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ABSTRACT

A review is given of the new neutrino detectors which are
being constructed at several laboratories. The detection
characteristics of each detector are briefly described
and summarized. MNew ideas and proposals for additional
neutrino detectors are also discussed in some detail.

I.  INTRODUCTION

In the last year, there has been great progress in bringing into
operation new and more powerful electronic neutrino detectors.
At all of the major Laboratories there is an intense effort

to develop neutrino detectors which can address fundamental
physics issues involving nesutrinos. I will not review the
traditional calorimetric detectors employed by the collzhoraticns
of {a) California Institute of Technology, Fermilab (b) Harvard,
Pennsylvania, Wiseconsin, Fermilab, and (c¢) CERN, Dortmund,
Heidelburg, Saclay. [ will begin by describing the properties
of the new detectors which are being constructed at the various
Laboratories. Then I will outline several new imaginative

ideas for the next gemeration of detectors.

The description of the new detectors will be grouped according
to physics topic. These are:

1. Semi-Leptonic Inclusive Scattering

A. CHARM collaboration at CERN
B. FIMM collaboration at Fermilab

2. Elastic MNeutrino Electron Scattering

A. Virginia, Maryland, Oxford collaboration a2t Fermilab
B. FIMM collaboration at Fermitab

C. CHARM collaboration at CERN

B. Brockhaven, Pennsylvania collaboration at 3.N.L.

E. Irvine, Los Alamos collaboration at Los Alamos
")



3.  Search for short-lived particle production by neuirinos.

Finally, in the realm of necw ideas and techniques which have been
proposed, w2 shall outline:

4. The Liquid Araon Time Projcction Chamber

5.  The Liquid Argon Iron Plate Calorimeter

6. The Liquid Argon Bubble Chamber with Electronic Readout
7.  The Water Cerenkov Neutrino Detector

8. A Search Method for Massive lleutral Leptons.

IT. NEW DETECTORS

1. Semi-lLeptonic Inclusive Scattering

The kinematics of inclusive neutrino scattering are illustrated
in Figure 1.

The neutrino cross section can be expressed as a function of two
variables x and y. A determination of the values of the scaling
variables, x and y, in neutral current inclusive scattering

can he made if By and EH are measured. 6y is defined as the

angle of energy flow of the hadronic system.
. E. 6,
g, = a 17
H ziEi

where p. and E. are the angle and energy of the ith hadron
produced in the ipteraction and EH = in.

There are two new detectors being constructed at CERN and
Fermilab which, for the first time, will permit a measurement
of 8, and EH, or equivalently, x and y, for neutral current
inclusive scattering.

A.  The experiment {WA-18) at CERN is by the CHARM (CERN,

Hamburg, Aachen, Rome, Moscow) collaboration! This detecter has
been constructed and is set up behind the WA-1 neutrino apparatus
A series of 8 cm thick marble plates are interspersed with
detector elements as shown in Figure 2. These elements are used
to perform the following measurements:

(1) the lateral position of the interaction vertex to
determine both the incident neutrino energy in the
narrow-band beam and the origin of the vector of the
energy flow;

(i1} the magnitude and direction of the hadron energy flow;

(111} the direction of charged tracks inside the predicted

i ]
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cone of the outgoing lepten for muon identification.

Events with muons from © or K decay are ambiguous; they can

be properly assigned by measuring the muon momentum and checking
the total visible energy zqainst the a priori known neutrino
energy. To perform this momentum measurement, a magnetized

iron shell surrounds the entire hadron calorimeter.

The detector elements employed between the marble sheets are
scintillation counters for the measurements of the magnitude

and the direction of the hadron energy flow and proportional
counters for the determination of the shower apex and following
Charged particle tracks. Scintillation counter hodoscopes

are alternately in the x-and y- directions, with each hodoscope
between the marble slabs as shown in Figure 2. Each counter

is 15 c¢cm wide, transverse to the beam axis. The proportional
counters are arranged in the y-and x- directions relative

to the scintillation counter hodoscopes. Each tube is 3 cm wide.
The plate thickness, material and widths of the detector elements
were chosen to optimize the performance in measuring the

energy and direction of the hadron shower. This direction is
determined by the line joining the shower vertex and the centers
of gravity of the shower in each detector plane. This is
obtained from the mean value of the detector cell coordinates,
weighted with the pulse height in each cell, €.q.,

