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SUMMARY

In the present experiment we plan to measure prompt neutrino production as
a function of proton beam energy and atomic number of targét. With the apparatus
-to be described below we will be able to measure the angular distribution of
prompt neutrinos to about 25 mr and the energy distribution for these neutrinos.
in order to insure that we are indeed seeing prompt neutrinos, data must be
collected&at various target densities and (depending on the setup) intensities
on target for constant bean line intensity. Assuming runs at 3 proton energies,
3 values of A, 3 densities and 3 intensities we need about 9 runs, requiring a
total of ~ 1-2 X 101? protons on a target located 100-200 ft from the detector.
This short target-detector separation permitting a high event rate for modest
beam and detector mass, and permitting a large solid angle acceptance is a
crucial feature of this proposal.

The detector we will use is a lead-scintillator calorimeter followed by
an iron toroidal muon spectromerer. PWC planes with * 1 cm resolution will be
placed between calorimeter modules and behind the magnets for track definitionm.
Most of the equipment needed exists now, We need a beam intensity of about
1012ppp. With this intensity we will get an event with visible energy greater
than 20 GeV every 10-15 pulses using the CERN prompt neutrino results and the
results of a preliminary experiment we have done in spring 1978. (This

2
corresponds to ¢ N 30-60 ub depending on the model. At wlol Ppp we can

D pair
vary the A of the target up to tungsten, something difficult to do in experiments

brequiring higher beam intensity.




INTRODUCTION

We propose a beam dump experiment at Fermilab to study the production
of prompt neutrinos. We have been stimulated by the CERN beam dump results,
by the interesting observations on direct muon production by E379, E436;
and E439 at Fermilab, and by the so-far negative results of charmed meson
searches in hadron production experiments.

In the present experiment we plan to measure prompt neutrino production
as a function of proton beam energy and atomic number of target. With the
apparatus to be described below we will be able to measure the angular distri-
bution of prompt neutrinos to > 40 mr and the energy distribution and lepton
number for these neutrinos. In order to insure that we are indeed seeing
prompt neutrinos, data must be collected at various target densities and
(depending on the setup) intensities on target for constant beam line intensity.
Assuming runs at 3 proton energies, 3 values of A, 3 densities and 3 intensities
we need about 9 runs requiring a total ofv& 1-2 x 1017 protons on target.

As a consequence of the earlier resultsv mentioned above, the Miehigan
members of this group mounted a modest test in the M2 beam line parasitic to
E439. The analysis of this short run is now complete; there is a small but
positive signal for neutrino—induced events in this test, and the interpretation
of these data together with the CERN data reinforces the interpretation that the
observed neutrinos are from a prompt process characterized by large P - The'
report is included as Appendix A of this proposal. We believe that the
experience gained in this test is a valuable asset‘in designing a more
significant experiment, both in estimating event rates and in anticipating

pitfalls and problems.




The detector we will use is a lead-scintillator calorimeter followed by
an iron toroidal muon spectrometer. Most of the equipment needed exists now.
We need a beam intensity of about 1012ppp. With this intensity we will get
an event with visible energy greater than 20 GeV every 10 pulses using the CERN
results and the results of our preliminary exjeriment. (This corresponds to
% pair N 30-60 Wb depending on the model). At &1012ppp we can vary the A
of the ‘target up to tungsten, something difficult to do in experiments requiring
higher beam intensity.

There are several problems with which a pgompt neutrino experiment must
cope. The prompt muon flux from a beam dump target is very high, even through
10 m of steel. It is essential that the magnetization of iron in or beyond the
beam dump be parallel to the major transverse dimension of the detector, as
the muon flux is seen to increase dramatically off the median plane (defined
to include B). In this context a dump target followed by a solid iron magnetic
spectrometer with B horizontal as in E439 is quite suitable.

In our preliminary experiment we noted a neutrino event background of the
order of 1/2 the prompt neutrino signal due to upstream neutrino sources in M2.
For the proposed exﬁeriment we must reduce the background to a very low level.
It is important therefore tﬁat the beam incident on the dum? target be very
clean, with care paid to collimator scraping, beam line vacuum, and halo effects.
It is also important to study such background with direct measurements of
beam line-generated muons and other background.

In order to appraise the ratio of beam dump prompt neutrinos to w/K
neutrinos, it would be desirable to vary the target density keeping A constant

(for example with an accordian target as in prompt muon production experiments).




Cosmic ray-induced energetic events may mimic neutrino events on the basis
of pulse height alone. Position and direction inforﬁation on each event as well
as good timiﬁg data will improve cosmic ray rejection; nevertheless shielding
and anticoincidence counters will be employed to as great an extent as feasible.

EXPERIMENTAL APPARA.JS AND BEAM

a. Detector. We propose using the lead-scintillator shower detectors’

built for E-310 as the calorimeter. This detector can be rearranged to

give a 5' x 10' cross-section detector which is 3000 gm/cmz thick. This
detector will be placed off center as showﬁ in figure 1. It is composed

of a lead plate-liquid scintillator sandwich. The details of the response of
one module of this detector as measured by E-310 are given in Appendix B.
Planes of proportional tubes will be inserted between each of the 30 modules

to give position information on the shower. This will also allow us to measure
the direction of the shower and will be a powerful aid in reducing non-beaﬁ
background., The apparatus will have an ability to measure relative rates of
Vo, GH and (ve + 56) charged current events. The electro~magnetic component

of the showers will die out much more quickly than the hadronic. (The
radiation length in fb is 0.56 cm while the nuclear interaction length is 18.5 cm.)
Individual muons above abouf 4 GeV will be seen by their peﬁetration in the
detector. PWC planes would be placed between each pair of detector
modules so as to give muon track coordinates as well as Hadron and EM

cascade positions. The required resolution is modest, and proportional
chamber planes made of extruded aluminum stock with rectangular apertures

1/2 x 3/4 inches will be used. The track information thus available will
permit identification of incident muons and hence aid in the anticoincidence

rejection. Although the measurement of the prompt neutrinos can be




accomplished with the calorimeter alone, the experiment is enhanced by the
addition of a solid iron muon spectrometer. Measurement of the sign of the
muon will allow separation of vu events from Gu events. The momentum measurement
will increase the energy resolution for muon -charged current events.

The spectrometer would consist of two solid ironvmagnets each 1.2 m in
length and about 4 m in transverse dimens&ons. Based on our experience
with the similar magnets used in E1A, and E439 we estimate a field strength
> 1.8T, Four planes of proportional tubes si@ilar to those installed inthe
calorimeter would be used to measure the trajectory. The accuracy for point
measurement would be N1 cm., The ratio of pl(ms) to pl(bend) is 15%.

b. Anti-coincidence. A plane of anti-coincidence counters will

cover the front face of the detector. We will be careful to limit their extent
in the vertical direction. This will be discussed in detail in the background
section. The calorimeter should be shielded by a concrete house.

c. Target and beam dump. In our preliminary experiment (report enclosed)

the beam dump had 5.5.m of 2.1 T field. As we discuss in the background

section we need about 8 ﬁ of 2.1 T horizontal field for this experiment giving

ap, of 5 GeV/c. This can be a solid iron magnet of modest dimensions. An

area of 12"(h) x 15"(v) would be sufficient for the region of high field

There should be a total of at least a’13 m length of iron or equivalent in

the dump. (The last 1 or 2 m of iron equivalent could be shielding blocks.)
nb. The beam dumb design is a crucial part of this experiment. However,

we expect that there may well be a series of beam dump experiments especially

as the accelerator energy increases.




The target design must also be carefully engineered. There must be
a mechanism for moving differeﬁt targets into place and accomodating long
targets of low density. The target will be about 100-200 ft from the
calorimeter. This will be negociable depending on the area.

We would expect to work together with Fermilab personnel in developing
plans for the construction of the beam dump and target facilities.

d. Beam Line. Special care must be taken to avoid scraping. 'Neck

down regions" of small diameter vacuum pipes are to be avoided. Shielding

must be placed between potential trouble spots'énd the calorimeter as close

as possible to the problem spots (to avoid meson decay). Various detectors would
be used to monitor backgrounds.

e. Area. This experiment could go into any of séveral places.. In the
meson lab, M1, or M2 could be used. In the proton area p— center is an
attractive site depending on details of scheduling. We will be discussing
placement possibilities with lab personnel shortly.

