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1.

INTRODUCTION

Since the discovery of weak neutral currents in 1573 {1], several
neutrino and electron scattering experiments have studied their structure
in detail confirming the predictions of the WS/GIM model [2]. Still, it
is considered important to study the neutral currents in new kinematical

regions and different reaction channels [3].

In the deep inelastic scattering of longitudinally polarized muons on
nuclear targets
t +
BN o+ u X (1)
the weak neutral current can be studied through its interference with the
. : . +
electromagnetic current [4). The cross section for reaction (1), o7 (A),

depends on the charge and the polarization A of the incoming muon.
At the CERN SPS we have measured the cross section asymmetry

ot(=|Al) = a-(+]|r])
o*(-1AT) + o (+1xD)

’ (2)

of scattering muons of 120 and 200 GeV incoming energy on an isoscalar carbon
target. The charge and polarization of the beam were changed by reversing
the field direction of all beam magnets. Simultaneously, the field of the
detector magnet was, reversed to ensure equal acceptance for the scattered

muons.

.
Taking into account the one-photon ¢nd Z° boson exchange to first
order, the asymmetry B is equal to *
B = -x(au-va)Aug(y)Q’. (3)

Here xQ? = Q¥G/(v2°2wa) = 1.79°10°*Q® GeV-® determines the magnitude of B for
a given momentum transfer Q2; Vp(au) are the vector (axial-vector) couplings
of the muon to the Z° and g(y) = [1-(i-y)2}/[1+(1-y)?], y being the relative
energy transfer. A, is a ratio of structure functions which in the valence
quark approximation reduces to a combination of axial-vector quark couplings,
A, = (6/5)°(ad—23u) [4}. In the WS/GIM model A, = -1.8, a = -0.5,

and v, *© -0.5 + Zs'in‘ew which is nearly zero for the standard value of
Sinzew = 0.23. Thus the asymmetry B is expected toc be almost independent of
the polarization and, unlike the asymmetry measured at SLAC [5}, essentially

parity comserving. The charge asymmetry is affected by higher order electro-

magnetic contributions. They compendate part of the electroweak effect [6] and

are predominantly due to interference betweem one- and two— photon exchange and

between lepton and Radron bremsstrahlung.
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2. APPARATUS AND DATA TAKING

The apparatus used in this experiment is shown in fig. 1 and has been
extensively described elsewhere [7]. Its good acceptance for deep
inelastic scattering with large Q?, its azimuthal symmetry which mini-
mizes the effect of variations of beam position and direction, and the high
luminosity achievable with the 40 m long carbon target make it particularly
well suited for the measurement of a small asymmetry. The spectrometer
consists of ten 5 m long iron toroids, magnetized to saturation, which
surround the target. Keeping the magnet always on the same hysteresis loop
by computer control of the excitation current, the absolute value of the
field after a polarity change is reproduced with a relative precision of
2+10° % The target and iron absorb the hadronic shower close to the
interaction point and the surviving scattered muon is focused téwards the
axis. The toroids are instrumented with twenty planes of trigger counters,
which are segmented into rings to permit a Q? dependent trigger, and with
eighty planes of multiwire proportional chambers (MWPC). Four hodoscopes
along the spectrometer axis detect the incoming muons and measure their
trajectories. A wall of counters in front of the spectrometer provides a

veto against the beam halo.

The CERN muon beam [8] is strongly polarized in its normal operating
mode where forward decay muons are selected: a Monte-Carlo simulation
of the beam gives |Al = 0.81#0.04 at 200 GeV and |A] = 0.660.05 at 120 GeV.
The calculation for 200 GeV has been checked measuring the energy spectrum

of electrons from heam muon decays [9].

The energy of each muon is measured with an accuracy of 0.5% by a
set of hodoscopes around one of the bending magnets of the beam. The
bending power of the magnet was monitored with Hall probes, allowing a
relative energy calibration of positive to negat&ve beams with a precision

of 6°10° "% at 200 GeV and 13°10°* at 120 GeV.

The trigger required 4 consecutive trigger planes (tracks longer than
=10m) in coincidence with a beam*halo signal. The data were taken in eight
periods of twelve days each; five were used for the measurement at 200 GeV
with a Q2 > 30 GeV? trigger, two periods for 120 GeV with Q2 > 20 GeV? and
one for 120 GeV with Q2 > 12 GeV®. The beam charge was reverséd twice

per data taking period and the intensity adjusted to about 2°107 w/spill.

3.

