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ABSTRACT

We propose a study of Var Ué, VU and 3? interactions in
the neon filled 15-foot bubble chamber using the EMI. We intend
to (1) make a universality test of Vo T~ vu and Gé - 5@ in the
charged current interactions with about a 5% sensitivity to a
violation at a neutrino energy of 100 GeV, (2) make a universal-
ity test in the neutral current interactions to check for exam-
ple the existence of a restricted universality,'®(3) use the four
fermion interactions to make a test of the additive versus
multiplicative lepton conservation law. In addition, a prelim-
inary study of the specific four fermion interactions will be
undertaken.

To accomplish this study we propose a new beam in which
the relative energy spectra of Var Ué, vu and Uﬁ can be pre-
cisely determined and in which all four types of neutrinos are
produced simultaneously. We request about 30,000 interactions
resulting from an exposure of about 500,000 pictures using 2.5
X 1013 interacting protons per pulse at 500 GeV on our target.

If approved, we will undertake the detailed design of the

special beam reguested.
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I. INTRODUCTION

The operation of the FERMILAB at energies approaching
500 GeV and intensities exceeding 1013 protons per pulse opens
a new era of neutrino physics research only two decades after
the first discovery of the free neutrino.! A vigorous electronic
and bubble chamber research program® is underway to investigate
the properties and nature of the muon neutrino and its interac-
tions. With the prospects of the FERMILAB operating at 500 GeV
and even possibly higher if the energy doubler project is suc-

14 protons per pulse,’

cessful and with a new intensity goal of 10
it is reasonable to consider second generation neutrino experi-
ments. Second generation experiments can study rare processes
unobservable with present operating conditions or they can study
the more copious processes in a more controlled way, i.e. where
the experiment is not based on maximizing the event rate but is
based on optimizing the quality of the eventual physics result.
This experiment incorporates both of the second generation
goals. As we outlined in our letter of intent," we propose to
study muon-neutrino and electron-neutrino interactions simulta-
neously in an experiment where the two event rates are comparable
and where their relative energy distribution can be accurately
determined. Furthermore, the experiment will be carried out in
a detector which has high detection efficiency for identifying
both electrons and muons. |
Specifically, we propose constructing a new beam (Section

III.A) in the present neutrino area where the neutrinos originate



primarily from the K£3 decays of the KLO rather than from the
charged meson decays of conventional neutrino beams. This type

of beam has the advantage of nearly equal fluxes of v V_ gy V

e’ e U

and Gh with comparable energy distributions. Since all four
types of neutrinos come from decays of the same parent, the
KLO,their relative energy spectra are determined solely by the
decay branching ratios of Ke+3’ Ke"3’ KU+3 and Ku-3 and their
decay kinematics. Therefore, the relative energy spectra can
be accurately determined. In the conventional horn focused vu

beam the other three neutrino components are considerably sup-
v v v

pressed, e.g. —% < 0.1, —= < 0.005, —= < 0.0005.
v v v
U U U
The K, °© type of neutrino beam was to our knowledge first

L
proposed at the FERMILAB 1969 Aspen Summer Study.’> It was pro-

posed in more detail in the winter of 1969 at the FERMILAB TACOS
(Toward a Choice of Secondary Beams) committee.® This type of
beam was then studied in much more detail at the 1972 ECFA Study’
and at the FERMILAB 1973 Aspen Summer Study.?®

The new beam for this experiment would be a simple sweep-
ing magnet front end to the bare target neutrino beam. If the
guality and properties of the beam are determined to be as anti-~
cipated, we would propose a new optimized beam be built to in-
crease the flux by at least a factor of 4.

A spectrometer (Section III.B) installed at the downstream
end of the decay tunnel would be used to measure absolutely the

v v, and V., energy spectra and to help determine the back-

e’ "y u
grounds in the beam.

\)er



The detector in this experiment (Section III.C) is the
15~foot bubble chamber filled with pure neon followed by the
external muon identifier (EMI).? Electrons should be uniquely
identified since the average potential length in the chamber,
about 1.8 m, is more than 6 radiation lengths. Muon identifi-
cation would be deduced by observing the hadrons interacting in
the chamber; an individual hadron has an interaction probability
of about 91% in the chamber. For events where more than one
track leaves the chamber without interacting, the EMI will be
used to help identify them. The 15-foot chamber with magnetic
field is unique in being able to pick out background due to T°
production, followed by Dalitz decay which might look like a
Vo * € event.

The physics program of this experiment depends greatly on
the neutrino fluxes achieved. Since no KLo fluxes have been
measured above CERN-BNL energies it is difficult to determine
with certainty the neutrino fluxes. We present a range of fluxes
(Section IV.A) from different calculations and expect the real
situation to be bounded by these calculations. It is clear that
a good test of vu-ve universality can be made using the inclusive
channels (Section II.A.l) and exclusive channels (Section II.A.2)
of the interactions on neon. These tests will be precision tests
since they do not suffer from the flux shape and normalization
problem encountered in neutrino experiments using conventional
neutrino beams. A test of ve—vu universality of the neutral cur-

rent interactions (Section II.B) can be made by summing over all

the neutral channels produced by the four types of neutrinos in



this experiment and comparing with the vu and Gﬁ results from
other experiments, or by varying the amount of vu contamination
in the beam which can be done quite easily.