EVENT RATES

We assume a 400 GeV proton beam of 1012pp on a tungsten target and for the
moment neglect dead time. From the results of our preliminary experiment we
then estimate 1 event every 10 éulses resulting in > 20 GeV deposited in the
detector. Using the CERN BEBRC rate we estimate 1 per 15 pulses.

If there are 5000 pulses on an average day then this is 500 events/day.

To make 9 runs with @‘1000 events/run for high E and high A is then 20
days with no dead time. We therefore request 1 - 2 x 1017 protons on target.
If we were in, for example, the Ml beam, we could get a clean pion beam of

1 ,
10 0 m/pulse. Then,(with a sharp bend of ~ 20 mr just before the target) we
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might be able to compare and P and 7% production of prompt neutrinos.

BACKGROUND AND DISCUSSION

The prévious experiment enabled us to get a realistic idea of the back-
ground and problems facing us. .
In that experiment dead time was a very serious problem. In fact the
live time on the data runs was only 22% for a beam intensity of 1.5 x lOllppp

on target. The proposed apparatus subtends about the same solid angle as in
the previous experiment. We believe, however, that the problem can be
significantly reduced for the present experimént.

Figure 2 illustrates the radiation level measured at different
positions around the calorimeter in the preliminary experiment. (Appendix
A) Comparison with the measured flux of through going muons indicates that the
background is predominately muons. The most important thing to note is the
large vertical variation. The dump magnet has provided a strong vertical
minimum at the center of the calorimeter. The distance between the target
and detector (50 m) is arranged so that the calorimeter subtends about the
same angle vertically as in the preliminary experiment. Unfortunately, in
the preliminary expériment it was necessary to extend counters down to the
floor and up an equal amouﬁt. As can be seen this increaséd the veto
counting rate by close to an order of magnitude. The present design will
protect the wmlorimeter with counters but not over extend them in the
vertical direction.

A further factor 1s gained by increasing the pijgiven to muons by the
dump magnet from the value used in the preliminary experiment. From the steep

vertical flux variation it is seen that the background is a sharp function



of the amount of bending in the dump. A 250 GeV muon will be bent by about 1
meter before reaching the calorimeter with the new arrangement. The two
improvements together should reduce the dead time to a tolerable value.
Finally, we would segment the veto counter and thus further reduce the dead
time if it were necessary. In summary, it is clear that an improved dump

is needed but, as indicated above, we believe it would be ﬁsed in several
experiments and be a cost effective facility.

In our preliminary experiment we found we were able to reduce the total
background to about one-half the signal level. In the present design the |
ability tovdistinguish position and direction of the shower is expected to
reduce the background substantially. We believe that by careful beam design
to reduce scraping, shielding trouble spots, having a better anti—systém and
shielding around the calorimeter we can reduce the background to quite low
levels, We expect to measure the cross-section for the production of prompt

neutrinos to a precision of 10~20%Z.




TENTATIVE EQUIPMENT LIST:
FL FL
Experimenter (existing) (requiring new
expenditures)

Beam, Target, Beam Dump , ) X

Halo Monitors X

Mv

Veto Hodoscope
350 PM tubes X

HV and distribution for 350 PM ' 45K

340 ADC readout 20K

5000 wires PW tube system HV . X

Readout for 5000 PW tubes X

12" x 6" x 12' steel shield 230 tons
2" x 6' x 12' steel shield , ~ 50K

2 solid iron magnets | |

Power Supply for solid iron magnet L: X

PDP 11 standard operating configuration X

Fast logic electronics r~ 85K

Caveat: The detailed specific configuration depends upon the location, Once the

location is determined detailed cost estimates can be prepared.
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RADIATION LEVEL (MUONS) AT NEUTRINO
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ABSTRACT

A test has been made to explore the possibility
of beaﬁ dump neutrino experiments with short
target—-detector separations and modest detectors.
Results have given a positive neutrino signal
which is interpreted in the context of various
charmea—meson production models. A limit to the
lifetime and mass of the axion is also a byproduct

of this test.

*Supported by the U.S. National Science Foundation
and the Department of Energy



I. INTRODUCTION

A test experiment has been performed parasitically
in thé M2 diffracted proton beam of the meson lab at
Feimilab. A dimuon experiment,’E439,l targeted protons
on a thick tungsten target with as followed by a 5.5 m
solid iron magnet assembly magnetized to 2.1 T (B horizontal).
The neutrino detector was a 4-ton iron calorimeter2 located
22 m from the tungsten target behind an additional 5.4 m
of steel, as indicated in Figure i.

Results from beam dump experiments at CERN3 have
indicated a source of prompt neutrinos, and D-pair production
has been suggested as the mechanism. If the area of the
neutrino beam is ‘comparable | to the detector area and
the target-to-detector distance is fixed (as is the case
in standard neutrino experiments), neutrino detection rates
are related only to total detector fiducial mass. However
if prompt neutrinos exist and are produced with a rather
large charabteristic P, (e.g. 2 1 Gev/c) but short target-~
to-detector distahces are used, then the event rate will be
proportional to detector mass per unit area times solid angle,
or mass divided by target-detector separation squared. In
this experiment a 4 ton detector 22 m from the target
subtended * 14 mr from the target (corres. to a 35 Gev
v of p, 0.5 GeV/c) whereas the CERN detectors were about

800 m from the target, and subtended * 2 mr. Not only is



a larger fraction of direct neutrinos thus sampled,\but the
background due to m and k decay neutrinos (which fall into
a narrower solid angle) is effectively suppressed.

This experiment was implemented toward the end of E439
running so that the running time’corresponded to only about
2 x 1015 protons on target, and this was further significantly

reduced by deadtime. Nevertheless a positive signal was

obtained.




II. EXPERIMENTAL DETAIL

Even behind the 10.9 m of iron the muon flux was very
high; a 30 x 30 cm2 scintillator telescope sﬁraddling the
calorimeter on the beam axis recorded 5000y per 10ll
protons on target.4 As about 0.2% of energetic u's produ-:ed
an interaction in the calorimeter corresponding to X 20 GeV
energy release, it was necessary to shield the front face
of the calorimeter with anticoincidence counters. Another
source of false signal could be césmic fay events - hadrons
or air showers~from above. One 60 x 120 cm2 anticoincidence
scintillator was accordingly put on top of the calorimeter.
The experiment was located at the end of the Meson Detector
Building with no overhead shielding. 1In order to reduce
the calorimeter albedo from desired events from triggering

this top counter, 5 cm of borated polyethylene were placed

between the calorimeter and this counter.

The calorimeter consisted to 30 steel plates each 61 cm
square and 3.9 cm thick with 0.64 cm scintillator between.
The scintillator light was piped to four phototubes (Figure 2)
which permitted left-right and front-back signal comparisons.
Calibration in a test beam gave a calorimeter resolution ¢ =
(73/VE)% for hadrons of 20-40 GeV. Cherenkov pulses from

the phototube light pipes were a possible source of concern;



anticoincidence shielding and the requirement of comparable
pulses from phototubes on opposite sides should have effectively
reduced this problem.,

The outputs from the seven_anticoincidence counters
were fed to LeCroy 621AL discriminators, run in the
burst-guard mode, and the discriminators' outputs summed
together. Their rate was aboutys X lO6 per pulse during the
longest data run. During this period the system live time
(i.e. fraction of the beam pulse éate not vetoed by the
anticoincidence system) was only 22%. The calorimeter
threshold was set at about 3.5 times the most probable
muon pulse height, or about 10 GeV, based on earlier
calibrations., With the anticoincidence requirement, the
"event" rate was about one trigger ?er 2 x 1012 protons
on target, still about 20 to 50 times the expected neutrino
event rate. With a 20 GeV cut on the data, most events still
appeared spurious. A variety of strategies were used to
reduce this rate to permit extraction of meaningful data.
These are enumerated below:

A, Right-left signals: since the scintillators alternate,
pulse heights from the right and left side phototubes should
be comparable. Reasonable bounds of *2¢ were set for the
limits of the right:left pulse height ratio. These bounds
corresponded to a variation in the pulse height ratio of
2.92/YE (GeV), and agreed with scatter-plot distributions

from runs with the anti-coincidence counters off, i.e.




muon initiated events. Muons travelling along the light
pipes could minimic an energetic hadron cascade except

for this criterion.

