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ABSTRACT

We propose 200,000 pictures with a broad-band neutrino
beam using a system of metal plates in the 15-foot bubble
chamber with EMI to detect dileptons produced by neutrinos in
deuterium. Bremsstrahlung in the plates by primary électrons
will greatly increase the detection efficiency for dilepton
events. Conversion in the plates of gammas from n° decays
will aid in the kinematical reconstruction of complete events
in the search for the primary source of the dileptons.
Neutron/proton cross section ratios can be directly measured
as a function of Bjorken X in order to investigate the
elemental quark content of these new processes. If an
additional upstream plate of different materials can be
available the A dependence of neutrino-produced hadron systems

can be studied.



INTRODUCTION
The discovery of neutrino induced dilepton events at

2,

Fermilabl’ is one of major importance. The primary source
for these events is still uncertain. We propose to make a
direct measurement of the separate neutron and proton pro-
duction rates and hopefully also learn more about the true
origin of these events (be it new particles or whatever)
through the application of kinematic constraints available in
production on deuterium.

The rate for dilepton production (in a heavy neon-

hydrogen mix) has been measured4 as

- +
VN*p e . 005:.002 (for P _>0.3 GeV/c)
vN-+u e
and
VN-u e
et 0.2x0.1 (for Pu>10 GeV/c, Pe>l GeV/c).

The CITFR and HPWFR experiments find trimuon events at the
rate vN+u—u+u" )

W 0.03 (for PU>4 GeV/c).

Further 15-foot bubble chamber results indicate that

— +..
vN-u e
\)N-m’e:F

% 0.07 (for P_>0.3 GeV/c).
There is a myriad of possible explanations of these effects,
"involving charmed particles, cc pairs, heavy leptons (charged
and neutral) produced singly, in pairs, and in sequential
decays.

The WAl (Steinberger) experiment at CERN is now

studying these (muonic) processes and will soon have more

accurate rates. It is going to be difficult to sort out



" the underlying mechanisms because WAlL:

a) does not see eleétrons, b) has a Pmin24 GeV/c cut on the
muon, c¢) does not see strange particles, d) does not have
separate p and d targets.

We note that the currently popular explanations of
these multilepton events all involve one or more missing
neutrinos in the decay of a heavy lepton or charmed particle.
Thus a direct measure of the heavy particle masses will
probably not be possible in these eventé. To sort out the
basic processes one must rely on other handles, such as:

1) spectra for both e's and u's down to low momentum,

2) associated étrange particle rates,

3) associated missing transverse momentunm,

4) separate rates for p and n targets,

5) measurements of missing masses (see Appendix A).

This proposal accomplishes all of these objectives, whereas
the present WAl experiment accomplishes none of them. That
the WAl experimenters plan to put in p and d@ targets upstream
of their apparatus adds incentive for us to carry out our
proposed experiment as soon as possible. We also point out
that these rare u-e+ events are identified on the scanning
table so that the analysis of this aspect of the experiment

can be done very rapidly.

THE PLATE SYSTEM

The plate system now being developed for the 15-foot

bubble chamber at Fermilab consists of 4 plates of stainless



steel each 1.3 cm. thick separated by 25 cm. at the median
plane. The first plate is to be located some 57 cm. down-
stream of the chamber center, leaving aﬁ unobstructed fiducial
volume of ~12 m?. Some results on the A dependence of neutrino
reactions can be obtained by comparing events produced in the
steel with events produced in the deuterium, but it is hoped
that an additional "A plate" composed of equal weights of
aluminium, steel, and tantalum can be installed in the up-
stream part of the chamber at some future date to facilitate

a more systematic study of A-dependent effects.

The present plate system contains 3 radiation lengths
in total and also 4 nuclear interaction lengths. Hence it
provides excellent electron i@entification and nicely supple-
ments the EMI in hadron/muon discrimination. The plates pro-
vide e identification nearly equivalent to that of a heavy
neon-hydrogen mixture while at the same time allowing the
study‘pf production on free deuterons.

There are several good physics reasons for the plates:
1) Directly produced_ei can be found with high efficiency
(~95%) for events produced upétream of the plates and with
at least 50% efficiency for events occurring between the
plates. The background, as described in Appendix B, is a
few percent. One can also use the élates to search for di-
lepton production via the neutral current. The reaction
vpd+vue+x should be detectable and separable from the ved+e+x
background. The deuterium production kinematics will make

this separation cleaner than in a similar neon exposure. The



rate for this process is unknown, but there is a "hint" of
such events in a recent \)—NeH2 experiment.4

2) Gammas from 7w° decays convert high pfobability (~90%) and
can be reconstructed to give m° momenta to an accuracy of
~i10%.5 This is important in the kinematical reconstruction
of events since m°'s are the main source of neutral momentum
in the hadronic system. As a result one gets more accurate
values of x%, v, Ev in individual events and the accuracy on
missing masses, etc., is also increased. Moreover, if there
is a large missing transverse momentum in the event it most