The extent to which the four fermion interaction can be
studied (Section II.C) depends on whether our flux estimates are
optimistic or pessimistic and on which theory if any describes
the four fermion interaction. For example, the total rate for
Ve te>e+ v, in this experiment ranges from 20 events to 4.5
events for the conventional V-~A theory depending on the differ-
ent fluxes used. Assuming the minimum value of the four fermion

 at most

cross sections allowed in the Weinberg-Salam theory,!
several events are expected in each of the four fermion channels
assuming the modest flux calculations.

Summing over all the four fermion channels it is possible
to make a test of the additive vs. multiplicative lepton conser-
vation law (Section II.C.l). This is accomplished by determining
the e /u  ratio for the sum of all the four fermion events. This
ratio is sensitive to the mixture of multiplicative law and addi-
tive law.

Because of the special nature of the beam in this experi-
ment a class of other tests and searches is possible. However,
their value would depend on the guality of the status of these

tests from other bubble chamber and counter experiments performed

in broad band and narrow band beams run before us. Two examples

in this class are the study of the V-A interference term F326 in
neutrino and antineutrino interactions, and the search for possible

muon and electron heavy leptons.?®
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II. PHYSICS CONTENT OF EXPOSURE

A. UNIVERSALITY TESTS OF THE CHARGED CURRENT INTERACTIONS

All experimental evidence at present is in agreement with
the hypothesis that muons and electrons behave identically except
for mass differences, in charged current interactions. Possible
discrepancies in u/e scattering have been reported!'! but do not
appear to lie outside the possible systematic uncertainties of
these experiments. In this experiment an accurate universality
test can be made between vu/ve and ﬁﬁ/ﬁé since the neutrino

spectra relative to one another are precisely known.

1. Universality Tests Using Total Cross Sections.

Using the reactions

Vg N > e + 7T (1)
Vot N>e 4T (2)
vu+N+u—+1‘ (3)
Gﬁ +N+>u" +T (4)

where T' is any hadronic final state, a universality test can be
made as a function of energy from the energy dependenée of the
ratio of cross sections. vu/ve universality is tested from the
cross section ratio of reaction 3 and reaction 1 while the
3@/Ué universality is tested from the cross section ratio of
reaction 4 and reaction 2. Using the modest flux estimates and
reasonable cross sections (see Section IV), the event rate for
this experimént as a function of energy for these channels is
determined and is given in Table I. If we call the event rate

of reaction 1 at energy E, Rl(E) and likewise for the other




reactions then we can define the breakdown of universality as a

function of energy for neutrinos as

"R3 (E) Ry (B}
R, () - R, (E]
U (E) - . iexp 5 th
,RBCE)
leEi
4 th

and similarily for antineutrinos,

R4(E) _ R4(E)
R, (E) (E)
'I-J- (E) = 2 exXp . R2 th
R4(E)?
ey |
i +h

where the subscripts exp and th refer to the experimental and
theoretical values. The level of U(E) and U(E) which we can
determine in this experiment based on statistics alone is given
in Table II. The guantities U(E) and U(E) can be related to the

more conventional way of presenting universality breakdown by

assuming a particular model for the breakdown, i.e. ————li——§,
1 1 +qg°/A
where —5 is a measure of universality.
A
2. Universality Tests for Specific Final States.

Universality tests are also possible by making compari-
sons for individual final states. These tests will however be
somewhat weaker because of limited statistics. For example,

consider the reactions



v, tn > T (5)

Vg tn > e~ p ot (6)

Using the modest flux estimates and the most recent single pion
cross section measurement,!? d(vu +n->yu prh =0.7 x 10738
cmz/nucleon, the total event rate as a function of energy for
reactions 5 and 6 for this experiment is calculated and given

in Table III. Defining a neutrino universality violation param-
eter for the single pion channels to be U'(E) as U(E) was pre-
viously defined for the total cross section, the level of viola-

tion that we can determine in this experiment based on statistics

alone is given in Table IIT.



E. UNIVERSALITY TESTS OF THE
NEUTRAL CURRENT INTERACTIONS

All experimental information on u/e universality
tests to date come from semileptonic charge-changing
processes; i.e. charged current interactions. Recently
Georgi and Pais addressed themselves to the following
questions}3 Is it possible to construct models where
universality is obeyed in charged current processes but
violated in neutral current processes? They conclude
that this type of "restricted universality" is possible.
In general, they point out that, "In the context of
a gauge theory, we can evidently have restricted universal-
ity if and only if inequivalent representations are
involved for muon and for electron type leptons, that is,
if heavy leptons exist and/or if there is more than one

13
neutral current."