<@> = 7 Q'i 91/2; Q'i
i i

The results of a.Monte Cario simulation nf the detector response
are shown in Figures 3a and 3b. We may note that for this purpose
aluminum and marble are quite similar. This demonstrates that

the intrinsic resolution due to shower fluctuations is about

+ 7 mrads for a 100 GeV hadronic shower. For the configuration

of this detector, an angle resolution of + 10 mrads is expected
at 100 Gev. Data from a test beam at 22 GeV are shown in Figure

4 and give c(0,) = 38 mrad. It is hoped to improve this

resolution using proportional counter information in addition
to the scintillations counters for the determination of the
centers of gravity of the developing shower. In this case,
the experimenters anticipate that the projected angle
reso]ution,o(GH), for this detector can be parameterized as:

o(,) = 4 + g% ar (E, in GeV).

The anticipated energy resolution is:
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EH JEH (GeV)

At the downstream end of the calorimoter, there is a series of
magnetized iron toroids. These are used to determine the momenta
of muons to (4p/p) = + 15%, A sample of charged current events
will be recorded for calibration purposes.

The resolution in the scaling variable x has been calculated
by a Monte Carlo method. The calculation takes into account

(i} The error in neutrino energy correspcnding to a
parent beam momentum bite of + 2.7%;

(i1) Hadron energy measurement error;
(i1i) Angle of hadron energy flow error.

The resuiting resolution for x is shown for the case of 240
GeV neutrinos.

y\* 0.1 0.3 0.5 0.7 0.9
0.1/0.2 0,06 0.11 0.16 0.19 0.23
0.2/0.4 0,05 0.10 0.15 0.18 0.2]
0.4/0.6 0.07 0.13 0.15 0.19 0.23
0.6/0.8 0.10 0.16 0.22 0.26 0.30

This resolution is adequate to study in detail the structure
functions in semi-leptonic neutral current interactions.

An interesting additionmal attribute of this detector is its
ability to measure the polarization of positive 1zuons. 1In
collaboration with WA-1 experimenters they intend studying the
polarization of the u* in reactions:

Gu + N p o+ x

U+N+u+ + X
The events of interest will occur in the WA-1 detector and the
will be ranged out in the CHARM detector. A field of about 40
gauss on the whole detector will be produced by appropriate
energizing of the coils for the iron shell surrounding the

calorimeter. Approximately 50,000 stopped ul+ from the former

+
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of the two reactions is expected for onc week of wide band
antineutrino running. An accuracy of polarization of + 5% is
expected under these conditions.

A summary of the properties of this detector are:

Total Calorimeter Mass: 200 Tons

Angle Resolution: c(QH) = (4 + GUO/EH) mrad

Hadron Energy Resolution: olEy) . 55%AE
By

B. At Fermilab a new collaboration, FIMM, (Fermiliab ,Northern
I11.Univ.at DeKalb, MIT, MSU) E-594, is constructing a flash
chamber detector to study neutral current inclusive scattering.
The 400 ton detector will be located in front of the existing
24-ft. diameter iron toroids previously used by the HPWF
collaboration. A module of the detector is shown in Figure 5.

Flash chambersg are alternated with 3/8" thick asbestos sheets
(6 = 1.85 g/cm”) for the full length of the detector. The
detector 1s triggered by proportional chamber planes located

at one foot intervals throughout the detector. The flash chambers
are constructed from extruded polypropylene plastic at a cost
of $1.50/sq. meter. The individual cells of plastic are

Smm x Smm cross section and are filled with the standard spark
chamber gas of 90% Ne + 10% H_.. Gas manifolds are thermo-
vacuum formed from UVAC p]ast?c. The polypropylene planes

are covered with aluminum foil to form the electrodes. When

an event of interest is detected by the proportional counters,
a high voltage.pulse of 5 KV is applied across the flash
chambers thereby causing a glow discharge in the tubes where
the particles traversed the chambers. The cement sheets are
similar to aluminum in regard to radiation length and collision
length but are considerably less expensive.

