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We propose to search for neutrino oscillations in the SPS wide-band beam by
measuring the disappearance of vU events and the appearance of vy and v events,
This is dome by comparing the ratios of neutral-current to charged-current events,
and of events with electromns to events with muons., It is stressed that the best
method ugses quasielastic events. Two detectors are needed, one positioned close
to the production target, the other onme 17 km away from it. The two detectors
have the same structure and are compesed of a fine-sampling calorimeter using

flash~tubes followed by a magnetized iron spectrometer.
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1.

INTRODUCTION

Neutrinc oscillations were first proposed many years agol). They have re-
cently become topical with the publication of results suggesting that neutrinos

may have a non-zero mass:

i) 2 finite mass is claimed for the Ve in a study of the endpoint in the spec—

trum of the B decay of tritium?);

ii) a ratic of charged—current to neutral-current cross—sections induced by Ue

at a reactor is interpreted as evidence for neutrino instability®);

iii) a beam-dump experiment at CERN yields significantly more muons than elec-—

tronsu) .

These results do not give a satisfactory understanding of the phenomenon,

and the existence of neutrino oscillations®) is not vet demonstrated.

Here we propose an experiment which is an order of magnitude more sensitive
than any proposed so far, and which is sensitive to the possibility of three-way

mixing between neutrino types.

On the theoretical front, developments in grand unified theories (GUTs) tend
to favour the mixing of neutrino species, and they generally predict masses in

the rangeﬁ):
107° <M, < 1.0ev .

This is only pessible in theories which go beyond SU(2) x U(l). As a conse-
quence, the discovery of neutrino oscillations would be a first sign of what
happens beyond the mass scale of 100 GeV, which is appropriate for the present

electroweak models.

By anatogy with the Kobayashi-Maskawa mixing matrix among quarks, it has
been argued that the dominant mixing could be between UU and Vo 7)., 1t suggests

that the oscillation UU “r v could be the most probable.

Even with massless v's there is the possibility of ascillation in matter®),
although present estimates give little hope of experimental detection. Other
considerations relevant to this experiment are: the possibility of v » ¥ oscil-

lationsg), and the occurrence of CP violaticns in the processln).

MEASURING NEUTRINO QSCILLATIONS

2.1 Probability of osecillation

For the sake of simplicity, we discuss the semsitivity of this experiment
assuming mixing between two states. The probability of oscillation between two

neutrinos v and v is given by



-2 -

N S - Ry]_ s 2 - 2 R
P =7 sin 28[1 cos 21 L] sin® 20 sin® 7 T

where R is the distance between production and observation, § is the mixing angle

between the two neutrincs, and L is the oscillation length:

_ E (GeV)
L= 2.5 80 Gy
vhere An® = |m§ - mi |, with v, and v, referring to the neutrinoc mass eigenstates.
1 2

Present limits come from the Gargamelle bubble chamber!}!) for vu +—Ue and
v o+ v, from LAMPF!2) for v —+ v , and from FNALY3) for v, +v_and v + v_,
ol e u = H e Uy T
They can be compared by assuming maximum mixing (sin® 26 = 1), The limit for Am?®
is about 1 eV® from all three experiments. A new experiment at Grenoble'®) claims

the very good limit Am? < 0.15 for the transition ﬁe > v,

If the mixing is indeed not very small, the oscillation length must be large,
and experiments at accelerators are testing oscillations in a range of distances
for which R/L << 1. 1In this case the probability of detecting an effect increases
like (R/L}? « (R/E)?. Consequently, an experiment should try to maximize R/E by
choosing either low neutrino energies or long distances. We will argue in favour
of the second solution., Similar counsiderations have already been discussed else-

wherels).

2.2 Advantages of high energy

We propose to use the SPS wide-band beam for the following reasons:

- As emphasized in our Letter of Intent, SPSC/I135, the rates of detected
events in a given detector are more favourable, essentially because the neu-

trino cross-section rises linearly with energy.

- The background from cosmic events, very difficult to handle for a few 100 MeV

beam, is here easy to reject both in energy deposition and in directionality,

— The contaminaticn of the initial beam in ve’ which dictates the present limit
of the FNAL search, is smaller at long distances because of the larger di-

vergence of the Va beam produced in Ke3 decays.

~ The identification of muons by penetration is very easy at high energies, and
the energy resolution for electron and hadron showers, using calorimetry

techniques, improves with energy.

