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‘Summary

We propose to examine in detail, using the 15-foot
bubble chamber and an improved (“Phase II") EMI, the charac-
teristics of "dimuon" events(1) produced by neutrinos. A
l1ight neon-hydrogen filling (30% neon atoms) provides adequate
target mass, good track measurements, and high detection
efficiency'for photons and electrons. Thus e-u and e-e
diteptons, as well as dimuons, can be observed with good
efficiency.

We estimate a yield of 100 detected d1muons in 2 ZOOK
A 13

picture exposure. We assume 400 GeV operat1on, 1 x 10

protons/pulse, and a two-horn dichromatic beam(z) focusing

100 = 10AGeV/c mesons. If dimuons are made by neutrinos
2 30 GeV, then the yield from this dichromatic beam is about
half the yield from a wide-band beam. Knowledge of neutrino
energy is important in dimuon analysis.

An improved two-pTéne EMI, as proposed by the UH-LBL

group, would provide about 1 kg/cm2

-~

particles above 10 GeV/c, thus ensuring excellent dimuon

absorption thickness for

jdentification. Another proposed EMI improvement, the Internal
Picket Fence (IPF)éis designed to eliminate EMI random back-
ground (mainly neutrino-induced in the internal coil-absorber).
This should greatly simplify EMI analysis and reduce the
misidentification of low momentum hadrons as muons. Thus we
also expect improved efficiency for identification of neutral
current events and slow (wide-angle) muons with this "Phase II"

EMI.



Summary ii

This exposure should yield charged-current {€C) and

neutral-current (NC) events as follows:

cc NC
E, = 35 GeV 9000 2250
E, = 92 GeV 1000 250

With improved EMI muon identification and reduced background,

we expect to be able to determine R = NC/CC within Tow

systematic errors. |
The bubble-chamber/EMI/dichromatic beam is also ideally

suited to study the diffractive production of vector mesons

(ps, w, ¢, A) by neutrinos. The theoretical importance of
these processes in determining the characteristics of the
weak iﬁterdction and probable connections with the "high-y
anoma1y“ and dimuon production has been emphasiied

(3,4,5) We would first search for CC events of

recently.
the type
vp > uTpe’, (pF > ' n0)
vp > uTpA T, (A, > 1760)
and NC events of the type
vp + vpp?, (p° - atnT)
vp > vps, (¢ > K'K7)
as evidence of diffractive productive of vector mesons.

A continuing search for "charm" will be made using

single strange particle events (AS = -AQ) as a signature.

We expect about 350 single A's in this sample.




BUBBLE-CHAMBER STUDY OF DIMUON PRODUCTION BY
NEUTRINOS USING THE PHASE-2 EMI AND A DICHROMATIC BEAM

I. INTRODUCTION

The most interesting result of the first round of neutrino
counter experiments at Fermilab has been the discovery of
"dimuon evgnts“ by the HPWF co11aboration.(]) The signal
appears to be well above meson decay backgrounds and thus is
interpreted as "directly produced." Despite very little

detailed knowledge of the hadronic states accompanying dimuon

events, the evidence from the fast muons and the total hadronic .. .

signal (calorimeter output) has been interpretéd as;suffiCieht':‘i‘”'wm

to rule out intermediate vector bosons or heavy leptons as
sources of the second muon. Instead, it is argued that the
dimuon events, in association with a "high-y anomaly" in
deep inelastic scattering, is sufficient to propose a new

particle emerging as the hadronic vertex; i.e.,

>~

z. | Aadeono

/@-—W (¥~ %" hachone )

where the new particle, Y » u + vu + hadrons, must carry a

new quantum number which might be associated with "charm."
Every experimental effort should be made to learn more

about such events, and in particular the hadronic final state

should be studied in detail. The bubble chamber is a natural


http:IIcharm.tI
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detector for studying the hadronic vertex, but present exposures
suffer from problems of low rate (dimuons occur at 1% of single
muon events over 30 GeV) and dimhon identification (the present
External Muon Identifier (EMI-I) permits hadron punch-through
at the 4% level). The present proposal assumes that EMI-II
(an improved EMI with external absorber and a second p1ane)(6)
will remedy this latter problem, and that the higher energy
(400 GeV) accelerator operation at increased beam intensity will
make tolerable the rate problem with neon-hydrogen fillings.
With 400 GeV high intenéity running even narrow-band beams
aré practical for dimuon studies. .