Hadron showers were measured in a test beam with a prototype
flash chamber calorimeter constructed similar to that described
above, The hadron energy range was 5 to 300 CeV. Some observed
hadron cascades are shown in Figure 6. The hadronic cascades
were used to simulate the hadrons produced in neutrino inter-
actions. The hadron energy flow direction of the particles
emerging from the interaction point is determined by a least
squares fit to the primary vertex position and the center of
gravity coordinates of the hadron cascade in cach flash chamber
plane. Figure 7 shows measurements of 40 GeV hadron cascade
development in the detector. Data is shown only every ninth
plane for the sake of clarity. The measured energy flow pro-

jected angle resolution o(8y) s shown plotted versus /Ey in.
Figure 8. The data can be described roughly by the expression:
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U(GH) = 4 + 360/EH (GeV) mrad

This is in good agreement with the previcusly described Monte
Carlo estimates based on sampling the hadron cascade with this
frequency both transversely and longitudinally. The calculations
suggest that this measuring accuracy is limited by fluctuations
in the development of the cascade and further subdivision of

the detector will not improve angle resoluticn.

The total number, N, of flash chamber cells which fire provide
a measurement of the total hadronic energy, EH’ see Figure 9a.

Fluctuations of that number, o{N), lead to an error, o[EH) in

the energy estimate. As the size of the prototype calorimeter
was adequate to contain only about 50% of the total energy, a
correction tg N and ofN} was made on the basis of previous
measurementss The resulting energy resolution, c(EH)/EH, is

plotted versus E* in Figure 9b. The reliability of these cor-
rections are uncertain but the energy resolution will be measured
with a hadron beam into the full size detector. The resolution is
roughly constant over the entire energy interval of 10 to 200 GeV.
This is because the natural 1// H improvement with energy

is balanced by the essential non-linearity of the energy re-
sponse of the detector - due to finite size cells. However, it
is interesting that the energy resclution appears to be so good.
There are several possible reasons for this good resolution.

The digital nature of the flash chamber removes the large
fluctuations dus-to nuciear fragments and delta rays which occur
in linear detectors. In addition, the flash chambers sample
the hadron shower very finely (every 3.5% of a collision
tength). TFinally, due to the reasonably low average atomic
number, the radiation length and collision length of cement

are not to dissimilar (about 18 and 46 cm respectively).

This minimizes fluctuations due to cascades which are largely
electromagnetic, or are largely hadronic.

An electronic readout system has been developed to record the
data from the flash chambers. Figure 10 shows a schematic

of the system. Current from the plasma flows to ground via

the holes in the plastic. A few amperes is adequate to produce
a signal in a magnetostrictive line used in the conventional
manner. The pulses at the output of the amplifier are
separated in time, even in the case of adjacent firing cells.

The advantages of the use of plastic flash chambers are low
cost, excellent multi-track capability due to the very low '

currents involved with each track and a simple inexpensive
readout system,
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CHAMRER CONSTRUCTION TOR MAGNETOSTRICTIVE READOUT

PRE-AMP, Cu strip in direct contact

\j\r with plasma through holes
. in plastic

<~ MAG, LINE

Copper stripsetched on nmylar

.Figure 10. - Electronic readout system for the flash chambers
of the FIMM detector. Several amperes flow to
ground when a cell fires. This is adequate to
produce a magnetostrictive signal which is det- .
ected in the conventional manner.



- 17 -

A summary of the properties of this detector are:

Total Calorimeter Mass: 400 Tons
Angle Resolution: o8y} = (4 + 360/E,) mrads.
Hadron Energy Resolution: o(EH)/EH = 6% for

E,y > 10 Gev.

2. Elastic Neutrino Electron Scattering

There are five detectors in various stages of preparation which
will attempt the difficult measurement of neutrino electron
elastic scattering. All of the detectors rely on excellent angle
resolution for the very forward scattered recoil electron.

