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The SLD detector is nearing completion and will start physics-quality data-taking 
at the SLC in 1991 with a longitudinally polarised electron beam and unpolarised 
positron beam. The current status of the detector is reviewed and the rich program 
of physics measurements possible with polarisation and the SLD detector is briefly 
presented. In particular, the left-right polarisation asymmetry, AiR, will be a unique 
measurement for the next few years and will allow tight bounds to be set upon the 
mass of the top quark. 
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1 .  Status of the SLD Detector 

The SLAC Large Detector (SLD) has been described in detail elsewhere1l .  At the time 
of writing, the detector is in the final stages of assembly and commissioning. Starting 
in August, it is planned to take cosmic ray data with most of the sub-systems of the 
detector running in a unified mode and exercising the FASTBUS data acquisition 
system and the associated online and offiine software. This will allow an extensive 
shake-down and commissioning of the detector in advance of its installation in the 
SLC beamline, so that the first physics-quality data can be obtained in 1991 with 
polarised z0's delivered by the SLC2) . 

The important features of the SLD detector which give it a potential advantage 
over other detectors are: 

1 .  Excellent hadron calorimetry with an expected resolution of 553/ VE in the Liquid 
Argon Calorimeter; only the L3 detector compares. 

2. Excellent particle identification capability over a large momentum range with the 
Cerenkov Ring Imaging Detector3l; only the DELPHI detector compares. 

3. The ability to reconstruct decay vertices with high resolution and very close to the 
e+e- interaction point using the charge-coupled device vertex detector, which has an 
inner radius of 25 mm; no other detector sits so close to the I.P. and has such good 
resolution. 

Combined with the ability of the SLC to produce polarised zo decays, these 
characteristics suggest that the SLD can perform a competitive and complementary 
program of high-precision physics measurements to test the Standard Model4) . Of 
particular interest are the areas of polarised asymmetry measurements and heavy 
flavour physics, though clearly any measurements relying on 1-3 above will benefit, 
such as the study of production of different baryon and meson species in QCD. In 
this article I shall concentrate on the polarised asymmetry measurements; most of the 
results are based upon the work of my SLD colleagues5•6) and the excellent CERN 
review7l of polarisation physics. SLD strengths in heavy flavour physics are discussed 
elsewhere8•9). 

2 .  Electroweak Asymmetry Measurements with Polarisation 

Considering the reaction e+e- --+ ff in the case of an electron beam of longitudinal 
polarisation p and an unpolarised positron beam, one can write the Born-level cross­
section formula for the production of massless fermions f at the zo pole, vfS = Mz, 
as: 

du(p) 
d cose 2 ao (v; + a;) (v} + a}){ ( 1  + p Ae) (l + cos20) + 2 At (P + Ae) cosO} 

where: 

O'Q AJ,e -2 Vf,e af,e 
v],e + a},e 

The differential cross-section depends on p, where p = + (-) 1 for a purely right 
(left)-handed beam. One expects the SLC to deliver an electron beam with IP I  � 40 
3 for physics running in 19912). 
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The Standard Model asymmetries which can be considered when longitudinally 
polarised z0•s are produced are the forward-backward asymmetry, AFB ,  the forward­
backward polarisation asymmetry, AFB, and the left-right polarisation asymmetry 
ALR· These are defined as follows: 

AFB(P) 
rx du(p) dcosB J0 M(p) dcosB JO dcosO -x dcosO rx du(p) d ll JO M(p) d ll 

JO dcosB cosu + -x dcosO cosu 

aF(P) as(p) 
aF(P) + as(p) 

_ ft dac:l�) dcosB - ft da�l�) dcosB - (f!!.x t:i�l dcosB - f!!.x t:i�l dcosB) 
AFB(P) = -------------------------7-­

ft � dcosB + ft � dcosB + (f�x t:i�l dcosB + f�x d;0:f�l dcosB) 
aJ.(p) a}J(p) ( a�(p) a�(p)) 
aJ.(p) + a}J(p) + (aMp) + a�(p)) 

duL(p) dcosB dcosB 
duL(p) d B dcosO COS 

aL(p) aR(p) 
aL(p) + aR(p) 

MR(p) dcosB dcos9 
MR(p) 
dcosO dcosB 

where the subscript F (B) denotes the forward (backward) hemisphere, i. e. cosB > 
( <) 0 with respect to the incoming positron beam, and the superscript L (R) denotes 
a left (right)-handed electron beam with polarisation of magnitude p. The value x 
represents the limit of the integration over cosB, which for all experiments is less than 
unity because the acceptance falls to zero at low angles, near the beam pipe. 