B. Event Timing: the accelergtor r.f. signal was timed
with muons through the system ar.l the arrival time of the
pulses in each of the four calorimeter phototubes was
digitized relative to the r.f. Good neutrino candidates
were then required to have the same time coincidence

with the r.f. as muon-initiated éascades of comparable
energy, which were observed to lie within a band of 4 ns
width.

c. Time difference between left and right calorimeter
phototubes: the time differences between phototubes vs.

the summed output of those two tubes, studied separately

for the front and back halves of the calorimeter provided

an additional timing constraint. This difference was required
to lie within bounds of 6 ns (low E) to 4 ns (high E)

for the muon runs. This time spread was further narrowed

by plotting thé right-left time difference vs.{pulse ht
(right) -pulse ht.(left) }/{pulse ht(right) + pulse ht (left). }
D. The analogue signals from the anti-counters were
digitized: this permitted ex-post-factc examination of

the anticoincidence efficiency. From muon and anti-coincidence-

off runs, pulse height distributions corresponding to minimum



-ionizing particles in each counter were determined. The
maximum permitted pulse height was about 1/5 - 1/10 the
mean muon signal. |

The ADC system digitized pulse area within the determined
gate, whereas the anticoincidence discriminator respondec
to pulse height. It is thus possible for the long tail of
a previous large pulse to be recorded as a large ADC pulse
height while not triggering the anticoincidence discriminator.
The conservative approach is to get rigid maximum allowable
ADC levels for each of the seven veto counters; these
result in one set of values in Tables ¥; II, and ITII.
An upper limit on the true neutrino signal is obtained by
ignoring the veto ADC signals and assuming that the
electronics functioned ideally. These values are also
noted in the tables.

The fiducial volume of the calorimeter is not certain;
it is probable that vertices within 2 inches of the side
edges of the calorimeter are recorded at signifigantly lower
efficiences, hence we take the area to be 2500 cm2(50 X 50 cm).
The depth will be less than the 900Ag/cm2 again because cascades
close to the back of the calorimeter will be detected
inefficiently; Some measure of this effect may be learned
from the ratio of events detected in the front alone to
those detected in the back alone on muon (no anticoincidence)

runs. From such data it appears that, of 64 events,



25 appear in the front, 31 in the back, ahd 8 with comparable
signals in both front and back. The front includes

360 g/cm2 and the back 540 g/cm2 of iron. If the "front"
~plus "front plus back" events represent muon events with
vertices in the front 360 g/cmz; then the effective mass

of the "back" is(31/33) x 360 or 340 g/cmz. This suggests
an effective total fiducial thickness for the calorimeter

of ~ 700 g/cmz. The overall effective mass would then be
about 1.75 metric tons.

Because of the anticoincidence counter which lay over
the calorimeter to veto cosmic ray airﬁ;howers, there was
some probability that a’neutrino event in the calorimeter
would produce a scattered particle into this counter and veto
itself. This was evaluated by looking both at the fraction
of muon initiated events in which this counter fired, and by
operating the system in a parasitic hadron beam and observing
the fraction of events in which this counter fired.

This fraction ranged from 32% for 20 GeV events to 44%

for 40 GeV hadrons. A value of 30% was obtained from the
muon-initiated events (peaked at lower energy). The hadron
data for this fraction fit an empirical function

fi = 0.32 + 0.006 (Ei - 20),
so that a corrected number of events can be obtained by

scaling with a factor

1




III. RESULTS

Data were taken under four conditions: (1) high
intensity on E-439 (data run), with about 1.5 x 10%1
protons per pulse (runs 54 and 58)} (2) low intensity on
E-439 target, at about 10% the data run intensity, or about
1.3 % lOlo protons per pulse (runs 69 and 71); (3) very
low intensity, less than 109 protons per pulse (runs 74
through 79); and (4) cosmic rays (accelerator off:;run
104). During (1), (2), and (3) the beam on the Meson
area target was similar; about 2 xlO12 per pulse.

The primary data from the high intensity run (1)
contained 8 events of over 20 GeV if all cuts are applied,
or 14 events if the digitized veto counter levels are
ignored. The energies of these events are tallied in

Table I.
The data could be normalized in different ways; either

to protons on target or to upstream background, as monitored
by a scintillation counter on the mezzanine of the Meson
Detector Building. The coémic ray rate provides a reasonably
certain (and statistically sound) background which may be
subtracted from each of the data sets. It corresponds to

about 10% of the high-intensity event rate.

The two lower-intensity runs provide somewhat contradictory
data, although the statistics are sufficiently modest to
render an apparent contradiction rather insignificant.

The low intensity runs may be used either to represent

i

the background due to protons on the meson target (i.e.,

invariant per unit of time or per pulse) or to the effect




of upstream beam scraping and collimation in the M2 beam
line, as measured by the mezzanine scintillation counter.
The latter seems both more plausible and more self consistent.
In either case, a background of .7~ and k-decay neutrinos is
shown to be present. The measured muon flux per pulse was
actually about 1 1/2 times greater during the low intensity
runs 69 and 71 than during the data runs 54 and 58,
although the muon rates correlated rather well with rates
in the mezzanine counter. On therother hand, there were
over twice as many neutrino events per muon in the data
runs as in the low intensity runs. Thus most of the observed
muons as well as ~40% of the neutrino events may be
from upstream beam scrapping. The proton beam direction
at the Meson Area target is 27 mr displaced from the line
of sicht distance from our detector. However the first
bends in the M2 beam line would effectively channel some
u+ and XK' along trajectories directed more nearly toward
our detector.

From Table II it is seen that 8 events survive all cut
criteria from the high-intensity data run; if the ADC
data from the veto counter are ignored, 14 events survive.
In Table III the effective number of beam dump events,
either including or discounting the veto ADC data, are
corrected for cosmic ray events and then for background
assuming either that the mezzanine counter represents the
true background rate or that the number of pulses (proportional
to protons on the mesdOn area target) represents appropriate

background. On grounds of both plausibility and self
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consistancy, it was subjectively decided to weight the
corrected number of events 3:1 in favor of the mezzanine-
corrected results. When averagedover both sets of lower-
intensity runs and corrected for the self-veto effect, a
pair of best-guessed net numbers of beam dump neutrino
e&ents are obtained: 6.2 (including veto ADC's) and

13.8 (ignoring veto ADC's). With the obvious uncertainties

reflected by the diverse entries in Table III, we will

taken 10 + 5 as the best estimate of true neutrinoc events.
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IV. ERRORS

The scattered entries in Table III represent the
uncertainties in background and true beam-dump neutrino
event rate, and emphasize both the need for careful beam
preparation (to avoid upstream sources of ¢~ and k-decay
neutrinos) and of careful measurements to appraise it. The
best we can say from Table III is that our true signal
appears to be 10 + 5 events. Various sources of error
besides the background subtractioﬁ and veto ADC uncertainty
(both adequately reflected‘in Table III) remain.

The fiducial mass of the calorimeter is uncertain to
2

+

100 g cm “, or + 14% in depth, and + 2.5 cm in radius, or
+ 22% in area (although this is less significant in rates
due to the radial fall-off in neutrino flux). Overall,

the effective, radially-weighted fiducial mass is uncertain
by + ~ 30%.

The absolute calibration of the calorimeter is uncertain
by % ~ 15%, due to uncertainty of the muoﬁ energy and. lack
of a capability for hadron calibration at the time. In
view of the fall off in event numbers with energy (4
events out of 14 with E = 20 or 21 GeV) this reflects as
a + 30% uncertainty in rate.

The various timing cuts are more certain, and very few

events failed inclusion due to a "near miss" on timing.

Likewise the cut on the ratio of pulse heights from the
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two halves of the calorimeter. Nevertheless, there is no
less than a * 15% uncertainty due to the cumulative uncertainty
of these criteria. | |
All of these effects taken together add up to a 45%
uncertainty in the results of Table III. They do not,

however, modify the evidence for a positive beam-dump signal.
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V. INTERPRETATION

The number of detected neutrino events Nv may be
expressed in terms of the number of incident protons N
and the appropriate cross sections, solid angles, and
efficiency factors as:

N o= { cv(NN)

v =Y iy e} { ero@cm} { aQFM.C.)}(l)

In order to interpret direct neutrino production in
terms of a specific model, it was assumed that all neutrinos
come from D-decay, and that the branching ratio for semi-

leptonic D-~decay is 20%,5 so that
ov(NN) = 0.40, (NN) (2)

where UD{NN) is the production cross section for D pairs

in nucleon-nucleon collisions. (If D's are always produced
singly, the appropriate D production cross section is

twice oD(NN) defined here.)

