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ABSTRACT

We propose to construct a new counter system to study rare
3 4
-10

usual charged current reaction. The first use of this detector

neutrino processes which are a factor of 10 smaller than the

will be to study neutrino electron reactions, in particular, the

study of v elastic scattering and‘vp,e- inverse muon decay.

we

- The key feature of this detector system is a totally live target/

calorimeter section which contains roughly a thousand independent

thin sampling layers. Analog information from these layers are
used to:; -

i) identify single charge particle recoil events,

ii) 1limit excess energy deposition at the interaction vertex,

iii) separate electromagnetic from hadronic cascades, and

iv) measure the energy of the single particle.
With these capabilities, this detector system will be able to. select
vp,e" elastic scattering, and vu,e- inverse muon decay events from
the more copious vp reactions.

For the study of VH’ W
decay, we require the wide band v .beam with 1 ms spill, and 1 Coulomb
of 400 GeV protons i.e. 102 pps, 600 pulses/hr, and 1000 hrs. With

such an exposure, and an 80 ton fiducial target we expect to collect

e  elastic scattering and v, ,e inverse muon

roughly 200 vu,e- elastic scattering events assuming the minimum
Weinberg/Salam~-Ward cross section and roughly 1,200 v,se inverse
muon decay events.

Absolute normalization with the wide band v, beam flux and

Ly -
spectrum would be via the quasi-elastic reaction v, n *p u . We

M

- intend to measure the absolute cross section for this reaction at

an early date in a run using the dichromafic beam and a prototype
section of the target/calorimeter. Exposure of this prototype to
the wide band VH beam may result in early observation of the
e elastic scattering reaction.

Future experiments which follow naturally for this detector,
possibly with the energy doubler, include the remaining neutrino

Vu,

electron reactions, i.e.
i) a study of GH’ e~ elastic scattering,
ii) a test of the multiplicative lepton number conservation

law via a search for ;H e” *V, W, and
iii) a study of Ve (ve), e~ elastic scattering.
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I. Introduction

Neutrino electron (four Fermion leptonic) reactions are
fundamental reactions in weak interaction theories. The existence

of such reactions, e.g. Vv, e  elastic scattering, Vi e  elastic

e~ inverse muon decay, has been expected
(1,2,3,4)

scattering, and VH,

theoretically for some time. waever, the experimental
study of such reactions has been éxceedingly difficult. The basic
‘difficulty rests with the relatively nondescript nature of the
reaction, i.e. a single recoil electron or muon, and with miniscule
expected cross sections, thus event rates, relative to the many
varieties of backgrounds. |

| At Fermilab energies, neutrino electron cross sections are
smaller than neutrino nucleon cross sections by a factor in the
range 103 - 104. The neutrino nucleon reaétions are now being

studied at Fermilab by both counter and bubble chamber experiments.
These experiments have had remarkable success, culminating so far,

(5,6,7)

in the discovery of ‘dilepton (uu and ue) events which

have an observed rate roughly 1% of the usual charge current rate.

With recent modifications directed towards improving the study of
neutrino nucleon reactions, the counter detector systems have an
adequate mass, -but lack the requiréd selectivity for the study of
neutrino electron reactiéns. Alternately, the bubble chamber may
have the required selectivity, but lacks adequate mass for this study.
In addition to neutrino electron reactions many new phenomena,

which may exist at the level of 10 ° - 1074

that of the usual
charged current rate, are not within the capability of these

existing neutrino detector systems.
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We propose to’build a new counter neutrino detector at approxi-
mately the same mass scale as the existing neﬁtrino counter experi-
ments, i.e. approximately 100 tons target mass, but which would have
the necessary selectivity to study rare processes at the level of
];()_3--10-4 that of the usual charged currént cross section. We focus
here on the study of neutriﬁo electron réactions since it presents
a definite goal with expected cross sections of the appropriate
magnitude. Tpis new counter experiment will require a new target/
calorimeter and it will also incorporate the Caltech/Fermilab

neutrino detector.