A related physics objective of this proposal is to study
the diffractive production of vector particles which may be

"related to the occurrence of dimuonsf3'4'5'151The observed

characteristics of dimuon events,(l) such as the charge-
asymmetry between negative and positive muons and the spread
in invariant mass of dimuons, have stimulated theoretical
(3,4,5,15) . .
papers - which propose that vector mesons possessing
quantum numbers of the weak interaction may be produced by

a "vector meson dominance intermediate F* mechanism" as

follows:
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Barger, Weiler and Phi!1ips(3) deduced that the v = xy and
momentum distributions of the fast u in the u+u' dimuon events
are consistent with this mode1.(3) Furthermore, this process
seems to account for a substantial part of the cross section
at small x and large y (i.e., the "high-y anoma]y“). Dimuon
production is then accounted for by the proposa1(7) that a
new "charmed hadron" Y - u+vu + hadrons is contained within
“X" above.

We propose to study diffractive processes using the
bubble-chamber techn1que to f1rst search for the "estab11shed",
vector mesons (p, A, ¢ Y, etc.) in various comb1nat10ns of
charged and neutral hadrons. Obviously, the dimuon candidates
selected by EMI-II will receive special attention. The light
neon-hydrogen mixture is optimum for investiéating excluéive
reactions. Since a missing neutrino may be involved in even
charged-current events (i.e., Y =» u+vux), it is important to
have knowledge of the incident neutrino energy;‘hence the
d1chromat1c beam. -

In the course of these special investigations we will be'
able to analyze about 10,000 charged current (single muon)
events aﬁd 2500 neutral current (a1l hadron) events fcom
"normal"” inelastic scattering. The x- and y-distributions for
these events, particularly charged current events with wide-
angle muons and all neutral current events, are still not

well determined by existing experiments.
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A major limitation of the present bubble-chamber/EMI-I
hybrid system for neutral current studies, namely the random
background of neutrino-induced events in coils and absorber
which causes some slow hadrons to look Tike muons, should be
eliminated in EMI-II by the Internal Picket Fence (IPFflG)(see
Section II). We expect this to bring greatly improved
reliability in the selection of CC and NC events. Knowledge
of incident neutrino energies is extremely valuable, especially
for neutral current events. |

We also expect to analyze events containing strange
particles, especially single strange particle thch signify
AS = -AQ procesges, in the general search for "charm.® It
is rather surprising that the single, low-energy event found
by the BNL group(s) has not yet been coﬁfirmed by the much
more sensitive Fermilab bubble-chamber experiments. The
present proposed experiment would have certain advantages
(i.e., better muon detection, electron/photon detection,
knowledge of incident neutrino energy) than existing 15-foot
chamber exposures.

The following sections detail the special experimental
aspects of this proposal and their consequences for the three
major physics goals:

(1) dimuon production
(2) diffractive production of vector mesons

{(3) improved detection of neutral current events.
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II. EXPERIMENTAL ASPECTS

Since the general features of the Fermilab neutrino
bubble-chamber program (including the single-plane EMI) are
by now well known, we will limit ourselves to the new
features of this proposal, namely: (a) an improved EMI
("EMI-II") with external absorber and a second plane, plus the
Internal Picket Fencegl?é) the choice of 1ight neon-hydrogen
(30% neon atoms) bubble—éhamber liquid for optimum target-
detector properties; (c) wuse of a dichromatic beam, made
practicable byyéﬁb Gevyopefatibh Ahd'ihcréaéeé‘préfon~inten3f£y;
and (d) significant yields of interesting types of events
(e.g., dimuons).

(6)

In a separate document submitted to the Fermilab
Directorate, the UH-LBL "EMI group" has described in some
detail its proposals for EMI-II; i.e., improvement of the
present EMI, for future use as a genefa] facility. Both
short-range (IPF and limited second plane) énd long-range
(full second-plane and additional area coverage) are proposed.
Only the short-range program is needed for this experiment,
and this should be achievable on the same time-scale as the

new two-horn dichromatic beam.

(A) Improved EMI (EMI-IIa). The original EMI proposal(g)
2

envisaged a two-plane EMI with area coverage of 50 m~ and
absorber between planes; the two~b1ane feature was to measure

the direction of outgoing prongs and to reduce background
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by requiring time coincidences between the two planes. This-
proposal was made prior to the discovery of neutral currents
and dimuons. Qur 3 GeV Bevatron test of the EMI princip]e(]ﬂ)
appeared to show that one-plane was "good enough" for detecting
96% of single muons while rejecting 95 + 1% of the pions.
According]&, we scaled down our proposal to a one-plane EMI

2 2 as module costs

of 30 m~ which was later reduced to 24 m
exceeded initial estimates. This scaled-down EMI became
operational in time to be useful during the "first round"
15-foot bubble-chamber experiments which‘had been eXpected to
be "bare-bubb]e—chambe;!exposures.