Since the E-439 target is Heavimet (tungsten), it is
necessary to interpret production processes in W in terms
of elemental NN processes. As it appears that production
of y's, direct u's, and large p, mesons is proportional
to &Al'o, it is reasonable to make the same assumption for
direct neutrino production. It is shown in Ref. 4 that

o (NW) . A uI(NN) o (NN)

v = v
UI(NW) oItNW) oI(NN) !




-14-

where cI’s are NN and NW inelastic cross sections. For

W the factor in brackets is 3.6. Because nucleons suffering
inelastic interactions may be only somewhat degraded and
may make subseguent nuclear interactions in the beam dump
target there is a further enhancement due to cascading o1
n12%. Thus overall, a factor of 4 enhancement in the

neutrino production is realized over that for a thin,

hydrogen target. The factor F(N,W) is therefore taken as

4 in Eg. 1. The 12% enhancement factor is based on Drell-
Yan processes with m @ 7 GeV, and does not include processes
initiated by secondary pions. To the extent that the more
copious lower energy pions are important in D production,
F(N,W) = 4 is an underestimate, and our deduced cross
sections are corresponding overestimates.

The value for pg for the 700 g cm™ 2 (fiducial length)
calorimeter is 4.2 x 102° cm™2, ¢ (E) is the neutrino

interaction cross gsection taken as

0.6 E(GeV) x 10738 cm?Z,

i

cv(E)

o=(E) = 0.25 E(GeV) x 10738%cm2,

where equal numbers of neutrinos and antineutrinos are
assumed. The interaction cross section was further scaled
by 1.32 to include neutral current events, so that g {E)

was taken as 0.55E x 10“380m2, with E in GeV. The function
G(E) is the probability of detecting a v or v of energy

E in the calorimeter with a threshold set to 20 GeV. This

is derived by folding the calorimeter resolution function

with the calculated hadronic plus electro~-magnetic products
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of the neutrino interactions (assuming equal numbers of
v and V). This distribution is sketched in Figure 3 for
40 GeV neutrinos. For this example, G(40)g 0.7.

'The fraction AQ(M.C.) of produced neutrinos which fall
into the solid angle subtended by the calorimeter, assumed
to be B5g x 50 cmz, was calculated rssuming that all came
from D decays: D » K+ 2 + v or R* + ¢ + v using the observed
% spectrum. A sample of 30,000 events was run through a Monte
Carlo program for each of several assumed D production models.
The results of these calculations are tabulated in Table IV.
From the observed neutrino events, the resulting calculated
D-production cross sections are also tabulated for the different
production models. We have also compared our results with the
CERN BEBC 0 mr and 15 mr observations, considering only the
electron neutrino events. The CERN beam dump target was copper,

for which the factor Ac = 2.54. Including 12% for cascading,

xn/ ONa
a factor of 2.8 is applied to the CERN 0 mr data to determine

the cross section values of Table IV. The corresponding
figure for the 15 mr data where a Be target was used is
1.67. The assumptions of the various D-production models

are spelled out below.

Model I

p , dependence « e dp’,,

2 2 2

m =P, ¥ my .

Yem chosen uniform from -y,,  t0 +yy;.-
Model II3a

-1.75p,
p, dependence = e ap, «

_ ) Py Cm
x dependence « e lolx| dx, x = wlL~——~——.
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‘This model has been used by LauterbachG. He argues this

is a fit to y production, Using this form ang examining

muon polarization data,.7 he sets a limit of 1lyb on D production
by 400 GeV p.

- Since most experimenters find a different p, dependence

- =1.75p
than that used by Lauterbach (~e Ldpf rather than
-1.75p

e ldpi) we have tried the x dependence of his model and
e dpf for transverse momentum. This is Model IIb.
Results for ITa and IIb are shown in Table IV.
Model II‘IaP”8

as 4 -1.6p

E 3 = B (l -lxi) e ) ‘Ll‘
dp

This model is the result of fits to J/y production as
indicated by experimenters of Refs. 7 and 8. We have tried
modifying this by using e 2-2PL (Model IIIb). Results for
Models IIIa and IIIb are shown in Table III also.

Model TV

a’s  _  -9.7x - 2.2p,
7 - Be
4

dxdp,

X = plab/pbeam’
This model is the result of another J/¢ experiment.

The results are again shown in Table IV.

The most sensitive published search for D's from
hadronic interactions by Ditzler et al.lo determined

95% c.l. upper limit cross sections for K a+ (k¥ r7)

—l.6pl

production at the p° mass. With dc/dp% « e , they

determined B do/dy < 360 nb f290nb) at y = -0.4 for

° . K-w+ (DO

D > ktaT). 1£ D production is flat in do/dy

over -1.5 < y < +1.5 (equivalent to a bastardization of our
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models Ib and IIIa), these results scale to an upper limit
for Bo three times the values quofed. If further, the
now-known branching ratio for D° +» K n7 of 1.8 + 0.5%

is included, we have o(D°) < 48-60 ub per nucleon. If

c(DO) = ¢(D°) = o(D+) = o(D ), and all contribute equally

to neutrinos as observed in this and the BEBC experiment,

the limits correspond to an upper limit for D-pair production
of about 100 ub, comfortably compatible with most of the
values of Table IV (except the 15 mr BEBC result).

As can be seen in Table IV, our limits vary enormously

depending on the model. If Lauterbach's polarization argue-
ment is correct, the CERN observations are probébly not due
to D production, but are somé new phenomenon. Our upper
limits are usually within a factor of two of the CERN 0 mr

observations, sometimes higher and sometimes lower, depending

on the model.

°y
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Vi AXIONS

The results of this experiment may also be interpreted
to set limits on axion lifetimes and hence mass. The observed
number of axions also follows from a relationship such as
Eq. 1, although axion productioh may be expected to go as
oI(NW), SO thét F(NW) of Eg. 1 would be replaced by 1.12,
not 4, Therc is also a factor for the decay of the axion,

exp(=7.3 x 10-8/yr) over our 22 m target-detector separation.

If E(axion) = 40 GeV, the exponent is unity for t/m =
1.8 x 10-12 (for m in MeV). The observed number of axion
interactions N, is then given by
Opnqn (W)
pa'" x ¢ { 1
N o=n_{ { P2 @ A} AQ, (M.C.) (2)
L 14
AP o ) ) vt A ’

where oPA(W) and orp are axion production (per tungsten

nucleus) and interaction (per nucleon}) cross sections

respectively, and C is a correction factor for intra-~-target
cascading, taken as unity. If Ipa depends on A in the same
way as the total inelastic cross section, the ratio

opp (W) /0, (NW) may. be reinterpreted as op, (N)/o (NN). The
acceptance solid angle, AQA(M.C.) was determined (from a

Monte Carlo calculation using do/dydp2 = e—6m1,with m=0.1m
and a unifdrm distribution in y over -2.5 < y < =2.5,

From this, AQ,(M.C.) = 0.09. The resulting number of

"detected axions" is then:

v 65
NA =5 x 10 OPAGIA'

If our ld events are all axions, our results would yield

n ~65 4
Opa’1A = 2 x 10 cm .
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This may be comﬁared with the prediction by Ellis and Gaillardll
of

Opa O7a 2 9 X 10756 cnt,

so that our results do not rule out axions. On the other

hand, .f most of our events are neutrinos, or if the theory
limit is low, a lack of a positive axion signal in our data
would suggest an axion mass greater than ~25 MeV, as the stated
axion lifetime is given12 as

10

v = 10710 sec?a or 10~

cscza (sec).

 The factor C in Eq. (2) may in fact be somewhat greater than
unity. If secondary protoﬁs and pions produce axions with
cross sections in proportion to pion production; the overall
thick target enhancement factor C may be 2-4. This would
correspondingly reduce the product 95a%IA to below 10"65 cm4,

and thus significantly constrain possible axion production.

i
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CONCLUSION

A positive signal for direct neutrino production is
observed, although the background is ~1/3 - 1/2 of the signal,
and the statistical and systematic uncertainties are
considerable. The data are consistent with the CERN BEBC
results assuming Al production dependence and a transverse
momentum distribution as expected for a source of neutrinos
from D-meson decays. The cross sections deduced are consistent
with upper limits set by an earlier negative counter
experiment. If the CERN beam~-dump neutrinos were from
7 or K decay the lateral distribution would be narrow and the
tétal number would be much less than we observed in our

larger angular aperture detector.
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E (GeV)

Runs

54,58
69,71
74-79

104

Table I

Energies of prompt neutrino candidates from high intensity

beam dump.
20 21 24 26%* 29 34%* 46
20* 21* 26 27 33 39%  98%*

*Accompanied by anomalous veto pulses (see text)

Table II
a . a c
Protons Total Pulses Mezzanine Muon Events
per pulse targeted counts telescope
protons? counts@
4
1.4x10t1  4.28x101% 2029 16 x10°  19.3x10° 8(14)
1.3x10%°%  2.73x1013 2001 19.4x10° 29.3x10°  6(9)
2x10° 2.5 x10%% 12,052 14.5x10° 6(7)
239,000 74(103)

a. Corrected for dead time

b. Equivalent pulses

c. Total events without anticoincidence ADC cut in parentheses.