¢

probably is due either to a neutrino or to a K;. Of course

one also now has access to a whole new class of exclusive
processes involving particles with one or more w°'s in their
decays, edg. pi+ﬂ+ﬂ°, w°+ﬂ+ﬂ—ﬂ°, B++w°p+, D°+§°ﬂ°(?), Fi+
y°ﬂ+(?). If such particles are produced then it is impértant
to know the precise exclusive channels, including the target
in which the production occurs.6 The discoveries of new narrow
particle decaying into Km, Kmm, Kunm at SLAC7 and into Amwm at
Fermilab8 give a sense of urgency to such an investigation as
we are proposing. Some evidence for the production of these
new particles in neutrino induced reactions has already been
reported.9
The plates can also be usedAto purify the sample of
elastic neutrino events, vn+pu— and vp+ﬂ+pu_, by indicating
with high probability the existence of y-rays from 7° decays.

3) Measurements made in experiment E180 in a light Ne_H2 mix

in the 15-foot bubble chamber indicate that the vn and Vp cross



section may become equal at high energies, especially at low

x and high y. The x, ¥, Ev dependence of the n/p cross

section ratio are important to know. For instance, within

the quark picture GUn—OUp should have only a valence guark con-
tribution, whereas égvp—ovn should have only a sea quark contri-

bution. Thus the effects of these separate parts of the baryon

wave function can be studied. If the n/p ratio were to be-
come one at high energy for Vv the b quark model (with g=-1/3)
would be eliminated. It will be very interesting to check
this ratio for both v and v in order to examine such models
as the b éuark model or Gerstein'sll model in which the sea
contribution rises with energy (a result a;so predictéd as a
consequence of asymptotic freedom). More work is needed on
this question and deuterium provides a cleaner target because
final state interactions are considerably reduced.

4) I1f and when the A plate becomes available the final state
interactions can be studied. Differences between v and pion
interactions in the Ne_Hz mixture have already been
observed12 and studies of the A dependence may lead to an
understanding of how hadronic matter propagates through nuclear
matter. In addition, a non-linear A dependence of the total
neutrino cross section might indicate a finite mass for the
W boson, or at the very least, can Be an important step in

understanding how the W boson couples to hadrons.

THE DEUTERON TARGET

The main reason for chcoosing a deuteron target is

the determination of cross sections on quasi-free neutrons.



This is essential to our eventual understanding of dilepton

production. Deuterium also has some nice properties:

1) The unseen spectator momentum is generally low enough so
that setting it equal to zero does not appreciably alter the
kinematic fitting procedure.

2) Neutron/proton cross section ratios can be directly deter-
mined in a single experiment without the need for independent
flux determinations. Experience with high energy hadron

beams in deuterium indicates that in about 15% of the inter-
actions both nucleons are active participants. The remaining
85% can be divided into neutron-spectator and proton-spectator
interactions. For neutrino interactions the separation should
‘be even cleaner since prescattering by the beam and rescat-
tering by the produced lepton‘can be neglected. For dilepton
and other exotic channels such as charmed particle production,
it is by no means a priori clear what the n/p ratios will be.
It will depend on whether the production is primarily
diffractive or primarily off valence quarks, for example.

3) For charged current interactions one gets about three times
as many events in deuterium as in an equivalent hydrogen

exposure.

EVENT RATES

We give in Table I some typical rates for the more
interesting reactions we propose to study. We assume 200,000
pictures, 1.3x10'%ppp, 400 GeV protons on target, and IPx>

5 GeV/c cut on total visible longitudinal momentum.



TABLE I

Inclusive C.C. vp+u—x 9000
vp+u-X "lSOOOJr
Dilepton vd+u-e+x ~ 320
c.C. & N.C. vasrvetx - 1007
\)d+u_u+K;X ~ 3007
. - +13
Elastic vn>u p ~ 600
ve -ve ~ 6%
Single pion vnou pre ~ 350’i~l4
c.C. R vn+u_nﬂ+ - 250Tl4
-+
Vpru pT 700
Inclusive N.C. vn+vx ~ 2700
VP VX 2700
Total neutrino events in deuterium 32000%

+ Rate extrapolated from low energy data.

There will be an additional ~28000 events occurring in the
. steel plates. If an A plate is added there would be
another ~10000 events divided equally among the various
materials.

