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a beam pipe of small radius em mm) at the Interaction Point (IP). 
SLC luminosity was remarkably improved since the first experiment ill 1991, and 

the peak of ZO I;roduction rate per week were recorded as 1,200, 4,500 and 7,000 in 
1992, 1993 and 1994-95, respectively. 
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Taking advantage of the linear col1ider, SLD has determined the 1110st precise Weak 

Mixing Angle by polarization experiment. 

1. Left-Right Asymmetry 
ZO boson production by the collision of polarized electrons and unpolarized positrons 
have the left-right symmetry A,.R' 

A =O'dZO)-O'R(ZO)= I Nl.-NR = 2(1-4sin28~t'~ 

III O',.{Zo)+O'R(Zo) ~  Nt +NR 1+(l-4sin2 0:t')2 

where Nt and NR are numbers of ZO counts obtained by the left- and right-handed 
polarized beams, respectively, and P is the magnitude of beam polarization. A,.Re 

measurement uses no double scattering technique. and is statistically powerful since 

all ZO decay samples are available in analysis. 

AIR is sensitive to the electroweak mixing angle, namely &\'.R = 7.84~sin2  Ow, and 

is insensitive to the possible systematics of experiment, i.e. detector inefficiencies and 
cuts applied in data analysis. To obtain an equal statistical precision with A,..R' numbers 

of ZO samples required in the forward-backward + fasymmetries are 250 and 100 times larger for e 
leptons (A~R)  and for b-quarks (At-n), ZO~Z()< 

respectively, and 320 times for 't-Iepton 
polarization (Pf ). fermion loops _ 

Since ZO production amplitude have f 
contributions from the fermion loops of t-quark 
and/or new particles in the propagator, Au measurement is the most sensitive 

Eleclroweak test. 
Beside the polarization, SLD has a unique vertex determination capability with the 

advantages of stable IP point and a small beam cross section ( Ox xOy :::::: 2.5 x 0.6 Jlm 

with a flat beam configuration) and the 3 layers of CCO vertex detectors surrounding 

In 1994-95 experiment, SLO 
accumulated -100,000 Z" samples al 
the energy of 9 1.270(20) GeV, 
slightly off ZII pole, with all average 
electron polari7.ation of -80%. In 
combining samples ohtained in 1992 
and 1993 with beam polari7.iltion of 
22% and 63%, respectively, 170,000 
ZO samples are available for analysis. 

2. Polarized Electron Bemn 
The SLC lIsed the Polarized Electron 
Source (PES) with a strained GaAs 
cathode irradiated hy a circular 

polarized laser light of wave length 
765-850 nm. Parameters of the 
strained GaAs cathode arc: 

phosphorus fraction x in GaAs I-x p)( 
(Eg=J.75 eV) with 0.24 ~ x ~O.3 (a 

larger x gives a larger strain), GaAs 

(Eg= 1.50 eV) active layer thickness t 

with 0.1 ~ t :5 0.5 /.1m. 
The electron hclicily was 

randomized throughout the data 

acquisition runs to minimize 

systematics in the experiment. 

Polarization orientations in the 
overall SLC layout is shown in Fig. I. 
The electron polarization in the North 
Dumping Ring is set vertical to avoid 

depolarization, and the two solenoids 

installed in the transportation lin~  

from NDR to the main Iinac can· 

control direction of polarization 

arbitrarily. 
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Fig. 1 Polarzation in the Overall SlC layout 
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The spin precession in the Collider Arc is nearly resonant with the vertical 

betatron osciJIation, i.e. betatron phase advance of 1080· and spin procession of 

1085°. By making use of this feature, SLC instaHed two orthogonal beam bumps in 
the North Arc for arbitrary control of spin direction at IP. By injecting electrons 
with spin oriented vertical into the North Arc, these beam bumps were tuned to 

minimize total precession in the arc and thus reducing the polarization dependence 
on energy. 

A M011er polarimeter at the entrance of North Arc provides polarization 

measurement at linac, and a Compton polarimeter installed at the downstream of SLD 

measures the polarization at IP. 
In 1994-95 runs, precise polarization data was made availablc in every 10 minutes. 