Table III Summary of events numbers with

various selection and background criteria

RUN 54,58 - 69,71 74-79 ‘ 69-79

a) INCLUDE VETO ADC (a) (b) (a) (b) (a) (b) (a) (b)

b) IGNORE VETO ADC BN ‘ o :

Net events corrected 7.1 12.8 5.4 8.2 2.3 2.3 7.7 10.5
for cosmic ray rate SR S : A S

Beam dump events corrected assuming -.5 1.4 6.5 12.2 5.5 10.6
constant background per pulse,
derived from runs as noted in column
headings.

Beam dump events corrected assuming 2.8 6.1 4.7 10.2 3.4 7.9
background correlated with mezzanine '
flux, derived from runs as noted

in column headings.

Beam dump events, weighted 3/4 ‘ 2.0 5.3 | 5.2 10.7 3.9 8.6

mezzanine background, 1/4 pulse
baCkground O e
Overall net beam dump events . - . 3.2 8.5 8.3 17 6.2 13.8

weighted by self-veto correction
factor K = 1.6 ' ‘ o




Table IV

Cross Sections for Production of D-Pairs®™  ~ .= -
" This Experiment = B " CERN BEBC
Model? Yo s Probability E c(ub)4 a(ub)5 o(ub)6
limit G(E) AQ(M.C.) v 0 me 15
for E>20 GeV m mr
........ released Am cal. -
Ia 0.5 : 0.008 26 700 500 900
Ib 1.5 4 0.052 51 60 50 200
Ic 2.5 0.131 87 17 5 150
Ila . .020 52 202 128 532
IIb .05 . 54 76 46 285
IIla .102 55 37 25 115
IIIb W15 54 33 22 122
v - 05042 - N 49_}»_ 75 45 ‘ 240

1. Semileptonic decays of D's of 20% assumed source of v; equal numbers of ve';e'”u';
2., BSee text for detéils of models

3. Based on Monte Carlo calculation of 30,000events, G(E)AQ(M.C.) defined in text.

4. Based on a signal of 10 events. See text for systematic errors.

5. Based on 15 e ,e” events. (see Ref. 3)

6. Based on 8 e events (Ref. 3).
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Appendixgx'- Performance of the Lead-Scintillator Shower Counteré.

We have tested one module of the lead-scintillator calorimeter in the
M5 meson afea beam. A drawing of one such shower counter is given in Fig. 1.
Each module consists of five optically separate st;ips, 27 em wide and
365 cm long, with 2" éhototubes (RCA 6655’for tﬁese testsj mounged on each.
end, Within each strip ﬁhere are 12 %" thick teflon coaﬁed lead plates
(totai of 13.6 radiation lengths) with %" gaps between piates fiiled with
liquid scintillator (NE235A). The lead sheets extend to within 30 cm of
the edge of the counter. Thevremaining space is taken up by reflectors
to collect and channel light to the phototubes. |

Tests were performed to determing the responSE of the counter to miﬁ~
imuﬁ ionizing particles and electrons. Electrons in the M5 beam (“4% of
the particles) were identified by a threshold Cefenkov counter. Two over-
lapping scintillation counters immediately upstream of the test module,
in coincidence with 5eamiine counters, defined the beam. LeCroy 2249A
ADC's were used'to record anode and inverted dynode signals from the pho-
tomultipliers. Data were recoraed on magnetic tape and extensively anal-

yzed on-line using a modified version of the E-310 data acquisition pro-

gram resident in the Detéctor Development PDP 11/20 computer.

1) Reépgnse to Minimum Ionizing Particles

| In order to test thé response to minimum ionizing particles, one

strip of the module was centered; vertically and horizontally, on the beam
center line. The right (R) and left éL) phototube voltages were then
adjusted to yield equal response from each tube. A typical distribution of
the sum of the right and left pulse height§ is shown in Fig., 2. Minimum

jonizing particles are clearly visible with good efficiency.

"z‘




The uniformity of response along the horizontal direction was also
determined. The sum of the right and left tubes at the center of the
counter is shown in Fig. 3 for various horizontal positions; The total |
pulse height increases by 80% at 120 em and. grows rapidly thereafter as
the edge of the lead sheets (150 cm) is apnroached. Since a reasonable
fiducial cut would be ~ 120 cu, the observed response will be sufficiently
uniform. | -

The reéponse to movement of the beam in the vertiéal direction is
gshown in Fig. 4 for two different horizontal éositions ~ center of the
counter (X = 0) and x = 120 em. The light output shows no variation with
vértical position. |

We have zlso determined the horizontal attenuation iength in the
.coﬁnter. In Fig. 5 we plot the ratio of the right to left pulse heights
(R/L) as a function of horizontal position. . The obsefved ratios clearly
suggest an exponential fall-off in light intensity for each tube with an

attenuation length of 1.1 m.

1i) Response to Electrons

| We have measufed the response of the test module to 10, 20, 30 and
39.3 Gev electrons. The‘distribution for 30 Gev electroﬁé is shown in
Fig. 6a.' In Fig.V7 we plot the measured electron.energy vs the beam
momentum assuming tﬁat the electron shower is totally containéd in the
counter at 10 Gev. A deviation from linear dependence is evident at 30
and 39.3 Gev, indicative of energy leakage from the counter.

The positicnal dependence of the light output for electrons is the

same in the horizontal direction as for minimum ionizing particles and




differ in the vertical direction only in the vicinity of the spacer bar
between strips. This inactive reglon causes an apparent loss of energy
as shown in Fig. 8 where we plot the energy response vs vertical position.

The shower energy resolution at 10, 20, 30 and 39.3 Gev was also
. determined. The full-width-at-half maxim;m (FWHM) at eaéh energy was
determined by doubling the h$1f~width on the higher energy'side of the
;hcwer peak. This was.made necessary bf a considerable radiative tail l
as a result of material in the M5 beam as may be seen in the logarithmic
plot of Fig; 6b. Furthermore, the intrinsic momentum spread for
electrons in the M5 is known to be larger than the calculated + 1Z. We
‘therefore believe our measurements to be upper boggds on the electro-
magnetic energy resolution of a single calorimeter modﬁle.

The measured resolutions (FWHM) are plotted in Fig. 9. They vary

from 23% at 10 Gev to 10%Z at 30 and 39.3 Gev.

{141) Summary

The tests described above have demonstrated that the lead-scintil-
lation calorimeters respond with good efficiency to minimum ionizing
'paréicles with feasonable uniformity over the’useful area of the counter.
These counters should also be able to identify and measure electromagnetic

showers with adequate resolution.
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OUTLINE

Spill length. We wish »1 sec spilliu™h

Cosmic ray and neutron background; prompt muon flux in
C.R. counters. Cosmic réy roof shield. The veto rates
including beam dump muons are all reasonable.

Beam scraping. (a) General discussion. (b) Meson
area M2; comparison with test experiment, specific
improvements and tests. (c) Proton area P-center:;
comparison with M2 and possible improvements. We favor
M2 and believe improvement over the test of »>x10 in
background suppression may be achieved.

Flux calculations, including A dependence. We submit
further support for the numbers in the proposal.
Advantages of P613 over other beam dump proposals. We
cite particular difficulties with other proposals and
conclude ours is best suited for this physics.
Relevanqe of our test experiment to P613. We note lessons
learnéd on rates, backgrounds, cosmic rays, and muon

flux from our test.

Electronics logic and trigger. The requirements on

the electronics and a general sketch of the logic

system is given. ©No essential difficulties are foreseen.
Rate limitations from muons, cosmic rays, and readout.

12

At 10 protons per pulse »90% live time should be

achieved.

it



10.

11.

12,

OUTLINE (Continued)

Ordinary neutrino run. We favor data collection on T and
K neutrinos from a reduced-density Be target as a

part of our data program.

