = total energy of e }.

High energy background photons can contribute of course to the

t;igger rate and even simulate 'good' events. In particular neutral pions

" produced in the vﬁ interactions can give rise, via Y‘ray conversion in the
emulsion stack, £o single tracks in the wide gap chambers (non-resolved e+e_

pairs) followed by the development of the electromagnetic cascade in the

shower detectorx. These background effects are now being 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 chamber as emerging from the stack.. . This technique was
used in the earlier work. It ceases to be viable in the pxesencekof a large
muon background. The spark chamber enables the location of the exiF point
of a’particle from the emulsion stack to within approximatgly 0.3 mm aud its
direction to within about 0.2°. A muon background such thatrthere are more
than five\possible candidate tracks in this arxea ahd in the right direction
’ would be unacceptable on account of the time required to folldw 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, howevar, interactions may be located by arca
scanning of a cylinder of emulsion of cross-sectionsl area about 4 mm2 and
1ength.equal to the thickness of £he stack. For a stack of thickness 8 cm,
this would involve area scanning of an area 80 x 2 mm2 on each of fouf plates,
i.e., an area of the order 6 cm2, 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
possible to locate the interaction within a cross—sectional area of 5 mm2
and a depth of 20 mm. Finding thé interaction would then inQolva scanning
én area 20 x 2.25 mm2 on each of four plétes, i.e., an area of l.8ycm2 in aLl;

%

yielding 1 event per 0.7 scanner days.

If an area scanning technigue is used to locate neutrino inter-
actions a very much larger muon background should be tolerable since the

following of tracks through from one emulsion pellicle to another is not
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involved in finding the interaction. The toleréble muon background limit
could then be set by the mémory time of the spark chambers used for location
of the secondary tracks from neutrino interactions. Typically this tine

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

2 x 105 pulses and the spill-out time for each pulse is 50us, the total
spill-out time is 10 s. The tolerable muon background is then of the order
of 107 for the whéle run over the area (1 mz) of the spark chambers, or 10
muons per m2 per pulse. The maximum tolerable generai backcround of tracks

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

NI

Neutrons produced in neutrino interactions in thé shield also
provide a background which may be troublesome in an emulsion experiment inV
a neutrino bsam. Slow neutrons accompanied by low energy gamma rays could
" produce an unacceptable density of particle tracks in the emulsion so that
it may be necessary in an experimental arrangement to make provision for

shielding the stack'from the neutron background.

In the case of area scanning, stars due to neutrino intéractions
may be confused with cosmic ray stars. Assumiﬁg a delay of 2.5 months
between manufacture and development of the emulsion we expect about 25 back-
~ground stars in the fiducial volume defined by tracks observed in the WG

chambers(ls)

. The number with minimum iqnization tracksaemerging at an

angle less than 20° with the neutrino direction will be only'o.l3 however,
Most of the minimum ionization tracks coming 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 stack and reshuffled
again immediately after the;exposure ends. Minimum'ﬁracks froﬁ cosmic ray
staxrs 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 background is discussed in more detail in Appendix

II.

9. A ANALYSIS OF THE NEUTRINO INTERACTIONS

e ~
[

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 um betweeﬁ the
neutriné interactions and the decay point of the heavy lepton or charmed
particle should be detectable, corresponding to a lifetime of(3vx lOflS/Y) Sy
where y is thé Lorentz tfactor of the unstable partiéle. The nminimum detect-
able decay path will be larger however if many secondary pafticles are’

emitted in the interaction.

Kinematical calculations are described in detail in Appendix IIIX.
. - +
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 analyse any interactions that give rise to short-lived

particles.,
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10, © « ESTIMATE OF BACKGROUNDS

In an experiment using nuclear emulsion there are rather striﬁgent
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
emuléion nearly parallel to those sought arong neutrino interactioﬁ senéndaries.
If the technique is used of picking up neutrino interactions by folloying |
muon tracks picked up from the spark chambers back to the interaction point
wherg they are produced, background muon tracks are likely to be followed by
mistake. The maximum tolerable muon background is about 5 tracks per,mmz.
For area scanning a higher background is tolerable. A study of the béck-
) grouﬁds observed in the 15 fooﬁ bubble chamber and in the external muon
identifier leads to the conclusion that for 300 GeV protons incident on the
target the muon background Withingzoo of the beam direction would amount to
0.5 tracks per mm2 pexr 2 X 1018 protons on the trget. This is guite

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

400 Gevrprotons are incident on the target.

The hadron background could also cauée difficulty. It shoulé not
' be difficult to avoid a large hadron background during normal running. The |
necessity to Qrotect the emulsion stacks from heavy hadfon background dus

to beam tuning etc. gives cause for concern. As already mentioned provision
will be made to remove the stacks to a safe place provided adéquate warning
is given. Since the value pf the emulsioﬁ will be about $70,000, it seems
imperati?e to work out a fail—safe procedure to‘givé adequate warning to a
representative of the emulsion experiment group should it become sudégnly
necessary to change the running séhédule of the accelerator so that the risk

arises of spraying hadrons into the neutrino area.
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Another development that could give difficulty arises from the
possible use of double pulsed operation of the 15°' chamber with alternate
neutrino and hadron pulses. Although the hadron pulse is a very weak one,
the emulsion exposure is such a long one that it may not be possible to
operate the experiment undef conditions of double pulsing unless very

elaborate shielding is provided for the stack.