Qur experience in analyzing a portion of the 68K pictures
of the E-45 experiment (neutrinos on hydrogen, horn beam at
300 GeV), plus a smaller fraction of E-28 film (22% neon-
hydrogen, horn beam, 300 GeV), has confirmed most of the ini-
tial predictions for single-muon EMI detection. |

(a) "Muons" are defined as tracks falling inside a
"muon ellipse" contéining 96% of the muons.

(b) The initial absorber (coils plus zinc) permits
about 4% of all hadrons to "punch-through" simulating muons;
however, higher momentum hadrons punch through more often.

(c) The measured background of "hits" in the EMI (about

4 m—'2 per 1013 protons on target from neutrino interactions in

the downstream coil and absorbers is somewhat higher than

(11)

expected. A l-—m2 "second~plane” test shows that
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most of this signal is due to "soft" radiation which is eli-
minated if time coincidences are required.

(d) The limited 24 m2 area coverage’covers most of the
wide-band beam produced muons from CC events; however, slow
muons from interesting high-y (large energy transfer to the
hadron) events are missed. The overall efficiency for detec-
ting the single muon events is 80% for the wide-band beamn.

Detectibn of neutral currents places a much greater.

demand upon the EMI since it must cert1fy that none of the

visib]g'grongs is a muon (or at least that none af the negat1ve“';

prongs is a muon). The limitation of random background acci-
dentals (which make hadrons look 1like muons) is serious for
NC events. We have upgraded the present EMI since the early
E-45 runs by adding more internal absorber;Apre]iminary data
from the E-28 expériment show cTearly’that there is less
punch-through, but random accidentals are stiil serious for
Tow momentum tracks.

Searching for dimuons at the 1% level is clearly a]mosf
out of the question for an EMI with 4% hadron punch-through.
"Qur E-45 data show two dozen dimuon candidates (about 4% of
the CC events) after selecting only time-coincidence tracks.
We would expect to see 2.7 dimuons (1% of CC e{?nts above
30 GeV). The ratio of +~-, --, and ++ dimuon candidates is
consistent with the charge ratio of positive and negative

hadrons able to punch through. We are pursuing the analysis



~-8-
of these events to find the "most probable dimuons?" but the
analysis cannot be considered an independent proof of dimuon
production.

Two-planes and external absorber

Clearly, therefore, we need additional absorber in sub-

stantial ‘amounts to detect dimuons with certainty. The
present internal coil-absorber configuration is shown in Fig. 1;
the average neutrino secondary passes through 3.5 pion absorp-
tion lengths (LK Y 150 gm/cm2 of copper or zinc) in reaching
the EMI modules. '

The probability of hadron “"punch-through” (to land within
the "muon ellipse" as a single "hit") is somewhat difficult
to calculate reliably since it involves following a hadron
cascade through many interaction lengths and taking into
account multiple-scattering, magnetic field effects, etc; The
simplest model appears to assume the "punch-through" cons{sts
entirely of non-interacting hadrons with an effective absorp-
tion length, Aé(p); a function of momentum. If we ascribe
all E-45 dimuon candidates to hadron "punch-through," we

obtain A'(p) as follows (using x = 260 + 60 gm/cm2 for E-45

data).
Table II-1
E-45 Punch-through Results
Hadron , Punch- -x/A'
Momentum Extrapolated through e Aq
<5 GeV/c 169 5 .030 74 gm/cm’
5-10 59 4 .068 97
>10 24 2 .083 104

All 252 11 044 83
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These results appear to be considerably different from the
CERN Monte Carlo predictions,(!3) which yield A*(3 Gev) =
136 gm/cm2 and A'(15 GeV) = 273 gm/cmz. This is a very
important discrepancy and better statistics are needed (and
will soon be available from E-28 data taken with 100 to 200
gm/cm2 adﬁitional zinc). Tentatively, we assume A'(p > 10
GeV/c) = 135 gm/cmz, the standard pion absorption 1ength,(14}
for the external absorber.

Assuming that we wish to reduce‘the ohserved punchf
through of a high-momentum (p > 10 GéV/é)'&adron to well
below 1% (say, 0.1%), tﬁe additional thickﬁess AX required

is given by:

(.083)e”2X/X" o 001 (a' = 135 gm/cm?)
o AX = 4.42)' = 600 gm/cm2 (84 cm. zinc).