In order to achieve the required selectivity, our detector
A design foéusésrupén fﬁé‘nondescript ﬁature éf neutriﬁoﬂelectron
reactions, i.e. the single recoil electron or muon. Our approach

is unique in that we use a highly segmented live target/calorimeter

with independent éampling for each layer (Section V, detector

system). The independent sampling for each layer effectively
provides a multiplicity of dE/dx measurements. Such measurements
near the event vertex can place a severe limit on v (the hadron
énergy) in neutrino nucleon reactions. We intend to use the

analog information from these layers to

i) identify single charged particle recoil events,
ii) 1limit excess energy deposition at the interaction vertex,
iii) separaté“electromagnetic from hadronic cascades, and
iv) measure the energy of the particle.
Such capabilities can isolate neutrino electron events from the

more copious neutrino nucleon events. (Section IV, background

discrimination method).




For the study of v, e elastic scattering and v ,e inverse

w

muon decay, we require the ﬁide band'v“ beam with 1 ms spill and

1 Coulomb of 400 GeV protons, i.e. 1013 pps, 600 pulses/hr and

1000 hrs. With such an exposure, and an 80 ton fiducial target; we

expect to collect roughly 200 vp,e" elastic scattering events, assuming

the minimum Weinberg/Salam~Ward cross section at x = 0.375, and roughly

1200 vu,e— inverse muon decay events (Section VI, Event rates).
Absolute normalization for the wide band vp beam flux and

spectrum would be via the quasi-elastic’réaction vp n=p w . We

intend to measure the absolute cross section for this reaction

at an early date in a run using the dichromatic beam and a prototype

section of the target/calorimeter. (Sectién III,Vpropésed
schedule). The prototype will be installed in place of the first
section of the hadron calorimeter in the Calteéh/Fermilab detector,
and would have approximately an 8 ton fiducial target. Exposure

of this prototype to the wide band v beam could result in early

M

observation of the v elastic scattering reaction.

e
Future experiments for this detectdf, possibly with the

energy doubler, include the remaining neutrino electron reactions, i.e.

1) a study of v e~ -elastic scattering

p’
2) a test of the multiplicative lepton number conservation

‘law via a search for SH e *‘se u , and

3) a study of ve(Vé), e elastic scattering.

These would require respectively, the wide band Vu beam and the

proposed K° decay neutrino beam.




I1. Physics Motivation

The neutrino electron elastic scattering reactions,

veve“ » v, e | (1)
V,em 2T, e - | (1"
\)H e~ -’\Ju e~ = (2)
QH e 4'Uu e | (2"

are fundamental reactions in weak interaction theories.
Reaction (1) [(1')] is an example of a "diagonal" interaction(l)
which has a contribution from the usual charge currents of

(2)

universal V-A theory, and which may also have a contribution
from neutral currents of gauge theories.(3’4) Reaction (2) [(2')]

is an example which has only the neutral current contribution.

The study of neutrino electron (pu;ely leptonic) reactions, due to
the simplicity of the interacting particles, provides a stringent
testing ground for basic theoretical ideas without complications
arising from hadronic structure. Therefore, it is important to

study these reactions.

These reactions have been searched for at reactors in the MeV
range (~ 4 MeV) with ;e’s’ and at accelerators in the GeV range
(~1 GeV) with v 's and v 's. The status at the SRP

) 3
reactor(s) for ;e’ e elastic scattering was,

>

cex t
—SXPt _ 1.5 = 0.70.

Ov-a
The observation of this reaction has been reported recentlygg) At CERN,
three candidates for reaction (2) have been found in Gargamelle,(lo)

the heavyy liquid bubble chamber. Other experiments, both at




CERN(ll) and at BNL,(lz) which are directed at reaction (2), are
13

in progress. There have also been approved proposals at LAMPF,( ),

as well as Fermilab(14) to search for reactions (1) and/or (2). A

(15) The variety of

éultiplicitykof other proposals also exist.
attempts and methods gives a rough measure of the difficulty of

neutrino electron elastic scattering experiments.