Test emulsion plates have been exposed in the neuﬁxino beam in
various positions relative to é thick concrete slab upstream from the position
of the apparatus oﬁ_experiment 310. The plates exposed upstream from the
concrete (position 1) showed the preéence of low energy electréns {energy
1 MeV). 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 showed a star density approximately twice as large, <The additional
interactions could have arisen from neutrons produced in the concreté by the
neutrino beam. 1In general the characteristicé of these stars were guite
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 ta%get;Ait can be inferred that
this source of background will not be significant. It is concluded therefore
that the proposed location of the experiment behind a thick concrete slab

and immediately upstream from the location of experiment 310 will be satisfactory

11. "GENERAL CONSIDERATIONS OF COST, TIME-TABLE, ETC

If the proposal is accepted work will commence immediately on

the preparation of the apparatus. The electronic and spark chamber arrangement
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will be set up and tested in CERN during April and May 1975. The equipment
will then be shipped to FNAL and a prototype experiment carried out uging

1l litre of emulsion and the other emulsion stacks simulated by matter bf
’about the same density. It is expected this prototype experiment could be
carried out during any suitable neutrino run after August 1975. It should
then be possible to carry out the main experiment during the firsp part of

1976 when a suitable neutrino run is scheduled.

The design and construction of the wide gap chambers and
associated optics is being carried out by the Strasbourg and Mulhcouse grcups.
The rest of the electronics and particularly the shower detector will be the:
rgsponsibility of the Rome group. These two groups will togethex organize
the analysis of the spark chamber pictures. The design and construction of
the clamps and other apparatus for the mounting of the emulsion stacks is
the responsibility of the London (UCL) group. Arrangements have been made
for processing of the emulsion after exposure using the processing plant
at CERN. Discussions are at present taking place concerning the best pro-
cedure for the assembly and final milling of the emulsion stacks but this
does not represent a real probleﬁ. all the laboratories concerned will -
participate in the scanning of the emulsion aftex exposure and in the analysis
of tﬁe neutrino interactions. All the basic equipment,’including électronics
and optics,will be brought to FNAL from Europe together Qith the numbexr of
physicists and technicians necessary to operate the experiment. The personnel
required to come for th%g purpose will be decided in consultation with the |
FNAL participants. We should of course need from FNAL he;p in the mounting
of the apparatus in the agreed position in the neutrino beam épd the use of
technical services needed in the carrying out of the.experiment. Also,

although the experimenﬁ is conceived as parasitic to E310, the financial
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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 commencéd, it would be a considerable
financial embarrassment if it had to be interrupted for.any feasoh other

than unavoidable ones, such as the breakdown of the accelerator, of.the
‘hardware for the neutrino beam or the malfunctioning of the part of the EBlO
equipment we hope to use. It appears desirable therefore to obtain agreement
on the procedure, should,after tne scheduling of the gun, the 3310 group

not wish to proceed for any reason othei than unavoidable ones sucﬁ as those

specified above.

The foresesen overall costs for the mounting of the experiment

ét FNAL which are to be borne by the visiting groups are set out below:

$
Cost of emulsion and i@s processing - 87,000
Cost of other hardware, including spark
chambers, electronics, optics, mounting
of emulsion, etc. » | 25,000
Travel and maintenance costs ‘ 20,000
TOTAL R  ’$132’,000

[

This cost will be shared egually between.tﬁe vigiting gxoupsAand approaches
have been made to the appropriate grant-giving authorities in the various
countries and it is possible to give the assurance that tpey will be covered
provided the experiment is scheduled. Adeguate resouices are also évailable
to enable the analysis of the results after the runvég 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 EVALUATIOHN

Evaluation of thresholds is given in Table Al for production on
5 4 A +
nucleons at rest assuming various values of the masses of heavy leptons, M~
or charmed baryons, C . Fermi motion.can lower these figures by about 25%

vwhen the tzarget ig a nucleus.

Table Al
m(Mi) | E (threshold)
2 Gev 4.13 Gev
3 ' . 1.80
4 12.52 "
5 | ‘ 18.33
m(Ci)~ E {(threshold)
2 GeVv 1.86 Gev
3 4.67
4 8.51
5 13.42

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

+ +
for baryonic C production but not for M . production).

‘ The cross-sections are not easily predicted:

"~ (a) ‘Charmed Baryon Production

(?{ give for

For charmed baryon production Gaillard et al
the differential cross-—section of the 'elastic'processes, v +N=>C+ y, in

the threshcld region,
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9ty 5 9,9

do 1 \' ‘
o ;-{( 3 )T (L - yth) + ( 3 ) (1 - y)(1 - y-+ yth}}

dy T F

where y = Ec/Ev is.the fraction of the incident neutrino energy transmitted

to the baryon, yth the value of y corresponding to the charmed baryon pro-

duction threshold, M the nucleon mass and ec the Cabibbo angle. Figure 9
do ' '

shows ay plotted against y for the case Mc = 3 GeV, <Ev> = 25 GeV, corresponding

to ytlgl = 18. Curves are shown for pure V-A and V+A coupling. Also.shown is -
. .

-2 tot R + R
10 —-Eg-u The production of PO which is expacted (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 occuxr

in the ranges

E E
th th
OSX.S].-;}'E“‘ ' E—*éySl
\Y \Y

2 ,
th = MCX2MN is the threshold

(7)

energy for production of a charmed baryon of mass ﬂc. Gaillard et al ',

of the usual scaling variables, x, y, where E

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

If Fq, Fu, F _ are respectively the proportions of strange, non-strange isospin

d

up, and non-strange isospin down partons in the nucleon, then assuming ZPS =
0.1 (Fu + Fd), corresponding to the uppefAlimit of straﬁgeAparton proportion
derived from deep inelastic electron and nsutron scatteripg, Figures 10 ana
11 show respectively the y and W2 distributions for Vv interaction cross-
sections (W is the invariant mass of the hadron distribution). The shaded
portion in each case shows the contribution to the‘cross-section from charmed

baryon production.