The area of such absorber required for dimuon detection
is also an important paraméter. The HPWF dimuons seem to be
produced by neutriyos above 30 GeV and the slower muons
(positives) generale exceed 10 GeV with a few between 5 and
10 GeV. Fig. 2 shows the hit pattern of all tracks from
fiducial volume neutrino events in our E-45 sample for momenta
above 10 GeV/c. A rectangular area 3 m. high by 4 m. wide at
the present EMI plane would intercept all such prongs from
CC events in E-45 (90% of hadrons 5-10 GeV/c would also be
included). We propose to install such an absorber (zinc)

immediately behind EMI Plane I, as shown in Fig. 3. This
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absorber would weigh 80 tons. The second EMI plane of 12 m2

would be mounted directly behind the zinc wall. Details of
construction and proposed operation are given in a separate
facility proposa].(G)

We believe that this portion of the Phase-2 EMI would
provide at least the same efficiency for dimuon detection as
E-1A by e}iminating punch-through. In fact, the geometrical
coverage of the 15-foot bubble chamber plus this 2-plane
EMI is greater than E-]A*s coverage, as can be seen from
Fig. 4 which superimposes E-la calorimeter and muon spectro-
meter outline on a plan view of the 15-foot bubble chamber/EMI.

Of course the bubble chamber sﬁou?d be far superior to
the calorimeter in detecting the final hadronic state,
observing meson decays in flight, etc.

Internal Picket Fence (IPF)

Qur EMI improvement proposal(s)rinc1udes a "short-range"
project to construct a "picket fence" of tubular gas proportional
counters inside the bubble-chamber coils and just outside the
bubble-chamber liquid on the downstream side (see Fig. 5).'

The IPF consists of 120 clusters of long cylindrical single-
wire proportional chambers (60 clusters above the median plane,
60 below). Each cluster consists of 8 tubes, 2 Iayers of 4
tubes. Each tube is 1-inch in diameter and 1.5 meters long.
The projected width of each cluster is 4 inches. The outputs
of all 8 counters are ganged, and the two 1ayers’of tubes |

provide backup if one counter fails. The major development
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problems consist of (a) "space-hardening" these counters to
operate indefinitely in a vacuum without access and (b)
maintaning the proper temperature range of gas proportional
counter operation. Preliminary tests are now underway.

The advantage of the IPF is that it promises to provide

a bubble-chamber event timing signal from the time-coincidence

of two or more "selected" clusters. A "selected" cluster is
one in which a neutrino évent track projects to'hit the
cluster. Thus the IPF 1is operated as a odoscoge, and the

IPF and EMI are . ana]yzed only. for neutr1no events.  Each
cluster's output is digitized in the same manner as the outputs

‘ from the EMI modules. The measured EMI module singles rate

is 4 hits/m2/1013 PPpP, SO we expect each cluster to count less
than 0.60/1013 ppp. Thus accidental two-fold coincidences

during a resolving time of 33 nsec. would be negligible.

The primary advantage of the IPF is to reduce the %an&om
background of EMI Plane-1 hits due to neutrino interactions in
the absorber/coils. These background hits in general will
be out of time. We estimate that > 98% of the present EMI hits
(i.e., all but 1 or 2 of the 100 total) relating to a frame
containing a valid bubble-chamber neutrino event are "back-
ground" in that they are not time-associated with the primary
neutrino event.

The IPF promises to simplify EMI-BC analysis procedures,

since at present all background hits must be considered
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candidates for track matching. The increased reTfabiTity in
hadron/muon discrimination for lower momentum tracks (below
about 5 GeY) will reduce uncertainties in selecting NC and CcC
events,

The IPF does‘ggg solve the problem of punch-through since
hadronic punch-through will be in time coincidence; however, the
"central area" (3 m. x 4 m. covered by the second plane with
thick external absorber) will reject hadrons and detect all but
very slow muons. Outside the central area, the probability
of labeling a wide-angle slow hadron as a "muon" will be

radically decreased.

Thus, the two "short-range" EMI improvements, a thick

external absorber and second plane plus an Internal Picket

Fence, are essential to a high efficiency search for dimuons
and for low background analysis of neutral current and difj
fractive production of vector mesons.

(B) Choice of Light Neon-Hydrogen Liquid (30% neon

atoms). We strongly prefer a light neon-hydrogen mixture,

about 30 atomic percent neon, for this experiment using the

BC-EMI hybrid system for the following reasons:
(1) 30% neon-hydrogen has high enough density
(p = 0.4 gm/cm3) so that neutrino events occur at a

reasonable rate. (One neutrino event per 20 pictures;

see II-D.)
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(2) 30% neon-hydrogen proviaes 90% photon con-
version and good electron identification for events
originating in the fiducial volume. (dur present E45

fiducial volume of 20 m3

has an average radius of 1.7 m.
and height of 2.8 m).30% neon-hydrogen has a radiation
length of 80 cm. Thus we expect to see both photons
from 80% of our pi-zeros.

