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1. Introduction

Recent results of several neutrinc experiments provide strong
evidence for the existence of a weak neutral currentl. While the
existence of such currents has always been of interest in the
phenomenology of weak interactions, recent progress in gauge theories
suggests that neutral currents may provide an essential link in the
unification of weak and electromagnetic interactions. One is then
led to consider the form of the weak neutral current and its relation
to the electromasgnetic current. Perhaps the most fundamental measure
of this relation is the interference between a one photon exchange and
g weak neutral current as illustrated in the following Feymman diagrams

for deep inelastie u~nucleon scattering.

The EM coupling dominates because of the large value of o as compared
with the Fermi constant G. The kinematics are different in that the
. R 1 . .
EM amplitude has the typical ~ photon propagator dependence while the
weak propagator behaves like fﬁwéﬁﬁg'which is independent of QQ as
+
, Q Mz )
long as Q@ << Mi. Thus at large values of Q , the importance of the
weak term grows in comparison to the EM term. Indeed, the interference
term becomes significant for Q2 =~ 100 (GeV/c}Z, a velue obtainable at NAL.
2,3,k

The effect of the weak term has been considered by several authors

Since the EM term depends on the charge,and the weak term depends on



the helicity, the interference is characterized by an asymmetry in the
scattering of muons of different sign and/or helicity. The scale for

such an asymmetry is set by the ratio of the coupling constants:

2 2
R = 88 . 0.018 [ ) ]

2/2 o 100 (GeV/e)®

The details involve choices for:
+ N S = Ny - 3
a) form of weak current j wYu{gV gAYS,w
(namely a choice for &y > 8A)

b) a model for calculating the nucleon structure functions

(usually a quark model)

Some of the more interesting asymmetries can be listed in a notation

where the superscript labels the muon charge and the subscript the

helicity.
Unpolarized muons ~:—:~g:' = g, SR
o + 0
- +
0 - 9%,
Forward muons — T = (gA - gV)GR
+
% T %
- +
9, - %R
Backward muons — ~ = (gA + gv)ﬁR
g, + 0
L R
0. - o_ or - oF
. L~ R~
Helicity flip 2 o (g8 + g 8)R = %
o + oy op + Op

where §, ' depend only on the nucleon structure functions.
Since the NAL muon beams are produced from T-decsy, the helicity

is a direct function of the ratio Eu/Ew' Typically, when



-

+ -
Euggﬂ = 1 uL . MR unnatural helicity
EHXEK = 0.8 urpolarized beam

+ -
E“/*‘Tr = 0.6 Mo s M natural helicity

The momentum of the parent pions canvbe selected by using the triplet
train load and the momentwn of the muons is selected by the muon trans-
port system. Thus, it is possible to measure all four of the above
asynmetries.

We note that the first asymmetry is the average of the second
and third and therefore carries no new information in itself. Further-
more, the first three asymmetries include a contribution from two-
photon exchanges. It is expected that this process will have typically
8 Qan dependeqces to be contrasted to the Q2 dependence of the neutral
current so that in pripelple it can be zeparated out.

The fourth asymmetry is of great interest because il is purely
parity viclating and thus contains no contribution from higher order

EM effects. Furthermore, 1t is most sengitive to the detailed form
of the neutral current.
We propose to measure the last three asymmetries using muons of
energy Eu ~ 170 GeV, which give adeqguate rate in the propesed apparatus
2 -y ~ {n -}{ p‘ - o o
up to Q7 = 1006 (GeV/el}”. 1In all, there are L different measurements
+ - + - ‘. R N . 10
(ul » uq » UR s pF) with a reguirement of 5 X 10 muons on target for
each measurement.

To estimate the size of these elfects we present numerical values

for two models of the weak current:
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1. Weinberg model (Rerman and Primack3)

1 1l - 2C0826
g, = - %5 . gy = ——g——T
A QSinQG v 281n29
W W

@w = Welnberg angie
8, §' calculated with & quark model

2.  V-A model (Dermane)

a7 &y
§, &' calculated with 3 quark (Kuti—Weisskopfg) model

=1

TABLE T
Asymmetry Welinberg V-4
o - g
Unpolarized -—— - 1.6% + 1.1%
o+ 0
o - o
Forward § E - 1.9% 0
L
9 ¥ 9,
- +
O, ~ Yy
Rackward = - ~ 1.3% + 2.2%
+
9, T 9R
. o, - ¢,
Hell?ity L R see Fig. 1 + 2.6%
flip - -
op + 0O