In the extreme asymptotic region these assumptions give the

v

. IR . : v
= 0,35, r
estimate Gc/Utot 0,35 For v interactions, sc/otot

= .16 under similar
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assumptions. This follows because dcgot/dy falls off like.(l‘--y)2 for
increasing y, where charmed baryon production becomes most important,while .
dozotfdy is independent of y. dcgfdy, doz/dyA;re both expected ﬁo be in-
dependent of y. Since the overall v flux is expected to be about 4 timeé
the v flux, even under these‘conditions it would be advantageous to do‘the

experiment using v rather than v.

These estimates are based on the upper limit 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 tanzec2 0.04 for

v,V v,
and = O,
c /o n 0.005 for UC/cto

¢ tot t

{b) Beavy Lepton Production

. |
Fox leptons, we have the unusually l:rge mass of M bringing

into play a larger number of (unknown) structure functions as compared with

the v » p inclusive reaction. For both leptons and charmed pafticle produc-

tion, the assumption of universal coupling is generally made.

What we actually need for detection of special decay modes is -’
the product of the cross-section times the branching ratio for that modge.

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

(14)

Following Llewellyn-Smith -we give here the lower bound for
N :
cross~sections for inclusive M production by neutrinos assuming conventional

scaling.

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

that the inclusive cross-section is larger than or equal to:
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. 23,2 2 2
dxdy 27 2 T T MO T T (sMAy x s Y-

Hexre, M is the nucleon mass, ML the lepton mass, S = ZMEv + mz, G is the

Fermi coupling constant and F2 the scaling structure function.,

The formula is simplex when ML > 2 GeV and Ev >> M, To a very

- good approximation, after integration owver y,

Mz
do _ G%s L, 2
& T ™ g

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

F_o(x) = 2(1 - x)3
2
compatible with v + N » um + anything,data. Putting xé =g e get’

o = §E§—f(x ) vhere
total 4w m ‘
~ 2 1.4
£(x) =1 + ggx - 4(2 + 3x)x;og§-— 12 x° - 4x3,f 3~x .
Numerical values are given in Table A2:
Table A2
X £(x) ‘
0.0 ) 1.0000
0.1 0.2280
0.2 0.0720
- (compare Figure 2)
0.3 0.0248 ’ ;
0.4 0.0078 — .
0.5 0.0021

In this range, a useful numerical interxpolation is provided by:
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(1 - x)6

£(x) 1+ 213x °

., )
Note than f(x) gives the ratio of production rates (v =+ M }/(v - p ), thus

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

lepton production as a function of Mi/S.
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APPENDIX IT

BACKGROUND DUE TO COSMIC RAYS

Cosmic ray stars are preduced in nuclear emulsion at a rate of

l.5/cm3/day at sea level and 3OO/cm3fdayAat a level of 10,000 m.

As is shown in Table A3, the stars generated at an altitude of
about 10 Km simulate neutrino stars more closely than those produced at

sea level.

Table A3
stars sea level 10 Knm
o. 3 . B
n /em” /day ~ 1.5 v 300
neutral primary 95% 80%
n, =0 92% 82%
n_ =1 5% | 10%
s ;
n =2 3% 8%
s
n_ <4 - 82% 62%
H :
(all n ) ) ,
s ;
(nS = number of minimum tracks; nﬁ = nuuber of heavy tracks) . i

Due to thé wide apéular distribution of ;he particles producing the
stars, the miniﬁum trécks have a wide angular distribution so that 6nly a
small fraction of them would be accepted in the angular window allowed to
those produced in neutrino events (8% withih 20° 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 prong with 6 < 200.» On the other
hand, assuming a delay of 2.5 months between fabricatioﬂ and development

bf the emulsions, we expact 1lO>starsfcm3 generated at sea levél,;giving

.an even lower contribution (0.3 stars/cmB) to misleading events, but witﬁ

a higher fraction of stars with few heavy prongs that must be very carefully

studied before being rejected.

The events with a minimum track in the al}owed aﬁgular window
require a lot of work (following the tréck, 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, definea
by tracks in the WG chémbers. Tf the pellicles are shuffled befére and
after the exposure the nurmber of ambiguous events in this volume is reduced

to 0.02.
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APPENDIX IIT

KINEMATICAL CALCULATIONS AND BRANCHING RATIO IN HEAVY LEPTON

The kinematical features of the process

vu + p > M+ + anything (1)

¥ ot v +v

have been studied by a Monte-Carlo caleculation to evaluate the efficiency

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

(a}

(b)

(C)

The kinematical magnitudes involved are defined in Figure 12.
The calculation proceeds as follows:

The neuwtrino energy, Ev‘ is generated in agreement with the
spectrum in Figure 1.

For a fixed value of the heavy lepton mass m, PM and BM are

obtained from the variables

o

% 2pq Y =52

where p is the proton four-momentum, g is the momentum transfer

and M is the proton mass.

The cross»sectionkdzc
dxdy
(14)

in these variables given by Llewellyn-

Smith

is used.

The heavy lepton disintegration is assumed to occur according to

3-body invariant phase space.

The distributions obtained for pu, eu, GBM are represented in

Figures 13, 14 and 15.
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The detection efficiency of the experimental apparatus was

calculated taking into account the following points:

(1) The angular acceptance of the apparatus in detecting the decay
muons. Three cases were considered according as eﬁax w‘GO, 10°
and 200. The first two correspond to the magnetic angle and

trigger angle of the apparatus described in paragraph 4.

(23 The scanning inefficiency for very small values of euy. We
‘ 3
assumed that an event is lost in the scanning when it has Eiu,i
< Gmln. We considered three cases: R Oo, lo and 20.'
UM HM
(3) " The threshold value pthr = 1.5 GeV/c, has been assumad for the

muon momentum, If pg < pihr the muon does not have the penetra-

tion required by the master coincidence.