These asymmetries are evaluated, using the Born cross-section, in Table 1, where 
the dependence upon p and the initial and final state zo vertex couplings, Ae , At 
respectively, is shown. In the general case, AFB and AFB depend upon x whereas 
ALR is independent of x, i. e .  does not depend on the detector acceptance. One can 
see also that AFB depends upon both Ae and At, whereas AFB depends upon At 
only and ALR upon Ae only. Without longitudinal polarisation, i. e .  p = 0, only 
AFB is properly defined and hence available to be determined experimentally. With 
polarisation, all three asymmetries are available for measurement and the couplings 
Ae, At can be measured separately via AFB and ALR respectively. 



1 1 8 

Table 1 :  Comparison of Electroweak Asymmetries 

r JI J1 , p = 0 

AFB(P) x A (p + A,) I+x213 f I + pA, ;i_ A  (p + A,) 4 f I + pA, � AeAJ 
AFB(P) 1 +-x'ii 3 p AJ -h At 0 

ALR(P) -p Ae -p Ae 0 

From now on I shall define: ALR = ALR(P = -1) = Ae and concentrate on the 
measurement of the quantity ALR, which has many desirable properties: 
1. Its numerical value is 'large': eg. for Mz = 91 .17 GeV, ALR 13 - 15%, 
compared with say ApB � 1%, which makes it less susceptible to possible systematic 
bias in an experimental determination. 
2. It is independent of the detector acceptance. 
3. It is independent of final state mass effects. 
4. One can use all visible final states except electron pairs in its determination, i .e . 
96% of visible zo decays as opposed to only 4% for AFB using muon pair events. 
5. It is very sensitive to the electroweak mixing parameter sin2Bw, for one may write: 

which gives: 

which also makes ALR intrinsically more sensitive to sin219w than ApB: 

6. It is very insensitive to initial-state QED radiation, in contrast to AFB ,  which 
varies rapidly in the c.m. energy region around the zo pole10l . The QED correction 
at the pole is l::.ALR � 0.002 IO,ll) . 
7. QCD corrections vanish at 0( a,) 12) . 
8. By contrast, ALR is very sensitive to virtual electroweak radiative corrections 
which depend on the masses of the top and Higgs particles. For example, varying 
the Higgs mass in the range 10 - 1000 GeV produces a corresponding change in ALR 
of ±0.009 13) . This can be compared with the ultimate theoretical precision on ALR 
of ±0.003 5) which comes mainly from the uncertainty in running the fine-structure 
constant a up to the z0 mass. 
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3. Experimental Errors in the Determination of ALR 

In the previous section, ALR was defined for the case of a 100% polarised electron 
beam. In practise, the polarisation at the SLC is expected to be around 34% at start­
up in 1990, rising to between 40 and 45% for physics running with the SLD detector 
in 1991 2) . The measured left-right asymmetry, A�J/. is therefore related to ALR by: 

(O -::; p -::; l ) 

Assuming equal luminosities for the left- and right-polarised beams, and no systematic 
biases in the detector acceptance: 

Aexp 
LR 

NL(P) NR(P) 
NL(P) + NR(P) 

So that one may write the statistical error as: 

1 2 -- ( 1  - ALR) p2 Nz 

Making the reasonable assumption that the dominant systematic error is the error bp 
on the measurement of the magnitude of the polarisation itself, the total experimental 
error is: 

1 - (pALR)2 + (/jp) 2 
A2 

p2 Nz p LR 

Taking p = 0.40 and bp/p = 5%, which are reasonable estimates of what may be 
achieved in the first year of physics running of the SLD, one sees that the systematic 
error dominates for N z > lOOk events ,  i. e. the precision on the asymmetry measure­
ment is not limited by the expected precision on the m'easurement of the polarisation 
until more than lOOk events have been collected. 

Table 2 shows the precision achievable on sin2Bw, determined from a measurement 
of ALR, as a function of the number of z0 events collected. The values ALR = 0.135 
and p = 0.40 were assumed. 