The numerical results given in Table I are calculated for

Qg = 100 (GeV/c)2 and v = Voax® {The v-dependence has been taken into

sccount in the calculation of the rate; section 3.} For the Weinberg

model we used the presently accepted value of singaw = (0,3. The

helicity flip asymmetry in the Weinberg model is shown in Fig. 1 as a




e

; . 2 .
function of sin Bw. We note that a measurement of the asymmetry to
$0.5% (namely %1% difference between the respective cross-sections)
measures sin26w to *0.1. The prediction of & V-4 model differs then

by 5 standard deviations from the Weinberg model for singew = 0.3,

2. Apparatus and Beam

We propose to use a modification of the apparatus for exp. 98 in
the Muon Lab. Our measurements require a heavy target, of approximately
5.0 m of UraniumT, which will be instrumented so as to provide:

(a) A rough measure of the energy loss of the incident muon.
{(b) Minimize multiple scattering in the measurement of the scattered
muon angle.

The scattered muon is momentum analyzed in the Chicago Cyclotron
magnet for which we assume plt= 2 GeV/e. Even at half this value the
momentum resolution is such that the overall uncertainty in Q2
(dominated by the error in the scattering angle) remains less than 10%.
We can use the detector of expt. 958 or we can provide our own propor-
tional wire chambers which are presently under construction and will
be completed by the end of the year. The layout of the apparatus is
shown in Fig. 2.

The target consists of 4C slabs of 5-inch thick uranium 12 x 12
inches sguare in area. Between each slab a l-inch scintillator is
used to measure pulse height; an X-Y proportional chamber is placed
between every fifth slab. Thus, the target serves as a calorimeter
and permits a crude energy balance on the sum of the outgoing muon
energy and the hadronic shower. This is important to reject contamina-
tion of the high Q2 (and high v) events from pions which may decay

before interacting.



The instrumented terget provides us with the position of the in-
teraction vertex and allows the measurement of the scattering angle
before it beccmes dominated by multiple scattering. We find that
AB = 2.k miliradians for E' = 50 GeV where the typical scattering angle
ig of the order of 6 = 100 miliradians. Finally, the signal from the
target is used as part of the trigger in order to select events with
high v. The trigger is formed by requiring the disappearance of the
muon from the beam, the appearance of a scattered muon and the target
signal.

The target is followed immediately by an additional 0.5 m of
uranium with a beam hole, so as to shield the detection apparatus
and the trigger from electrons and hadronie showers. This shield also
provides for th¢ absorption of pions from interactions in the down-
stream end of the target. As usual, scattered muons are required to
pass through the 2.5 m iron absorber at the end of the apparatus.
Appropriate veto counters are used (as iﬁ exp. 98) to protect against
beam halco triggers.

'The incident beam will be tagged in momentun and space by the use
of the existing proportionsl chambers. Again the momentum resolution
is adequate and the chambers can handle the incident beam rate. 1In
Fig. 3 we show VW2 as obtained in the Brookhaven muon-nucleus experi-
ment using a 0.5 m copper target. The multiple scattering effects

were of the same relative magnitude as in ocur proposed experiment.




B

3. Sensitivity

The sensitivity of our messurement is limited both from systematic
and statistical effects. From the point of view of statistics we note
that for a given bin of Q2 the statistical error on the asymmetry is
be = 1/Vﬁ:";"ﬁ: = lf¢§; . Bince NT ® lth and € « QQ, Ac/e is almost
independent of Q2 and thus measurements at all values of QQ have the
same statistical weight. We have attempted to reach lc = 0.5% at a
Q2 =~ 100 (GeV/c)2 which implies 40,000 events. Using our target of
th g/cmg and a flux of 1011 muons, we have calculated the detected
events in our spectrometer. Figure L shows the statistical error
(and the asymmetry) as & function of Q2 after taking into account the
acceptance of the apparatus and the v-dependence of the effect. We
have used 200 GeV incident muons and an asymmetry of 1.9% at Q2 = 100

( 2nd

entry in Table I). These data would provide a five standard
deviation effect as contrasted to zero asymmetry. Namely a sensitivity
of the order of 0.5%.