The Weinkerg theory for example is a natural theory where
the conventional p/e universality law holds. However,
Georgi and Pais have constructed a model with restricted
universality and explicitly calculate the breakdown of
universality in the neutral current interactions.13

Consider the reactions:

+ N +
vu -> vu T (7)

\)e+N+\)e+1" (8)

This particular model with restricted universality predicts
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that the cross section ratio of reactions 1 and 3 are the
same while the cross section ratio reaction 7 to reaction
8 is 16 to 1. Other models can give even larger universal-
ity violations in the neutral current interactions. How
small a universality vioclation can we see in the neutral
current interactions? Assume that the neutral current to
charge current ratio for muon neutrinos is energy independ-
ent and is given by the CERN experiment!* i.e. 23% for
neutrinos and 46% for antineutrinos. We can now estimate
the total muon-neutrino plus electron-neutrino neutral
current to charged current ratio under two assumptions:

(1) that universality holds for the neutral

and charged currents i.e.

vu + N > vu+ T Ve + N » Ve + T _ 0.23

]

vu + N ~» u~+ T ve + N =+ e~ + T
and
vu + N - vu +T _ Ve + N - Vo + T _ 0.46.
- + - +
Vu + N =+ uy  +7T Ve + N »e + T
(2) that restricted universality holds at
the values explicitly calculated by Georgi
and Pais i.e.,
vyt N v+ Ty o3 Vet N v+ T 9y
vu + N =y~ + T Ve + N » e” + T
and

< |
+
2
+
=
+
+
1
<
+
z
¥
]
+
+
b
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Using the modest flux estimate and rates from Table VII

we find the TOTAL neutral current to charged current
8,400

i = 0.29 for assumption 1 and
event ratio to be 39,000 P
i%f%%% = 0.11 for assumption 2. Even including the

absolute normalization problem and lepton identification
errors this type of test is possible,

The misidentification errors that we have considered
all appear to be small. For example to move events from
the heutral current class to the charged current class
one could have;

(1) Dalitz pairs with unmeasured curvature simulating

Ve charged current events.
(2) Asymmetric Dalitz pairs simulating Ve charged
current event.
This can be corrected two ways. First by making fits to
the ei and correlated v in the chamber to a m° and second
by observing anomalously large numbers of the forbidden
et four fermion type events. Moving events from the
charged current class to the neutral class is the most
probable for the muon neutrino events where the muon in
the final state is not identified. 1In this case the
EMI is very important. If one considers only those events
where all final state particles pass through the EMI then
the useful event rate is reduced by a factor of 2.5 but
the muon identification per track is about 99%. This
subset of events can be used to correct all the events.

The total of the above corrections is small compared to
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the magnitude of the effect.

C. FOUR FERMION INTERACTIONS ON ELECTRONS
Historically the detection of the neutrino-lepton
elastic scattering has proved to be the most elusive of
all the neutrino interactions. First searched for in
1935'%, it is still under active pursuit.!®. In this
experiment it appears possible to observe for the first

time the diagconal four fermion interaction v_ + e » e + Voo

e
Moreover, integrating over all the four fermion interac-
tions, a test of the additive vs. multiplicative

lepton conservation law is possible.

1. Test of the Additive vs. Multipblicative
Lepton Conservation Law

The additive lepton conservaticn law has been suffi-
cient to explain the lepton conservation in the observed
reactions and the suppression of reactions such as u + e
+ v}7 In this scheme the lepton quantum numbers are ad-
ditively conserved for uy and vu (Nu + NVU = Lu) and for

e and Ve (Ne + Nv = Le) individually. Present experi-
e

mental evidence does not rule out the possibility of an
alternate conservation law - the multiplicative conserva-

tion law.l®

In the multiplicative scheme,Lu + Ly is

L .
conserved as well as (-1) € . All reactions allowed by
the additive scheme are allowed by the multiplicative
scheme. However, new reactions are allowed using the

multiplicative scheme.

A selection between these two schemes may be possible
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by measuring the e /U ratio summed over all the four
fermion reactions. The reason why this test in practice
can be a precision test lies in being able to accurately
determine the relative shapes of the various neutrino
spectra. Table IVlists the four fermion reactions allowed
by the additive conservation law and those additional
reactions allowed by the multiplicative conservation law.

These additional reactions are v  + e - T v, and ;u +

e > v, + U . Table V lists the cross sections for these
reactions. The cross sections for reactions la), 2a), 3a),
and 4a) were calculated using the Weinberg model with sin2
OW = 0.3 (See Fig. 1). The cross sections for reactions
2b) and 3b) were calculated assuming V-A with no z° contribu-
tion. The cross sections for reactions 1lb) and 4b) were
calculated assuming pure additive law then pure multiplica-
tive law., Table VIgives the total event rate for the four
fermion reactions in this experiment allowed under the ad-
ditive and multiplicative laws using the modest flux
estimates of Table VII, Summing over all the channels the

e /u_ ratio is sensitive to the tvpe of conservation

law being e /u~ = 0.93 for the additive law reactions and
e /u = 0.57 for the pure multiplicative law.