The neutrino electron inverse muon decay reactions,

v e av_ U (3

S e” Y , (3"

are also basic to weak interaction theories. The usual theory
assumes separate additive lepton number conservation of the
electron type and of the muon type. The inverse reaction, in

contrast to muon decay, is particularly sensitive to deviations from
(16) |

V-A theory, i.e. g # By The best determination of the

ratio, igA/gV], so far comes from a measurement of the 7 parameter

which characterizes the low energy end of the electron spectrum

a7 + 0.33 .
- 0.11’ *°¢-

holds to roughly 25%. Thus the cross section for reaction (3) may

in muon decay. The result is IgA/gvl = 0.86 V-4

deviate from the V-A prediction by roughly 25%.

The following inverse muon decay reactions,
VM e =~ Vo M (4)

- — -

Ve © 2V W, ‘ (4")




are prohibited by the additive lepton number conservation law,
but they are allowed by the multiplicative lepton number conser-
vation 1aw.(18) A search for either reaction would test the

additive law of lepton number conservation.

A limit on r, the ratio of the multiplicative law decay rate
tq the total decay rate of the muon, has been set at CERN by

(19) The maximal

Gargamelle using neutrinos from muon decay.
value of r is 0.5, and the Gargamelle 1limit is 0.25. An approved
experiment at LAMPF, to test the multiplicative law by searching
for Ge's in u* decay at rest, is in its initial stages.(zo)

Other tests of the mpltiplicativeAleptdh number conservation law
exist e.g. searches for u' e~ = uffe+,(21) but the sensitivity

of such tests are not yet anticipated to be at the level of

the Fermi coupling constant.

AN



IITI. Proposed Schedule

Recogniz;ng the difficulties associated with the study

of neutrinq electron reactions, we concluded that an intermediate
step, on a scale smaller than our pro;osed 100 tons, would be
useful., Such a step‘sﬁould be relatively modést and would be
used to demonstrate the detector'Capabiiity. Due to the modular
nature of our approach this appears possible. Furthermore, we
believe that interesting physics can be done with this relatively
modest detector. Therefore, we are proposing to proceed in two

stages.

-1. Stage 1
For stage I, we intend to install a prototype of the live

target/calorimeter in plaée of the first hadron calorimeter section
in the Caltech/Fermilab detector. This is shown in Fig. 1. The
prototype would have a total target mass of dbout 15 tons and a
fiducial target mass of about 8 tons. The prototype will be run
in conjunction with the Caltech/Fermilab detector, which is
scheduled to receive neutrinos from the dichromatic beam. We
anticipate that this prototype can be ready roughly 18 months
after approval of this experiment.

The physics goal ~in stage 1 would be twofold: (1) To initiate
studies with this sensitivernew detector for undiscovered phenomena

and (2) to measure_the absolute cross section of the quasi-elastic

reaction, vV n % p oo




PROPOSED STAGE I DETECTOR
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The constancy of quasi~elastic neutrino nucleon cross sections
at neutrino energies greater than several GeV has not been
established experimentally. Furthermore the magnitude of these
cross sections are_complefely undetermined by experiments.
Earlier measurements were carried out at much lower neutrino

(22). Knowledge of these crossVSecticns are also important

energies
for normalization in any neutrino ekperiment using the wide band
beam. We anticipate that fhe dichromatic beam with 1 Coulomb

of 400 GeV protons will give between 500 and 1000 vu npu
interactions in the prototype detector. Such an exposure would
provide ample opportunity for the demonstration of its disérimination

capabilities. e.g. The expected sensitivity to very low v and very

low q2 which is unique to our target/calorimeter will be used to

M
neutrino reactions involving pion production. As suggested earlier,

separate the'quasi~e1astic reaction, v, n =*p u— from other
this type of capability has significant implications beyond our
present goal of studying neutrino electron reactions, but these
will not be addressed here.

Assﬁming that this deménstrafion is carried out successfully,
we eétimate that a compafable'exposure of this prototype to the
beam will result in a collection of about 20 v ,e

M (3
elastic scattering events. Thus, the vu, e elastic scattering

wide band v

reaction might be observed at an early date.
2. Stage I1I

For stage II,we are contemplating the configuration shown in
Fig. 2. This leaves the entire Caltech/Fermilab detector essentially

intact by locating the 100 ton live target/calorimeter in a frontal



PROPOSED STAGE II DETECTOR

(1) LIVE TARGET/CALORIMETER
(2) HADRON CALORIMETER

(3)'MUON SPECTROMETER

(2) (3)

l CALTECH/FERMILAB l
15m NEUTRINO DETECTOR SECTION

Fig. 2



extension of Lab. E. Such a configuration allows great flexibility
with minimal sacrifice of neutrino electron events. This is
possible since recoil angles in neutrino electron reactions are
small. This particulgr geometfy also minimizes interference with
the overall Fermilab neutrino program, i.e. while installing the
new target/calorimeter; the Caltech/Fermilab detector can continue

to be used.