Table 2: Precision on Determination of sin2Bw from Me��nrement of ALR 

Nz bp/p bALR 5sin2Bw 

105 5% 0.010 0.0013 

3 x 105 5% 0.008 0.0010 

106 1% 0.003 0.00035 
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One can compare the precision of this measurement with that of measurements by 
methods using unpolarised zo events, such as Ap B or the r polarisation5l. Considering 
just the statistical errors, we know: 

Mh 
1 

p2 Nz 
8sin20w 

1 
8 vfffi p 

M'J;.s 2 
1 

Nµ 
8sin20w 

1 
1 .6 [ii; 

Mh 2 
1 

Nb 
8sin20w 

1 
5.6 Vlfb 

8A;o12 
1 

NT 
8sin20w 

1 
8 y1"N;. 

For the same precision on sin20w in each case, one can equate these expressions to 
obtain the relative numbers of events needed. For Ap B one obtains Nµ/ N z = 4; but 
the branching ratio for zo -+ µ+ µ- is 43 of all visible zo decays, which gives: 

100 

In other words, roughly 100 times more zo events are needed to obtain the same 
precision on sin20w via ApB than via ALR· 

Similarly for A}s, Nb/ Nz = 0.32, but the branching ratio for z0 -+ bb is 223 of 
all visible zo decays, and assuming a b-tagging efficiency of 103 one finds: 

17 

For A;01 , Nr/Nz = 0.16, but the branching ratio for zo - ->  r+r- is 43 of all visible 
zo decays, and the decay mode r -+ 7rV, which contributes most of the information 
on the polarisation, has a branching ratio of about 113, so one finds: 

Nz(A;o1) 
Nz(ALR) 

36 

These numbers do not take into account systematic errors; when these are in­
cluded, it is estimated14l that for a measurement with precision 8sin20w = 0.001, 
between 5 and 10 million unpolarised zo events are needed for A'J;.B, A}s and A;01 , 
compared with around lOOk zo events with a 403 polarised electron beam via ALR· 
For this measurement, the polarisation at SLC effectively makes up for an advantage 
of 50-100 in luminosity at LEP. 
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The Standard Model prediction for the dependence of  ALR on the top quark and 
Higgs masses is shown in Fig. 1 Z).  Mz = 91 .17 was used in the calculation, and 
the width of the bands represents the variation in the prediction when Mz is varied 
by ± 20 MeV around this value; this error is an estimate of the ultimate systematic 
uncertainty which can be obtained from LEP. The theoretical error on ALR (Section 
2) is shown as a point with dashed error bars. Two points with solid error bars 
are shown to represent the precision expected from a measurement of ALR with the 
SLD detector at the SLC; both points assume a 40% polarised electron beam. The 
error bars indicated correspond to the sum of the statistical and systematic errors 
in the cases where the measurement is made using lOOk zo events with a relative 
polarisation determination of 5% and 1 million events with a relative polarisation 
determination of 1 %. Also shown is a point representing the error on a measurement 
of the r polarisation using 6 million unpolarised zo events; this error is somewhat 
larger than that from the lOOk polarised zo measurement. 

The lOOk event ALR measurement allows the top quark mass to be constrained to 
within ±30 GeV at best (at ± one standard deviation); this is comparable in precision 
with a determination of Mt via measurement of the W mass to within 100 Me V8) .  
The l M  event ALR measurement allows a constraint on Mt t o  within ± 1 0  GeV at 
best. Even the latter measurement could only constrain the Higgs mass to within 
several hundred GeV. 

4. Summary 

Measurement of the left-right polarisation asymmetry, ALR, allows a very precise 
determination of sin2Bw. For a measurement by the SLD detector at the SLC using 
lOOk events with a 40% polarised electron beam, the precision on sin2Bw is expected 
to be about 0.001, which would constrain the mass of the top quark to within about 
±30 GeV. Assuming the polarisation can be measured with a relative error of 5%, the 
measurement is systematics-limited with statistics beyond a few hundred thousand 
events .  If the polarisation can be measured with a relative error of 1 %, the systematics 
start to dominate only after several million events have been obtained. In this case, the 
top quark mass could be constrained to within ± 10 GeV. A comparable precision 
of 0.001 on sin2Bw measured using unpolarised beams, via the forward-backward 
asymmetry for muons or b quarks, or via the r polarisation, requires a sample of 
between 5 and 10 million events. 
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