A. A Virginia, Maryland, Oxford collaboration (E-253) working
at Fermilab has constructed a 20 ton detector whose sole aim is
the study of the reaction:

- -

(\';)+e ->(\-J)+e.
H U

The apparatus is complete and is shown in Figure 11. It is
ready to begin data taking runs. Figqure 12 shows a schematic
of the detector. A nine centimeter thick plate of aluminum is
followed by a scintillation counter and multiwire proportional
chamber. This sequence is repeated 43 times. The transverse
dimensions of the detector are Im x Im. Figure 13 shows the
track location im the x and y planes of a single muon traversing
the detector. -The third plot in the figure shows the pulse
height distribution in each plane of the scintillation counters.
Figure 14 shows a candidate for a neutrino electron elastic
scattering event. A.zero angle event is observed near the
front of the detector with the characteristics of an electro-
magnetic rather than hadronic cascade. The angle resolution

of the detector for 4 GeV electrons has been measured to be 4
milliradians. In addition, a pion rejection of 300:1 has been
measured. This hadron rejection was obtained by studying the
pulse height distribution in the scintillation counters using

a 10 GeY test beam composed of pions and electrons. The pulse
height spectra are shown in Figure 15, Cuts were applied in
each counter to achieve an electron efficiency of 907 and a picn
rejection factor of 300:1. Additional pion rejection should be
obtained by studying the transverse structure of the cascade.

The detector is located in the middle of the muon shield of the
neutrino beam. The backgrounds for 400 GeV running are high but
it is hoped that with the addition of magnetized iron toroids
upstream at the front of the shield, the stray muon flux will
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be reduced to permit data collection during the routine 400 GeV
neutrino beam running. This should begin in June, 1978. A sum-
mary of the main properties of the detector are:

Total detector mass: 20 Tons

Electron projected angle resolution: dmr at 4 GeV
Hadron rejection: > 300:1

Electron shower sampling step size: 1 length radiation

B. The FIMM collaboration at Fermilab, using the previously
described flash chamber detector, also intends to measure
the elastic electron scattering reaction.

The test calorimeter was exposed to an electron beam to study

the angle resolution of the detector. Figure 16 shows typical
electron shower events for 5, 10, 20, 30, and 40 Gev. The
transverse and longitudinal development of 10 GeV showers is
displayed in Figure 17 where the data from only every ninth plane
is displayed for the purpose of clarity. The transverse position
of the center of gravity of firing cells was determined for

every plane. A straight 1ine was fit to the coordinates of the
centers of gravity. The angles of these lines were then plotted
and fit to a gaussian distribution. The resulting projected
angle resolutions o{8_), were obtained for each electron energy.
These resolutions are Shown plotted in Figure 18, The data

can be described by: ' '

o(Oe) = (2 + 7D/Ee (GeV)) mrads.

for comparison, the measured angle resolution for 10 GeV muons
is also shown. It is interesting to compare this angle 4
resotution with those obtained by the Columbia, BNL collaboration

used in the Fermilab-15 ft. Bubble Chamber and in Gargameﬂe5 at
CERN. WNeutrino electron elastic scattering events have recently
been observed in both cf these chambers. The angle resolutions
obtained in the bubble chambers at the mean observed electron
energies are displayed in Figure 18. It can be seen that the
angle resolution of the FIMM detector is about a factor of two
better than that of Gargamelle and comparable to the 15 ft.
chamber result.

It is also interesting to compare the electron energy resclutions
in the three detectors. At an energy of 25 to 30 GeV correspond-
ing to the mean electron eneray observed in these elastic
scattering events, the approximate electron energy resolutions
are:

10% FIMM
30% 15" B.C.
50% Gargamelle

4 1+
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electron showers. The energy of the electrons is ,
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Figure 17. - Transverse and longitudinal structure of 10 GeV elec-
tron showers in the FIMM test calorimeter. Only *
every ninth plane is shown for clarity.
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The measured electron cnergy resolution for the FIMM detector

is constant (+ 10%) for the energy range 5 - 40 GeY. Hadron
discrimination is achieved by measurement of the transverse and
longitudinal structure of the shower. A preliminary lower limit
of 100:1 pion rejection has been measured, but it is anticipated
to be considerably better when the data has been fully.analyzed.

A summary of the main properties of the FIMM detector relevant
to this process are given beiow:

1. Total detector mass: 400 tons
2. Electron projected angle resolution:
o(Qe) = 2+ 70/Ee(GeV)) mrads

3. Electron energy resolution: o(E )/E, = + 10%

4. Hadron Rejection: > 100:1
5. Electron Shower Sampling Step Size:
: 9% Radiation Length

C. The CHARM collaboration, whose detector has already been
described, also intends to study the neutrino electron elastic
scattering reaction. This group has exposed a test calorimeter
to a 6.1 GeV¥/c beam containing both electrons and pions.