Using the optimistic flux estimates the statistical
errors on e /u  are such that if the additive law were
true we could not rule out the pure multiplicative law.
However, if the pure multiplicative law were true we would
have a 2.6 standard deviation departure from the pure

additive law estimate. Tests based on the absolute p- rafé

alone are possible.
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For this test it is essential to identify the sign
and type of lepton in the final state. The identification
procedure for electrons and muons has been described in
Sections II. B and II. C. The probability of muon identifica-
tion for these events is extremely high (approaching 100%)
because first, there is only a single track to identify
and second, the final state lepton in these reactions is
in the extremely forward direction; well within the accept-
ance of the external muon identifier.

2. Preliminary Observation of the
Four FPermion Individual Channels

The theoretical literature on the four fermion interac-
tion is indeed rich. If sufficient statistics were avail-
able in these channels testscould be made of the V and A

10
nature of the interaction,?? the Weinberg model, the Gell-

! the two component

Mann approach to renormalization,?
neutrino theory,?? the hypothesis of conservation of lepton
number,??® theUniversal Fermi Model and general tests of
any intermediate vector boson theory with and without u-e
universality.?* However, with this experiment the number
of events expected per channel is low. See Tables VI and VII,
It is clear we will be able to see events even at the mini-
mum Weinberg cross section. From Table VI we see that in
total there will be about 35 four'fermion interactions in
this experiment assuming the additive conservation law, |
natural universality and sin2 @W = 0,3,

Let us now consider the background problems and what

conclusions can be drawn with these statistics, In general,
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the four fermion events are characterized by an energetic
forward going lepton whose angle to the neutrino direction
is proportional to -JMQ/Ev. The main background to the
four fermion interactions is from Ve + 0 > e + (proton
with length less thén 1.5mm) .2° This background has been
studied in the CERN heavy liquid bubble chamber neutrino
experiment?® by the analogous pseudo-elastic reaction

vu + n - p + (invisible proton) and was found to be about
3% of the total 2y interactions. The cross sections for
the pseudo-elastic reaction and the single pion reaction
are about equal.?? Therefore, from Table III the total
number of pseudo-elastic events expected is about 10 giving
a background of about 2 events. In addition by using the
requirement of a fast forward going electron and the fact
that the four fermion cross section is proportional to
energy while the pseudo-elastic cross section is constant
should make this background negligible. In summary we can
do the following:

(1) Ve will for the first time be able to see a
diagonal four fermion interaction.

{2) From the total event rate we can put preliminary
bounds on the Weinberg angle i.e., observe
deviations from the V-A cross sections (See Fig.
1)

(3) From the absolute rate of single u events we
can put bounds on the amount V-A vs. V+A,?28

(4) If we have an optimistic event rate then the lep-

ton recoil spectrum can be used to better test

the V-A,Weinberg and other theories.??


http:1.5mm).2s
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ITII. EXPERIMENTAL ARRANGEMENT

In this experiment we intend to utilize the maximum
amount of the existing neutrino beam installation. We
therefore, intend to use the existing proton transport to
the target, target tube, decay tube, shield, 15" bubble
chamber and the EMI. Our new beam would consist of a new
target train load to produce a neutral beam at zero degrees.
There are special problems encountered in this beam design
related to suppressing unacceptable backgrounds which are
solvable but a detailed design is not yet complete. Upon
approval of this proposal we will carry out a detailed
study and design of the complete beam. To study the four
fermion interations in greater detail a special high flux
beam may have to be constructed. To make an accurate

determination of the neutrino spectra and to evaluate the

neutrino backgrounds, a special spectrometer will be installed

at the end of the decay tube.

A. BEAM DESIGN

All existing accelerator neutrino beams are produced
by focussing charged mesons toward a detector and allowing
a fraction of the mesons to decay producing neutrinos.??
Focussing the mesons toward the detector can be done over
a large energy range (e.g. horn system) producing a broad
band beam, over a small energy range (e.g. the narrow band
system) producing a dichromatic energy beam or the focussing
can be done by only the Lorentz transformation producing a

bare target beam. The vu and 5# fluxes dominantly come

from the = and K decays while the v_ and V_ fluxes
u2 u2 e e
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dominantly come from the Ke3 decays. Because of the
small X/m ratio, the small KeB/an ratio and the three
body vs. two body decay kinematics, the electron —neutrino
flux is suppressed relative to the muon-neutrino flux by
several hundred. Therefore accurate Y ahd Vo comparisons
are difficult. Also, if weak neutral currents exist at
the ~20% level then the Ve events will be masked by back-
grounds from the vy neutral current interactions.