Tentative time tabulation; PERI chart., A schedule
leading to August 1, 1979 experiment turnon is presented.

Preliminary run plan. Details of beam use are outlined.




1. Spill length

We wish a full one second spill, not.a.short spill.
We need a long spill because of expected rates of muon

background in our anticounters.

2, Cosmic ray and neutron backgrounds

Since we intend to have a threshold of about 6 GeV
visible energy éeposited energy we expect the neutron back-
ground to be small behind the sizeable beam dump we have
discussed, except for the usual neutrino generated neutron
background present in any experiment.

The cosmic ray background, based on the preliminary
experiment, is expected to be about 4-40 triggers per pulse
for a 10 GeV threshold in the absence of shielding or anti-

S A *
coincidences or rf timing.

We therefore request a roof of 12"-24" concrete built
over the apparatus. The cost of the rigging for this has béen
included in the calculations made by proton lab personnel.

We will put a layer of anti-~coincidence counters covering
21/2 of the 300 sq.ft. area of the apparatus. We estimate

the incremental cost of this anti-~coincidence shield to be

* We note that this rate is compatible with the rate quoted by

B. Barish of the order of 1 per 5 ms, also for a 10 GeV threshold.
There is a factor of 2 for the larger area of his apparatus. .
Furthermore, his scintillators are twice as high. Thus a vertical
particle tends to deposit about twice as much _energy. Since the
cosmic ray energy spectrum varies about as E™2 this introduces about
a factor of 4. Therefore this corresponds to 5x24 = 40 ms or about
25/second which is quite compatible with the above estimate.
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$5000 to $10000 depending on the area covered.

With the magnetic Qeflection of the dump we estimate a -

f
6 12

rate of about 0.7x10° beam dump muons per 10 protons on

t target into the cosmic ray anti-coincidence ctounters. If wroTe

;each of these corresponds: to.a.l1l60 ns. dead. time.this would be. <o .}

ian 11% dead time in a 1 second pulse. The dead time due to

3) . We will .

{cosmic rays themselves is negligible (~1.5x10
discuss rate and dead time calculations further in Section 9.

In practice we will build the anti-coincidence counters
‘in two tran sverse sections and leave a slot in the middle
allowing the hottest part of the muon beam to pass. The spacing
between the two halves (if not zero) will depend on the
measured muon flux, but we would not expect it to exceed
2 £t (20% of the surface). The segmentation together with the
improved beam dump will result in a negligible dead time
from this source.

We have considered the probleﬁ of muon neutrino events
self-vetoing by the muon intercepting the cosmic ray anti-

coincidence counter. There is sufficient rejection by timing

and segmentation that this has no serious consequences.




-3-

3. Beam steering and scraping considerations

Of the many questions asked of us this is the most
challenging. The weakest aspect of the CERN experiments
and of our test in M2 was the evaluation:efirupstream sources
of neutrinos. Every neutrino beam dump:experiment.at CERN
or Fermilab would have simiiar problems; we believe that we
understand this problem as well as anyone and that our experi—
ment is comparable or superior to others discussed in this
regard.

In order to discuss the problems with beam scraping and
to identify those aspects on which wé hope to improve we have
made a graph of the expected ratio of vu from an upstream
source to vu from the beam dump target (both Cu), considering
only ™ and K decay, as a function of distance upstream of
the detector. It was assumed that (1) the source is pointed
at the detector, (2) 1% of the proton beam interacts at £,
and (3) the T and K decay path length is 1 m. The values may -
be trivially scaled to other loss fractions or decay distances.
This can be compared with expected prompt neutrino production
using the figures in UM BC 78-14 (attached).

As an example, consiéer a point on the beam line 250 m
upstream from the detector. From the graph, if 1% of the
beam interacts there, and if there is a 1 m path before the

produced hadrons are absorbed, there will be a neutrino

source 1% as intense as the dump for 7 and K decay neutrinos;

ry

if 10% of the beam interacts and the hadrons travel 10m
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before absorption; this source will equal the dump source.
Of course a Cu dump produces only about.1l/3 - 1/4 as many

vp from 7 and K decay as expected from D production (assumed
70 pb).

. Consider next the case of. M2 with.the meson.beam.split
so that half is targeted on M6 and half is-directed to our
dump target in M2. What is the vp background from protons
targeted on the M6 target (1500 feet (460 m) upstream and at
an angle of .30 mr? We will compare this flux with the

flux expected from T and K decay neutrinos Vp in our own

target. We assume a Cu target with an absorption length of

~19 om.
(460 ] 3
1) Effect of path length for decay 4§ | = 2.4x%10
S
assuming no shielding of M6
: (50 _ -2
2) Effect of solid angle aé0 | = 1.2x10
“ 4
3) Decrease in flux at 30 mr com- = 0.01
pared to average flux 0-15 mr.
. 3 -2 -2
Net ratio (2.4x107x1.2x10 "x10 ) = 0,3

Hence the background would be about 1/3 the 7™ and K background
expected from the dump target’itself, even if there were no
shielding of flux from the M6 target and mesons could travel
the full 460 meters, With any reaspnable shielding the flux
should be far less. (The fluxes and backgrounds given here
aré all weighted by E, hence are proportional to detected

rates.)

L)
i
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From the graph and the above discussion it is clear that
the critical beam area is the last downstream leg. The further
a source is moved upstream the less it contributes.

Let us consider the location of P61l3 in M2. We know from
our test experiment and fram E439 background studies that
there has been significant beam scraping in M2. There was a
vertical obstacle near the intermediate focus, also a vacuum
beam stop was used which had steel posts in its center and which
required offsetting for clearance. The beam pipe necked down
as it emerged from the berm under the mezzanine. We know also
that the muon background flux increased when the M2 beam was
detuned upstream and that cleanest conditions were obtained
when the beam dump flux was the greatest fraction of the flux
directed to the Meson Lab.

A self-consistent - albeit very uncertain - appraisal of
the v background in our test in M2 is that 1/4 comes from the
first leg of the beam, i.e., is associated with protons on the
meson target, 1/4 comes from the 600 ft. area, and 1/2 comes
from between the detector and the last bend, especially as the
beam emerged from the berm.

We would take the following steps to improve M2 for P613
(from the Meson target to the dump). ' (1) We would use a thin
target at the Meson tafget so that the ratio of protons inter-
acting there to M2 dump protons would be 1/10 - 1/1. This would
reguire running tests with different fractional targets (and

no target) to study this effect. This obviously affects M1,



M3, and M4 users. If our other cleanup measures are success-
ful this may be relaxed. We lived with 15:1 for even our
best previous test runs.: (2) We would-incorporate a 10 ft 1 inch---
diam. fixed iron collimator into M2-M3 at ~250 ft from the
Meson target (ahead of the first bend) to clean up initially

+ and K+ bent

the proton halo and to reduce the flux of T

toward the detector by the first 20 mr bend. - (3) We would "

collimate at the first lenses (~300 ft) so the beam does not

strike the lenses in the second leg of the beam. Hence there

would be a vertical "slit"” to define the horizontal width at

the H focusing lens and a horizontal "slit" at the V focusing

lens. (4) We would use a »6 ft collimator at 600 ft from the

Meson target. (A 4 ft Fe collimator results in proton inter-

actions with ) = 6 in. followed by m and K attenuation of only

x 150, since 3 (7m,K) =~ 9 in.) It would also be desirable to

have both H and V field lenses at 600 ft, although it is not

at all certéin that this is essential. (5) Every effort should

be made to clean the beam line beyond the second 20 mr bend.

In particular we would maintain a 14" pipe from the berm to

close to the dum p target in the detector building. SWICs,

ion chambers, etc., over the last ~6Aft are not a problem;

if €2 grams of material are used the background produced here

will still be at most cdmparable to fast neutrinos from the dump.
The suggestions made above would reduce every known or

suspected upstream neutrino source by about x10, and possibly

much more. Furthermore, the establishment of muon telescopes
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along the beam line (glass cylinders on 3/4" PM tubes in a
coincidence telescope) should permit identification and -
correction of scraping.

Finally, the high rate in this experiment (higher than

in any other experiment discdussed) of roughly 1 prompt v S

event /10 pulses, would permit significant tests of upstream
neutrino sources by variation of parameters (e.g., slits,
spill fraction, focusing conditions) on a time scale of about
an hour.