Using similar methods to that described for the FIMM detector,
they obtained an angle resolution for electrons of 15.5 mrads
at 6.1 GeV/c. The test data is shown in Figure 19. This group
has investigated the pion rejection obtained from cutting on
the transverse width of the shower. Figure 20 shows that if a
cut is made at 6.2 cm on the r.m,s. width of the shower, then
one can obtain electron and pion efficiencies of 95% and 0.5%
respectively. The main properties of this detector are:

1. Total detector mass: 200 Tons
2. Electron projected angle resolution:
15.5 mrads at 6.1 GeY/c
3. Hadron rejection: _ > 200:1
4, Electron shower sampling step size:
-1 radiation tength.

D. A Brookhaven, Pennsylvania conaboration6 have recently
indicated their intent to construct a detector at BNL whose
principle objective will be a study of neutrino electron elastic
scattering. Other semi-leptonic exclusive processes will also
be studied.

A schematic of one detector module is shown in Figure 21. This
module would be repeated for a total mass of about 150 tons,
A unique aspect of this design is that the target material

is totally live. The liquid scintillator used for this purpose
would be viewed by about 3,000 photomultipliers.
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Figure 19. - The distribution of electron events versus projected
angle is shown for the CHARM detector.
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Figure 21. - Schematic drawing of the proposed BNL, Pennsylvania
detector for studying neutrino electron elastic
scattering.
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No estimates or measurements have been made of the angle and
energy resolution for electrons.

E. A University of California at Irvine and Los Alamos collabor-
tion is building a detector to study the reaction:

vete Vo t e
This is the only one of the five experiments discussed, which will
permit the study of electron type neutrino scattering. This
is due to the intense v beam available from the LAMPF beam
dump where 7 's are proﬁuced, stop and decay, producing p's
which also stop and decay. The v flux through the detector

is 3 x 107 cm'2 sec']. The detector is being planned to have
a total mass of about 10 tons. It will be a sandwich of flash
chambers and thin scintitlation planes. The expected event
rate is 2 events per day.

3.  Search for Short-Lived Particle Production by Neutrinos

In the last two years, there have been several experiments
carried out at Fermitab andd CERN with the use of large emulsion
stacks. These have been placed in both charged particle and
neutrino beams in an effort to detect the production of short-
lived particles. A further step was taken at CERN, in the use

of emuision as a target, followed by a downstream "multi-particle
spectrometer.” An emulsion stack was placed at the front of the
BEBC chamber and tracks emerging from neutrino interactions

in the emulsion were followed, momentum analyzed and, in some
cases, identified in the bubble chamber. This data is being
analyzed.

Two new experiments at Fermilab are being set up and should
begin taking data within the next few months. We discuss these
in turn.

A. Experiment E-531 at Fermilab is a collaboration of Fermilab,
Kobe University, McGill University, Nagoya University, Ohio
State University, Osaka City University, and University of
Toronto.

A schematic layout of the detector is shown in Figure 22. Twenty
five liters of emulsion are used as the target and shown at the
extreme left of the Figure. Tracks emerging from the emulision
traverse a set of drift chambers, DC I, an analysing magnet

and a further set of drift chambers, DC II. The spatial resolytion
of the drift chambersis about 200 microns full width at half
maximum, The time of flight of particles is determined by two

?1anes of scintillation counters. The measured time resolution
$ 80 to 90 pico seconds which permits T, K separation up to
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Figure 22, - Schematic drawing of the detector for Experiment
E~531 at Fermilab to study short lived particle
production by neutrinos.
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about 3 GeY. A wall of lead glass Cerenkov counters provides
gamma ray and electron detection with a resolution:

o(E)/E & 0.18//E(GeV)
A hadron calorimeter and muon filter completes the spectrometer.

Preliminary runs are taking place in the summer and the full data
collection run will begin in October, 1978. It is planned

to use 3 x 1018 protons at 400 GeV and the double horn focussed
neutrino beam. A total of 3300 neutrino interactions are
anticipated in the emulsion, of which 2,000 may be found at the
expected 60% scanning efficiency.