A new type of beam is therefore proposed which produces
v

simultaneously v v and Gu with accurately determined

e’ e’ "y

relative energy spectra. Because of these properties this
beam could be called the universal neutrino beam. This
beam originates from the three boay leptonic decay modes
of the KLO. The relative neutrino energy spectra can be
accurately determined since they depend solely on the
relative branching ratios, decay energies and decay kin-
ematics. The absolute normalization can be obtained by
measuring the KLO energy spectrum and also by measuring

t, )

the energy spectra of the decay particles (e¥f, =
as a function of radial position at the end of the decay
pipe using a special spectrometer. 7

This type of beam was originally proposed in 1969 and
more fully deveioped at the 1972 ECFA Study and at the
1973 FERMILAB Aspen Summer Study.. The summer study beam represents
the present state of the evolution of this beam. We will

not present a beam layout different from the summer study

beam because to do so requires information which is not
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yvet available These items will be gone into in detail
below.

Scheratically the universal beam is shownon Fig. 2.
The standard proton transport is used to direct and
focus the proton beam onto the neutrino target. The
solid angle acceptance of the beam is defined by collimat-
ors Cl and C2. Following the target is a magnetic field
region which sweeps the charged particles produced at
the target and the remaining proton beam into a dump, the
face of collimator Cl. Short lived neutral particles

© and AO, have mean decay lengths of

in the beam, e.q. KS
about 13m and 17m respectively at 250 GeV/c momentum. The
decay of these particles produce n* which then decay giving
a vu contamination to the universal beam. The second
sweeping region is therefore necessary to reduce this
contamination by deflecting the charged secondaries onto

the face of collimator C2., The decay tunnel, muon shield
and detector area are essentially the same as in the
conventional neutrino beam. Collimators Cl and C2 could
possibly be the aperatures of the two magnetic field regions.

A detailed beam design study will answer the following

questions:

(1) What should be the solid angle acceptance of the
beam? Until the KLO spectrum at FERMILAB is measured
it is impossible to know how hard one must work |
for a bigger acceptance to enhance the flux. The

KO

L spectrum should be measured within the next
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few months by Experiment 87 for 300 GeV interacting
protons in the energy range 20 GeV < EKLO < 200 Gev.3!
An absolute normalization of 10% may be possible.

Once this spectrum is known a realistic beam design
can be initiated.

(2) How should the proton beam be dumped to minimize
the contamination to the universal beam? The
proton beam should be dumped cleanly to minimize
scattering down the beam line which can result
in charged meson producing a vy contamination.

Also the proton beam must be dﬁmped at a large
angle to the neutrino beam line to minimize the
neutrino contamination resulting from meson’
decays in the first few interaction lengths of the
dump. Possibly a reentrant dump in Cl where the
protons are at a large angle to the neutrino beam
line will be acceptable.

(3) Should ﬁhe charged secondaries be deflected onto
the side walls éf magnet M1 or should they be
absorbed by collimator Cl or several collimators
distributed within M1? To minimize the neutrino
‘contamination from the decay of charged mesons
produced at the target it is necessary to deflect
the mesons oﬁt of the neutral beam in as short a
distance as possible (tominimze their decay
probability) and to absorb them cleanly. This

requires high magnetic fields in M1l and a detailed

study of the scattering from the collimator'lips.
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(4) How should the charged decay products of the Kso

‘and A° be removed from the beam so that the neutrino
contamination from these sources are minimized?
This depends on the strength and aperature of M2 and
whether C2 is a single collimator, multiple collimators
in M2 or just the aperature of M2.

(5) How can the thin vacuum window of the decay tunnel
be eliminated as well as any other mass between
the target and the neutron dump? Because of the
high flux of high energy neutrons produce in this
beam, any mass in the beam acts as a secondary
target. The backgrounds from.these«sources are
substantial unless special precautions are taken.
For example the target tube may have to be operated
in vacuun ’in order to eliminate the vacuum window
between it and the decay tunnel. For our running
conditions, the vacuum window (1/8" Al.) gives a
neutrino contamination comparable to an unfocussed
beam operating at 10ll PPPR- | |

(6) How can the neutron dump bé designed to minimize
the neutrino contamination? As in item 5, neutrons
interacting in the dump produce mesons which can
decay before being absorbed producing a contamina-
tion to the universal beam. To minimize this
effect a tungsten dump méy be adequate. If not,
a series of converter and sweeping fields may be

necessary.
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B. ABSOLUTE NORMALIZATION SPECTROMETER

Even though the v and Ve spectra from K °© decay are

U L
very similar, they are not identical. In fact the Ve

vield at high energies is significantly higher than the
v yield, and since the cross section is proportional to

E there are many more Vo events than vuevents at high

v’
energies. See Fig.VII. If one includes the vield of

neutrinos from A° decay, which gives very high energy Ve fluxes,
the‘problem is even worse. It is very important, then, to
measure the spectra of secondaries from the target. We
intendvto‘do this by measuring the electron, muon and pion
spectra in the decay pipe. This can be done, since the

- number of charged particles in the decay pipe is the same

order as the number of neutrinos, about 108 to 10.9 per

square meter. - In addition, the number of muons, pions,

and electrons are similar, so that the rejection in the

. detectors' does not have to be so good. That is, we can

allow some of the pions to look like electrons or muons,
without much error in the measurement.

