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First Measurement of the Left-Right Charge Asymmetry in Hadronic Z Boson Decays
and a New Determination ofsinzﬁ’ﬁ/ff
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We present the first measurement of the left-right charge asymm@“‘yin hadronic Z boson
decays. This was performed &, = 91.27 GeV with the SLD at the SLAC Linear Collider
with a polarized electron beam. Using 89838 events we ob&_}‘ﬁ = 0.225 = 0.056 = 0.019,
which leads to a measurement of the electron left-right asymmetry paramegter,0.162 = 0.041 =+
0.014, and siRe' = 0.2297 *+ 0.0052 = 0.0018. Also, the A" measurement combined with the
left-right cross section asymmetry determinégs independent of the value of the electron-beam
polarization. [S0031-9007(96)02072-8]

PACS numbers: 13.38.Dg, 12.15.Ji

The SLD Collaboration has performed measurementiemispheres of left-handed events:
of the left-right cross section asymmetty z = (o — Lo\ L
or)/(oL + og) in the production ofZ bosons bye e~ (QF ) = arAFpy (3)
collisions [1-3]. In the standard mode of the electroweak <Q§f> = —qu,%Bf,

interactions, to first order, this gives the electron Ieft-rightwhereq is the charge of the outgoing fermion. Similar
— 2 2
asymmetry facton, = 2veac/(v, + a;) from [4] expressions hold for right-handed events. These average

A% = |PlALg = |PA., (1)  charges can then be combined into the forward-backward
where P, is the electron-beam longitudinal polarization, charge flows, or asymmetries. For left-handed events
and v, anda, are the vector and axial vector couplin L — /L N _ /oL \ — L
constants between th#° and electron. The forer\)rd-g (Orns) = (Qrp) = (Cny) = 245 AFns - @
backward fermion asymmetries ifi decays can also be With a similar expression for right-handed events.
used to provide independent information on the electron The flavor-inclusive observables for the polarized
couplings to theZ. The forward-backward fermion (Qrs) and unpolarizedQrs) forward-backward charge
asymmetry at th& pole (excluding: "¢~ final states) can flows, which are measured at the final state hadron level,
be easily determined from the differential cross section [5Fan be defined by summing over all flavors, weighting by

and is given by the flavor production rate, and including dilution factors
P A 0 < dy <1 to account for a reduction in the measured
Arpf(R) = —gla) ———=—"= Ay, (2)  charge magnitudes due to QCD corrections, hadronization
— PA. effects, andBB mixing [9] as follows:

whereg(a) = a/(1 + %az), 0<a=1,a=]|cost|ma

cosf describes the angle between the outgoing fermion (Orp) = (QFp)fL — (OFp)Sfr

f and the direction of the incident electron, max refers to

the aperture limit of the detector, ang = 2ufaf/(vf + = 2g(a)|P,| deCIfRfAf, 5)
a7). We can definetfz ; = App(—|P.]) andAfp, = f

Arps(IP.]) as the forward-backward asymmetries for .
ever];ts produced with left- and right-handed beam poIar<QFB> (Qrs)f1 + (Qrp)fr = 28(@A. dequfAf’
ization, respectively.

These asymmetries can be related to observable charge (6)
asymmetries [6—8]. At the parton level the fermionwheref; = 2(1 + |P.|A.) and fr = 2(1 |P.|A,) are
asymmetries for a quark-antiquark final state give thehe fractions of left- and right-handed event®, =
following average charges in the forward and backward';/Tn.q, I'; is the partial width for the decag — ff,
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and I',q is the total hadronic width of theZz. The event. Hadronic events were selected by the following
quantities(Q%g) and (QX;) represent the mean, flavor- requirements: (i) the polar angle of the thrust axis
inclusive, forward-backward charge flows in left- and satisfied | cosfr| < 0.7; (ii) there were at least three

right-handed events. These quantities are measured ygarticles per hemisphere; (iii) the total energy of the
ing the momentum-weighted charge technique describegarticles in the event (assuming the particles to be pions)

below. was greater than 20% of the center-of-mass energy;
The ratio of these charge asymmetries has the simpl@v) the scalar sum per hemisphere of particle momentum
form components parallel to the thrust axis was greater than
A 10% of the beam energy; and (v) the invariant mass of
aers = Q) _ A 7) th icles in at | hemisph h
0 = o 121 (7)  the particles in at least one emisphere was greater than
rB € 2 GeV/c¢?. Atotal of 49 850 hadroni@ decays produced

by left-handed electrons and 39988 produced by right-
%nded electrons were obtained with an estimatedon-
ackground of less than 0.05% [13]. The effect of the
esidualr* 7~ events on the value of)”* was estimated