Next we consider the experiment in P center. The result
of an initialVlook suggests that much of the initial scraping
is done in enclosures E and H some 3000 and 2000 feet respect-
ively from our apparatus. These contain also a thin window
and SWICs. The beam tube is a 12" diémeter tube covered
with eartﬁ for most of this distance and with no further bends.
There is a 5 mr bend »2000 ft upstream of the experimental
area. At about 150' before our apparatus the 12" tube necks
down to a 3" tube and SWICs and final focusing guads are
located in this tunnel. If these were all removed and replaced
with a 12" tube the beam would have a FWHM of about 1” at
the target. A 6" diameter target at the dump would interact
more than 95% of the beam. This arrangement with shielding
around some points of the downstream 12" pipe would be a
possible mode of operation. .

R. Adair has told us that in his experiment he found the

muons from scraping dominated the prompt muons unless the



above quadrupoleé were used as a "spoiler"., He believes many
of the muons were produced far upstream and use of the
collimator in enclosure H only made the background mildly
greater.

If we repeat the calculation made at the beginning of
the M2 discussion for the proton area using 3000 ft path length,
5 mr bend, and assume that as much beam interacts on the
septum as in the dump target, we find the background (for no
shielding) to be 29 times the 7 and K neutrino flux in the
target, i.e., a factor of more than 90 worse than the Meson
area. Inclusion of target multiple 5cattering will decrease
this ratio somewhat but should not modify the essential
conclusion. Of course in both cases much of the path is
shielded. However, the 1 ft beam pipe cannot be shielded
ard it is perhaps not surprising that the background is
large in the proton area.

We have made a less complete study of the P center beam
than the M2 beam. Although we believe that it could be
cleaned up by careful collimation in enclosures E and H (before
the 5 mr bend) it probably is less satisfactory than M2 as
the latter includes two 30 mr bends which are very valuable

in cleaning upstream sources.

ry
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4-5 Plux Calculations

We are enclosing a research note describing. flux calculatians; . .-

of various sources of neutrinos in the beamvdump experiment.
The estimates used for production of v from D decay are
somewhat arbitrary. The A dependcnce was -assunted to be -~ vt wpyy
Al and a 72 ub D pair production cross section taken in
Aaccprd with our rough preliminary results. . The BEBC results.
afe about a factor of 1.5 less.

The numberé guoted by Don Reeder in his oral presentation
came from this memo except that he renormalized the vp flux
to a total cross section of 40, not 72 yb. De gustibus non est
disputandum.

No account was taken of a possible forward diffraction
peak fdr D or AC production. Cascading was accounted for
only crudely by multiplying by a factor of 1.12. B. Barish
suggested that for large angles cascading may play a more
important role. In the present calculation no account was
taken of a variation of the effect of cascading with position.
For the results wiﬁhin 2 mr or averaged over 14 mr this should
not be a large effect, but it will have the effect of increasing
the background somewhat on the wings of the apparatus. Our
initial calculations indicatekthat this effect is g a factor
of 2 and thus the background is still small.

We note that in the signal to noise ratios the question

1 2/3 1

of whether °yp AT or A enters. We have assumed A",

D
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As the quoted D cross section is pegged to the BEBC results
with a Cu target and ours with a W target.the signal to noise
for Be would be improved if o, = A2/3. The factor Zrom Cu
{BEBC) to Be would be about 1.7. That is, the rate of D
production would not fall as fast as wethave assumed in
going from Cu to‘Be if op = a2/3 rather than Ali

The Monte-~Carlo results on the enclosed note can be
pegged to some general experimental points.

1. The signal to background is ~ 1:1 for the BEBC run
if vy F Ve for prompt neutrinos. Ou; 2 mr point for a Cu
target is in agreement with this.

2. The mean energy of the Ve and Ge events was about
65 GeV for BEBC and 73 GeV for Gargamelle. Our value is 57
GeV averaged over -a slightly wider solid angle. Ignoring
diffraction effects, if the cross section were «= (l~}xl)n
with n much greater than 4 then the E would be sighificantly
lcwef. |

3. Again ignoring diffraction production one expects
on fairly general grounds the position distribution of vy to be
wider than that of Vg Or v _. This occurs because the center of
mass decay momentum is larger for Vb than for v or Vg,

and because heavier particles seem to be produced with larger

average p, than lighter particles.

€
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1 6. Advantages of P 613 over the neutrino lab counter experiment.

f

i J .
t The first advantage dis a matter of  rate. ' We would be RN

‘located at least five times nearer the target. The increase

;in so0lid angle subtended is about 25. This allows us to run

‘at the low proton beam intensity of about 1012 and get a

‘respectable rate of 1 per 10-15 pulses assuming current

v, production results are correct. This means each given
target measurement can be done in a few days of running

time, giving us much more flexibility.

When examining the A dependence we can go tovhigh A
materials such as tungsten which is not feasible for an
experiment using 1013 protons/pulse, Our targets will be
less radicactive and simpler to change.

Because our apparatus subtends a large solid angle we
do not have to resort to bending the proton beam befo:é the
target to change production aﬁg}e. Our aspect ratio-5'
high and 10' wide is matched té vertical muon deflection,
avoiding the high muon flux region while subtending a large
horizontal angle.

Because of the large differencevbetween the radiation and
absorption length of Pb we believe we will have better
discrimination between Ve and 2 events than a low Z apparatus.

We wish to point out that our apparatus can see the
direction of energy flow with reasonable accuracy. We will

be limited by intrinsic uncertainties due to fluctuations in
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the nuclear interactions in the absorber, a problem faced

by gliﬁcounter experimenters(e,g.for iren: each hadron nuclear }igntr,

interaétion loses about 800 MeV in nuclear eXcitations, about

one-half undetected).. We believe we can make some correction

for edge effects. Because we use a proportional tube hodoscope---- ' -

to locate the interaction we can make corrections for the

"leaked out" energy thus extendihg the usefnl volume. S agss
The costs of a dump in E109 appear very large. Furthermore, -

our muon flux calculations seem to imply that it would not

be practical to run the bubble chamber from that E109 dump

13 protons/pulse. This would give n 25k muons in

using 10
the bubble chambers. If in fact this calculation is wrong

then we can expect significantly fewer muons in our experiment
allowiﬁg us to go to higher intensities without serious

~dead time limitations.

Ihe‘time scale of our experiment is considerably shorter
than possible for a neutrino arearexperiment. As we have
heard, CERN is competing actively in this field. We believe
that our experimen£ is complementary to the CERN approach., For
instance if a diffraction peak is present this would greatly
distort Trot &S estimated at CERN. The possibility of large
angular seaiches and target variation are unavailable at

CERN. A timely experiment at Fermilab can obtain important

results.
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7. What are some of the results from the preliminary experiment

S v i o an e U

useful to the present proposal? o .o proooe

We have established the feasibility of a close in experimem&@azw,’

showing that it is possible to live with the high direct

muon flux. We have established the size of that flux. We me ool

have shown that the trigger rate can be. made sufficiently low .. ...

and software cuts sufficiently effective to reach an interesting ‘-
rate sensitivity. We have set upper limits on background rates . -
and have performed tests indicating some of the sources of
background and methods of monitoring these sources, We have
obtained data on the cosmic ray background. Some of the
guestions asked us could be clearly formulated only because
of the existence of this preliminary experiment.
During the discussion of this preliminary experiment
as quoted in UM HE 78-44 there was some confusion evidenced
by questioﬁs from F. Nezrick. In subseguent discussion with
F.N. this was traced to the meaning of the "events" listed in
‘table II of the version of our experiment.givep as appendix I
of our proposal. These events are the total number of events
not corrected for background. The numbers in parentheses are
the total number of events ignoring small veto pulses.
Runs 69-79 in fact give us a rate that is almost totally

background and serve as our background calibration.
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8. BElectronics

It is our plan to use 6655 PM tubes,:with x 10 linear
amplifiers on each tube. They would be initially set using
cosmic ray muons to within 20% of a standardized nominal
~gain value with the proper HV for each tube recorded. This
test can be done easily, inodu]@ by module. The required
time is about 1 hour or less per
module or one month for two people (grad student plus technician)
for all 150 modules.

The tube H.V. would be set so that a single muon would
produce a small (mV) pulse (average)in the closest P.M., as
the muon energy loss is 150 MeV per 100 g cm~2 Pb, and a 100 Gev
EM cascade would produce a saturation (v 1V signal). This
provides a good match to a 212 (4096) channel ADC, so that
1 mv £ 1 channel, Each tube would have a switchable attenuator
followed by a x 10 amp with fan-out of 2. One side would go to
the ADC, and one to the trigger logic. Normal running would
have the attenuator in, so u's would be in a low ADC channel,

a 100 GeV energy loss near one phototube would be full scale.
For calibrations runs the attenuators would be switched out,
putting the u's into ADC channel > 50, thus reducing the
guantization errors to a tolerable level. (<5%).