N~
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IV. Background Discrimination Method

The key method, used so far in the separation of v, e
elastic scattering events from background, has been the electron
angular distribution. A major background for v,e elastic
scattering comes from the quasi-elastic inverse beta reaction,

\)en-)pe— (5)

At neutrino energies less than a few GeV, electrons from
reaction (5) are essentially isotropic, wheréas eiectrons from
V,e elastic scattering are focused in a forward cone, with
ee 3 JEE;7E;; Thus angular distributions can be used to discrimi-
nate against the inverse beta reaction. Discrimination factors
2 30 are achieved with neutrino energies in the range < 1 GeV.
At higher neutrino energies, i.e. FNAL and SPS, the angular
discrimination factor becomes progressively less favbrable.

With neutrino energies much lérger than the nucleon mass,
two effects force electrons from reaction (5) to peak in the
forward cone, i.e. relativisticvkinematics and "weak" nucleon
form factors. The combination is such that the forward cone
for reaction (5) decreases rapidly; The kinematics for reaction (5)
is shown in the solid curves of Fig. 3. The recoil proton
kinetic energy is given as a function of the electron angle.
Since weak nucleon form factors cut off inverse beta cross
sections at|q2|-m§, this implies that the mean recoil proton
kinetic energy, Tp, is ~ 250 MeV. The consequence is that electrons
from reaction (5) are peaked within ~ 70, 35, 17, and 7 mr for

incident neutrino energies of 10, 20, 40 and 100 GeV, respect;vely.
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The corresponding recoil electron cone angle for v,e elastic
‘scattering at these energies are 10, 7, 5, and 3 mr (8, = J§E;7§: ).
Thus the electron angle cut becomes progressively less useful B
at higher energies.

A severe limitation of the electron angle cut is that a
significant fraction of the v,e elastic scattering differential
cross section is lost. In particular, the ee < JEE;7§:' cut is
equivalent tovrémoving, in the center of mass frame (CM), v,e
elastic scattering evepts which are in the forward hemisphere.

In order to decrease the loss cone in the CM, one has to accept
electrons at larger (lab) angles, e.g. in order to accept 90%
of the CM solid anéle, the electron (lab) angle cut has to be
increased by a factor of 3. From Fig. 3, it is clear that this
relaxation cannot be tolerated.

These observations indicate thﬁt the forward peaking of
recoil electrons in v,e elastic scattering becomes progressively
less distinct at'highef incident neutrino energies. Furthermore,
its application is not attractive since it eliminates a large
fraction of the v,e elastic scattering CM solid anglé,from
experimental study.

A better alternative to the above is the use of transverse
momentum. A fixed transverse momentum cut can be chosen so as to
minimize its effect'on v,e elastic/scattering. Fig. 4 shows
the corresponding kinematics as a function of the transverse
momentun, P, As before, the separation between v,e elastic

scattering and inverse beta progressively decreases at higher
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incident neutrino’energies. However, at present energies, i.e.
Ev ~ 20 GeV, the separation is reasonably good. e.g. A cut at
P, ~ 100 MeV/c leaves roughly 4% of the inverse beta spectrum. Afw
higher energies, e.g. Ev ~ 50 GeV (with the energy doubler at .
FNAL), the corresponding p; cut would be 160 MeV/c. Suéh
a cut would leave about 10% of the inverse beta spectrum. This loss
of discrimination at higher energy ié offset by the linear growth
of the v,e elastic scattering cross section relative td the
constant cross section for reaction (5). Therefore, with this
approach, v,e elastic scattering remains relatively unaffected,
i.e. there is noAsignificant modification of the signal to background
ratio at higher neutrino energies.