The calculated efficiencies for heavy leptons are given in Table
A4. Furthermore, we give in Table A5 the minimum expected,numﬁer of heavy
lepton observed events, assuming that during the experiment, 103 ordina;y
muon events are produced. This mumber has been calculated assuming the total
fraction of v +'M+ to v = ﬁ“ events as in Figure 2 and gonsidgring the
“branching ratio

-3
PM vy
TM-+ all




max

min
uM

Detection Efficiency of the Apparatus

6 10° 20
50 70 83
42 62 75
29 48 60
me= 2 GeV

Minimum Expected Numbers of Heavy Leptons Detected

6° - 10 20
44 61 72
37 54 65
25 42 52
m= 2 GeV

O

min

min
8

UM

Teble A4

(in %) as a function of m, Bu, e

max
H
6° 10°  20°
49 72 87
42 4 79
30 52 67
m 3 GeVv
Table AS

gmax
B o o
6 10 20
19 28 34
ie 25 31
12 20 26
m= 3 GeV

for 1000 v Interactions

uM
emax
H (= Q o
min 6 10 20
0
uM
o° 54 75 90
1° 48 71 86
2° 38 59 74
m = 4 GeV
emax
: B o] [o] -
min 1) 10 20
6
uM
o° 8 11 14
1° 7 11 13
2° 6 9 11
m= 4 GeV

. O‘EE



References

10.

1l.

12,

13.

14.

15.

Glashow, S., Illiopoulos, J. and Maiani, L., Phys. Rev., D2, (1970), 1285.
Bjorken, J.D. and Glashow, S., Phys. Letters, 11, (1964), 255,
Snow, G.A., Nucl. Phys., B55, (1973), 445.

avbert, J.J., Becker, U., Biggs, J.P., Burger, J., Chen, M., Everhart, G..,
Goldhagen, P., Leong, J., McCorriston, T., Rhoades, T.G., Rohde, M.,
Ting, S.C.C., Sau Lan Wu and lee, Y.Y., Phys. Rev. Lett., 33, (1974}, 1404

Augustin, J.E., Boyarski, A.M., Breidenbach, M., Bulos, F., Dakin, J.T.,
Feldman, G.J., Fischer, G.E., Fryberger, D., Hanson, G., Jean-Marie, B.,
Larsen, R.R., Liith, V., iLynch, H.L., Lyon, D., Morehouse, C.C., Paterson,
J.M., Perl, M.L., Richter, B., Rapides, P., Schwithers, R.F., Tanenbhaun,
W.M., Vannucci, F., Abrams, G.S., Briggs, D., Chinowsky, W., Friedbexrg,
C.E., Goldhaber, G., Hollebeck, R.J., Kadyk, J.A., Lulu, B., Pierre, F.,
Triliing, G.H., Whitaker, J.S., Wiss, J. and Zipse, J.E., Phys Rav.
Lett., 33, (1974), 1406, 1453.

Bacci, C., Baldini-Celic, R., Bermardini, M., Capon, G., Del Fabbro, R.,
Grilli, M., Larocci, E., Jones, L.H., Locci, M., Mencuccini, C., Murtas,
G.P., Penso, G., Salvini, G., Spinetti, M., Spano, M., Stella, B.,
Valente, V., Barteli, B., Bisello, D., Espositc, B., Pelicetti, F.,
Monacelli, P., Nigro, M., Paoluzi, L., Peruzzi, I., Piano Mortari, G.,
Piccolo, M., Ronga, F. Sebastiani, F., Trasatti, L., Vanoli, F,, Barbarino,
G., Barbiellini, G., Bemporad, C., Biancastelli, R., Castellano, M., '
Cevenini, F., Calvetti, M., Costantini, ¥., Lariccia, P., Parascandolo, ®.,

Patricelli, €., Sassi, E., Spencer, C., Tortora, L., Troya U, and Vitale,
S. Phys. Rev. Lett., 33, (1974), 1408. :

Gaillard, Mary X., Lee, B.W., and Rosner, EXL&, Preprin% Fermilab Pub.,
74/86 ~ Thy Bug. 1974.

Aubert, B., Benvenuti, A., Cline, D., Ford, W.T., Imlay, R., Ling, T.Y.,
Mann, A.X., Messing, P., Piccione, R.L., Pilcher, J., Reeder, D.D.,
Rubbia, C., Stefanski, R., and Sulak, L., Presented to 17th International
Conference on High Energy ‘Physics, London, July 1974.

Bjorken, J.D. and Llewellyn-Smith, C.H., Phys. Rev. D7, (1973), 887.
Barish, B.C., Bartlett, J.F., Buchholz, D., Humphrey, T.., Merxritt, F.S.,

Nagashima, Y., Sciulli, F.J., Shields, D. and Suter, H., Krafczyk, G
and Maschke, A. Phys. Rev. Lett., 31, (1973), 4lo.

*?

Albright, C.H., Lettere al Nuovo Cimento, 3, (1972), 71.
Ramm, C.A., Nature, 227, {(1970), 1323.
Burhop, E.H.S., Busza, W., Davisg, D.H., Duff, B.G., Garbutt, D.A.,

Heymann, F.F., Potter, XK.M., Wickens, J.H., Bricman, C., Lemonne, J., :
Sacton, J., Schorochoff, G., Roberts, M.A., and Toner, W.R., Nuovo Cimentc,

39, (1965), 1037.

Llewellyn~Smith, C.H., Nuclear Physics, 1356, (1973), 325.

Teucher, M., 2. Fiir Naturforschung, 7a, (1952), 61.
8a, (1953), 127.




33.