There are many possible ways to make this measurement,
and details have not been worked out. The simplest would
be to put a very small spectrometer at the end of the decay
region, and detect charged particles in a very small solid
angle, using detectors that’distihquish between electrons,
pions, and muons. A spectrometer is used to bend the
particles out of the decay pipe to decrease the background

from neutrons and y-rays. The spectrometer should be small

enough so that the rate is not too high, and so that it
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can be moved about the decay region to sample the radial
distribution. |

The 21 flux due to pion decay can be measured by
turning off some of the sweeping magnets, giving pions a
longer effective decay path, and then extrapolating to the
normal configuration. The contribution due.to £° decay
can also be measured in this way, since most of the A° will
decay in the sweeping region, but only a small pércentage
of the KLO decay there. The measured spectra would be used
as input to a Monte-Carlo to reconstruct the neutrino
spectra.

This sampling of the beam will have to be done using
slow spill, but this spill usually exists in the neutrino
lab at low intensity, even if only fast spill is used’for
data taking. Hence, the spectrum could be measured
simultaneously when we are running. We expect that the zero degree
yield of KLO and A° will be measured sbon. Since we can
use thislinformation to make accurate calculations of the

differences in the vy and Ve yields, a crude measurement

of the e, u, and 1 fluxes in the decay pipe will give us
good measurements of .the absolute fluxes, and excellent

measurements of the differences in the'\)e and vu spectra.
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C. DETECTOR

The‘detectof used in this experiment is the 15-foot
bubble chamber filled with neon followed by the external muon
identifier (EMI). To maximize the total event rate and to pro-
vide the maximum detection efficiency for electrons and hadrons
a pure neon filling was selected. For an average interaction,
i.e. with its vertex at the center of the chamber the potential
length to the chamber wall is 1.9 m. This represents about 2.5
‘collision lengths and about 7 radiation lengths. Using the total
track length method®? to determine the electron energy should
give an energy resolution of about #30%. The electron identifi-
cation from radiatibn loss in the chamber should be unique.

An individual hadron will have about 10% probability of
leaving the detector without interacting. It is therefore
essential in the high multiplicity deep inelastic events to use
the EMI to help identify the muon. This is particularily true
in our case since with a mixed beam of vu and Gﬁ even the sign
of the muon is not known a priori. Also if only one charged
track leaves the chamber without interacting it cannot be assumed
to be a muon since the neutral current event will have no charged
lepton in the final state.

The useful fiducial volume of the bubble chamber in this

experiment is about 20 m3

which represents a target mass of about
24 tons. This mass of target compares favorably with most
conceivable counter experiments. It should be noted that if the

EMI is not used for muon identification it will be necessary to
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reduce the fiducial volume in order to increase the potential
length available for muon identification. Reducing the fiducial
volume is obviously undesirable becausé it reduces the useful
event rate.

The bubble chamber is also ideal for our research because
in addition to the large mass, the magnetié field allows the
essential separation of e+, e, u+ and 1~ . The good visual reso-
lution at the event vertex is likewise essential for the four
fermion interaction studies since it allows a distinction to be
made between Ve + e > Ve + e and the "quiet events" such as
Vo tn>p + e where the proton energy is low. Vertex resolu-
tion in conjunction with a high magnetic field allows identifi-
cation of 7° which could simulate directly produced'electrons.

It appears in general that for the four fermion'studies, the neon
£illed 15-foot chamber is greatly superior to conceivable counter
experiments.

There is one possible feature of the neon?filled bubble
chamber that, to our knowledge, has not been explored. If the
chamber is filled with pure neon, it cah be used as a scintilla-
tion calorimeter. This procedure would require significént
development work, but pure neon, if the chamber can use it, is a
véry good scintillator with a light output that is a significant
fraction of NaI(T1),’® The light collection could be done from
the extra camera ports and would be assisted by the Scotchlite
in the chamber. The phototubes would have to be on long light
pipes to remove them far enough so that they could be shielded
from the magnetic field. There is sufficient time beforé the

flashtubes are fired to close a shutter or otherwise protect the

tube.
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A technique of this sort could be used to significantly
decrease the number of pictures that have to be scanned, and
the biases are easily measured by recording the pulse heights

but not using the tubes in the trigger.
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Iv. EVENT RATE DETERMINATION

A. FLUX CALCULATION

Since the KLo flux has not yet been measured at energies
above the CERN and BNL energies we felt it was necessary to use
several different reasonable particle production models to esti-
mate the flux of KL0 - vaﬁ. All calculations assume that the
decay, shield and detector parameters aré as'built: A 400 m
long decay path, a 1000 m shield and the 15-foot bubble chamber.
The fluxes are all given for a proton énergy of 500 GeV in units

of \)/G@V—m2 - lO13 interacting protons for a flux averaged over

the detector area of 5.7 m2.