Potentially the best method to separate v,e elastic
scattering events from inverse beta events is to limit "activity" at
the interaction vertex. If the recoil proton in reaction (5) could
be detected down to a few MeV, one would have a simple criteria
which does not bias v,e élastic scattering. Fig. 3 shows, for
example, that a 2 MeV iimit on Tp, the recoil proton kinetic
energy, would be equivalent to an electron angle cut of 6, 3, 1%,
and 0.6 mr at incident neutrino energies of 10, 20, 40 and 100 GeV,
respectively. Fig. 4 shows that the 2 MeV limit on Tp would be

equivalent to limiting P to roughly 60 MeV/c. Since excess energy

deposition at the vertex is associated with reaction (5), there
is neither a loss of elastic scattering events nor a loss of

discrimination capability at higher neutrino energies. In fact,
the signal to background rafio would improve at higher neutrino
energies with the linear growth of the v,e elastic scattering

cross section.
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The above discussions assume that the inverse beta reaction
occurs on free neutrons. Because q2 is small (|q2l ~ pi in this
region), and because neutrons are bound, one has to consider
nuclear binding effects, e.g. Pauli exclusion. For simplicity,
we use the Fermi gas model for the nucleus.

Pauli exclusion can be easily accounted for in the Fermi gas

model. Consider nuclei with Z = &A, one finds that Pauli exclusion

suppresses low qz events by the following factorgzs) R(Q):
R =1 [a(-2) - (2 Q<2
2 2p (2p ) “Pg
F F
= 1 Q = ZpF
2 2 la2]
where QY = |q [ (1 + 5 )
. 4m
P
= (0,284
Pp Mp

For the region of |q2| up to (60 MeV/c)2, the Pauli factor
suppresses the inversé beta cross section by a factor of about 8:(24)
Transformation of the neutron in the nucleus té a proton, in

this q2 region, will result in a daughter nucleus which will be
in the '"allowed'" spectrum of states. These states may or may ﬁot

de-excite with the emission of a proton.

For neutrons in nuclei and for small q2 it is clear therefore,
that the electron graverse momentum (pi ~ |q2|) and the ''recoil proton

energy’" become independent variables. This situation is identical

to the case in semi-leptonic deep inelastic scattering
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where the two independent variables frequently used are

q2 and v (the hadron energy). In the case of nuclei,

the manifestation of v (the hadron energy)  is nuclear excitation,””

i.e. Mactivity', at the interaction vertex. Nuclear de-excitation,

i.e. additional "activity", which may be prompt, or delayed, also

~occurs at the interaction vertex. TQus both q2 and v may be

used independently for background rejection.

We emphasize that by limiting the magnitude of qz, ohe does
not effectively limit the fange of v. However, by limiting v,
one also severely limits the magnitude of qz. The kinematics
of the usual semi-leptonic deep inelastic sqattering reaction,
see Fig. 5, clearly shows this. Alternatively by limiting v,
it is obvious that oné gains additional discrimination beyond
that possible by limiting qz. Since it is difficult to estimate
the discrimination capability achiévable by limiting v to such
small values (there éfe nuclear effects, detection details, etc),
we estimate discriminatioﬁ factors conservatively by using
estimates based upon limiting q2 (pi since|q2]~ pi in this

kinematic region).

The desiraﬁility of limiting 'activity'" at the interaction
vertex is clear from the above. In practice, this method has
been extensively applied mostly in bubble chamber work where
the interaction vertex is "optically" visible. We propose to

implement this method in a highly segmented, totally active,




15
target/calorimeter such that the interaction vertex is "energetically”
visible. Limiting energy deposition at the vertex provides a greater
discrimination capability than limiting extraneous tracks within |
a bubble chamber. This occurs because track identification in a
bubble chamber typically requires a particle with a range greater
than about 1 mm. A 2 MeV proton has a typical range much less than
1 mm in a non gaseous medium. Therefore, such protons (and other
heavy ionizing particles) would escape detection in bubble chambers.

To be specific, we wiil consider liquid argon (LA) in an
ionization chamber as the active target. However, we note that
the scintillation counter (SC) approach is also technically
feasible and &eserves serious consideration. The longitudinal
segmentation (along the neutrino beam) allows location of the
vertex within the leading layer. Analog information from the‘
target layers, and adjacent layers; would limit excess energy depo-
sition at thé vertex.

