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INTRODUCTION

The scope of this report is not to survey all results
from Fermilab neutrino experiments but to present to the
nonspecialist the highlights of a few neutrino physics
topics. The topics chosen are not necessarily the most
profound of the moment but are those topics which I find
interesting, namely:

1. Is the antineutrino y-distribution energy de-

pendent?

2. Status of dilepton production by neutrinos.

3. Properties of the hadronic system in neutrino

interactions. )

4, Properties of antineutrino interactions with

neutrons.

5. Nuclear effects in antineutrino interactions.

6. F¥ production by neutrinos?

7. Future neutrino program at Fermilab.

The present Fermilab neutrino facility consists of
two electronic detectors and the 15-ft. bubble chamber.
The electronic detectors are the second generation evolu->
tion of the original Cal-Tech, Fermilab detector’ and the
Harvard, Pennsylvania, Wisconsin, Fermilab detector.? Four
different neutrino beams (neglecting minor variations)
are available and have been used. These beams typically
operate with 400 GeV protons and intensities of 1-1.5 x
1013 protons/pulse with a repetition rate of about 10 seconds.
Figure 1 schematically illustrates the antineutrino energy
spectrum of the four available beams. The horn focussed
neutrino beam® has the highest overall flux, the lowest



average energy and a strong suppression of the wrong type
of neutrino (e.g., suppresses the neutrino flux in the
antineutrino beam). The quadrupole triplet beamf can be
tuned to enhance high or low energy neutrinos but in general
has a medium flux and a natural mixture of neutrinos and
antineutrinos. The dichromatic beam® can also be tuned
to optimize different energies. The resulting neutrinos
from K decays have good energy resolution (about 10%).
This beam has low flux and a good suppression of wrong
type neutrinos. The bare target sign selected beam® (BTSS)
has the lowest overall flux but most of the flux is above
50 GeV and has a very good suppression of the wrong type
of neutrinos. The horn beam presently operates with a
20 psecond proton beam spill. The other beams operate
with longer proton spill times typically 1 msecond or longer.
The neutrino area and detectors have been operating
at Fermilab since mid-1974. The exposures given to the
various detectors are outlined in Table I. Physics from
the underlined exposures have not yet been reported. Most
of the other experiments received substantial additional
exposures during the past year and new results should be
reported soon.

1. Is the Antineutrino y-distribution Energy Dependent.

During the past few years many interesting néutrino
effects have been reported; high-y anomaly,7 low-y _
anomaly,’ threshold effects in antineutrino y-distribu-
tions,’ charge symmetry violation,!® a need for new exotic

1 etc. Most of the above exotic effects

baryon states,
have been dispelled. The area where an exotic effect might
still exist is one aspect of the high-y anomaly: explicitly
the question is whether or not the antineutrino y-distribu-
tion is energy dependent. Data on antineutrino y-distribu-

tions now exist from three counter experiments and three



bubble chamber experiments and as we shall see, the answer
to the question of an energy dependence is still unclear.
Consider the neutrino-nucleon interaction described
by the neutrino and muon with energies E and Eu and a vir-
tual boson propagator carrying the energy v = E ~ Eu and

2 9%2 . The scaling variables

four momentum Q2 4EEu sin

Q2/2mv and y = v/E.
The general form of the V-A interaction is

are defined as x
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where Fl, the hadronlc structure functions, are in general

functions of v and Q . Assuming charge symmetry (F =

), a very heavy propagator mass (Q /A + 0), the Callan~
Gross relation (2xF1 = Fz) and scaling (F (v, Q ) Fl(x))

gives:
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We introduce the infamous B parameter:
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The value of B can be determined either from fitting the
shape of the antineutrino y-distribution,
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or from the total neutrino-antineutrino cross section ratio,
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Before looking at the data we can ask if we believe
the above theoretical framework. We know that contrary
to our assumptions, charge symmetry will be violated at
small x because of charm production and scaling violations
exist at small x. The amount of violation will increase
with energy. However both of these violations are second
order effects at present energies. Therefore let us use
the above framework for our analysis and consider B as
a parameter which describes departures of the shape of
the y distribution from the simple scaling predictions.
Figure 2 displays the data on the energy dependence of
B for antineutrinos. The original data which "discovered”
the high-y anomaly effect are from the HPWF’ experiment.
Their B values were obtained from fitting the y distribu-
tions and show the largest energy dependence of all the
data. One of the GGM'? B values and the FIMS!® B values
were derived from fitting the y distributions. The other
GGM'? B value and the B values of CFR,'® cpHSB!® and BEBC!’
were obtained from the neutrino-antineutrino cross section
ratios.

