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One of the main objects of this experiment is the
detailed study of neutrino interactions with protons
and neutrons. This can best be done using BEBC fiiie:
with deuterium in combination with a narrow band neutriro
beam. The use of a narrow band beam is of crucial imgcr-
tance, since oniy with it can the neutrino energy for
inclusive and semi-inclusive processes be determined for
the full range of the kinematic variables q2 and v. Tg¢
make full use of the narrow band neutrino beam, we fropcse
that this experiment be run parasitically with WANF counter
experiments. The possibility of running parasitically
with hadron experiments in BEBC by double-pulsing ZI:C
is anticipated. e stress that most of the physics progranm
outlined below cannct be dﬁne by other means and will

definitely not be done at NAL by 1977-1878.

2. Physics

‘ oyt
A. Charged Current Interactions(; g - p X++)
\ X

1.) Total Cross-sections on Proton and Neutron "arcew:

In the true scaling region theories make differcnt
predictions for the total cross sections on protons (.-,
and neutrons g{uvN) as a function of energy, depend:inc c¢n
the nature of the constituents in the nucleon, A test ¢f
these models is a measurerment of the ratio c(wN)/~0.%1.
In this experiment this ratio will be cetermined free 2°
systematical uncertainties due to the neutrino spectirur

or nuclear contaminaticn.



For the measurement of total cross-sections iz . '
be necessary to determinerthe neutrino enercy for <.:v
event in the full range of the relative energy trz: .-
y = v/E. For a given radial positicon of the event
. chamber the energy regions in the v _- and vy peaks
well separated due to the kinematics of the pearm.

this information, events due to Vg will be determin::

for energy transfer values up to y < 0.6 simply by

muon energy. For y > 0.7 they will be recognized u:®:

the energy of the charged hadrcn shower. In the sme
kinematic region in which the energy of the event v~

be ambiguous the energy will be determined using tverc.c-2<
momentum balancel). This method has to be sensitive =- 1.0~
only to discriminate between the v_- and vK-peaks. Lt
should be stressed that any stucies of inclusive and
semi-inclusive processes using wide band beams in light
target liquids depend solely on this method.

The number of events wnich will be obtained are
given in the following table.

EVENT RATES

IO13 ppp, BEZ Neutrinc Run.DZ.EOO C00 pictures

radius pion peak kaon rcea-x
of usecd ' -
o ) |
volume Events Enercy range , Events {Enercs r~e” -
GeV e,

r<Q0.4n 650 50 - &0 200 160 - 2o°
0.4<r<0.En 2300 30 - 30 1500 140 - 0.
R | L s onn 10 . 9n i [iNa¥el 1 11 oo 707



It will be possible to separate events on protonc
and neutrons in deuterium without systematic contaminaticn,
using charge balance and the spectator method. There @i
be an overlap of neutron and proton events due to mis-
identified spectator protons but it will be negligitie
at our energies (30-80 and 159-190 GeV). Effects due to
final state interactions involving both nucleons will be
determined utilizing angular cuts on the spectator proton
and using the results of the neutrino experiment in
hydrogenz).

2.) Differential cross-sections and Sum Rules

It will be possible to measure the differential
cross-sections do/dx and do/dy for proton and neutron
targets separately. Here the use of a narrow band bear
is of great advantage, since the study of y-distributions
in wide band neutrino beams is very difficult due to tre
rapidly falling neutrino spectrum. From these, important
information regarding sum rules and structure functicons
can be extracted.

Sum rules involving the difference Fi(vP) - Foen)
can only be studied in liquids, in which proton and nesutron
events can be separated over the full range of x. Frecr 2

fit to the y-distributions it is possible to obtain irtezrzis

D
of the type ‘[Fi(v;)dx. With this the Adler sum rule, ir
particular, can be tested:



Since this rule has been derived under very general
assumptions, independent of parton models, it is ¢f
the greatest importance to check it at SPS energies.
The high energy involved allows us to investigate the
rule to x-values down to Xy = 0.003 wusing only events
in the scaling region (Q° > 1({GeV/c)%, v, = 190 GeV,.
A quark partoen mode?s) indicates that at such small
values ¢f x the sum rule will be 90% saturated. We
emphasize that theories involving charm predict guite
different values for the sum rule for energies above
the threshold for the producticon of charmed particles.
Thus it is important to determine the value c¢f the rule
both for events in the v_-peak (<E> = 5C GeV) ard the
vK-peak (<E> = 160 GeV).