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 > u + C-M (+Ko).
. . o . : N .
(Tiie production of the K 1is 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+‘*u + p+ v .

, H
Other detection processes would cbserve a signatare only of two fast muons and
a hadron shower.

; + - +
(b} Production of charmed meson, D in the process v + N+ + D + N,
o .

. ; + = + ,
followed by leptonic decay D >y o+ K o+ vu. {The D may either be produced

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 in (b) followed by the hadronic

decay

+ - + + V
D X +7 + 7 .

(&) : Production of charmed meson,’Do, (either directly or in strong
O

decay of a charmed baryon), in process v + N —» u— 4+ D + N, followed by leptonic:

+ -—
decay Do +u + K + vu.

Other detection processes would observe a signature of two fast muons, a hadron
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shower and a Kn.

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

decay

- +
X >k 4w,

. + '
(£) Production of W in the process
' - +
vy r N W W 4N
+ o+ , +
followed by the decay W == u + vu. In this case, the W decay would be too

rapid to observe directly in emulsion.

- . + +
(g) Production of heavy muon, M , in the process v + N - M + hadrons,;

followed by the decay M - ﬁ+(e+)v+ vn(ve) + Vu-

. o O .
(h) Production of heavy muon, M , in the process v + N + M + hadrons,

- +
followed by the decay MQ U+ {e+) +‘vp(ve)‘

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

(£), (h).

Figure 2: : §

+
glv =+ M)

o as a function of
olv + u7)

The dotted lines show the branching ratio f(xm) =
'neutrino energy, E , where x = MQ/ZME R ML' M Leing respectively masses of

v m L v
the heavy lepton and the nucleon. f(xm) is shown for'ML = 2 GeV {(curve 1} and
M o= 4 Gev (curve 2). The full curve 3 shows the assumed neutrino spectrum,

n(Ev), multiplied by Ev' The kaon decay shoulder of the spectrum is not

included.
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The other two full curves show the rate of heavy lepton emission,

Evn(Ev)f(xm) versus Ev for ML = 2 GeV (curve 4) and ML = 4 GeV (curve 5).

Figure 3:

The total ratio (integrated over the neutrino spectrum) of v -+ M+ tov >y
- +

events as a function of ML' (The branching ratio for M+ = u decay is.not

included in this calculation).

Figure 4:

Schematic arrangement of apparatﬁs for locating neutrino interactions.

Vl, V2, A, B _ scintillation counters

W.G. ' wide gap chambers

sci- . narrow gap spark chamber

E.S. emulsion stack

S5.D. . shower detector

M.S. muon spectrometer (from expt. 310 apparatus)
S. ' : scintillation counter from expt. 310

apparatus providing master signal.

S

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 spark chamber assembly.
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Figure 7:

Illhstrating 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
identical moduli. Each modulus, of 90 x 90 cm2 useful area, consists of a 1 cm
thick Pb plate (a) followed by a 2'cm thick plastic scintillator (8) and a
double wide-gap spark chamber (WG). The spérk 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 bharyons
\ . - ++ - +
with C =1L, § =0, in the processes v +p>u +C ; v+n->ru +C.
" The cross—-section is a coherent sum of V-A and V+A contributions {after Gaillara
(7N

et al ). The calculations are calculated for a charmed baryon mass, Mc =

3 GeV 2nd mean neutrino energy <Ev> = 25 GeV. Correspondingly, = 0.18.

Yin
Figure 10: o ' .

-~

Differential cross-section dav/dy for charm production (shaded arxea) and
ordinary deep inelastic scattering (dashed line) b§ antineutrigos for the case
Eth/Ev = 0.5 {as would for example be’the case for Mc = 5 GeV, Ev = 25 GevV).
The solid line,which{represents the total inelastic production, shows a
threshold effect. A five per cent s—-parton contept’of ﬁhe nucleon has been

amn

assumed (after Gaillard et al ).
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Figure 11:

Differential cross-section dc\,/dw2 for charm production {shaded area),
ordinary deep inelastic scattering from anti-partons (dashed line) for
production by v under the same assuﬁptions as for Figure 10. The charnm
threshold effect can be seen in the total contribution (solid line) {after

(7

Gaillard et al }e

Figure 12:

bDefinition of kinematic guantities.,

Figure 13:

Momentum distribution of muons from heavy lepton decay,(a) for all events,
{b) for events with eu < 60. About 10,000 events are included in {(a) and

5,000 in (b).

Figure 14:

' Angular distribution (with respect to incident muon direction) for

secondary muons from heavy lepton decay.

Figure 15:

Angular distribution of secondary muons with respect to the heavy lepton

direction, (a) for all events, (b) for events with eu < 60.
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UpdaZid Versioro o) Pasposal #2942
z 7. M., Jdreviy

An experiment to search for short-lived particles S/L 8 / P4y

-15 -1 . , -
(10 st L10 2s) produced in the interaction of v, v in emulsion.

Renormalized unified thecrq‘.es of weak and electramagnetic
interactions require the postulation of neutral weak currents ér of
heavy leptons,or both. The discovery of neutral weak current processes
makes it of special interest to investigate the possible éxistenoe of
heavy leptons. Correspording to: the two types of neutrino, v af V |

u
iy several

14

heavy electrons, E, and heavy mucns, M, have been postulated
models, produced in reactions vu + N+ M+ + hadrons
v, + N> E' + hadrons

with the decay modes,

+ 4+ ‘ + +
-+ >
M VU H _ E VeVl
+ +
vve vV U
ne eu
vuhadrons \,»ehadrons

(Note that for the heavy leptons the positive charge is supposed to
go with positive leptcon mumber).