In analyzing the data of Fig. 2 fits were first made
assuming an energy independent B and then assuming a linear
energy dependence of B. The results of these fits are
given in Table II for the total data of Fig. 2, the total
excluding the CDHSB data, the total excluding both CDHSB
and HPWF data and for only the CDHSB data. The x2 per
degree of freedom (xz/DF) is fair for the fits to the total
data sample for both the energy dependent and energy inde-

pendent hypothesis for B. 1In the overall fit the CDHSB
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data are statistically overpowering. In a very high statis-
tics experiment such as CDHSB the question of systematic
biases are particularly serious. Allowing for the newness
of the CDHSB data let's consider it separately. The CDHSB
data taken alone shows no indication of an energy depend-
ence. However the world data without CDHSB (with and
without the HPWF data) shows a statistically significant
but mild energy dependence. Therefore we observe the world
data dividing itself into two groups: the CDHSB data which
displays no energy dependence

B = (0.77 + 0.04)-(-1 ¢ 3) x 10”4

E
and the other five experiments which display a mild energy
dependence

B = (0.85 % 0.03) - (19 t 4) x 104 E

This experimental situation, which reminds one of the Moo
situation of the Kg of nearly 10 years ago, should be re-

solved within the next year or so with additional good
statistics experiments being completed and continuing stud-
ies of the CDHSB data illuminating the question of possible
systematic errors.

2. Status of Dilepton Production by Neutrinos

The simple quark parton model has had good success
in describing18 to first order the single muon charged
current interactions (Fig. 3a). Neutrino events with two
leptons in the final state are usually described by the
production and decay of a new particle: the leptonic-decay
of the intermediate vector boson (Fig. 3b), the decay of
a heavy lepton (Fig. 3c) or.the leptonic decay of a hadron
with a new quantum number - charm (Fig. 3d). However,
a normal charged current (cc) event can mimic a dilepton
event if a pion forward-decays to a fast muon (Fig. 3e).



The above production mechanisms produce dileptons of op-
posite sign while the mimicked events produce "dilepton”
signals of both opposite and the same sign. The study

of dimuon production in different density targets,i,9 showed
the pion decay background to be small in that opposite

sign dimuon experiment. Dilepton final states have been
19420421 2nd bubble

‘ I will not
reference each experiment but I will give a summary of

studied in many counter experiments

. . 22,23,24,25,28
chamber neutrino experiments.”“’°"7°""'""7

the results.

The general groperties of opposite sign dileptons
are: :

1) The charged lepton associated with the incoming
neutrino (i.e., the primary lepton) is on the
average about six times as energetic as the
second lepton.

2) The second lepton has .a momentum distribution
similar to the charged hadrons.

3) The transverse momentum of the second lepton
is strongly correlated with the direction of
the hadronic shower.

These properties rule out the intermediate vector
boson decay and heavy lepton decay interpretations of
dilepton production and in general support the Glashow,
Iliopoulos and Maiani (GIM) four-quark model’” with the
new quantum number-charm. In the GIM model the second

lepton comes from the decay of the charmed hadron
+ o
(D° > K7u+v). Figure 4 gives typical quark diagrams for

dilepton production from p° and DY decay from valence quark
interactions and sea quark interactions. The allowed charm
changing dilepton reactions are:



v+d+u"+c+...+ (1)
l* u+(e )+ ...

v+s+u + (2)

C +
l+ u+(e+)+ ees

VvV +8 -+ u+ +C + ... _ (3)
L v (e)+ ...