To bypass the complexities associated with nuclear physics,
we continue with considering inverse beta on free neutrons. The
expectation is that the detector parémeters will not be qualitatively
differentkas long as fﬁis additional capability is included in
the desigﬁ. | »

A 2 MeV recoil proton from reaction (5) leaves almost at a
right angle (88°) to the neutrino direction, and it has a range of

2 in Argon. Thus, such protons are contained in the

0.013 gm-cm
leading layer and contribute ionization to this layer in addition
to that from the electron. This excess energy is the key signature

which we will use to reject the inverse beta background.
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The thickness of liquid argon (LA) layers is determined
both by the desired fhreshold for rejecting excess energy deposition
in the vertex layer and by a desire to discriminate a single charged-
particle from multiple charged particles before initiation of an
electromagnetic shower. Thus we choose the LA layer thickness
to be 1 cm (1.40 gm-cm_z).

Clearly, analog signals from such highly segmented layers
can also be used to remove essentially all other backgrounds.

For example, coﬁsider a single energetic gamma which‘converts in the
LA. The gamma will genefally pair produce. The large number of
samplings in the thin LA layers, relative to the radiation length

of LA (14.1 ¢m, 19.7 gm~cm_2), will clearly identify the preseﬁce

of a pair of charged particles even if the pair is highly asymmetric.
Thus, discrimination against gammas can occur after conversion. It
is clear, therefore, that one can constrain events to have only a
singlé charged particle leaving the vertex.

The single charged particle, with muons as the exception, will
cascade evéntually in the LA, By itself, the LA does not dis-
tinguish effectively between electromagnetic and hadronic cascades
(LA absorption length is 80.9 cm). Discrimination can bé signifi-~
cantly improved by spacing a rédiation length of Pb every radiation
length of LA, The longitudinal development of the cascade, par-
ticularly the diffgrence ;n the LA layers sandwiching the Pb, will.
label an electromagnetic cascade. The separation of electromagnetic
and hadronic cascades can be further improved, particularly for
hadronic cascades with an electromagnetic component, by measuring °

the fluctuation in the ionization of the cascade.(25 28)
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The following section gives some details of a deterctor
system which incorporates the abhove method to study vu,e- elastic
scattering. The same detéctor will also have the capability of
studying vu,e_ inverse muon decay. The kinematics for this reaction,
corresponding to that of Fig. 3 and 4 for v,e elastic scattering,

is shown in Fig. 6 and 7, respectively
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V. Detector System

The considerations in the preceeding section indicates that

the detector system should have the folldwing components.

1) a highly segmented, independently sampled, totally 1live
target consisting of roughly a thousand planes of liquid
argon.

2) ‘layers of one radiation length Pb in.the liquid argon to
separate electromagnetic and hadronic cascades.

3) instrumentation in the liquid argon to determine shower
directibn. N

4) a muonVSPeétrometer ibr muon identificétion and
momentum measurement.

A schematic of such a detector system was shown in Fig. 2.
It contains:

1) a liquid argon target/calorimeter

2) a hadron calorimeter

‘3) a muon spectrometer.

The target/calorimeter is modular in concept. A schematic of
one of the modules is shown in Fig. 8. Each module contains:
15 liquid argon layers of 1 cm each; and a 1 radiation length
layer of Pb. The prototype target/calorimeter for stage I uses
15 modules while the stage II detector requires 75 modules. These
modules,.except qu the one radiation length éf Pb, contain
essentially no inert material. i.e. the ionization chamber electrodes
are of low mass (alternating wires and wire screens).

Each module would be instrumented to measure a redundent set

of transverse co-ordinates in addition to the required analog

sampling of each layer. With a hexagonal structure, each module
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will record three transverse co-ordinates (rotated relative to

each other by 60°). The measurement of transverse co-ordinates
significantly increases the number of independent aﬁalog channels.
However, due to the simplicity of neutrino electron reactions and
the lateral confinement of the electromagnetic shower to within

Aa diameter of about 30 cm in liquid argon (with the Pb layers, the
confinement diameter is roughly a factof of 2 smaller), one can
reduce the total number of such channels by more than an order of
magnitude via multiplexing. An estimate shows that 87 (25 x 3 + 12)
analog channels would be sufficient for reading out the 4,500

sense wires per module. Thus the prototype (full scale) target/
calorimeter would require 1,305 (6,525) analog channels.