- Finally, the Vo is no longer sterile, being well above threshold for T pre-—
duction. Should oscillations be found, it is conceivable that this is the

begt way to investigate Vo interactions.



2,3 Principle of the measurement

To detect a change in the composition of a‘v beam, it is essential to have
(at least) two measuring stations at two different places along the beam. Measure-
ments with only one detector have to rely on calculated fluxes that are prone to
systematic errors. On the contrary, measuring neutrine interactions simultanecusly
in two detectors allows a comparison that is immune to beam changes and, to a
good approximation, is independent of the beam spectrum, It is safegt to use two
detectors with the same longitudinal structure so as to avoid biases resulting
from acceptance corrections. The comparison will be made between positively
identified classes of events: charged current (CC) vu, Vs and V. events; neutral
current (NC)} events; with the same cuts applied to both detectors to define these

classes.

2.4 A detector in the Jura

Locking for oscillations in a high-energy neutrine beam necessitates long
distances between the two detecting stations. The first detector {(detector 1)
could be housed in the Gargamelle hall (940 m from the target). The second one
{(detector 2) has to be positioned at the furthest practical distance. Figure 1
éhows the neutrino wide-band beam across the profile of the Jura mountain. The
beam re-emerges at a distance of 17.5 lm in the "for@t communale de Cern&trou”.
This place is easy to reach, being near a road. The position is knowm to 1 m
(see Appendix 1). This is well within the natural divergence of the beam, which
will be more than 10 m at this distance. The direction of the incident proton
beam is stable to better than .02 mrad, and such small instabilities would give

negligible variations at the level of the detector.

THE BEAM

Two beams have heen considered: the standard wide-band beam currently operated,
and one designed tc maximize the event rate between 10 and 30 GeV by reducing the
distance between target and horn. In each case 450 GeV operation has been assumed.
Since the cptimized beam gives significantly greater sensitivity we prefer this
option, and figures have been calculated on this basis. However, we also give the

results for the standard beam.

3.1 UHNeutrino flux at 17 km

The flux hitting a detector 17 km freom the production target was computed by

*, K®, and A’ decays.

the standard wide-band beam program, with simulations of K*, m
The results are presented in Table 1 for both the standard and optimized beams
for 10'% protons on target. Figure 2 shows the spectra in the optimized case.

Contaminations from other neutrino species are as follows:
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v_=5.0x 1073
1=}

Y = 3.4 x 1072
i

T =6,2x 107",
e

These contaminations, and in particular the Ve beam, have spectra that are very

different from the dominant vu beam, as may be seen from Fig. 2.

In order to study the sensitivity of the beam to a sideways shift, the flux
has alsoc been calculated for a detector positioned 5 m off axis. There is no

significant change in the spectrum or the contamination intensities.

3.2 Matching the solid angles

In comparing neutrino fluxes in two detectorg it is essential to understand
the possible systematic effects which can affect the result, The extended neu-
trino source is such an effect. Ideally we would like the two detectors to match
the same solid angle. This is only possible with a point-like source. Here the
source is 300 m long and 1.2 m wide. If we define the transverse dimensions of
the two detectors such that they see the same solid angle for a point-like emis-
sion set in the middle of the decay path, then the cotrections can be readily com—
puted. We find that the solid angle seen by the first detector is 3% larger than

the second one, owing te the length and the lateral extension of the V source.

These two geometrical corrections, which depend only on geometrical dimensions,

can be accurately determined and the fluxes corrected.

3.3 The spectrum in the closer detector

Because of the non-peint-like source, the closer detector sees neutrinos
emitted at a larger decay angle, and the spectrum may be softer than in the far-
away detector for which the beam is almost parallel. This is shown in Fig. 3,
where the spectra in the two detectors are compared. Thus although the two de-
tectors can be chosen such that the fluxes traversing them are equal, because of
the different gpectra the number of Vv events in detector ! will be smaller than

in detector 2.

3.4 Sengitivity to beam properties

To overcome the difficulty of the different spectra, we therefore propose to
compare ratios of NC to CC v events in the two detectors. For a given v species
this ratic is independent of the spectrum. If there is oscillation the spectrum
does not change, and the NC events are unaffected since all v of a given momentum
will give the same NC event in a detector, Thus the disappearance of uu between
detector 1 and detector 2 will be measured by comparing the ratio of NC to CC UU

events in the two detectors., This method of comparing ratios also avoids the
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necessity of knowing precisely the dimensions of the detectors, which otherwise
give systematics at a level of a few percent.