Combining the data from this experiment with those
from the Neon-experimentQ), it will be possible to deter-
. h VP wN vpP .
mine Fo " (x), Fo7 (x}, F3 (x), F3 (x) and hence tne
parton momentum distributions in the proton and neutrcn.

3.) Semi-inclusive Reactions

The measurement of semi-inclusive cross-sections
allows the investigation of the current fragmentatior
region without systematic uncertainties due to charge
exchange effects in the nucieus.

From the pion multiplicity d=(wP = v = X}/
the Feynman current fragmentatior uncticn I (z)
be measured. This will ce superizr to anélyses Lsir:
etlectroprocuction, since tne furcticon D; "7 ocan g fzli-

rated with high accuracy in neutringc interections, . =7:::



in electroproduction this is true oniy for the sum
(DE (z) + Dz (z)).

Orell-Yan Scaling can be tested by comparing tre
" fragmentation function DE (z) as obtained from the v -
and uK-peaks. respectively.

N x©
B. Neutral Currents (vp > vx+)

l1.) Inclusive Semi-Teptonic Neutral Currents

Nothing is known at the present time about inclusi.:
neutral current processes on neutron and proton targets.
These processes will be studied in this experiment. Fver
though it will not be poésib1e to determine the energy for
most of such events (see below, however), the following

cross-section ratios can be determined {averaged over L}:

o (wN - vxo) o {wP - X+)
0 2
—— = 0.2 3 — = 0.3
cc(\)N + v X)) cc(vp -y X )
o (W » v X%
2 = 1.2
+

The numbers given correspond to the values as expectec

from the lWeinberg-Salar model (using sinzew = 0.27).

Since the radial position of the events is knowr,
it will be possible, however, tc determine the neutrirc
energy even for neutra! current processes, for almos:
half the events from the vg-peak. The energy ambiguity
can be resolved for events having a relative energy



transfer y > 0.5 under the assumption that less than

40% of the hadron energy goes into neutrals (whigh s2erc

very reasonable). From this it should be pecssibig “c¢
extract tne total neutrad current cross-section on ns

and protons separately as a function of energy: ¢ . '[Z,

and oY (E). It should be noted that this is the onl:

way to obtain these cross-sections other than using
sensitive HZ' or D2' targets in bubble chambers. Hare
band beam experiments have the added areat advantece
that in this region events procuced by Vi should cons
a very small neutron background.

2.) Semi-inclusive Interactions

Nothing is known about the isostructure of the

. +
neutral current. The measurement of the ratio = /-

A}

enables one to determine its [ = 1 and [ = 0 content
In the language of the Salam-Weinberg model this is e
lent to an independent determination of the Weinterg

€. Background of Muons and Hadrons from the sn°
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and surrounding matter.

One of the major potential backgrounds in neutr:

experiments using wide tand beams at high rroton irtz-

comes from energetic muons and hadrons procuced Ly ~:.

interactions in tre snizlding, the magnets etc. Trus

a wWwide band bearm, arpproximately 50 ruons as well 23 -7 0~

will enter tne ¢crna~ter. Likewise &

(8]

particles «»111 enter Tre
nontrivial. We point cut that for a rarrcw canc bezro
riment, these backgrounds are negiigible due to the

nevtring flux in the bear,

v



D. Technical Aspects

1.) External Muon Identifier

The physics program ocutlined above depends cruciziiy
on the identification of the muon, so that the EMI pre-
sently being developed at CERN is essential for botn C(C
and NC studies.

2.) Physicists involved

Aachen : 5 physicists
CERN ¢ 5 "
Oxford : 4 "

Flux measurement : H. Wachs.auth (CERN)
EM] : A, Grant (CERN)

H. Foeth (Aachen)

3.) Beam and Chamber requirements

Beam

Narrow band neutrino beam; proton energy 400 e,

intensity IOI3 ppp on target; meson momentur
200 = 20 GeVv.

Chamber

BEBC, deuterium filling, 500 0CO pictures.

[t is propesed that this experiment is run oiczs»

tically with WANF counter experiments. It will be pozstc.
to share the chamber with hadron experiments by dout'e
pulsing BEBC.

¢



If deuterium would nct be avaiiabie, we propc:-
to run with a hydrogen filling, sincs nmucn of the
physics could be achieved by running viftn nyvirecern,
and making use of the proposec rarrow Dand exper:rTe

in Ne.q)

4.) Film Handling znd Aralysic

Due to the small number of events, measurerere

using automatic systers will be completed in the oro. -

of half a year.
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