Neutral heavy leptons with decay modes

+ == o+ ==
MD > Uy H vu ‘ E’ - e U vn
A+ - - 4 =
e \’e L e e \,é
+ +
p hadrons e hadrons

are also predicted, but possibly most readily produced by incident charged
leptons. Their production by neutrinos involves neutral weak currents.
Other cbjects decaying like
. ¥
‘K'o >at or 'ﬁ. - uiy

+
v I

o

have aléo been proposed(z) .
Fig. 1 shows the relation between decay rate and mass of heavy

-leptons, given by Bjorken and Llewellyn~-Smith. A transition rate of
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15 -1 | |
10""sec ” corresponds to a heavy lepton mass of /5 GeV/c?‘.

The existence has also been postulated bf hadrons whose isospin
and hypercharge values are incampatible with the usﬁal SU(3) scheme. They
are called "charmed" particles and, if their existence could be verified,
they would be characterlsed by a non—-vanlshlng value for a new guantum
mmber, called chaxm (3) Chaxmed particles, if they exist, should also be

produced in reactions like
-vu +n->y -I-Bc-i-hadrons

with B_, the "charmed” baryon decaying in processes
BC + NI
N* I
N* @I I
N
v, ¥
Ny a

-y

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

F

g
a factcu{ A; (#O) » where Ipc is the coupling constant corresponding to
weak decays of charmed particles. If this factor is appreciably less

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

. lives > lo_lssec. The ex_lstence of charmed mesons has also been postulated

and these could presmnably have a Jmllar hfet_me

Observation of neutrinb interacticns in nuclear photographic emulsion.

| Nuclear photogra};)hic ezﬁulsicm detectors have by far the highest
spatial resolution of any particle detector. They can resolve e\}ents
separated in space by 1 um. A particle travelling with the velocity C
will traverse 1 ym in a time of 3 x 10_155 ,7 so that short-lived particles
of mean life of the order 10_15s should be capable of direct detection
using this technique.

Neutrino interacticans in nuclear emulsion have been located
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4 .
sucoessfully( ) by observing secondary particles (usually muons) in a
spark chamber accurately located relative to a photographic emulsion
stack and following them back to their origin in a neutrino interaction

in the emulsion.

With the more intense and more energetic beam of neutrinos now
available at NAL it is now proposed to repeat the experiment, aiming to
obtain 1000 interactions in a block of emulsion of volume 10 1,

Using figures cbtained with the CERN neutrino beam, for nuclear
emulsion of dengsity 4 gm (m....3 one wouid expéct for the number of neutrino

interactions occuring in the enmlsioh, 2 x lO5 interactions per'rretre3

19” protons incident on the target. The higher energy neutrinos

. -

pef 10

avéilable using the NAL machine should have a larger interaction cross

section, but taking the CERN figurés as applicable, 1(.):L9

stopping protons
should give 2000 v interactions in the emulsion block. For the V beam
this figure should be reduced by a factor of 6. At HAL the estimated
number of primary protans per 6 week period is 3 x 1018. An expcsure of
the stack for three six-weeks periods, spread over perhaps six months
should give therefore about the J:'equ:i;red( mmbef of interacticns.

The interactions may be located by line scanning along a track
seen in the spark chamber as errerg:l.ng from the stack. This technique was
. used in the earlier work. It ceases to be viable ip the presence of a

large muon background. The spark chamber enables the location of an event
in position to within gpproximately 1 mm and in direction to within lof

A muon background such that thére are more than five possible candidate
tracks in this area and in the right direction would be unacceptable on
account of the time required to folléw spurious tracks through the emulsicn.
It is estimated that the time required to find an event by this method
~could be 7.5 scanner days.

Alternatively however interactions may be located by area

~scanning of a cylinder of emulsion of cross sectional area about 4 mnz and
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length equal to a\the thickness of the stack. Supposing a stack of ‘thickness
5 cam this would involve area scanning of an area 50 x 2 mm2 on each of
four plates, i.e. an area of the order of 4 cmz, a task which a campetent
scanner should be able to accamplish in a few hours. The time required to
find an event by this method is estimated to be not more than 2.5 scanner
days.

In many cases two or more tracks fram a given neutrino interaction
should be located by thé wide gap spark chamber. In such cases it should
be possible to locate the interaction within a cross sectional area of 5 mm2
and a depth of 20 mm. Finding the interaction would then involve scarming
an area 20 x 2.25 mm2 on each of four plates, i.e. an area of 1.8 cm2 in all.

If an area scanning technique is used to locate neutrino inter-
actions a very much larger muon ba;:kground should be tolerable since the |
following of tracks through from one emulsion pellicle to another is not
involved. The tolerable background muon limit is then set by the memory
 time of the spark chambers used for location of the secondary tracks from
neutrino interactions. Typicaily this tlme is of the order of 10.6 sec.
Supposing in the whole experiment we need lO6 pulses and the spill-out time
for each pulse is 50 usec the total spill-out time is 50 sec. The tolerable
maon background is then of the ofder 5 x 107 for the whole run, In the
experimental arrangement proposed below the area of stack exposed to the
neutrino beam is 0.2 m:2 so that the tolerable muon background is 250 x 106
muons per mz, or 250 mums per m2 per pulse. This gives also about the
maximm tolerable general background of tracks in the emulsion for an
exposure of 106 pulses.

Neutrons produced in neutrino interactions in the shield also
provide a background which may be troublesame in an emulsion experiment in
a neutrino beam. Slow neutrons accampanied by low energy gamma rays could

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

\:it may be necessary in an experimental arrangement to make provision for
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shielding the stack from the neutran backgrourd.

The experimental arrangement.

Fig 2 shows the proposed experimental arrangerent. Charged
secondary products of neutrino interactions occuring in the emulsion stack,

EM, are cbserved in the wide gap spark chanber, SC2. A narrow gap chanber

SC:L together with two scintillation counters, Cl C, are used to veto events

in which a charged particle entered the emulsion stack. SC, is not

1

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

) 1
A scintillator C, is placed between EM and SC,. ILead blocks doinstream fram.