- - + - :

v+d+rp +C+ ... (4)

u-(e-)+A...

where the DT (D°) is a cd (cu) state. The rates for re-
actions (1), (2) and (3) are comparable since reaction
(1) is with a valence quark but suppressed by sin2 ec ( 5%).
Reactions (2) and (3) are only suppressed by the fraction
of momentum carried by the sea guarks relative to the val-
ence quarks (~4%). Reaction (4) is negligable since it
suppressed by both factors. Since the total antineutrino
to neutrino charged current cross section is 0.5, the rela-
tive yield of dilepton to single lepton events should be
about the same for neutrinos and antineutrinos. Figure
5 gives the dilepton to single lepton cross section ratio
as a function of neutrino energy for up and ue final states
for neutrino and antineutrino interactions. There is
reasonably good agreement with the GIM model.

As seen in Fig. 4 the charmed meson decay always pro-
duces a neutral or charged K meson. In addition a second
K meson is produced if the interaction is off a strange
quark. Assuming the GIM model, every dilepton should have
at least one associated K meson. No experiment to date
has had decent efficiency for detecting charged K mesons.
The bubble chamber experiments have high efficiency for
detecting Kg-* n'n~ thereby providing a good test of the



GIM model. Assuming the rate for associated production

of strange particles in dilepton events is the same as

in single lepton events, the GIM model predicts a K° mul-
tiplicity of 0.8 per dilepton event.®! The relative rate
for events containing at least one neutral strange particle
(Kg, A) in single lepton events®?*’®® is only 0.14. Table
III lists the present status of bubble chamber results

on the K° rate in dilepton events. Experimental results
exist only for neutrino interactions. Three experiments
agree with the GIM prediction while the other two disagree

with the prédiction. Except for the experimentally unclear
K° rate, all the data on opposite sign dileptons are in

substantial agreement with the -GIM model.

Exotic dilepton events have been reported where both
leptons have the same sign.®* Experimentally the same
sign dimuon sample has a large background from n and K
decays (Fig. 3e). From the rate in different density
targets it appears that the same sign dimuon signal is
probably real and the rate for same sign dimuons is about
10% of the opposite sign dimuon rate. What could be the
source of the same sign dimuon events? To illustrate
the richness of possible production mechanisms let us
introduce charm, the neutral heavy lepton (M?) the charged
heavy lepton (M-), the top quark (t) and the bottom quark
(b). Consider the following possible dimuon production
mechanisms. Charm-anticharm pair production at the had-
ronic vertex when one decays via an electron and the other
via a muon (Fig. 6a). Since the electronic detectors
cannot observe the electron these events would be class-
ified as same sign dimuon events. The cascade decay
of a charged heavy lepton (Fig. 6b) results in same sign
dimuon events with both muons of high momentum. A neutral
current interaction producing a neutral heavy lepton and
a bottom quark (Fig. 6c) also would result in same sign
dimuon events. To firmly establish the same sign dilepton
effect we must await clean higher statistics experiments.



Also needed are new (bubble chamber) experiments to de-
termine the extent of upe production to determine the
source of the same sign dilepton events.

3. Properties of Hadrons in Neutrino Interactions

The early studies of neutrino interactions with pro-
tons’>® showed that the mean charged hadronic multiplicity
is a function only of the mass (W) of the hadronic systen.
Comparisons of the mean charged multiplicity in vp, ep,
up and pp interactions indicate only a dependence on the
mass of the excited state, see Fig. 7, and no dependence on
the type of incident particle. Comparisons of electron
neutrino and pion interactions in neon indicate similar
dependences, see Fig. 8.

Preliminary studies of inclusive m production are
presented here®® for the reaction

- + -
v+Ne»u +nn + X,

In the bubble chamber it is difficult, except at low momen-
tum, to distinguish between a proton and nt meson. The
positive tracks therefore contain mesons and baryons.
The n studies do not suffer from baryon contamination.
Figure 9 gives the comparison of the mean multiplicity
of n” for v-Ne and n d for the hadronic mass squared region
of 4 to 100 Gevz. Again the agreement is good.

Figure 1l0a compares the invariant yield38 of n~ as
a function of the Feynman x variable for v-Neon and v-
proton®’ interactions. These distributions have been
normalized to the same area, The excellent agreement
allows the following conclusions:
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1) There is no large difference in the shape of
the n~ invariant yield distribution for anti-
neutrino-neutron interactions and antineutrino-
proton interactions.