(3) We need to make momentum measurements for charged
particles with accuracies approaching that possible with

.hydrogen if wé.arewio seahcﬁ‘fo}'resonénﬁés in the hadronic 
final state. Tﬁus we need\an‘interattion length 1ohgér |
than the average track length. (30% neon-hydrogen has

a collision length of 250 cm., as compared with an average
track length of 170 cm. for fiducial volume events.

Ap/p accuracies similar to hydrogen can be expected in
30% neon up to about 10 GeV/c‘which includes most of the
hadrons from neutrino events.)

(4) Neutron detection depends both upon density‘
and ability to see the proton recoil. For 30% neon-
hydrogen about 50% of the neutrons will interact within
the chamber. Recoils can be seen toylower energies in
30% neon-hydrogen than in heavier neon-hydrogen mixtures.

Another practical aspect is that the 15-foot chamber appears

to work well with ~ 30% neon (E-28 ran at 22% neon concentra-

tion). Furthermore, we now have considerable experience in
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‘ana]yzing film taken with 1ight neon. The "hydrogen-1like"
appearance of heavy particle tracks, plus the ability to
recognize electrons and to detect electron-positron pairs,
are qualitative reasons for preferring this mixture,

(C) Dichromatic Beam (the Baltay two-horn design). We

propose to use the new two-horn dichromatic beam, designed
by C. Baltay and D. Cohen(z) and scheduled to be ready by
mid-1976. This improved dichromatic beam was designed speci-
fically to be used with the 15-foot bubble chamber and to
accommodate the constraints 6f the present horn mount and
power supply and to fit into the present targét tunnel. The
solid angle acceptance of the first horn (150 uster) is con-
siderably larger than that of the existing CalTech dichromatic
beam (12 psfer). The usefulness of the larger solid angle is
greatest for lower momentum mesons since the average production
angle decreases with momentum. At high momenta the co]]fma-
ting plug on axis between the first and second horn increasingly
attenuates the total yield. Thus this two-horn focusing device
“has a neutrino event yield peaking at intermediate momenta
(100 GeV/c).

We propose to use the two-horn'dichromatic beam focused
for a mean meson momentum of 100 GeV/c. Thus the mean momentum
of muon neutrinos from pion decay will be 36 GeV/c and the mean
momentum Of muon neutrinos from kaon decay will be 92 GeV/c.(z)

The energy resolution of this dichromatic beam depends

upon the meson momentum bandwith (APO/P0 = +10% or *5%) and
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also the kinematics of meson decay. Kaon‘neutrinos have good
energy resolution over the entire bubble chamber AE/E = APO/Po
due to the large transverse momentum in K - u v decay. The
energy spread of the pion-source neutrinos is larger over the
entire bubble chamber, but by utilizing the known position of
the neutrino interaction in the bubble chamber a neutrino
energy resolution AE/E = APO/P0 is also possible. Thus we
assume AE/E = AP /P frdm either pion or kaon neutrinos.

The ab1]1ty to know that the 1nc1dent neutr1no has one
of two d1screte energues (w1th1n +5% or +]U%) is very 1mportan£‘ 
in ana]yz1ng dimuon and neutral current events. The high
detection efficiency of the neon-hydrogen bubble chamber com-
bined with the constraint of a dichromatic beam should drasti-
caT]y reduce the uncertainties in understanding rare events.
For example, the assumpfion of a missing neutrino in dimuon
event can be checked by comparing the calculated incident
neutrino energy with dichromatic values.

The dichromatic beam has a spectrum shown in Fig. 6 whfch
is taken from the B&]tay-tohen design.(z) The relative solid
angle improvément of this design over the existing two-horn.
wide-band beam (WBB) is such that the yield of charged current
events above 30 GeV neutrino energy is down by only a factor

of two; 1.e.,

Dichromatic yield _ 1 ‘
Wide-band yield _ 2 ° (CC events, E, > 30 GeV).

This assumes APO/P0 = +10%.
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(D) Estimated Yields for 200K Picture Exposure. Using

the information on beam and detector summarized above, we
next estimate the yield of neutrino events of various types.