SCi together with the scintillators C 4 and Cg and the narrow gap chamber 5C;

enable muon secondaries to be detected.

—

The signal C,C.C.C,C. is used to trigger the spark chambers. SC

172737475 3
provides confirmation that the muon seen by C5 is indeed correlated in
direction with the muon measured in SC,- The time of flight between Cy ani

C5 is™6 nsec so that time informaticn from these two counters should
permit rejecticn of particles from the cosmic ray background going through

the apparatus from back to front. The lead plate behind SC3 protects C

5
and SC3 fram the noise of low energy particles entering the system fram the
back.

It is proposed to insert. coumters at inte{vals along the lead
| degrader to permit range measurements of the secondary particles. The exact
t:}pe of counter to be employed is under discussion.

The arrangement is deéigned to permit detection of secondaxy
particles emitted at angles within 10° of the incident neutrino beam

direction.

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

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

is used this reduces the time-consuming work of following the track from
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pellicle to pellicle, ' If the method of area scanning is used it reduces
slightly the area to be scanned since multiple scattering effects are
kept small.
The actual volume of the emulsion is determined largely by cost
considerations and the need to examine a meaningful nunber of interactions.
To dbtain about 1000 neutrino interactions in a time of about 6 months a
volure of about 10 litres of emulsion is needed. The ’pr‘evsent cost of
emlsion is £1400 per litre. ) |
o It is proposed that the dimension of the emulsion stack in the
direction of the neutrino beam should be 5 cm and that the emulsion shoulii
be .in the form of four stacks each cmsiéjting of ;116 pellicles 20 x 5 am
in surface dimensions, 0.6 mm thick. These four stacks would be held in
clamps and the face to be placed nearest the spark chamber SC2 milled.
Fiduciary marks on each pelli-c:le would enable it to be located accurately
relative to the clamp holding it Fidﬁciary vmarks on the clamp mountings
and on the spark chamber SC2 would then make it possible to locate the
tracks in the spark chamber relative to their expected position in the
emulsion stacks to the required\ accuracy ¢l mm in position, 1° in
direction). |
Fig 3 shows the estimated positions of the four emulsion stacks
(clamps not shown). Each will foﬁn a block of emulsion o'f dimensions
25 x 20 x 5 cm. Allowing for the size of the clamps the emulsion will be
spread over a cross sectional area of approximately 60 x 60 cm. This
determines in turn the area of the counters and spark chambers of the
detection system,

If it proves necessary to shield the emulsion from 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.

Spark chambers. With the event counting rate expected simple multigap
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optical spark chambers should be quite satisfactory. Fer the event
reconstruction ﬂomever we need a charber allowing the measurement of
tracks on a length of more than 10 am and with a good multitrack
efficiency. A wide gap chamber with separation =20 cm is proposed (SC2) .
For high energy events the multiplicity may be high and there may be some
overlapping of secoﬁdaries beamed forward so that the distance between
the emulsion and sC, should be coptimized in order to obtain at the same
time a satisfactory precision (better than 1 mm) in thé determination of
the position at} which the particles leave the emulsion and a good
separation of the tracks at their point of entry into SC,. The gecmetry

2
shown 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 cbservations should lead to the location of neutrino inter-
actions. The topology of types of interaction of interest to us is

illustrated diagramatically in fig 4 for the cases

(a) - v, +p > M + hadrons

+
L} + + v
\)v v H

+
or v. +te +v
U e

ete
(b) \}u+p'+ M° + hadrons
+ —
L\) -+ -+
u u u
- +
oruy +e + Ve
+ -
or \)u +e +e etc

(©) vu+p*u~+ci+hadrons




»—8_
(d) vé+p+u_+co+hadrons

A separation of 1 um between the neutrino interaction and the decay point
of the heavy lepton or charmed particle should readily be detectable,
corresponding to a lifetime of 3 x 10-15/7 sec, where y is the ILorentz

factor of the unstable particle.

Tdentification of the details of the interaction.

The informaticn that can be expected about the secondary particles
from measurements in the emulsion is limited, especially Vas their tracks
would usually be expected to show minimum specific ionization. The short
dimension of the stack in the forward direction means that information on
specific ionization and multiple s‘cattering will be meagre. The lead
degrader in the electronic detection part of the apparatus should permit
the separation of muone from hadrons. The introduction of counters of a
suitable type at intervals élong the lead deg:_:ader should permit muon
energy estimates. -

It would of course be usefdl also to know the sign of the muon.
This would be difficult and costly to achieve owing to the large dimensions
of the wide gap chambers over which a mgnetic field woul;i need to be
established. If one were to attempt a sign determination it would be
econamical to introduce extra wide gap chambers. If the total length of
‘path of the muons in vwicrie gap chambers were 8C am a particle of incnentum
2 GeV/c would be deflected by 2 mm in a field of 500 cersted. To establish
a field of this magnitude over the necessary volume two coils each of
diameter 1 m separated by 1 m, each with 50, 000 ampere turns would be
needed. On conservative estimates each coil would need to contain about
700 kg of copper. This would be a major addition to the cost of the
experiment 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




while to introduce a facility for sign determination otherwise at this
stage. The main task at ﬁresent is to investigate whether héavy leptons
or charmed particles of lifetimes within the range 10_12—10"15 sec can be
detected. 1If positive results are obtained other experiments can be

devised to investigate their nature further.