DATA ANALYSIS ’

The total data sample was checked for stable and proper functioping of
all detector components on a run-by-run basis, -one run comprising about
5000 deep inelastic events. About 10% of the runs were excluded from the
analysis because of hardware malfunctioning or beam instabilities. -After
geometrical reconstruction and kinematjcal fitting of tracks, rejection of
background from halo feed—through and accidental triggers was based on
geometricai cuts and on the requirement that tracks are geometrically
consistent with the trigger pattern recorded from the scintillation
counters. Events classified ambiguous by the sglgction program vere
visually inspected and about half of them, corresponding to less than 3% of
all deep inelastic events, were found to be good. Including these events
in the analysis does not affect the result appreciably; the effect of
residual background in the accepted data sample is accounted for in the *
systematic errors.

w

Kinematical cuts were applied to exclude regions where the
spectrometer acceptance varies rapidly or where radiative correctidns to
the deep inelastic cross section exceed 10%. These cuts, together with the
number of surviving events, are summarised in the table. The data were
corrected for small differences in beam energy and for systematic
differences in the efficiencies of MWPC's and trigger counters. Exploiting
the redundancy of detectors in the apparatus, all efficiencies can be
calculated reliably from the data themselves. The asymmetry from such
effects is mostly due to the trigger counters and amounts in total to =10%
of the interference effect. It was evaluated for each data taking period

separately and subtracted from the measured asymmetry. '

The measured event rates were converted to cross sections using the
muon £lux counted in the beam defining hodoscope. Since care was exercised
to take ut* and p- data at equal beam intemsities, systematic errors in
corrections for deadtime losses,etc., almost cancel in the asymmetry calcul-
ation. At present, we estimate a systematic uncertainty of the relative

normalisation of 4°10~ 7,

Finally, asymmetries from all running periods were combined and
corrected for higher order electromagnetic and weak-electromagnetic effects
according to ref.[6]; the magnitude of these corrections is shown in fig. 2.
The results for the two beam energies are presented in fig. 3 as a function
of g(y)Q?. Straight line fits to the two data samples, B = a + b-g(y)Q?,
give (with statistical errors only)



200 GeV: a
120 GeV: a

(.15%.17)°1072, b = (-.147%.037)°10"% GeV~?
(.06%.17)°10"2, b = (~.174%.075)°10" % GeV~2

1

The 120 GeV result is the avérage of separate fits to the two data sets.
These results agree well with the standard model predictions (3) (for
§in29w =0,23) a =0, b = ~.151°10"% GeV-2 at |A] = .81 (200 GeV)

and b = -.153°10" % GeV~? at |x| = .66 (120 GeV).

SYSTEMATIC ERRORS

As Instrumental sources of systematic errors we have considered the

calibration uncertainty '6f the magnetic fields and the effect of the change

of beam phase space under polarity ‘reversal. They lead to systematic errors

of ob = .01°10° % GeV-2 {200 GeV) and &b = .02*107* GeV~2 (120 GeV).

Further errors arise from the natural charge asymmetry of matter:
differences in halo contamination for u*/u~ beams, asymmetry of muon
background from meson decays, 'small differences in the muon energy loss and
the spatiél asymmetry of & rays generated along the muon track which
affect slightly the‘event reconstruction. From these sources, of which the
first is the most important ome, we estimate errors of &b = .02°10°% GeV~?
for both data sets. The total systematic errors are Ab = .02°10°° GeV-~?

for 200 GeV and &b = .03°10"? GeV~? for 120 GeV beam energy-

‘To search for possible preblems inherent in the experiment, the B
asymmetry has been evaluated in bins of the vertex position and of the
azimuth angle. Also, the effect of kinematical cuts has been carefully
studied. fn all cases no fluctuations beyond the statistical ones have
been observed. Evaluating the asymmetry from data samples of equal beam
charge within a single 'data taking period gives a zero slope within

statistical errors.

A check on the potential effects of systematic errors is given by\the
comparison of the slope parameters b measured in different data taking
periods. With statistical errors omnly, the x? per degree of freedom is
smaller than 1.0 for the 120 GeV data and is equal to 2.0 for the five
200 GeV periods. In the latter case, the probability of such a x? or a
larger one ‘is 10%. It increases substantially if we take into account
those systematic errors which are expected to vary r;hdomly from period to

period.

Table Definition of kinematic regions for the asymmetry measurements at
120 CeV (both trigger conditions) and at 200 GeV with the
regulting evont numbars.

Beam Enorgy (GeV) 120 120 -200 [

Q* Range (CeV?) 15-60 25~100 40-180

H range .14-.80 .30-.80 .20~.80

y range .20-.80 .20-.80 .20-.85

v Events (10%) 360 310 730

u Events (10°%) 370 300 920 .