13 protons per pulse on

We assume 400 GeV operation, 1 x 10
target, mean meson energy of 100 = 10 GeV for the dichromatic
beam, and an exposure of 200,000 pictures.
Table II-2 below lists the estimated yields of events in
various cateéories withih a 20 m3 fiducial volume.
Table II-2
Estimated Yields ofrvaribus Categories of
3 ppp)
E = 36 GeV E = 92 GeV

Neutrino Events (200K pix, 400 GeV, 1 x 10

CC events (all types).... 9000 1000
Dimuon events (1%).... 90 10
NC events (all types).... 2250 250

Thus the total yield (NC + CC) events is 12,500 in 200K pictures,
or one neutrino event every 16 pictures. The above table is
based upon a total cross section (for CC events) of ¢ = 0.8 E
10738 cn? per nucleon and R = NC/CC = 0.25. The yield of
dimuons is taken as 1% of CC events over 30 GeV...and all of
the neutrinos in this dichromatic beam are above 30 GeV.

The yield of diffractively produced vector mesons is
based primarily on theoretical speculation at this point.
However, Barger, Weiler and Phil]ips(3) estimate that 20% of

the neutrino-nucleon total cross section at 80 GeV could be due
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to production of intermediate vector mesons. If 5% of such
vector mesons decay giving positive muons, this would then

account for dimuons at the 1% level of sing]e muon events.

(5)

However, Einhorn and Lee give lower estimates of dif-
fractive production for antineutrinos (5%) and "even less"”
for neutrinos. Experimental evidence of the diffractive peak

in the x-distribution is needed.
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ITI. DILEPTON PRODUCTION ,

The major features of the discovery of dimuons in high
energy neutrino interactions have already been discussed,
including the intriguing possibilities that a new (and per-
haps “charmed") particte, Y+, is produced at the hadronic
vertex. -Some controversy still exists regarding possible .
backgrounds, and any new investigation should carefully
check the experimental fesu1ts of the HPWF group. The
new experiment should also seek to obtain experimental
evidencé réTating to interesting theoretical suggestibns
which have been made: for example, are dimuons diffractively
produced? |

The bubble-chamber technique is well suited to search
for diffractive production of vector mesons. 1In particular,
this experiment will be able to examine ?he diffractive
nature of an estimated 100 dimuon events. Both CC and NC
events should be analyzable.

Another feature of the heavy liquid bubble chamber/EMI
is the ability to search for e-p dilepton events. If the
decay y* > e’ + Ve ¥ hadrons occurs, CC events will contain
etu- pairs. Lepton universality requires that e-y events
should be as common as u-u events; thus we would expect
about 100 e-u events. (These are not seen in the present
HPWF experiments since electons cannot be recognized easily
in the hadron calorimeter.)

Although the arguments given by the HPWF group against
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neutral heavy leptons as a source of dimuons seem persuasive,
it is important to be sure that the experimental data used
to arrive at these interpretations be checked by a totally
different experiment. For example, there may be biasses in

M invariant mass distribution, the W distribution, or

uu min
the u~ and p+ distributions from the E-1A geometry and selec-

tion criteria. The bubble chamber has a much wider geometrical

acceptance, and the ability of EMI-II to detect efficiently

both fast and slow muons makes it possible to examine in detail .

the hadronic state associated with dimuons;‘,Henﬁe'we feeij”' '-'”

that this dimuon search, even though limited to about 100
dimuons (and perhaps 100 e-u events) will contribute in an
important way to the understanding of this fascinating

phenomenon.
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IV. DIFFRACTIVE PRODUCTION OF VECTOR PARTICLES

Besides dimuons, the bubble-chamber/EMI configuration
being proposed in this experiment should be particularly
well suited to the study of diffraction processes.

Theoretically these processes occur when the weak
current, éharged or neutral, scatters diffractively from
the target nucleus or nucleon. The resulting hadron system,
minus the target recoil, will have the space-time structure
of the weak current.k Thus we would expect to see p+ and
AT production by the charged current in neutrino interactions
reflecting the vector/axia-vector nature of the charged
current. The space-time structure of the neutral current is
not established, and the study of diffractive processes in
muonless neutrino interactions should yield important infor-
mation to that end.

In addition to the well-known mesons--p, A,, w, ¢,
etc.--one may hope to see evidence for states predicted by
charm theories, e.gi, F*, ¢C, or new unpredicted states
coupling to the weak current. |

Using vector dominance and the Néinberg-8a1am model,
Gaillard, Jackson and Nanopou1os(5) have estimated the rela-
tive cross sections for the diffraction production of mesons.
For the charged currents p+ production is of the order of
5-10%, Af about 1-2%. Other states--F*, etc.--are predicted

to be less than 0.2%. For neutral currents, A9 production
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is 1-2% with p°, ¢, etc., below 0.2%. The reason for the
rather low p° production by neutral currents 1is apparently
the result of destructive interference between the weak and
electromagnetic currents in the Neinberg—Saiam model, where
the neutral current is of the form V - A - Zsinzewji'm'.
Thus evidence for p° production at the 1 or 2% level would
mitigate against Neinbérg-Salam. |

Other authors have also attempted to estimate the dif-
fraction production of charmed mesons with some d1sagreement.
on resu1ts§3 %f;?)Cér£a1n1y these ca]cu1at1ons are on]y )
meant to be crude est1mates and shou1d net be taken as f1na1.
With the narrow-band beam proposed in this axperfment the
bulk of the data should be above the thresholds for the
predicted states.