The appearance of Va (vT) will be measured by comparing the ratio of CC Ve
(cC UT) to CC vu events. It is then essential to have detectors that can make

the best possible identification of both muons and electrons in the final state.

THE TWO DETECTORS

The detectors must be able to identify electrons and muons. Furthermore,
they must give a measurement of muon momentum and of electron and hadron energies.
They will be composed of two parts: a fine-gampling calorimeter which is also

the target, followed by a muon spectrometer,

4.1 Dimensions of the detector

In order to collect a large sample of events, we propose to use a target of
100 tons fiduecial volume for the larger detector, This will then have the dimen-~
sions 3.4 x 3.4 x 1.1 m® of equivalent iron. As we want to measure the energy of
the events, the detector must contain the shower development. It will be argued
that, for the main measurement, we need contain only the electromagnetic shower.
For this purpose the final dimensiong will be 3.7 x 3.7 x 1.5 n® of equivalent
iron. However, it is probably desirable to precede the detector by 50 cm of

active neutron shield made up of 10 cm iron slabs interspersed with flash-tubes.

The small detector has transverse dimensions scaled down from the big one,
and the same longitudinal dimensions. The dimensions, after provision for con—

tainment, will be approximately

1.5 % 1.5 x 1.5 m® .

4.2 The electron calorimeter

In order to recogunize electrons produced together with hadrons, the calori-
meter has to have a fine grain. It will be composed of a stack of 3 mm thick
iron plates and flash-tube planesls). These planes, which are commercially
available, are made of black polypropylene. They are 5.5 mm thick with rectangular
holes of 4.5 x 5 mm®. A mixture of neon-helium at atmospheric pressure circulates
in them, The electric field necessary for the development of the plasma is
applied to aluminium layers, 60 um thick, glued on the plastic. Two planes of
flash—-tube are paired together with the high-voltage layer in between, Figure 4
shows the detail of one cell of the calorimeter with an iron plate and a bigap

of flash-tube planes., Figure 5 shows the resulting resclution for EM showers.

Each target will be made of 500 such cells for a total of 1.5 m of iron.

This requires 336,000 channels for detector 2 and 126,000 channels for detector 1.



4.3 Tests of large-size flash planes

Long flash—-tubes of length 5,5 m have been tested at Saclay using a4 gas mix—
ture NEOGAL 70 (707 neon, 30% helium). The high-voltage pulse was provided by a
delay-line cut in an aluminium feil insulated from a ground plate by a mylar
sheet'”), This arrangement is shown in Fig. 4. It gives a high-voltage pulse of
rectangular shape and width 200 ns which is sufficient for the plasma to propa-—
gate along the tube length, The plasma reaching the end of the tube emits a
vigible light which can be photographed. Figure 6 shows the test set—up and an
example of cosmic—rays traversing a stack of 10 planes. The efficiency of de—
tection per plane is shown im Fig. 7. It reaches 80Z at ~ 8 kV with a plateau
of 2 k¥, and is independent of the particle position along the tube. The number
of random hits is also shown in Fig, 7. These hits originate from photons pro-
duced in an excited tube being reflected at the window into other tubes. These
accidentals decrease when the back-window is blackened, and should be very small

with an electronic read-out which dees not require a window.

The read-out is being developed at Wuppertal. In principle, as there is
sufficient charge picked up by the pins inserted into the plasma to flip a shift
register without amplification, a very simple and cheap read=—out can be built.
Prototypes built at Wuppertal have shown that this is possible and the estimated
price for the complete system up to the computer interface has been costed at

1 SFr per channel.

4.4 The muon spectrometer

This follows the target—calorimeter and provides a filter to absorb the
hadrons together with a magnetic field to momentum analyse muonsg, It can also be
used as a target to increase the sample of U events for the vu + GN oscillation
search, The spectrometer for detector 2 uses three dipolar magnets of dimensions
3.7 x 3.7 x 0.5 m® each. The field produced by coils wound through holes
2mx 30 mm is shown in Fig. 8. It reaches 16.8 kG. No water-cooling is neces-
sary and the power consumption is low: & kW per magnet. All the iron is available
from the now completed R209% dimuon experiment at the ISR. The magnet for detec-

tor 1 will be a scaled down version of the one for detector 2,

The drift chambers are asgembled in modules of x~x-y-y planes. We need a
total of six modules containing 900 wires. With a spatial resolution of 500 pm
per wire, the initial and final direction of the muons can be measured with an
error of 1 mrad, The momentum resolution, taking intc account multiple scattering

and measurement resolution, is shown in Fig, 9.
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The efficiency of identification as a function of muon momentum is shown in
Fig. 10. It should be remembered that this will be the same in both detectors

and therefore does mot enter directly into the detection of oscillation.