If selecting on K;
dileptons then the
in that sample.

events gives a highly enriched sample of
EMI can be used to find dimuon events

This is an average taken from references 17 and 18.
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APPENDIX A-

SOME KINEMATICS
The following calculation illustrates why the combination of
r° deﬁection and a free production target may be extremely: important.
Suppose one has the following reaction:
v+ T+A+ B

where : -
T = a target of known mass T and zero nomentumn.

try

<7

R V

‘I

It

v a neutrino with unkrown ener

1

L

A+ all detected pazrticles with invariant mass A,

B 4 some undetected particles butl with total invariant mass B,

Then i1t follows that

B = 4% - mw, + 5 (1 - a/n)
where W, = (E - BP“)A depends largely on the measured lab guantities

E and P of A and is insensitive to the overell c.m. velocity
B ~1 (whlch has negligible E  dependence at high EV ).
We also have
B~1-T/p
v

2
S = T° + 2T E,

‘ o 2
Hence 3(82) & 1 - YA/p - 1-(.5-@——:,5—-)
3 S S+ 7T

So the error in measuring the missing mass B is given by

88° GE”) (12 = 4% + B%)
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What the last equation says is that the measﬁrement of the
missing mass B is insensitive to the neutrino energy whenever the
masses A and B are nearly equal. Hence, given a large encugh sample
of dilepton events with even a crude knowledge of the neutrino energy,

it is possible to search for peaks in various missing mass combina-

(11)

9

tions involving a (presumed) missing neutrinc.
Obviously it is necessary in such calculaticns that no addi-
, )
tional particles®go undetected; hence the importance of the detection

of 1°'s (or their absence).
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APPENDIX B

-

+ c o . ' . .
Background to e” Identification due to 7° Production in Plates

The principel scurce of background trhat can fake an e” in the plates
. v s o . + .. ‘o . .
is illustrated in the picture above, An e’ identifies itself by

losing a signhificant fraction of its energy wvia bremstrahiung in

-

the plate. Correspondingly a 7 can charge exchange off a neutron

k)

to give an invisible proton and a w°. The 7° can then decay in such
a way that the two gammes can fake the brems of an e+. |
We can estimate this background'as follows:
.07 = prob. that w+ will interact in a plate

50 mb = total 71 cross section (.5 to 1.0 GeV/c)

i

5mb =0 (7 nwp) (.5 to 1.0 GeV/c)
.5 = prob. that proton will not emerge from plates

1/30

prob. that two gammas from 7° will fake a brems. (This is

11

aifficult to calculate exactly but we believe 1/30 is

conservative)

n
1

prob. that one gamma from 7° will convert in first plate
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ave. no. of at per neutrino interaction

o= ef detection efficiency per plate

ab)
wn
it

.01 = et production rate per neutrino interaction
Putting a1l these numbers together we get the following ratio
of feke 7' = e to real et per event:
' 0 2 _mb 1/ 2) (2
prob. = (-07) 50 1D (.5) (2/20) (.2) (2.5) _ oo

(.3) (.01)

The smallness of this estimate of background, which of

can be measured in the expericent, makes the proposed plate



March 22, 1977
J. Vander Velds

Addendum to Proposal PEZf"’

There are several new developments in multi-lepton physics

that clarify the urgency of Pb21:

1) EB3A (Balta% v in heavy mix)finds

W uTe" = 005 = .002 (for B, > .3 GeV/c)
VN _’ H' .
and W 4 e o oL 1 (f
—_—T = 2 * . or P > 10. GeV/c, P_ > 1. GeV/c
W -+ p-et ( u‘ /s e /c)

2) CITFR and HPWFR find trimuons at the rate

W - u—u+u—
W - T

~ .03 (P, 3k Gev/e)

3) The 15-foot Bubble Chamber results indicate

- + -
M2 2. o7 (P, > .3 Gev/e)
vVl =+ e

There is a myriad of possible explanations of these effectis,

neutral) produced singly, in pairs, and in sequential decays.

The WALl (Steinberger) experiment at CERN is now taking data
on all these (muonic) processes and will soon have much more accu-
rate rates. However, it'!'s going to be very difficult to sort out
the underlying mechanisms. The WAl experiment has sgeveral deficlen-
cies: f{a) They don't see electrons. (b) They have a P . =4 GeV/o
cut on the muons. (c¢) They don't see V°s. (d) They don't have

v and 4 targets,

-

separate
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We note that the currently popular explahationsof these
multilepton events all involve one or.more missing neutrinos
in the decay of a heavy lepton or charmed particle. Thus a
direct measure of the heavy particle masses wlill probably not
be possible in these events. To sort out the basic processes
6ne must rely on other handles, such as:

1) spectfa for both e's and p's, down to low momentum
2) associated strange particle rates

3) associated missing transverse momentum

1) measurement of missing masses (see appendix of P521)

5) separate rates for p and n targets

The purpose of this note is to point out thet P521 acccmplishes
all of these things, whereas the present WAL experiment accomplishes
none of them. ~ (However, they plan to put in p and d targets upstrean
of theilr apparatus in about a year. This adds incentive for us to
do P521 as soon as possible.)

We also point out that- these rare u—e+ events are ldentified
on the scanning table so that the analysis of this experiment can

be carried out very rapidly.