Experimentally the bubble chamber allows us to separate
the meson system from the target recoil. Furthermore, this
meson system will be characterized by high momentum in the
diffraction process. Mo;t of the tracks should head down-
stream in the direction of the EMI. The thicker absorber
in the central region will enable a more reliable separation
of muons from high momentum hadrons for which punch—through
has been a problem with the present EMI. This will be parti-
cularly important here since the charged-éurrent diffraction
events will be characterized by a slow muon (high v, Tow Qz)

and fast hadrons, unlike the bulk of charged current events

in which the muon is the highest momentum particle.
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The bubble~-chamber mix proposed here also appears to
be close to optimum for the study of diffraction processes.
The Neon will provide a reasonable event rate and good neutral
detection. The Tatter is especially important if we are to
détermine the nature of the produced meson system. The Tight
mix wi]1'give us a reasonable ability to reconstruct the
meson system kinematically with good measurements of track
momenta. Furthermore, it is more likely for us in the
light mix to isolate a subset of events that are produced in
hydrogen. For these eVehts there will not be the uncertainty
of Fermi momentum, and one couid make a more accurate determina-
tion of the lepton-neutrino invariant mass in the leptonic br

semi~-leptonic decay of new hadron resonance.
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V. NEUTRAL CURRENT INTERACTIONS
Although there is a fair understanding of the charged
current (single muon) neutrino and antineutrino interactions,
based upon both counter and bubble-chamber experiments, the

investigation of neutral currents {(muonless interactions) has

barely begdn. The important discovery of neutral current
neutrino interactions by the Gargamelle collaboration has not

yet been followed up by any systematic measurement of the

Bjofken x and y‘distrﬁbutfbns CIn fact, if‘has been difficult -

to measure the total erTd ratio R = NC/CC accurate1y due to
d1ff1cu1t1es in c]ear]y determ1n1ng‘whether or not a muon 15.
present. The present counter experiments suffer from a lack
of adequate geometrical coverage by their muon sﬁectrometer.
It is very difficult to examine hadrons in detail with spark
chambers and scintillation counters of large size. In thé
bubble~-chamber experiments to date the mass of the target-
1iquid has been inadequate for internal muon detection. Even
the Phase I EMI with its "thin” absorber has limitations in
separating muonless events from single muon eventS.

The proposed Phase II EMI, as noted above, will have
greatly increased power to distinguish slow muons from slow
hadrons. Furthermore, the Internal Picket Fence should reduce
the number of "fake muons" by eliminating accidental coinci-
dences. As a separate and longer range project, we propose
that additional absorber and a second plane be extended to a

full 180 degrees (azimuth) and 60 degrees (vertical).
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Analysis of neutral current events depends upon a precise
detailed knowledge of the final hadronic state since the outgoing
neutrino cannot be detected. A bubble-chamber experiment has
many advantages over counters in this regard provided that
neutral hadrons can be detected with good efficiency. 1In 30%
ne0n~hydroéen mixture only about 5% of the hadronic energy, on
the average, will escape undetected. This is less than the
uncertainty in hadron calorimeters now in use. In addition
the bubb1e chamber is unique in providing detailed information
on the natﬁre of hadrons involved, the re;onant substateﬁ-
fbrmed, etc. | | |

Even if all hadrons are measured precisely, however, the
escaping neutrino in neutral current events leads to a 0-C fit
for the event (assuming that a neutrino escapes). With a
dichromatic beam we would have a 1-C fit (with quadratic
ambiguity) which would enable us to eliminate certain typesl
of background. For events which are consistent with the
hypothesis of a final-state neutrino it will be possible to
calculate the Bjorken variables x and y for each event.

Neutral weak currents are fundamental to those models
which seek to unify the weak and electromagnetic interactions
(e.g., the Weinberg-Salam model). The apparent Tack of AS = 1
neutral currents implies a breakdown in the traditional weak
interaction universality for neutral currents. The bubble
chamber is needed to detect strange particles,and the 15-foot

chamber with neon-hydrogen should be effective in finding AS # 0
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interactions. New particles (related to dimuons?) might be
responsible for the muonless events. In any event it is
essential that a detailed study be made of the distribution
functions for the muonless events.