4.5 The trigger system

A trigger is required to pulse the high voltage of the flash-tube system.
Also the dead-time being of the order of 1 s it is essential not to trigger on
cosmic-ray events. To achieve this, a system of hodoscopes of scintillator coun-
ters is used. To be fully efficient on real events having an electron, the planes
of counters must be separated by less than the extension of an electromagnetic
shower. Figure 11 shows the trigger efficiency for electrons. It is sufficient
to have cne plane every 30 cells of iron flash-tubes, namely every 5.0 radiation
lengths of iron. Each of the hodoscopes will be composed of nine elements 3.6 m
long and 40 cm wide. Two-inch phototubes will detect the light at beth ends,
allowing a 50 cm spatial resolution along the counters., The trigger will require

the coincidence of counters of adjacent scintillator planes.

Figure 12 shows the over-all view of detector 2, The total lengths are 7 m
for the calorimeter and 2.7 m for the muon spectrometer. The target is subdivided
into 16 modules of 30 cells each, separated by scintillater hodoscopes. As pre-

viously discussed, the target is preceded by an active neutron absorber.

PERFORMANCES

5.1 Event rate

The total number of CC vu events produced for 10%° protons and a 100 ton
target is 32,000 in the case of the optimized beam. Of these events 18,750
correspond to a neutrino energy between 10 and 30 GeV. Comparigon of event rates
between standard and optimized beams is given in Table 1. During a 1 ms long
spill, a few cosmics traverse the detector, and the probability of a beam v
event generated in the target is 0.04. Thus a selective trigger is required.
Another category of events will generate possible triggers: these are the vu events
produced in the mountain in front of the detector. A Monte Carlo study gives a
probability of seeing two such events per pulse in the detector. These events
are easily identified by TOF between the front and the back layers of scintil-
lators. They can be used to calibrate the detector and also to check the timing
of the beam gate. 1t is foreseen that a cheap form of leased cable can be used

to transmit timing information to the remote site.

5.2 Monte Carlo program

Tn order to estimate the ability of an iron flash-tube calorimeter to iden-

tify the different categories of V events, a simulation of the detector has been
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developed, Real CC vu events have been generated, and in some cases the muon has
been treplaced either by an unseen neutrino or by an electron. A total of 100
events has been produced with the actual spectrum of the v beam. Figure 13 shows
some characteristic events: CC vu event (Fig. 13a), NC event {(Fig. 13b), and a

cC v, event (Fig. 1l3c).

The CC vu events are unambiguocus for muon momenta above 2 GeV (90%Z of the
cC UU events). Disecrimination between NC events and CC v, events is more diffi-
cult because electromagnetic ghowers can be masked by hadronic showers. More
studies have to be made, especially with actual data. Here we argue that there
is a method, less prone to systematic errors, for measuring the ratio vefvuz the
study of quasi-elastic charged current {QECC) events, i.e. vpn.+-u_p, v > e p,
and an + T p. These channels account for several percent of the total cross-—
section. Because of their y distribution they are very easily identifiable and
the final lepton gives a good estimate of the initial neutrino energy. The de-
tector is very well suited for this purpose: Fig. 14 shows examples of quasi-

elastic events. This method allows a sure contaimment of the hadron energy.

5.3 Sensitivity to oscillations

With 10'® protons on target we could accumulate 32,000 CC Uu events and
10,700 NG vu events in each of the two detectors. In practice, QECC events will
be defined by hadron energy less than 1.5 GeV, for which the crosg—section is
estimated to be 2.5 x 10 *® cm®/nucleon, independent of energy above a threshold
of v 1.5 GeV, With 10%% protons on target this gives QECC vu events, among which
4000 have an energy between 10 and 30 GeV. The spectrum of the electrons pro-
duced in QECC Ue events arising from a possible oscillation and of the muons pro—
duced in QECC vu events will be the same. This allows a check on any effect ob-

served.