The most recent flux estimates of Baltay and Roe presented
at the FERMILAB Workshop on Second Generation Neutrind Exéeriments,
May 18, 1974, are based on Monte-Carlo éalculations usihg two
different particle production models fit to high energy data. No
additional details were given. These fluxes are presented in
Fig. 3 labeled 1 and 3 for Ve and vu spectrum respectively. It
is assumed in all of these calculations that the ve and Gé spectra
are identical and the vu and Gﬁ spectra are identical.

’ Monte Carlo calculations were performed at FERMILAB using
the Trilling production model®" and KLO/TT+ = 0.15. .We felt this
model was reasonable since in the forward direction, useful for
the neutral beam, the flux agrees with the Hagedorn-Ranft model.?®?
The K/w1= 0.15 also roughly agrees with the Hagedorn-Ranft pre-
dictions. The fluxes based on‘these calculations are labeled 2

and 5 for v, and vy respectively. A third estimate
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using the intuitive scaling of Kalbfleish®® was also made. This

estimate is based on taking the vu spectrum from K+ and scaling

(o}
23'

ferences in branching ratios for K:v and Kiuv' 3) the difference

by 1) the ratio of mean decay energies of K{zand K 2) the dif-

in mean decay lengths between the k' and K.© and 4) possible dif-

L

ferences in production yields of k' and K Assuming no differ-

o
L -
ences in production yields’and using the Hagedorn-Ranft xt yields
the flux labeled 4 was estimated.

Looking at the spectra of Fig. 3 one first concludes that
they agree within a factor of 10. However, this is based on the
K+ and KLO spectra being the same. Also recent measurements at
FERMILAB at 300 GeV indicate that the Hagedorn-Ranft x* yields
could be high by a factor of 3. The situation could be some-
what worse than Fig. 3 indicates. To be safe we consider respec-
tivelf the Ve (Gé) and vu (GU) fluxes from curves 1 and 3 to be

optimistic estimates, the fluxes from curves 2 and 5 to be modest

estimates, and the flux from 4 to be a pessimistic estimate.

B. CROSS SECTIONS AND EVENT RATES

In determining the total cross sections for v and v on

nuclei the recent CERN electron-neutrino data® has been used,

i.e.
_ -38 2
o, = (0.93 * 0.17) x 10 Ev cm” /nucleon
e ‘ ] e
- -38 2
o— = (0.37 +* 0.09) x 10 EU cm” /nucleon
e e
in good agreement with o, and 0— . Therefore using the CERN

v
M M
muon-neutrino cross sections we use,
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0.8 x 10“38 E, cmz/nucleon.

il

Since the theoretical four fermion cross sections are strongly
model dependent we illustrate the range of event rates expected
by first assuming the conventional V-A theory, then assuming the
cross section is the minimum allowed by the Weinberg model.
These cross sections are illustrated in Fig. 1.

The event rates are calculated assuming thé flux and cross
section estimates above for a 500,000 picture exposure of the
neon filled 1l5-foot bubble chamber. A proton intenéity of 2.5
X 1013 per pulse at 500 GeV interacting in the target has been
assumed. A fiducial volume of 20 m3, radius of 1.35 m, gives a

31 nucleons and a 7.2 x 1030 electrons.

total target of 1.4 x 10
The total event rates for this experiment under the above assump-
tions are given on Table VII. We do not explicitly give the event
rates available if the accelerator operates at 1000 GeV but for a
linearly rising cross section the importance of a higher energy
beam is clear. Enhancements in event rates of a factor of 3 or

4 per interacting proton can be expected if the accelerator

operated at 1000 Gev.
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V. CONCLUSION

This experiment is unique in being able to:
(1) Test for universality violations
of 10% or better in the charged
current interactions,
(2) Make a good test of universality
in the neutral current interactioﬁs,
(3) Test whether the lepton conservation
‘law is additive or multiplicative,
(4) Detect four fermion interactions
with the best conceivable signal-
to~-background ratio.

The key to this experiment is a new type of neutrino
beam which to the best of our knowledge was first describeds'8
by one of the participants of this proposal. This new
beam produces the four types of neutrinos with approximately
equal fluxes but with relative energy spectra which can
be precisely determined.

To accomplish the above physics goals we propose
an exposure of the neon-filled 15-foot bubble chamber
followed by the EMI to the new neutrino beam. We reguest
30,000 total neutrino interaction in the 20m3 {24 ton)
fiducial volume of the bubble chamber which could result

from 500,000 pictures using 2.5,x'1013

interacting protons
per pusle at 500 GeV on the target of the new beam. The
beam design is not complete; however, if approved we will

undertake the detailed design of the requested beam.
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Regarding the collaboration of this experiment we

wish to point out:

(1)

(2)

(3)

(4)

The collaboration is organized under the
present USA-USSR Protocol Annex II. No
new annex is necessary.

This collaboration will have the experience
of working together since 1972 and through
two neutrino experiments with the 15-foot
bubble chamber.

Our approved experiments of neutrinos in
hydrogen and antineutinos in hydrogen-
neon will allow us to make comparisons
with these data in as systematic a manner
as possible.