In this exposure we anticipate a total yield of about

2500 muonless events. This is adequate to obtain good x and

y distributions. In addition it will be very interesting to see

which resonant substates (e.g., the delta-1236) are_produgedlﬁai,?;,,

by neutral currents and with what ampiitudes(}?f"'w
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VI. OTHER PHYSICS ASPECTS OF THE EXPERIMENT

Although the special aspects of this experiment are
dimuons, neutral currents and diffractive production of
vector mesons, it is the nature of a bubble-chamber experi-
ment that one "sees everything" that is produced. For
example, in the course of studying 100 dimuons and perhaps
2500 muonless events, it will be essential to examine care-
fully nearly 10,000 single muon events in order to estab1ish
a separat1on of CC and NC events Furthermore, the study of
d1ffract1ve production w11] requ1re constructlng the x- and
y- distributions so that the existence of a "diffractive
peak"” may be established. Therefore, we expect to do a comé
plete bubble-chamber experiment, including: |

(a) Charged current events (deep inelastic),

(b) Search for AS = -AQ events (i.e., charm),

(c) Search for resonances in the final state,
and undoubtedly some new topic which will arise in the course

of preparing for this experiment and analyzing the data.
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VII. RELATIONSHIP TO OTHER NEUTRINO EXPERIMENTS

(A) EMI-II Development. As indicated in a separate

memorandum,(s) the proposers of this experiment are willing
to lead the further development of the EMI into fPhase IIf
if supportgd in this endeavor by Fermilab. This is a natural
outgrowth of our neutrino interests, and we wish the EMI-BC
hybrid system to succeed in doing exciting neutrino physics.
The short-range deveTopments(the IPF and the central sect1on :
of the second p1ane} are essent1a1 to ‘the phys1cs suggested o
“here. We are w11T1ng to cont1nue to be respons1b1e for
making these new dev1ces work and to integrate them w1th the
EMI system. Details are listed in a separate fa0111ty -
development proposal.(s)

(B) Other Physics Commitments. A1l members of this

collaboration are deeply involved in the Fermilab bubble-

chamber neutrino program. We view this as a "second-generation"
experiment whose degign is based on the preliminary results

of the first generation experiments with which we are now

involved (E-45 and E-28 for the UH and LBL groups).

A related future commitment for the present collaboration
is E-388 (antineutrinos in neon-hydrogen with a dichromatic
beam). Our arguments in favor of light (i.e., about 30%)
neon-hydrogen filling lead us to hope that when E-388 is run
the increased accelerator beam energy and intensity would

permit use of 30% neon also.
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Other UH-LBL commitments at Fermilab {as "EMI partners”
in E-151 and E-172) are such that the degree of our parti-
cipation is flexible--those individuals who really work on
the run/analysis will become co-authors. If this proposal
isvapproved, it would become (with E-388) the major neutrino

program ‘for our groups in 1976-77.
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shorter. In order to avoid confusion we will express all
absorber thicknesses either in gm/cm2 or terms of
la = 135 gm/cmz,t

15. "A Quark Description of Currents and Diffractive Contribu-
tione to Leptoproductions", by Jiunn-Ming Wang and Ling-Lie
Wong, BNL-20349 (July, 1975).
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Figures

Fig. 1 Present EMI absorber and MWPC detector-plane configur-
ation on 15-foot bubble chamber.

(a) Elevation view, showing coils and zinc absorber
(b) Plan view (two tiers of MWPC shown)

Fig. 2 Scétterp1ot of neutrino event charged secondary track
projections onto the existing EMI "plane" (each module =
1 m2). Actual "hits" from CC events from E-45 data.

A11 tracks with p > 10 GeV/c from events in 11 m>

| fiducial vo]umé are sho&n. |

Fig. 3 Proposed additional absorber and partial second p]ané
for EMI-II (Phase II EMI). The 3m x 4m x 600 gm/cm2
zinc absorber would intercept all hadrons (muons)
above 10 GeV/c.

Fig. 4 Sketch showing outline E-1A target-calorimeter (dotted
lines) superimposed on the outline of the 15-foot '
bubble chamber.

Fig. 5 Sketch (e]e&étion view) of Internal Picket Fence counters/
inside 15-foot bubble-chamber coils.

Fig. 6 Two-horn dichromatic neutrino beam spectrum (100 + 5

GeV/c meson parents, 300 GeV protons). From Ref. 2.
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