Events in the emulsion target are tagged by the spectrometer and
by extrapolation of trajectories the approximate location

of the vertex can be determined. Each event will be scanned

for decays of short-lived particles in the range 0.005 to

10mm in track length downstream of the vertex. This corresponds
to particlie lifetimes in the approximate range 3 x 10']5 $T

£ 1077 seconds.

The expected scanning speed is 1,500 events/year, based on
scanning for events initiated by a pion beam. Hence, several
hundred events are expected to have been analyzed by the middle
of 1979, )

B. Experiment E-553 at Fermilab is a collaboration of Cornell,
Fermilab, Pittsburg, Lund, Sydney, and York University.

This experiment is similar to the former one but has a unique
feature to aid in the finding of events in the emulsion.

Fifteen liters of emulsion interspersed with special spark
chambers act as the target. A downstream magnetic spectrometer
is followed by shower counters and hadron calorimeters constructed
with flash chambers. The special spark chambers use glass plates
on which an evaporated gold electrode has been deposited. A
spark causes gold to be removed from the glass at the precise
location of the spark. The resulting spatial resolution of the
track is better than 350 microns without the need for precision
optics over a large area. Because of the close proximity of the
special spark chambers and layers of emulsion, the search volume
for events in emulsion is reduced by a factor of about 100

over previous experiments.

The same neutrino beam as for the previous experiment will be
used to obtain about 300 neutrino and 40 anti-neutrino initiated

events. It is_hoped to follow this initial run with further
runs during 1979.
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4. The Liquid Argon Time Projection Chamber

A California Institute of Technology, University of Irvine,

Fermilab collaboration, (P-601), and a group7 at Harvard have
independently proposed a high resolution Tiquid argon time
projection chamber for the next generation of counter neu.rino
experiments.

The detector measures the time of arrival and pulse size of

the electron image of an event drifting on to an array of sensing
electrodes. The time and x, y coordinates are used to recon-
struct the image of each track. The pulse size can be used for
particle identification. No amplification of the signal occurs
in the liquid argon. Spatial resolutions of about 1 millimeter
can be expected over drift distances of 0.5 meters.

Crucial to the implementation of these ideas is the behavior
of electrons drifting large distances in the liquid. While
argon itself should not present any problems, small amounts
of impurities, < 50 parts per billion of 02 could cause sig-

nificant attenuation of the signal. Both of the proponents of
this new technique have studied some of the relevant properties

of drifting free electrons in liquid argon. Their'8 most
important result, shown in Figure 23, is that ionization
electrons will drift over distances of several cms in an electric

field of a few k\.’-cm"l with Tittle attenuation. The attenuation
length for electrons is probably greater than 50 cms. Longer
drift distances are now being studied. It appears reasonabie

to say, however, that the basic feasibility of the time projection
liquid argon chamber has now been established. :

Before a large scale detector can be built, it is important to
study various additional features. Di-electrics and insulators
will be needed tc handle the required high voltages. There-
fore, the poliution properties of various materials will have to
be studied to establish acceptable construction methods. In
addition, the basic questions of longitudinal and transverse
diffusion of electrons as a function of drift distance should
be studied.

The problem of obtaining maximum information for particle track
reconstruction from the small amounts of ionization in the liquid
has been discussed recently in a paper by Gatti, Padovini,

Quartapelle, Greenlaw, and Radeka? They describe the basic
concepts of optimum electrode geometry and signal processing
for time projection ionization chambers. The signals induced
by particle tracks on the sensing electrodes are calculated by
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means of a detailed study of possible electric field configura-
tions. Suitable signal processing filters are designed in order
to achieve nearly equal position resolution in the three-space
coordinates. The electronic noise limits the position resolution
of a single track to a few tenths of a millimeter and the
capability to resolve and measure closely spaced multiple tracks
to a few millimeters. :

It is clear that the time projection liquid argon chamber is a
concept which will receive much more attention in the coming
years. At Fermilab a 5 to 10 ton prototype calorimeter is
being designed and will be constructed in the next year.