Three major improvements were applied for the Compton polarimetcr crror analysis~  

(I) the phase shift induced in laser t~ansport  line was continuously monitored, (2) a 

frequent Compton edge scans were made in thc detector for hack scattercd elcctrons 

(3 times per week), and drifts were monitored by the channel asymmetry ratio, (3) 

photo-tube voltages of Cerenkov counters were scanned frequently. 

Table "I. Corrections and uncertaintie~  to polarization measurcment 

Item Correction (%) Uncertainty (<>P/P in %) 

Laser polarization +0.38 0.2 

Detector I Spectrometer 

laser pickup -0.19 0.1 
cross talk 0.2 

linearity 0.5 
Analyzing-power calibration 0.7J 0.29 
Internal consistency 0.40 
Beam divergence and 

chromatic correction 0.1 0.2 

Total� 0.80 

With SLC flat beam configuration, chromatic aberrations at IP could correlate the 

energy and luminosity. Since the Compton polarimeter <Pc> measures the average 

electron polarization across the entire b~!lm  profile, the net beam polarization 

relevant for ZO production is the luminosity weighted polarization <Pe>. To calibrate 

this chromatic effect, frequent wire scans were made for beam profile n(E), and 

infrequent energy scans for polarization. P(E) , and 120 Hz operation data on 

luminosity spectrum L( E). The final heam focus system causes a small spin precession 
and is corrected for the typical beam divergence Ox x 8y=300 x 200 mrad. The other 

beam related effects are ncgligibly small. Corrections and uncertainties in the 

polarization measurement are summari7.ed in the Table I. 
The preliminary result of polarization in 1994-95 run was: 

<Pc> =77.34 ± 0.61 (systematic)%. 

Comparing to the 1993 data, <Pc> = 63.0 ± 1.1 (systcmatic)%, improvements in 

polarization and uncertainty are rcmarkable. Since the precise polarization is a key of 

experiment, a further improvement ( -0.3 % ) is expectcd in thc next experimcnt. 

3. Event selection 
Following selcclion critcria wcre applied for events having significant visihle 

energies in the Liquid Argon Calorimeter (LAC) , 

Eohlicrvcd > 22 GeY� 

Einhalancc < 0.6 Eohscr\'l'd� 

Nchllilcr > 9 ( J2 if I coselhnl~1 I > 0.8 )� 
With these selcction criteria, c"c pairs were excluded. and the hadron deteclion 
efficicncy was cstimated to be 93%, t-pairs about 30%, Jl-pairs negligihly small and 

non-Zo hackground events was 0.23 ± O. J0%. 

4. Corrections to ALR and Results 
Measured asymmetry A",em was corrected for various sources of asymmetry hy 

defining the correction tcrm� <> as, 
I 

AI.R =� (I'e) ( I + 8) Amel/of" 

Corrections and uncertainties for cach items arc summarizcd as follows: 

(I) Background asymmctry: (+ 0.23 ±0.08 )% 

- Bhabha events have t-channel interfcrence cffect 

- Beam related backgrounds havc no asymmctry 

(2) Luminosity asymmetry:� (+ 0.087 ± 0.043 )% 

- Measured with bcam current monitors and luminosity monitors. 

(3) Polarization asymmctry:� (+ 0.0 I I ± 0.024 )% 

- Directly measured with Compton polarimeter 

(4) Energy aSYITHllctry: ( - 0.0010 ±0.0004 )% 

- Wellmcasurcd with encrgy spectrometer 

(5) Efficiency asymmetry:� 0 
- No dead time or overnow inefficiencies in detectors. 

(6) Positron polarization: < 0.0 I% (estimated) 
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- Damping ring storage time 16.6 ms is much smaller than 960 s, 
buildup time of possible polarization due to Sokolov-Tcrnov effect 

Total correction to A is estimated to be ( + 0.327 ± 0.094 )%.mea.f 

5. New Results from 1994-95 Experiment 
In ]994-95 experiment, SLD collected ZO boson samples: 

NL =51,446, NR =40,815. 
The average beam polarization is: 

<P > = 77.34 ± 0.62 (systematic)% (preliminary),e
M tR = 0.327 ± 0.094 (systematic)%. 