The hadron calorimeter, and muon spectrometer follow standard
designs. In particular, the hadron calorimeter and muoﬁ spectrometer
required here exist as components -of the Caltech/Fermilab neutrino
detector system, and may be used without modification. Furthermore,
as shown in Fig. 2, one sees that the Caltech/Fermilab detector
remains essentially intact and unaffected by the placement of the
new target/caiorimeter in a frontal extension of Lab E. This is
possible since recoil angles in neutrino electron reactions are
small. This configuration allows great flexibility both during
installation and during data taking.

The major nepromponent in this detector system is the liquid
argon target/calorimeter. Even though the technique of using liquid
‘ (25,26,27)

argon ionization chambers is relatively new, it is

currently being applied on a significant scale both at the ISR (CERN)EzS)

29)

and at SPEAR (SLAC)S It is also being studied for possible

).(30,31)

application at PEP(SLAC The mass scales of these liquid

argon calorimeters are 210 tons and 72 tons, for the ISR and SPEAR
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respectively, and 200 and 400 tons for PEP. The number of analog
channels used are 1,800 and 4,000 forﬁthe'ISR and SPEAR calorimeters;
and 12,500 and 2,100 for PEP respectively. It is clear from the
above numbers that the liquid argon calorimeters at colliding

beam accelerators are already at the mass scale, and afe using
approximately the number of analog channels, we are proposing.
Furthermore, the physical constraints for liquid argon calorimeters
at colliding beam accelerators are much more severe than our
proposed neutrino target/calorimeter. It is evident from the above
that massive liquid argén calorimeters are being applied at a

rapid pace in high energy experiments.
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Vi. Event Rates

3

The Fermilab VH spectrum with the horn focusing system is
shown in Fig. 9. We calculate the number of events under the
following assumptions:

1) 1 Coulomb of 400 GeV protons

i.e. a) 1013

protons/pulse

b) 600 pulses/hour

c) 103 hours
2) Wide band horn focused " beam
3) 80 ton fiducial target

i.e. 2.4 x'lO31 electrons.

For v , e elastic scatterin we take the minimum cross section from
p E]

the Weinberg/Salam-Ward model, i.e. x = sin® 8, = 0.375, which is

W
10_42 Ev(GeV) cmz. For vu, e  inverse muon decay, the cross section
is uniquely determined by V—-A theory. It is
E
Oy 2
0 00 E\) (1 -E—') (7)

v

where E = m2/2m_ = 10.92 GeV
o u “Me

42

o, = 16.2 x 10~ cmz/GeV.

Deviation of the ratioIgA/gVIfrom 1 in muon decay affects this cross
section to lowest order, i.e. the cross section is uncertain to 25%.
The number of events, calculated with the above assumptions,

is 240 for Vi e  -.elastic scattering, and 1260 for vy e~ inverse

muon decay. The constraint, limiting excess energy deposition at
the vertex, does not reduce the number of events for either reaction.
A second constraint pi < 0.015 (GeV/c)2 reduces the number of

events by 5%, to 225 and 1200 respectively.
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The v e elastic scattering recoil electron differential

W
spectrum, integrated over the incident neutrino spectrum‘and using
the above pi cut, is shown in Fig. 10. The corresﬁonding spectra
with x = 0.25 and 0.50 are also shown. This Figure clearly shows
the necessity of using a low (electron) energy threshold. e.g.
the imposition of a 2 GeV energy threshold reduces the number of
events to 175 (255, and 220 for x = 0.25 and 0.50, respectively).
The vu, e inverse muon decay muon differential spectrum
(due to the high threshold emergy), starts at 11 GeV. This
indicates that relatively few additional events would be lost

beyond those removed by the pﬁ cut.

T~
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VII. Background Rates

A) Backgrounds for v e - V
g u v e

As discussed earlier, a background to Vi e elastic scat-

tering is inverse neutron beta decay. We calculate the number of

events with the previous assumptions, and that the,vu beam has a 1%
Ve contamination with the same spectral shape. Furthermore, we

take the inverse beta cross section to be a constant at 10-3SCm2.(32)
The calculated number of such events is 1100.