5. The Liquid Argon Iron Plate Calorimeter

A Harvard, University of Chicago and University of Il1linois
collaboration {P-541) has proposed construction of a new neutrino
detector at Fermilab., The detector consists of four modules,
each made up of a calorimeter, drift chambers, scintillation
counters, and a 10 kilogauss superconducting magnet for muon
momentum analysis. The calorimeter is based on a novel liguid
argon iron plate design which will be described in more detail.

The liquid argon container is 2.5m x 2.6m x 5m giving a fiducial
mass of 73 tons within a 2m x 2m x 4m fiducial region. Iron
plates, each 3mm thick, are spaced 4mm apart throughout the
liquid argon volume as shown in Figure 24. Alternate iron plates
are segmented in 2cm wide strips with strips alternating in the

x and y directions. Five consecutive x strips and 5 consecutive
y strips are ganged together to give coordinate measurements
every 0.75 interaction length. This gives an average of 10 x,

y points per shower which are expected to be adeguate for a

good measurement of {ts direction.

A prototype module of this detector was constructed with adequate
size to contain the hadronic shower. Prelimipary data has
recently been obtained in a low energy test beam at Fermilab.

The linear response of the detector versus hadron energy is

shown in Figure 25. At this stage, the data on resolutions

has been analyzed in a very preliminary fashion and it is
expected that the results given are upper Timits to the true
resolution. A plot of olE,)/E, is shown versus E, in Figure 26.

The resolution is roughly consistent with 75%//E, . Some
earlier data obtained with an iron, liquid argon = calorimeter
at CERN is shown for comparison.

The angle resolution of the hadronic cascade has been obtained.
using algorithms like those described earlier in this report.
Once again, it is expected that these results will be improved
with further analysis. The result of the initial analysis is

-4
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shown in Figure 27. The angle resolution is consistent with an
expression of the fora:

o(OH) = (15 + 433/EH) mrads

This 1s an interesting new technique which will be pursued by
additional analysis and, hopefully, more data at higher energies.

6. The Liquid Argon Bubble Chamber with Electronic Readout

A gmup]0 at Fermilab has proposed an optical detector that com-
bines the visual imagery of a bubble chamber with the fine grain
calorimetry and muon identification of counter experiments.

It consists of ten in-1ine modules, each containing a large
cylindrical liquid argon bubble chamber and magnetized iron
spectrometer. There are several technological innovations:
Liquid argon as a bubble ‘chamber fluid; electronic recording

of bubble images on videotape; ionization drift in the liquid
argon over one meter distance; a new approach to expansion
bellows and cryostat design.

Each module of the detector functions largely independently. One
module is shown in Figure 28. The liquid argon bubble chamber has
an enclosed volume of 10m x 2.5m diameter. lonization electrons
are drifted to a collection tube on the axis of the chamber.

There they are collected in 17c¢m longitudinal segments (one
radiation length) amplified, and the charge i3 recordad as

a function of drift time (hence radius). An iron-argon calor-
imeter following the bubble chamber assures complete containment
of all showers occurring within the fiducial region.

This is an imaginative approach, requiring the most advanced

technology on several fronts at the one time. The proponents
are, therefore, requesting support during the coming year to

carry out prototype tests on some aspects of the design.

7. The Water Cereknov Neutrino Detector

A proposal has been made to Fermilab by physicistsIl at the
University of Chicago to construct a massive new neutrino detector
to study the neutrino electron elastic scattering reaction.

The detector is a tank containing distilled water. It is

4 x 4 x 60 meters and is viewed by 2,000 photomultipliers. The
neutrino electron scatters are characterized by the appearance of
an isolated electron at very small angles to the beam. The Cer-
enkov radiation of the electron shower conveys the angular infor-
mation of the electron shower to the walls of the detector. The
detectors at the walls of the tank have a response which is sen-
sitive to the angle of a single collimated source of radiation.

3
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imeter,
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Figure 28. - Cross

section of one de-

tector module of the

liquid argon bubble
chamber with elec-
tronic readout.
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The principle of the detector is il1lustrated in Figure 29%a,

in which a muon is shown traversing the detector. The Cerenkov
light is viewed by two windows parallel to the radiation.