Using these data, A'R is: 
Al.R = O. 1495 ±0.0042± 0.0012 (measured at 91.270(20) GcV). 

Correcting to the "pole" value: 
A~  = O. ]524 ± 0.0042 ± 0.0012 (SLb 95, preliminary). 

The weak mixing angle is determined as: 
sin 2 eur = 0.23084 ± 0.00054 ± 0.00015 (SLD 95, preliminary). 

Combining all 1992-1995 SLO samplcs: 
A~R  = 0.]551 ± 0.0040 (SLD 1992-95, preliminary), 

sin 2 01 = 0.23049 ± 0.00050 (SLD 1992-95, preliminary). 

The LEP average presented at Moriond 1995 is: 
sin 2 e1 =0.2318±0.0004 (LEP 1995). 

New SLD weak mixing angle is plotted in Fig. 2 with results form each LEP 
experiments. Fig. shows SLD gives the most precise measurement of sin 2 ew. 
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Fig2. New SLD weak mixing angle and LEP data. 

A Higgs mass fit bascd on the minimal standard model was made by M. Swartz 
(SLAC) with inputs from SLD and LEI> data (Fig. 3). 

Results of fit are: M /IIGGS = 9 I~~~9 GcV, Higgs Mass Fit 

as =0.122±0.004, M,o/. = 1(j9~:~GcV,  20, ---r 
a-I (M~)  =128.96 ± 0.06, and 

.179 
MHtgga =91-63 GeVMz = 91.189 ± 0.002GeV.� 19'

I� 
In Fig. 4, as-T plot after Peskin X2/ d.oJ ::: 15.2113 I� 

Takeuchi (Phys.Rcv.D 46,381, 1992) is 18'-
I 
Ishown for a comprehcnsive comparison 
I

betwccn cxpcrimcnts and thc MSM. SLD X2 I17'and LEP agree to the range of standard� I 
model prediction (167< ml <192 GeV,� I 

I
60 < I1lH <1000 GeV) within their errors. 16'-� , 

,.~ I20 1,0 1'0 2a 
6.� Conclusion 15l-.L--..l_~_L L_.__L 

5 10 50 100 500 1000SLD has made the most precise 
Higgs Mass (GeV) 

determination of Weak Mixing Angle by 
Pig.3. IJiggs mass fit with new SLD and LEP dala. 

the Icft-right asymmetry meClsurements. 
The combined 1992-1995 result is: 

sin 2 e~! = 0.23049 ±0.00050 (SLD ]992-95, preliminary), 

where error is dominatcd by statistics. 

Thc precise test of Eleclmweak shows no significant disagrecmcnt with the 
Minimal Standard Model. There are 20 diffcrence betwccn SLD and thc LEP avcragc, 

howevcr. we can not find any particular mcaning from this disagrecmcnt considering 

their systematic errors at this momen!. 3 ~,~r--'~ ;>:?1I 

It is interesting to look for thc ncw ow.. ~LD  

LR 
physics from the indepcndcnt 2 

precision experimcnts, typically the 

SLO and the LEP, with different 

observables andlor systematics. T o~-

With a half Million ZO samples and 

bP/P < 0.3% accuracy in polarization -1 Slandard Model 
167 <"' < 192 GeV 

measurcment, SLD can detcrmine� 60 <: mH <: 1000 GeV 

sin
2 Or/! with an errors of ± 0.0003 -2 ~~  2

LEP sin Ow 
which could distinguish additional -3--r _L LL L. . _ 

. . . -4 -2 0 2 4
contributions from non-standard S� 
objects to ZO amplitude. A rapid Fig. 4. S-T plolily Peskin-Takeuchi wilh SLO and LEI' d..la.� 

increasc of ZO samples in SLD experiment is cxpectcd. 
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