Discrimination against this reaction was extensively discussed.
Because the target neutrons are in nuclei, i.e. 40A, one should
include Pauli exclusion effects. Imposing a transverse momentum
cut on the electron at 130 MeV/c, we remove - 94% of the inverse
beta events, i.e. 70 such events‘afe left if the neutrons are free.
The veftex energ& criterié of 2 MeV excess energy deposition will
contribute at least an additional factor of 5 discrimination against
this background réaction (estgmated by using a 60 MeV/c cut on
transversé momentum), i.e. € 14 events would remain. For bound
neutrons, one would have € 2 events if one includes the Pauli
suppression. The number of these residual events can be estimated
from the observed transverse momentum distribution, and/or the
excess vertex energy speétrum, and subtracted from vu, e  elastic

scattering candidates.

Single pion production by the neutral current interaction with

39

. . - - 2
v, is assumed to have a constant cross section at 2 x 10 em®/nucleon

3
and to be dominated by A production.(33’34)

This gives a total of
44,000 events produced.

Due to weak form factors, the energy spectrum of the recoil
hadrons drops rapidly at energies 2 1 GeV. We estimate as follows:

2

with \qzl ~ 8m , the energy of the forward going T from 4 decay

is 1 GeV (the total hadronic kinetic energy is ~ 1.8 GeV). Thus a
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relatively low energy cut will remove events with lqzl up to
~ 3 mg.. Assuming the usual quadratic form factor, this gives
the result that events with |q2| 23 m§ is less than ~ 2% of the
total i.e. ~ 890 events. This occurs before the vertex energy
criteria, the single charged particle criteria, the angular criteria,
and electromagnetic shower criteria are used. The lafge q2 in

these events genefally breaks up the target nucleus. Thus these
additional criteria are expected to provide, in all, a discrimina-
tion much larger than 102, and this particular background reaction
would appear to be reasonably in hand.

B) Background for v._e o u v_

r

The major background for v e . inverse muon decay is the

W
quasi-elastic inverse beta decay reaction which we intend to
use for normalization, i.e.

v,n *p b ’ (8)
The number of eveﬁts frém this‘reaction is 110,000; A tranéverse
momentum cut of 130 MeV/c would remove 94% of these events, and
leave a total of 6600 events. The vertex energy criteria contributes
at least an add;tional factor of 5, so that 1360 events are left.
Pauli suppression of these low q2 events indicates that there will
actually be 160 events, of which 100 have muons with energy above
10.92 GeV. Thus we see that the background from reaction (8 is much less
than the inverse muon decay signal. Furthermore the number of these
residual events can again be estimated from the observed -transverse
momentum distribution, and/or the excess vertex energy spectrum,

and subtracted from vu, e inverse muon decay candidates.
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VIII, Summary

We are proposing to build a new counter neutrino detector
system which will require a new target/calorimeter section and

which will make effective use of the Caltech/Fermilab detector. This

new detector éystem, bécausepéf its’sensitivity, could be used to
search for new phenomena down to a 1eve1k10“3-10-4 that of the
usual charged current reaction. The first use of this detector
would be the study of neutrino electron reactions at Fermilab.

The key feature in this detector system is its sensitivity to very
low v (= Ev— E, = Th), and also very low qz. In particular‘
because the target is highly segmented, individually sampled,

and totally live, it can be sensitive to excess hadron energy

deposition at the vertex of a few MeV. 1In particular this

2

capability allows rejection of very low v, and very low g~ events

from neutrino nucleon reactions. This capability is sufficient for

the study of vu,e- elastié scattering, and vu,e" inverse muon
decay.

Future experiments for this detector, possibly with the energy

doubler, include the remaining neutrino electron reactions 1i.e.

i) a study of v elastic scattering

we
ii) a test of the multiplicative lepton number conservation

law via a search for GH e *'Ue W, and

iii) a study ef ve(ve),e- elastic scattering,
These studies would require, respectively, the wide band Uu beam,

and the proposed K° decay neutrino beam.
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