With these numbers in mind we can extract the sensgitivity of this experiment

to search for oscillations:

a) The disappearance of vu can be detected by comparing the ratio NC/CC, where
CC includes all events with a well-reconstructed muon, and NC is the remain-
der. The comparison of ratios will be independent of uncertainties in the
relative size of the detectors. Without oscillation the ratie NC/CC is in-—
dependent of energy, thus independent of a difference of spectra in detec-
tor 1 and detector 2. A possible error comes from the evaluation of the
number of GG vu events where the muon is not identified. The proportion of
such events is small (5%Z) and a correction can be estimated to within 107.
Other backgrounds such as T,K + pn decays, geometrical inefficiencies, etc,,

are also common to both detectors, and therefore cancel in first order in
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the comparison. The active neutron shield will protect the fiducial regions
from incident hadron background which could be different in the two detectors.
Considering the 5400 NC events in the energy range 10 to 30 GeV, the statis-
tics limit the comparison of the ratios NC/CC in the twe detectors to 1.9%,

This translates into the limit: sin 26 Am® < 0.15 eV® (90%7 C.L.).

b} The appearance of Ve and Vo is searched for in the QECC events. Background
for the process Vol + g p comes first from the initial Va contamination,
which will give 15 events in both detectors in the range 10 to 30 GeV. As
the electron carries the Vv energy information, it is possible teo reject
some fraction of these background events because of the difference between
the vu and ve spectra. Another background comes from v e scattering. The
expected number of such events is 10, with equal contributions in detectors 1
and 2. Finally there is the possibility of NC events with fast 7 in the
final state. From BEBC results'®) we evaluate the probability of having a

0

fast m° in NC quasi-elastic events to be 6.5%Z. This gives 75 such events in

our sample. The upper limit on the probability of a n°

faking an electron
is estimated to be 40%. This gives a maximum of 30 events. Again this
background is the same in the two detectors. The comparison of rates in the
two detectors gives an upper limit on ve!vu of less than 4 X 107%. This

gives a limit for the oscillation vu > vy of: sin 28 Am® < 0.06 ev? (90% C.L.).

c) The signal for the cscillation vu >V will also be obtained by the study of
quasi-elastic events: the signature for T decay will be an electron, emitted
at large transverse momentum. With a branching ratio T + evwV of 177 and a
30% loss due to threshold effects in the production of CC v, events, the
number of background events discussed previously gives the limit:

sin 28 Am® < 0.13 ev® (90% C.L.).

2

The limits expressed in terms of Am* and sin® 26 are shown in Fig. 15, together

with some recent results on searches for oscillations.

CONCLUSION

We propose a dedicated experiment to search for neutrino oscillations. This
experiment improves the limit on the existence of oscillations by at least one
order of magnitude. To have an idea of the gensitivity of this search, it is
enough to realize that, if Am? = 0.15 eV? for any pair of neutrinos (corresponding
to the best upper limit ever quoted), the experiment would still give tise to
830 CC events from oscillating neutrinos. For a mixing angle "a la Cabibbe",

sin? 26 ~ 0,05, and Am®> = 1 eV®, the number of "oscillated" events is 1850.
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The experiment is done with the SPS neutrino beam and need not disturb the
rest of the neutrino physics program, In this proposal we have assumed the use
of an optimized wide~band beam. Use of the standard beam would, for the same

number of protons, lead to 20% worse limits in Am®, as shown in Table 1.

This experiment is the only one proposed to search for the vu + Vo oscilla-
tion which may be favoured theoretically. Should an effect be seen, this experi-

ment gives an opportunity for proving the existence of the V.-

Costs are not high for such a potentially fundamental search and a present
estimate is given in Appendix 2. In particular the demands on CERN would be
small. They would comsist of establishing communications and facilities to mount
the experiment at a distance of 17 km in the Jura, and possibly modifying the
beam, The detectors would be provided by the participating laboratories. The
Saclay Group working on a proton lifetime experiment has offered the present
collaboration to suppert this experiment in any possible way which is not incom-

patible with the Tp experiment, the two detectors being very similar.
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Table 1

Comparison between low—energy and standard v beams
450 Gev - 10%3 protens — Target: 3 mm ¢ Be - 8 elements 10 cm