A poésible trigger logic would involve 3 levels of

linear fan-in into 36 discriminators as follows:
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level 1 fans the two phototubes per module together, and has
2 outputs per pair of tubes; these are passive resistor networks.

Level 2 uses active fanins to add up 6 modules deep, with offsets

of 3 modules. Level 3 adds up adjacent vertical layers of level 2

outputs. There are therefore 300 resistor networks in level 1,
45V— 6-input fanins in level 2, and 36 - 2-input fanins in
level 3 which feed discriminators. Discriminator thresholds
of 30 mv correspond to > 3 GeV deposited into the region
éonnected to a givén discriminator. This region is roughly

3 absorption lengths and roughly 70 radiation lengths deep.

Other possible logic maﬁrices may be better; it is
sufficient here that the above is feasible and self-consistent.
We require of the electronics several features: 1) WevwishV
to trigéer on > 6 GeV visible energy loss in < 6 modules;

2) fluctuations in muon dE/dx should have a low probability
of triggering, i.e., ‘the energy loss should be > 6 x (dE/dx);
and 3) Each of the five horizontal layers should be vetoed
by a veto counter at that horizontal level.

We note that we have had considerable experience with
&expériments of this magnitude of complexity (> 300 phototubes,
A~ 5000 PWC wires). In the most receht experiment performed
by most of the Michigan members of this group, we shouldered
a major responsibility for the setup, tuning, and operation

of E439. That experiment employed ~ 200 PMT, &10,000 PWC

[}
i
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wires,‘and required TDC data on each hit PMT for each event
-as well as careful P.H.A. study of the u signal in each counter
(at setup as well as occasionally during the run). This experiment
wrote ~ 1000 dimuon tapes over v 6 months with respectable
”ureliability of the detector and electronics. Diagnostic
prégrams were valuabie in monitoring the entire system during
the experiment. The Wisconsin members of our group, of course,
had a major responsibility for large counter arrays in the
neutrino area and for the construction of the gamma catchers.

We certainly do not anticipate 1000 tapes of neutrino
events in P613. We wouid expéct to use diagnostic programs
to check our system at fregquent intervals. For example, the
front veto and two modules in a horizontal layer could function
as a muon trigger and muon pulse distributions in each counter.
as well as PWC hits displayed or printed. The muon calibration
of each PMT is of course necessary’for the energy calibration
of the neutrinoc events, so that although voltages need only
be set to normalize the gain to ~n 20%, the average muon pulse
‘height should be known to ~ 5%,

It will be necessary to study the response of 4-6 modules
in a parasitic beam (e.g. MS5) of hadrons. Although thé response
to EM cascades has been determined, the hadron response has
not been. Our calorimeter experience has been with Fe-~
scintillator calorimeters, so that we do not have a firm

numﬁér for the ratio of visible to total energy for a hadron Fo
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in these modules. It is not necessary to have so many modules
in the test beam that the entire hadron cascade is absorbed.

A lead-plastic mockup of | ftz area can be placed ahead

or between modules to represent the absorption of a thicker

module set. The test beam should permit comparison of pulse

‘-_height distributions for u, w, p, and e of 20 and 40 GeV.

There is ho need to test every module in a test beam. An
initial muon cosmic ra& calibration can easily-and quickly-
be done and the in situ muon calibration is by far the most
.important in any case.

For the electronics we propose ﬁsing the LeCroy sytem
2280 for the PM ADC's and the LeCroy PCOS II system for the
PWC. The cost of the 2280 system would be about $18K and the

PCOS II system about $90K.
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9, Rate Limits

~§) Muon flux anti concidence counters.

We will segment the anti coincidence counters into 5
vertical parts corresponding to the 5 vertical scintillators
in each module. For the moment we assume the old beam dump
(Bdl = 5.5 m of 2.1 T). The flux is esﬁimated from the
preliminary experment vertical méasurements extrapolated to
50 meters distance. It is assumed that horizontally the flux
is only large over the central 5' (30 mr production angle)
dropping rapidly afterwards.

We have tried to make realistic estimates of the muon
fluxes. We have scaled the data from the preliminary
experiment using the observed overall veto rate, vertical
distribﬁtion and dead time. The latter was found to be 160 ns.
This includes effects due to large pulses and unresolved close
pulses since the discriminators were run in a burst guard mode.

The rates obtained for the worst case anti counters were
A 1.4 Mc (22% dead time) which are uncoqurtably large.

We therefore requested in our proposal an improved
beam dump with Bdl = 8m of 2.1 T field. If the flux scales
as expected with magnetic field this will decrease:the rates
by about a factor of 2. Since we could live with a worst
case of 50% live time and our estimate would be 11% dead time,
we feel this allows for the usual imposition of reality over

calculation.
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We note that we do not have to add the dead time of the
anti counters as each would anti only signals in its area of
the apparatus. We do, however, have to add in the dead timé

due to the cosmic ray veto described in section 2.

The expected rates are tabulated below

45 kc for central anti (< 1% dead time)

400 kc for next anti (7% dead time) ’

700 kc for top and bottom anti (11% dead time)

b) Readout time

To estimate this we have assumed the LeCroy system 2280
for the PM readouts the LeCroy PCOS II system for the PWC.

We assume a maximum pulse hitting ~ 100 PM and 1600 wires.
We find a conversion time for the PM in the ADC to be 1.4 ms
and the readout time .4 ms (assuming one 12 bit ADC/tube). The
PWC would be sampled first by the éomputer allowing the ADC
conversion for the PM to occur in parallel. With the PCOS II
system the major time is the readout of the 1600 wires at
4uys/wire. This is 6.4 ms. Hence, the total time would beA
6.4 + .4 = 6.8 ms.

This time is an ovérééstimate as most events will be
much smaller than indicated above. We will, however, use this
number for calculations. If we ask that the busy time fraction

be less than 25% then we can tolerate 35 triggers/pulse. As
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most triggers will really be muons, the average event will be
less than 1/3 as large as the above ~spectacular event; we
will have no trouble keeping 35 events in core during the
spill.

Our cosmic ray trigger rate was estimated to be in the>
range 4-40 triggers/second in the absence of a roof 510ck or
veto counters. We expect this will not be a serious problem
with roof blocks and vetos.

For the incoming muon to give a pulse requires that the
muon not be counted by the anti coincidence shield and give a
sizeable pulse in the apparatus. The total rate of muons with
the new beam dump is expected to be 2.2 x 106 u/pulse. We
‘require an overall rejection of 105. The probability of a
muon making a large pulse (% 10 GeV) in any 5 module segment
of the apparatus is about 2%. We, therefore, require the anti
coincidence array to be efficient to about one part in 2000.
With a double 1ayer of counters this efficiency should be
achievablef |

We, therefore, believe our trigger rate can be reduced
‘to manageable proportions.

10. Run with ordinary neutrinos

The committee has suggested we consider a run with mostly
normal neutrinos to calibrate acceptance and other properties
of our apparatus. This seems to be a good suggestion which may

prove valuable if we observe an anomalous signal. We have
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not yet decided how to implement this suggestion. It may

be that the Be target run will serve or we may ask to schedule
a run with a 1/3 density Be target or a target moved some |
distance upstream. We will integrate this‘inﬁo the experiment

during the detailed design of the beam dump.
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12, Preliminary run plan

1. Tune on muons “~parasitic v time 2-4 weeks

2. Highp W 1.2 x 107

including background study:

pot (400 hrs)

Vary flux ratio between
M2, M6, beam dump

Vary collimation

3.  High p Cu - 3 x 10%° pot (100 hrs)
4. Low p Cu 3 x 1016 pot (100 hrs)
5. Low p Be 4.5 x% 1016 pot (150 hrs)
(or upstream target)
6. High p Be 6 x 101 pot (200 hrs)
7. High p W, 300 GeV 3 x 1016 pot (100 hrs)
8.  High p W, 200 Gev 6 x 107® pot (200 hrs)
1250 hours
This corresponds to a total flux of‘about 4 x 1017 protons.

17 protons) did

In contrast the number in the proposal (2 x 10
not account for bacxground studies and duty faétor. The
"sequence and exact values of 2-8 should be regarded as tentative

~and subject to our early results.
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