2) Nuclear effects, final state interactions, etc.,
in the neon data do not produce substantial chan-
ges in the shape of the n  invariant yield dis-
tribution. ' |

In Fig. 10b the invariant m yield for 20 < w2

is compared with that from n p and mn n interactions

2, The distribu-

tions which have been normalized to the same area in the

< 100

2 40

GeV
in the same hadronic mass range, s = 35 GeV

region -0.4 < Xp < 0.4 agree very well in shape except
for the characteristic forward peak (leading particle
effect) in the hadron data which is not present in the
antineutrino data.

In all studies to date the properties of the hadronic
system in neutrino interactions,’charged lepton, pion and .
nucleon interaction exhibit similar behaviors.

4. Properties of Antineutrino Interactions with Neutrons

Preliminary results have been presented recently“l
on extracting from the v-neon bubble chamber data the v
-neutron to v-proton cross section ratio and the relative
shapes of the inclusive x and y distributions for charged
current interactions. The best way to study interactions
with neutrons is by using deuterium targets. However high
energy neutrino-deuterium experiments will not start until
mid-1978. The neutron data extracted from interactions
with neon gives us an eafly look. These results are pre-
liminary. Since events with only one charged track in
the final state were not recorded, the v-proton sample
could be underestimated.
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Antineutrino-intéractions with free neutrons produce
final states with charge zero while interactions with free
protons produce final states with charge plus one. Interac-
tions with bound ndcleons produce final states with the
same respective charges except for charge shifts due to
final state interactions, etc. Final state charge shifts
were shown to be independent of the dynamics of the event
to first order (E, W, Q2 etc.). The following procedure
is therefore used to separate the neutron and proton

events:
Let:
No = Number of true v-neutron charged current events off

Neon.,
Number of true v-proton charged current events off Neon.
= Number of true v-proton charged current events off HZ'

Ny
Ny
*
Nj = Number of observed events with charge j.
W

Kk = Probability of a change of true final state charge

by K units.

Then:
Number of Events Observed

with ChargeAN;

*

N_l = NOW_l + NlW_2 5
* - = -

N, = NJW, + NyW_; 110
* - N - e " - i e

Nl = Nowl + lwo + Nszo 378
*

N2 = NOW2 + lel 169
* .
N3 = NOW3 + NlWZ 45

*
N4 = NOW4 + NlWB 10
* 7
N5 = N0W5 + N1W4
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Using the overall constraint that EWi = 1 and neglecting

transitions of order w_, and W5 we solve the above set
of equations for

1)

2)

3)

N, g (vn)

N g (vp)
N,W_;: the proton contamination in the neutron
sample

N (W, + W, + Wy + W,): the neutron contamination
of the proton sample.

The solution gives:

1)

2)

3)

o (vn)
o (vp)

= 0.51 = 0.07

The neutron sample is 8% contaminated by proton
events. '

The proton sample is 10% contaminated by neutron
events.

The neutron-proton cross section ratio is consistent with
the quark-parton model prediction (ddu/uud) of 0.50. Since
the neutron-proton cross contamination is small (1 and

2 above) one can select neutron events as those with ob-
served charges zero and minus one and proton events as
all other final charged states (accepting the 10% contamina-

tion).

The resulting cross section ratic as a function

of x and y are shown on Fig. 11 and are compared with the

predictions of Field and Feynman.

%2 fThe theoretical pre-

dictions agree very well with the data including the dra-

matic variation with x.

5. Nuclear Effects in Antineutrino Interactions

In the previous section it was shown that nuclear
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effects did not produce large changes in the average multi-
plicities or in the shape of the inclusive invariant yield
of negative particles (Figures 9, and 10). Nuclear effects
in hadron interactions, although small, have been studied
by investigating the properties of particles produced in
kinematic regions forbidden to free nucleon interactions.
This forbidden region is usually taken as protons emitted
in the backward hemisphere in the laboratory. The original
studies of nuclear effects done in the USSR''’"*" demon-
strated that; (1) the slope of the momentum spectrum of
backward emitted protons is independent of incident par-
ticle type and momentum, (2) the slope is a function of

the laboratory angle of the backward protons, (3) the yield
of high energy backward particles is substantially larger
(by more than 100) than expected from Fermi motion, (4)

the momentum of backward protons is higher than usually
expected from'Fermi motion. Present theoretical interpre-
tations of this effect include chmulative effects,”® nuclear
scaling,"6 nucleon pair correlations,"’ quasi two-body