If the muon trajectory is exactly parallel to the windows,

then the Cerenkov light for a fully relativistic particle will
be exactly totally interrally reflected at the window-air
interface, and no light 411 emerge. If the muon is directed
towards one window as in Figure 29b, light will emerge from the
window towards which the particle is directed. The directional
information can be improved if the windows are tilted with respect
to the axis of the detector as shown in Figure 29c. Then,

even a parallel track will produce 1ight through both windows.
If the windows are tilted at an angle of 25 mrads, one would
expect a response as shown in Figure 29d. This provides a
quantitative measure of the projected angle of the track of
the particle in the range of + 25 mrad.

A detector design has been studied by computer simulation. An
isometric drawing of the proposed detector is shown in Figure 30.
There are 2,000 windows with associated photomultipliers. Each
window is 35cm wide and 100cm long. The rows are spaced 120cm
apart so fifty rows give a detector of 60 meters length. The
fiducial volume is considered to be 3m x 3m x 55m giving 500 tons.
The range of projected angle over which a quantitative measure

of the shower angle can be obtained is + 75 mrad. The expected
angle and energy resolutions for electron showers are shown
below:

Electron a{8}
Energy Projected o(E}/E
GeV {Mrad) %
5 7.0 5.7
15 5.0 4.6
25 4.0 3.2
35 3.5 3.0

Rejection of backarounds is the main problem for any detector

of neutrino electron elastic scattering. A preliminary Monte
Carlo study of hadron rejection has been made and indicates

that appropriate cuts can rejectqneutrino initiated hadron
events by a factor of roughly 10°, however, there are some uncer-
tainties in this analysis. A more detailed study of this
problem is underway. The group plans to construct a prototype
module of the detector and test its properties in a beam of
pions and electrons.

8. A Search Method of Massive Neutral Leptons
12

R. Shrock ", Princeton, has proposed a method to search for the
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Figure 29. - The concept of the water Cerenkov neutrino detector
is illustrated (see the text for details).
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Figure 30. - An isametric view of the water Cerenkov neutrino
detector. :
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existence of stable or unusually long-lived ncutral heavy leptons.

It consists of a beam dump, as used rccently at CERN for the
production of prompt neutrinos, followed by a massive electronic
target calorimeter. The crucial aspect of the experiment is

the use of timing to an accuracy of approximately 1 nanosecond
in order to discriminate between the arrival of massless and
massive neutral leptons and to select the latter. Previous
experiments have not had the ability to perform this timing

of the event relative to the radio frequency structure of the
primary proton beam. At Fermilab and CERN there is about 20
and 5 nanoseconds respectively between proton bunches. The
longer time interval between bunches available at Fermilab
facilitates the measurements. This R.F. structure is preserved
by neutrinos from the beam dump, given the existing upper

bounds on their masses and the fact that the path length ¢ < 1 km.
A timing signal from the R.F. system can be used to determine
the time at which the neutrinos will arrive at a particular
point in the detecter. If these points were the same for a
massless and massive lepton, then the latter would lag behind

the former by & = (2/c) (B -1 1). These leptons will in
general interact at different points, but this can be taken into
account in measuring the relative flight times. The two main
sources of error in the time measurement relative to the true
time are (1} the finite width of the proton bunches and (2)

the imeasurement error of the longitudinal point of interaction
in the detector. Let us suppose that together they produce a
total error of about 1.5n sec. This in turn determines the
maximum value of "B which can be distinguished from unity; it is
given by (B'] - 1) = € where e = 0.5 x 10'3 (2/]km)"1. This
corresponds to a minimum value of Y'] = M/E (where E{M ) is

the E° energy (mass) ‘which can be distinguished from zero:

Y= TR F I+ )

=)
In some of the E° - induced reactions, it is possible to determine
E with an accuracy comparable to that in a regular neutrino
experiment. Together with the measurement of y from At, this
enables one to compute the E° mass. Taking E = 20 GeV as a

rough value below which the E® flux would be significantly
reduced, it is possible to discover an E°® of mass ME.> 0.6 GeVY.

It is unlikely that any of the existing neutrino detectors have
the capability of performing timing measurements to about one *
nanosecond. However, it appears feasible to install special
counters to provide the required information,
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The observation of a delayed lepton signal would represent a
major new discovery in weak interactions.
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