Low—energy beam Standard WB beam
Detector 100 tens at 17 km
Total flux (per GeV-m®) Vi 2.89 £ 0,22 x 107 3,75 + 0.22 % 107
Mean energy (GeV) 32.5 41.0
Flux 10-30 GeV {per GeVs.m?) 2.04 x 107 1.49 x 107
Total No. of events 3.34 £ 0,19 x 1072 5,70 + 0,22 x 1072
Mean energy (GeV) 56.6 67.6
Events 10-30 GeV 1.58 x 1072 1.12 x 1072
Total flux (per GeV.m?) v, 2.01 + 0.06 x 10° 2.49 *+ 0,05 x 10°
Mean energy (GeV) 50,7 59.7
Flux 10-30 GeV (per GeV-m2) 7.39 x to* 6.77 x 10"
Total Na. of events 3,80 + 0.10 x 107" 5,71 + 0.16 x 107*
Mean energy (GeV) 81.7 89.8
Events 10-30 GeV 6.28 x 107° 5.34 x 107°
Detector .32 tons at "BEBC"
Total flux (per GeVem?) vy 1.12 £ 0.03 x 10%° 8.84 + 0,24 x 10°
Mean energy {(GeV) 20.9 26.7
Flux 10-30 GeV (per GeVem?) 6.75 x 10° 4.89 x 10°
Total No. of events 3.99 + 0,07 x 1072 4,28 + 0,07 x 1072
Mean energy (GeV) 45.7 59.9
Events 10-30 GeV 2.13 x 1072 1.68 x 1072
Total flux {(per GeV-m®) Vg 1.04 ¢ 0.02 x 10° 1.13 + 0.02 x 10°
Mean energy (GeV) 37.7 41.5
Flux 10-30 GeV (per GeVem?) 5.02 x 107 4,77 x 107
Total No. of events 5.65 + 0,09 x 107* 7.49 + 6,14 x 107°
Mean energy (GeV) 62.7 . 67.9
Events 10-30 GeV 1.35 x 107" 1.28 x 107"
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Figure captions
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Wide—-band neutrino beam line across the profile of the Jura mountain.
Neutrino beam spectra at 17 km from the production target.

Ratio of UU spectra in detector 1 and detector 2.

Exploded view of one module of the electron calerimeter.

a) Linearity response as a function of electromagnetic energy.

b) Energy resolution for electromagnetic showers.

Test set—up for the flash-tube planes with a photograph of a cosmic~

ray track.

Efficiency of the flash chambers versus high voltage at two extreme
positions along the tubes. The percentage of accidentals is also

showr.
Schematic view of one dipole magnet, and magnetic field configuration.
Momentum resoclution for muon tracks.,

Identification efficiency for muons. The dashed curve refers to

quasielastic events only.

Trigger efficiency for electrons as a function of the number of

radiation lengths traversed.

Over—all view of the detector.

Examples of simulated events: (a) CC vu; {bY NC; (c) CC Ue.
Examples of quasielastic events: (a) CC Uu, and (b) CC ve.

Sensitivity of the experiment in terms of sin® 20, Am®, together

with recent results.
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APPENDIX 1

Ref.: SPS-SU/JPQ/sg Date: 17.09.1980

MEMORANDUM

Copy to/Copie &:
To/A + F. VANNUCCI / EP

From/De : J.-P. QUESNEL / SPS-5U

Subject/: Projet extension Neutrino
Objet

L'étude géographique du projet d'extension Neutring a conduit au
résultat suivant.

Le faisceau "sort" de terre en un point situé & environ 130 m &
1'Est de la route départementale No 25, au pied d'un talus trés facile-
ment accessible.

La précision des résultats peut &tre estimée a 1'ordre de 1 m envi-
ron, tant en position altimétrique que planimétrique, ce qui ne peut modi-
fier en rien les conclusions d'une telle étude succincte, vu 1'environne-
ment trés favorable & 1'installation d'un détecteur, qui pourrait méme
&tre enterré, si besoin était..

Un accés est facilement réalisable de?uis le CD No 25 par un chemin
existant déjd d'une part, et par une autre liaison a construire jusgu'a la
zone concernée d'autre part (voir plan ci-joint).

Annexes : un plan de situation
un plan de détail
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APPENDIX 2
ESTIMATE OF COSTS
MSFr

Housing in the mountain 0.5
Electron calorimeters

iron + flash—tubes (175 tons) 0.35

pulsing + HT ' . T 0.12

read-out {470,000 channels) _ 0.50

gas system : 0.5

manpower 0.35
Muon spectrometers

iron (reshaping) 0.25

chambers (1000 wires) 0.2
Trigger system

scintillators (220 w?) 0.25

tubes (306, 2'} 0.15
Electronics 0.20
Computers 0.35

Total ' 3.7



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