8 etc.

scaling,"
Preliminary results are reported here on the reac-

tion
- +
v+ Ne*u +p+x

where the proton is emitted in the backward hemisphere.
Protons were selected by range-momentum for positive tracks
stopping in the bubble chamber. This required the proton
momentum to be between 0.2 GeV/c and 0.7 GeV/c. 1In a
sample of 830 charged current events with total energy
above 10 GeV, 35 events had identified backward protons

in the above momentum range. The momentum spectrum of

the backward protons was fit to the functional form used

in the earlier hadronic experiments;
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2
E—QE.:CQ-BP

2

ko]
=]
o]

where E is the neutrino energy and p is the proton momen-
tum, giving B = 9 £ 2. The fit and the data are given

in Fig. 12. This fitted B value agrees well with those
found in the hadronic experiments, see Fig. 13.

Further studies are continuing to understand the dif-
ferences between the backward proton events and the normal
charged current event. With increased statistics these
differences can help to isolate the production mechanism
for nuclear events. )

6. Ft Production by Neutrinos?

In the neutrino-hydrogen bubble chamber experiment
new results have been repox:t:ed"9 on well constrained kine-
matic fits. This new data s%mplé contains about 2,000
charged current events. Five events make good 3-
constraint fits to the reaction

vp * wpn KK,

The invariant mass of the (ktkn*) combinations are 1361
+ 3 MeV, 1583 % 3 MeV, 1716 t 4 MeV, 2038 * 4 MeV and 2321
+ 7 Mev. The K in the 2038 MeV event is uniquely identi-
fied since it decays and has a good kinematic fit for the
decay K * i V.

Results from colliding beam experiments indicate

+ - +
ee *FX

® fThe neu-~

with an F+ mass of 2030 * 60 MeV from DESY.s
trino event with a mass M(K+K_n+) of 2038 + 4 MeV could

be an indication of Fr produciton.
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7. PFuture Neutrino Program at Fermilab

The Fermilab neutrino facility has matured in its
reliability and with new improvements has shown substan-
tially versatility in the past year. The high points of
the future neutrino program at Fermilab will be presented
including new neutrino beams, improved detectors, deuterium
targets, and a future 1 TeV neutrino facility.

a. Present Neutrino Facility Improvements and Schedule

A new dichromatic be_amsz (NDB) for neutrinos and anti-
neutrinos has been constructed. This beam will (1) allow
mesons of up to ~350 GeV to be focussed; (2) have a greatly
suppressed wide-band background, (3) have an improved mo-
mentum dispension at higher energies and (4) have the possi-
bility of operating at even higher secondary energies (up
to ~425 GeV) if Fermilab operates in the energy doubler

*3 A dichromatic horn beam®® DHB is also being con-

mode.
structed.ss This beam is designed to operate at lower
secondary momenta 50 to 150 GeV/c where the NDB has sub-
stantial acceptance limitations. The momentum resolution
of the DHB and the NDB are comparable.' The wide-band
background in the DHB is worse than in the NDB but still
acceptable. An overall event rate of 0.1-0.2 events per
picture is possible in the neon filled 15-foot chamber

13 protons per pulse using the DHB. The horn

running at 10
beams have been operated in the past with a 20 usecond
spill length. In early 1978 they will be modified to
operate with a spill length of ~1 msec. *®
The electronic detectors are being substantially modi-
fied. The original HPWF detector has been modified®® to
have (1) a variable density target region, (2) wide gap

optical spark chambers throughout the target region, (3)
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muon spectrometer of better acceptance - the 4 m diameter
magnetic spectrometer is replaced by an 8 m diameter spec-
trometer and (4) better momentum resolution on high energy
muon tracks. The original CF detector is being modified
to have (1) several different density targets with approxi-
mately the same muon acceptance for the different targets,
(2) increased target mass, (3) improved event position
information in the target regoin, (4) a muon spectrometer
with larger angular acceptance and better muon momentum
determination.