This collaboration has sufficient strength
to adequately and promptly carry out the
beam design, spectrometer design and

analysis of the experiment.
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TARBLE I
Energy Dependence of Total Event Rate

v v, v. on Neon
for Var Vgr ' Vu

Neutrino Energy Reaction
GeV 1 2 3 4
0 - 25 490 160 875 290
25 - 50 3300 | 1100 {2450 820
50 - 75 3300 1100 |2000 670
75 - 100 2800 900 1100 370
100 - 125 1900 635 | 500 170
125 - 150 1 1200 400 225 75
150 - 175 650 220 90 30
175 - 300 750 250 5 2




TABLE IT
AMOUNT OF UNIVERSALITY VIOLATION DETECTABLE IN THIS
EXPERIMENT FROM REACTIONS 1, 2, 3 and 4

AS A FUNCTION OF ENERGY. BASED ON STATISTICS ONLY

Neutrino -
Energy ‘ U(E) ‘ U(E)
(GeV)

0 - 25 133 | 10%
25 - 50 3 | 5
50 - 75 3 5
75 - 100 4 6
100 - 125 5 9
125 - 150 7 13

_150 - 175 11 -




TABLE III

Energy Distribution of Single Pion Events

for vu and Ve and Value of U' (E)
Neutrino Event Rate  Amount of Universal-
Energy ity Violation
(GeV) Reaction 5 Reaction 6 Detectable
0~ 25 20 11 14%
25 - 50 23 31 27%
50 -. 75 ! 11 18 23%
75 -~ 100 4.3 11 45%
100 - 125 l.6 6 -
125 - 150 0.58 3 -
150 - 175 0.20 1.5 -
175 - 300 0.005 0.8 -




TABLE IV
Four Fermion Reactions Allowed by

Lepton Conservation Laws

Allowed by Additive Law Allowed in Addition by
Multiplicative Law

1. a) v +e +e + v b) v, + e~ u”-wu
2. a) v +e >V +e (NONE)
b) Ge + e - GH + u
3. a) v, + e - v, + e (NONE)
b) v, + e > vyt W
4. a) V. +e +9. + e b) v. +e +9v_ +u




TABLE V

The Cross Sections for the Reactions of Table IV

Reaction

Cross Section (cmz/electrOn)

Pu

a) v. + e

<|
+
0]

b)

a) v + e

b}

<
+
1]

<|
+
o

a)

<l
-+
0]

1.12

re Additive | Pure Multiplicative
-~4]1 -41
x 10 Ev 1.12 x 10 Ev
- 1.12 x 1074
v
-41 -41
x 10 Ev 0.54 x 10 Ev
-41 -41
x 10 Ev 0.54 x 10 Ev
-41 -41
x 10 Ev 0.12 x 10 Ev
-41 -41]
x 10 Ev 1.62 x 10 Ev
-41 -4]
x 10 Ev 0.2 x 10 Ev
-41
- 0.2 x 10 Ev




TABLE VI

Four Fermion Rates in This Experiment

. 100% . 100%
Reaction Additive Law Multiplicative Law
e u e U
1. a) Ve + e + e + Ve 9.5 9.5
b) Ve t e ™ u + vy 9.5
2. a) Ve + e > Vot e 4.5 4.5
b) Ve + e - vu+ u 4.5 4.5
3. a) v, * e +v+e | 1.0 1.0
b) Vu + e -+ ve+ u 13.5 13.5
4. a) Vu + e » vu+ e 1.7
v > 9 - 1.7 .
b) vu + e - ve+ u 1.7
16.7 18.0 16.7 29.2
e (Using the modest = 0.93 # 0.31 0.57 + 0.17
Th flux estimates)
e (Using the optimistic
u flux estimates) = 0.93 + .26 0.57 = 0.14




TABLE VII

Event Rate
Pessimistic | Modest Flux | Optimistic Flux
Reaction Flux Estimate Estimate
Estimate . {Curves 2 (Curve; 1
(Curve 4) and 5) and 3)
1. v, + N > r 4,500 14,500 20,000
2. Ge + N - T 1,500 4,500 6,500
3. vy + N - T 2,800 7,200 12,500
4. Gu + N > T 1,000 2,500 4,000
5. v, t e v 4.5 13.5 20 Assuming
6. vV, + e~ v 1.5 4.5 6.5( V-A
7. vy + e - u 4.5 13.5 20
8. Vo + e - v 1.1 3.4 5 Using
_ _ minimum
9. v, t e~ v 0.3 1.0 1.5} Weinberg
value
10. vu + e v 0.2 0.6 0.8
11. Gu + e~ v 0.2 0.6 0.8
*
Curve numbers refer to Figure 3,
O

Assuming:

20m3 neon

Conventional Beam Layout, K

L

2.5 x 1013 int. protons/pulse
500,000 pulses

Source Only




NEUTRINO ELECTRON SCATTERING CROSS-
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