Halo-Veto

Segmented irigger Target MWPC's

Hodoscope counters {20 planes) Hodoscopes \(Bunns) {80 plones}
L//l i ' Ll u ‘\\\\‘] =
Begn II%I* nm H :: - 2.75m
4] T f |1} L] _-L
SM | SM2 SM3 SM4 SM5 SM6 SM7 Sm8 SM9 SMIO0
< ~55m »
Fig. 1. Schematic layout of the experimental set-up.
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Fig. 2. The B asymmetry fromy-2° inter-
ference to first order, calculated for a
polarization A = .81 and sin2¢, = .23
(solid line), and the asymmetry expected
from higher order electromagnetic pro-
, ) , cesses at beam of energies of 120 GeV
0 50 100 150 {(dashed line) and 200 GeV (dash-dotted
oly) @' GeV') line).
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To illustrate the correct interpretation of our result, we present.in
fig. 4 the B asymmetry calculated in kinematical variables other than 2(y)qQ?
compared to standard model calculations with‘sin’ew =0.23. We remark an
impressive overall agreement, in particular in the Bjorken x variable in
which almost no slope is predicted by the theory but which is very sensitive
to the magnetic field calibrations and other sxstematic’effects (e.g., dif-

ferences in muon energy loss) which influence the momentum reconstruction.

CONCLUSIONS

The interference between the weak and electromagnetic currents has
been observed for the fifst time in the muon-quark interaction. The quanti-
tative interpretation of the results relies on the validity of the quark
parton model and the radiative corrections. The mixing angle of the
standard WS/GIM model derived from the measured slope parameters b is*)
sinzew = 0.23 £0.07 (stat.) % 0.04 (syst.). The B asymmetry measured at
polarizations =1 depends strongly on the rxght-handed weak charge 13 of the
muon [10]. Using sm‘e = 0.23, we obtain 13 = 0.00 % 0.06 (stat.) £ 0.04
(syst.). This result rules out a neutral heavy lepton M® of any mass in !

a right~handed weak isospin doublet with the muon.

Assuming the quark (u,d) and electron axial vector couplings of the
standard model, our experlment and the measureménts of' the forward backward
asymmetry in ete™ u W react1ons determ;n;<comp1é;§1y the muon neutral
current couplings. As illustrated in fig. 5, both types of e¥per1ment
yield complemenﬁary information: using a,=-0.55 £ 0.07 derived from PETRA
results [11]}, we find V= -0.12 * 0.14 (stat.) *0.08 (syst.). The corres—
ponding value of qinzew = 0.19 % 0.07 (stat.) % 0.04 (syst.) is in good
agreement with the values obtained in earlier v and e experiments for the

electron and quark currents.

%) A correction fdr sea quarks tO'Ao would increase sing by 0.01.
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Fig. 4. The measured B asymmetry after radiative cor- 0

rections at 200 GeV beam energy plotted as a function
of the scaling variables x and y, Q% and the muon
scattering angle 6. The solid lines are asymmetrles
predicted by the WS/GIM standard model, using sin® g ws
= 0.23. The dashed and dash-dottes lines in the x plot -2

-1

————————— + (1-y)%} [eq.(3)1.

Fig. 3. The measured B asymmetry after ra-
120 GeV diative corrections at 120 GeV and 200 GeV
beam enefgy vs. g(y)Q® = Q2-[1-(1-y)2 1/[ 1+
For the 120 GeV data,

circles represent data with QB> 5 GeVZ2-and
triangles data with Q%25 GeV. Solid lines

4 are straight line fits to the data.

are asymmetries which would arise from a systematic

relative uf/u difference of 3:-107% in the spectrometer
magnetic field and the beam energy, respectively. 1

Fig. 5. Experimental limits on the muon neutral cur-
rent couplings from this experiment (200 GeV data)
and from e*e™ .yu*u— froward-backward asymmetries mea-
sured at PETRA {1i1]. Only statistical errors are
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Apaxento A. u gp. E1-82-847
dnexkTpocnabaa acummeTpua B rNiyGOKOHeyrnpyrom
MIBOH=HYKNOHHOM pPacCeaHUu

WaMmepeHa acummeTpua B cedeHUsax rnyboKOoHeynpyroro pacceaHms
#*MeaoHoa B8 obnacTtu nepepaHHux 4-umnynscos Q? ot 15 Ao

180 3B 2/HA-4 skcnepumenT B LUEPHe/. PeaynbTaTel vaMepenuit Konu-
YEeCTBEHHO COrnacyioTCA C npeAckasaHuAMM CTaHgaptHou BC/TUM
Mopenu anexTpocnabbix B3auMOfENCTBUI W MO3BONALT ONpeAenuTb
KOHCTAaHTH MIOOHHOrO HEeWTpPanbHOro TOKa.

MpenpunT 06bHEAMHEHHOTO MHCTUTYTa AAEPHHIX MCCNERoBaHuA, Jly6na 1982

Argento A. et al. ) E1-82-847
Electroweak Asymmetry in Deep Inelastic
Muon—Nucleon Scattering

At the CERN SPS we have measured a deep inelastic p* cross
section asymmetry at momentum transfers Q2 ranging from 15 to
180 GeV 2. The result is in quantitative agreement with the
WS/GIM standard electroweak model and allows one to determine
the muon neutral current couplings.
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