0 be (0.028 = 0.012)% which is negligible. This is

relevant because final-state polarization effects in this

channel complicate its contribution to this quantity. The

measurement [10]. Many systematic instrumental foectﬁJminosity—weighted polarization for this sample of events

were investigated and are discussed below. . was 0.730 = 0.008, where the error is predominantly
Fu_rthermore,_ the two measurements can be Comb'ne\é\(/stematic [14].
to yield A, without a measurement of the electron "¢ foryard-backward charge asymmetries were deter-
polarization, using the expression mined in the following manner. A unit vector along the
A _ \/m ®) thrust axis,T, was chosen such thdt - p,- > 0, where
¢ LR e - p.- is the electron beam direction. Tracks with momen-
This alternate determination of, is clearly not inde- tym vectorp were defined as forward i - T > 0, and
pendent of the more precise measurement usiyand  packward otherwise. The weighted charge in the forward
the longitudinal polarization that has been published e|SQqemi3phere was then calculated for each event from
where [2,3].
In this paper, we present the first measurement of

obs

from Ap” and the electron-beam polarization. We also

The expression forA‘ébs shows that uncertainties in

the detector acceptance, charge measurement, and
dilution factors cancel out, thus effectively eliminating
the dependence on Monte Carlo simulation for suc
corrections. By measuring the quanmi;bslﬂl, A, can
be obtained in a manner largely independent of ARE

Or

obs

Spisolpi =TI
present an alternative measurementpffrom A7 and
A% that does not require knowledge of the polarizationwhere g; is the charge of particle. The charge in the
magnitude. backward hemisphere?, was determined in a similar
Details of the SLAC Linear Collider (SLC), the po- manner for tracks witlp - T < 0. The quantityQrp =
larized electron source, the measurement of the electrof2r — Qg was then found for each event.
beam polarization with the Compton polarimeter, and the The distribution ofQ 5 was formed separately for left-
SLD have been given elsewhere [1,2,11]. The results preand right-handed events. The distributions §@-5) and
sented in this article are based upon a sample of data cot@rs) were obtained in accordance with Egs. (5) and (6)
responding to an integrated luminosity ©f pb~!. The and are shownin Fig. 1. These distributions are Gaussian.
data were recorded at a mean center-of-mass energy ®he width of these curves are dominated by the physics
91.27 + 0.02 GeV during the 1993 and 1994-1995 runsof the process, not the detector resolution. The averages
of the SLC. {(Orp) and{Qrp) and their errors were obtained from fits
The momenta of charged particles were measured it their corresponding distributions [15]. Theiy™ was
the central drift chamber (CDC). Accepted particles weredetermined using Eq. (7). A value fdf% was also ob-
required to have (i) a minimum momentum transverse tdained using the number of accepted left- and right-handed
the beam axis>0.15 GeV/c, (ii) a polar angled with  events. These results are summarized in Table I.
respect to the beam axis satisfyihgos#| < 0.8, and We investigated a number possible systematic errors
(i) a point of closest approach to the beam axis withindue to biases in instrumentation, analysis misidentifica-
a cylinder of 5 cm radius and 10 cm half-length abouttion, charge dependent nuclear interactions of low mo-
the interaction point. If any remaining particle in an mentum hadrons, unphysical measured momenta, material
event had a total momentum55 GeV/c the event was asymmetries, and various backgrounds. We studied the
rejected. possibility of a charge-dependent, forward-backward bias
Each event was divided into two hemispheres byin the measured track sagitta, or momenta, by means of
a plane transverse to the thrust axis [12] which waghe dimuon and Bhabha events in the data sample. This
determined using all accepted charged particles in thean produce an artificial change (@r3), while affecting

19



VOLUME 78, NUMBER 1 PHYSICAL REVIEW LETTERS 6 ANUARY 1997

— 1 T T ' T exchange, and radiative corrections. These were made
3L @ — to the measured asymmetries using R TER program

[17]. The cancellation of the flavor sum in Eq. (7) is not

B - preserved by these higher order processes, and Egs. (5)
and (6) must be used withFITTER to obtainA,/|P,|.