Preliminary studies to establish most suitable available location of the

~experiment 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 wo-uld be
between the large bubble chamber and the large wide-band neutrino beam
detectors. In this position the magnet of the large bubble chamber would
help to sweep away the muon background. The lay~out and the backgrounds
(muon, neutron, y- ray) can only be determined in discussions and measure-
ments on the spot. It is therefore proposed that test exposures of
emulsion plates should be made at var.ious possible locations to determine
these backgrounds. Muon backgrounds should ideally be determined 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 defection of the neutrino interactions the muon
tests would need an exposure of about 10 per cent of the proposed exposure
for the whole experiment (i.e. about 105 pulses). If area scanning is to
be used a much smaller (1 per cent) test exposure would suffice (i.e. ot
10% pulses).

Arrangenents éhould also be made to carry out exposures unshielas:2
and also inside a neutron and y-ray shield. An exposure of 104 pulses
should suffice for this.

It has been pointed out sbove that the total duration of the

erxperiment may amount to six months or more so that it is necessary to
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ensﬁre that fading of the latent image of the tracks should not occur in
this time. It is known that fading of the latent image is associated
with humidity of the surrouﬁdjngs. It is intended to seal the stacks
hemeticglly to prevent fading due to this cause. Fading may also be
dependent on temperature so that it is necessary to know whether the
stacks should be kept refrigerated. Test plates have been exposed to a
20 GeV proton beam at CERN and are being processed at intervals up to 6
months at Strasbourg. All the plates are henneticallj}; sealed. Half are
being kept refrigerated. The remainder are being kept at room temperature.
From the results of this test run it will be decided whether continucus
refrigeration of the stacks of the actual run will be necessary.

Provision will also need to be made fof the storage of the
stacks (presumably underground) between runs to reduce the cosmic ray
background. This means also that the arrangements for mounting the stacks
J;elative to the wide gap chamber must be very positive to ensure that it is
always returned to the same positicn after removal.

Steps are also needed to ensure that due notice is given if par:t
of the shielding of the neutrino beam is to be removed to enable test
beams of muons or other charged particles to reach the wide band neutrinc
detectors behind the stack. A single pulse of this kind could campletely
ruin the whole experiment so that it is nemséary to devise a fool-proof
procedure to prevent this happening. It is propos;ad that the test runs
‘at NAL should be carried out during summer 1974, If the results indicate
the feasibility of the experiment a firm proposal for the main experiment
will then be placed before the NAL seleétion cammittee and, if approved,

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

Fig 1. Tllustrating estimated production cross sections by neutrinos
(1)

and decay rates of heavy leptons ™.

(a) The ratio of heavy lepton to muon production cross sections
is written

2
o(\a'll N - M++hadrons ) gM ( (3} )
= &
. S e R u C 2
c(qu->u + hadrons ) g ML

(gM, g;g‘ coupling constants for the two processes,
S = (total energj,r)2 M= heavy lepton mass)

The figure shows ¢ plotted against S/M%‘.

(b} Decay rate of heavy leptons, I' , plotted against ML

Fig 2. Experimental lay out proposed
M, emalsion stack; SCl, SC3, narrow gap spark chambers;
SC2 wide gap spark chambers (one may be sufficient); C., C

ir 2!
Cyr Cyr Gy sc'intillat\ion 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 emalsion, each of

2.5 litre.

Fig 4. Typical topologies of different processes involving production

of heavy leptons and charmed particles.
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PROPOSAL TO SEARCH FOR SHORT—LIVEb 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 Y particles have focussed interest on the possible existence of charmed particles

2 to 3 x 10_12

and heavy leptons that could well have lifetimes in the range 3 x 10
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,however, 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 thé origin of the
interaction is predicted from a reconstruction of the secondary tracks observed

in.f}ghfgﬁﬁce;Fggg}ptlon wide gap:§Park S AR ST E

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 sone specified value. A spark-chamber-scintillation counter arrangement,
constituting a shower detector, will be used to estimate fast secondary electron
energies.

For an exposure of 2 x 1018 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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ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

1211 GENEVE 23
SUISSE / SWITZERLAND

Téléphone: (022) 4198 11 br. L. Voyvodic
Telex: GENEVE - 23698 Fermi National Accelerator
Télégramme: CERNLAB-GENEVE ) Laboratory
P.0O. Box 500

s BATAVIA, Ill. 60510
Y f
our reference USA
Notre référence
Our reference _ﬂMC/Sm o

’ A rappeler dans la réponse

Please quote in your reply Genéve, Ju,ly 2 ’ 1975

Dear Voyvodic,

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-
ment E310 will run with fast ejection (20 microsec) at a
machine intensity which cannot exceed 1.2x1012 ppp, due to
background problems in their wide-gap chambers. Furthermore
we have now received the drawing of the lay-out of E310 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 concrete blocks can be provided at FNAL in the quanti-
tity necessary to filter muons of energies greater than ~1.5 GeV.

Such a solution appears satisfactory in many respects:

a) It gives E247 complete independence from E310, yet leaving
the possibility of a future 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 emulsion 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.




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 27, 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 yielding, 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-consistent, we pro-
pose to instal outside the trailer a simple detector providing
the muon direction and the_ "muon trigger". The latter is
obtained 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 'pbulsed 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.




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 methal. The muon
trajectory is localized within a square of side A. Due to
scattering in the dense material it is pointless to make A
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 trailer 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.




In this connection it seems very important that you check
whether the machinelgnergy (300 or 400 GeV?), the primary
beam intensity (~10 ppp?) and the spill-out time (20 usec?)
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
Fig. 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 the 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 your 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, provi-
ded we get a positive answer from you on the present proposal.

6. Conclusive 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 llth 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-
bility 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?




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,

/

Ao Conversi
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 tests 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
A = 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 HV pulses,
gas mixtures and rate of gas flow, at trigger rates
up to about 1 per sec,
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