What is equally important is the elimination of systematic blases.,
These can arise mainly from

{(a) Different characteristics of the incident beams

{b) Asymmetries in the detection apparatus

(c) Drifts of the detection efficiency with time.

As far as point (a), the direct sampling of the beam provides
an exact knowledge of the beam configurations. Since all measurements
will be made at the same momentum, there is no reason why the beams

should not be identical. Furthermore, we plan to trigger {(on a pre-

scaled basis) on Vv = 0 events, i.e., straight through tracks,to




monitor the beam performance.

As far as (b), we propese to reverse the polarity of the spectrometer
megnet periocdically. We alsc note that the long target allows us to
populate the same region of the detector with low Q2 and high Qe events.
One of the intrinsic advantages of this procedure lies in the fact that
at low Q2 no asymmetry should be present and this can be used to cali-
brate the instrumental effects.

Finally, as far as {c} is concerned, it is customary to make fre-
guent interchsnges in the meagurement of the twc configurations for
which the asymmetyy is sought. We do not feel that this is essential

. . 2 R
in the present case, since low Q events can be used to calibrate the

apparatus efficiency between two measurements.

Qur proposgd sequence of measurements is showa in Table II. Given
the reversal of the spectrometer magnet, the u+ and |4 events sample
the same parts of the apparatus with equal weight and instrumental

biases are eliminated. 1In the notation of Table TI

- + - +

Forward o = OR<*) - UL(“) . GR(—} - UL(+)

asyumetry Foot) v i) o) + a4
- - _ +

For?ard o = GR(+) OL(') ) GR(-) - GL(+)

bias F c§(+) + G;(—) og(-) + g£(+)

In a similar manner we define the backward muon asymmetry 8y and

the backward mucon bisas bB. Finally, the helicity flip asymmetry is

obtained from the sppropriate combination of the sbove measurements



Forward muons

Accelerator

Pions

Muocns

Backward muons

+
Hy,

+
Hy,
L2}
Yy

Acecelerator

Picns

Muons

+
Hp

(triplet load)

spectrometer

(triplet load)

spectrometer

10

TABLE T1

300
170

170

L0o
280

170

GeV

GeV

GeV

GeV
GeV

GeV




o op(+) = op(+) . op (=) = ap(-) i
Tt o) + (o)
_ 9y - op(+) . (=) - o)
'0;(+) + 0;(+) 0;(-) + 0;(—}

and again the bias of the apparatus is determined by subtracting the

measurements with opposite spectrometer polarity.

4, Beam and Running Time Requirements

As indicated in Table II, the beam requirements are 1011 muons
with the accelerator at 300 GeV and lO11 muons with the accelerstor
at 400 GeV. Presently the muon flux with the doublet train load is
of the order of lﬁé/pulse. We estimate that the selection of a pion
momentum band reduces the rate by a factor of 2 to 2.5. For the
backward muons, a loss factor of ~1.6 is introduced from the increased
decay length of the pions; when the mucnvcapture efficiency is taken
into account, we estimate an overall loss of 2. On the other hand,
at 400 GeV we expect that the primary beam delivered on the neutrino
target will be twice that of the 300 GeV operation. Therefore, a
beam of 4 x 105 muons/pulse seems reasonable for both configurations.
On that basis the experiment can be completed in 1000 hours of beanm

time.

5. Conclusions

The proposed measurement of the interference of the E.M. and

weak neutral current in mucn-nucleus inclusive scattering is feasible




-]

with the present NAL muon beam. Of particular interest is a mesassurement
of the difference in the cross-section for the same charge but opposite
helicity of the incident muons. This asymmetry can be measured at the
level of *0.5%.

In order to resach high Qg, advantage is taken of a massive target
and for backward muons it is necessary to use 400 GeV incident protons.
Since the asymmetry is a function of Qe, it is possible to normalize
internally the data obtained in the two configurations of the leptons.
Additional internal checks of the consistency of the data are provided
for. By triggering on the energy loss in the target it is possible to
select high v {and thus also high QQ) events.

An improvement in beam intensity will benefit the experiment but
thisg is not essentisl at the present time. The detection of the scattered
muon can be pefformed with the existing apparatus of experiment 98, and
the instrumented target can be available in approximately six months.

We feel that the proposed measurement can clarify the ldeas of z unified

weak and EM interaction and should not be delayed unduly.
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