The charge dilution factord, were varied by+20% in

— - a manner tha})tmmaximizes the variation of the radiative

correction toA,". This results in an uncertainty of4%

in the corrected value of)”*. After these corrections, the
= - following values are obtained:

0 [ a1 ¢+ 1 A, = 0.162 * 0.041(stah = 0.014(sysh,
SitOS = 0.2297 + 0.0052(stad + 0.0018(sys) .

These results are largely independent of those previously
T T T T T obtained by SLD fromA, g, and are in good agreement
with them.
We can also obtaiM, from A" and AJ% using
Eq. (8), without the use of the Compton-measured polar-
ization. After radiative corrections to the measured re-
sults, we obtain

A, = 0.1574 = 0.0197(stad = 0.0067(sysh,
i Ast = 0.2302 + 0.0025(stad = 0.0009(sys) .

This result is not independent of those obtained febrp
andA‘(’Qbs separately. Rather, it is an alternative measure-
ment of A, and siRé$ that does not use the measured
polarization. This is a completely new technique in the
determination of these quantities. These results can be
FIG. 1. Distributions of the polarized (a) and unpolarized compared with the latest value of %mjf = 023049 +
(b} forward-backward charge flows. 0.000 50, obtained directly from a measurement Afg
. ] and the electron longitudinal polarization [3].
(Qrs) very little, thus biasingdy* [16]. This study led  we thank the personnel of the SLAC accelerator de-
to a(—1.6 = 6.5)% change inAOQbS- This error was the partment and the technical staffs of our collaborating in-
largest of the systematic errors studied. The systematistitutions for their efforts which resulted in the successful
errors on the value ofi"QbS resulting from these studies are operation of the SLC and SLD. This work was supported
presented in Table Il. by the Department of Energy, The National Science Foun-
The value for the left-right charge asymmetry, beforedation, the Istituto Nazionale di Fisica Nucleare of Italy,
radiative corrections and including the systematic error
from Table I, is

Events (x109)
N

(11)

Events (x103)

Az)bs = 0.225 * 0.056(stad = 0.019(sysd. (10) TABLE Il. Summary of systematic errors.
To obtain the relevant quantities, and s from _ ‘-‘31‘\?4'”/0A°Qbs
A% we must correct Eq. (7) foz-y interference,y ~ Source of uncertainty (%)
¢ dependentF-B sagitta bias 6.5
independentF-B sagitta bias 0.5
TABLE |. Summary of results. Z indegendentF-B tragck efficiency biases 0.2
Quantity Value Unphysicalp, tracks 3.3
F-B asymmetry of SLD central material 15
fi fr 0.5549,0.4451 e*e~ final-state backgrounds 0.5
(OFp) —0.0408 =+ 0.0027 Two photon backgrounds 0.7
(ORp) 0.0322 + 0.0031 Radiative corrections 4.0
(Orp) —0.03697 + 0.00204 Polarization measurement [for result (10) only] 1.1
<QFB> —0.00831 + 0.00204 Residualr "7~ effect 0.03
A(ébs 0.2247 + 0.0556 SLC track backgrounds 0.02
A% 0.1098 = 0.0033 Total 8.7
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the Japan-U.S. Cooperative Research Project on High Eift0] The correlation betweer$s and AY™ is approximately
ergy Physics, and the Science and Engineering Research —6%. Likewise, the correlation coefficient betwedny
Council of the United Kingdom. andQ; y is similar in value for the measurement presented
in this Letter, since the error in the measured polarization
is small compared to the statistical errors A% and
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