The external muon identifier behind the 15-foot bubble
chamber has been substantially improved to give a higher
degree of confidence in muon identification. These im-
provements include a second plane of proportional wire
chambers, a prototype picket fence detector®’ to time the
neutrino event, and improved chamber hit and data storage
systems.

Enough deuterium is now available so that the 15-foot
chamber can be operated with a complete deuterium filling.
The deuterium will come from the USA deuterium pool which
includes Argonne National Laboratory and Brookhaven National
Laboratory.

A thin multiplate system has been developed for the
15-foot bubble chamber (see Fig. 14). The plate system
was designed to give; (1) a high probability of intercept-
ing and converting Y-rays, (2) a high probability of ident-
ifying electrons from the primary neutrino vertex and (3)
allow the momentum and direction of the converted Y-rays
to be determined well enough to do analysis of reactions

including a single n°

in the final state.

A tentative schedule for the neutrino facility for
1978 is given in Table IV where Cl and C2 are the upgraded
detectors of the HPWF and CF collaborations. If the plate
testing is successful in March then the D, running of the

bubble chamber could be with plates. It is expected that
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the counter experiment and the bubble chamber would oper-
ate together in the new narrow-band beam.

b. Plans for a 1 TeV Neutrino Facility

The next generation of neutrino physics at Fermilab
is centered around the accelerator operating at 1 TeV.

It is expected that the Tevatron will be operating around
1980. The present plans include improvements in the neu-
trino facility and detectors.

The muon shield will be strengthened so that the neu-
trino beams can operate at full energy. It is planned
that the muon and hadron beams be removed from the muon
shield of the neutrino beam thus allowing the muon shield
 to be more homogeneous. It is hoped that a muon flux
measuring system will be built in the muon shield so that
the absolute neutrino flux can be determined.

The next generation of neutrino counter experi-

mentg38r59s60

are under active design and prototype test-
ing. The main thrust of these new detectors will be (1)
to detect the direction and magnitude of the energy flow
in neutrino interactions, (2) identify electrons, (3) have
high mass to look for "rare" processes and (4) have fine
granularity (special resolution) in the target-calorimeter
region.

It is proposed by some physicists that the 15-foot
bubble chamber be developed into a detector which will
give more complete information for each neutrino event.
The neutrinc event rate using the Tevatron will be lower
per day per unit mass than at present at Fermilab. There-
fore maximum information should be extracted from each
neutrino event. These ideas are still in an embryo stage
but are following the general trend of the development
of the 30-inch bubble chamber External Particle Identifier
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(EPI) at Fermilab,®! the BEBC EPI at CERN®® and the early
suggestion for an "8" type detector for neutrino physics.“s
In the ideal detector one desires for each event;
(1) the possibility of the interaction on a simple
target (H2 or Dz).
(2) the momentum and direction of each outgoing
track,
(3) the identification of each track (is it a m,
K, u, e ...)
(4) a measurement of the energy flow for the neutral
particles and _ '
(5) good detection efficiency for neutral strange
particles.
Figure 15 schematically illustrates the original63 general
arrangement of a bubble chamber hybrid detector which a-
chieves the above goals. The present challenge is in try-
ing to match these ideal desires with the existing bubble

chamber.
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TABLE I

NEUTRINO EXPOSURES AT FERMILAB SINCE 1974

Beam —>
Detector

4

Horn

Quad
Triplet

Dichromatic

BTSS

CF and
variants

<l

V,

HPWF and
variants

V,

<1

v +V

<1

15' chamber
Hy

V.,

<i

15' chamber
Hz—Ne (21%)

V.,

v

15' chamber
Hz—Ne (>50%)

V,

v

v + VvV

i<

Underlined exposures not yet reported.
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TABLE II
FITS TO B = Bo - EAB AND B = Bc') FOR DATA ON FIG. 2
2

Data Set B, (x ?3_4) XZ/DF Bé 2/DF
Total Data {0.81%0.025 5 £ 2 33/31 0.775+0.013 |37/32
Total

minus CDHSB|0.85x0.032 19 + 4 12/14 0.765+0.025 | 28/15
Total ,

minus CDHSB _ : _
minus HPWF {0.84+0.035 16 + 4 |6.3/12 0.765%0.025 }17/13
CDHSB 0.77+0.04 -1 + 3 |8.8/15 |]0.775:0.017 | 9/16
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TABLE III

SUMMARY OF K° MULTIPLICITY IN NEUTRINO

PRODUCED DILEPTON EVENTS

(o]
. 12K
Experiment )
wBHC 22 v-15' B.C. 1.879-1
cB** v-15' B.C. 0.6 + 0.2
BBBERSU®  v-BEBC 0.8 £ 0.5
ABCLOS 2’ v-BEBC 1.750-1 +ut
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TABLE IV

TENTATIVE FERMILAB NEUTRINO PROGRAM FOR 1978

Neutrino Counter Bubble
When Beam Experiment Chamber
Oct. 1977
Quadrupole .
Triplet Cl Run Run H-Ne
Beam _ :
o (v + v)
Feb. 1978
March
. NDB C2 Testing Plate Tests
4 Tests
July
- Wide-Band Run D
Horn_Beam ? (Platés)
S~ (v, V)
Oct.
NDB _ C, Run Run H-Ne
l (v, v)

Dec. 1978
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Figure 1

Antineutrino flux from the four different beams available
at Fermilab. The flux distributicons for the hern focussed
beam,® the dichromatic beam® and the bare target sign
selected (BTSS) beam® are for the beams focussing antineu-
trinos and defocussing neutrinos. The quadrupole triplet
beam" focusses neutrinos and antineutrinos together with
the shown flux distributions for the 125 GeV tune.
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n Hadrons
(e)

Figure 3

Production mechanisms for dilepton events. The charged
current reaction (a), can have two leptons in the final
state rgsulting from the decay of an intermediate vector
boson W' (b), a heavy lepton T~ (¢}, charmed hadron H,
(d), or normal pion decay in flight (e). -
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(c)

Figure 4

Quark diagrams fgr dileptons via charm produc-
tion of D and D off valence quarks (a) and
(b) and sea quarks (c).
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Figure 5

Relative yield of dileptoh to single lepton
events as a function of energy for up and
pe final states for neutrinos and antineu-

trinos.



Hadrons

Figure 6

Same sign dimuon production from {(a) charm~anticharm
production at the hadronic vertex, (b) cascade

decay of a charged heavy lepton and (c) decay

of a bottom quark. .
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Figure 7

Comparison of mean_charged-hadron multiplicity
as a function of W2 in vp scattering to that
observed in (a) Yp. ep, and wp interactions
~and in (b) inclusive pp scatterings. For
references, see Ref. 35.
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Comparison of mean charged hadron multiplicity
as a function of W in v_-Ne and v_-Ne scattering

to that observed in ploﬁ interactfons. For
references, see Ref, 37.
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Figure

Comparison of the mean n_ multiplicity in
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Comparison of the invariant yield f(x,) of n from
v-Neon interactions as a function of Feynmanzx with
(a) v-Proton interactions in the range 4 < W* <

100 GeV~ and witB (b) m p aad n n interactions in
the range 20 < W* < 100 GeVv-,
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Figure 12

The momentum squared_distribution for backward

protons produced in v-Neon event. Thiszdis-

tribution has been fit to the form e °F giving
B=9 &% 2,
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Figure 13

B values for backward proton momentum distribu-
tions produced in proton, gamma ray, pion and-
neutrino interactions. For references, see
Ref. 46.
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GAMMA
CONVERTER§

PLATES

Figure 14

Pictorial representation of the 15-foot bubble
chamber with gamma ray converter plates. The
four plates are stainless steel, each one-half
conversion length thick (~13 mm) and ~25 cm
apart in the mid-plate.
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Figure 15

Hybrid bubble chamber for neutrino physics.
Bubble Chamber Provides:
Target region for H, or D2
Magnetic field regidn

Individgal track measurements

A and Kg detection

EPI (External Particle Identifier) provides:

Identification of charged track

Calorimeter provides:

Identification and energy of electrons
Detection and energy of neutral particles

EMI provides:

Identification of muon



