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Z Pole Physics
The Process SLD Tests:
e
Z0 f
f
e+
Initial State Fina State

For longitudinally polarized electron beams, we
have the polarized cross section (at born level):

1- PA)(+cos’q)+2A (A - P)co
dcosqu( e A( q)+2A; (A - R)cosg
where; P, = polarization, Ay, Isinitid (final) state coupling
asymmetry and g isthe polar angle of the final state fermion
to the electron beam.

The coupling asymmetry:

2V.a 2(1- 4sin?
f f2 e fore=s A O ( Q)

vf + a2 1+ (1- 4sin®q,,)?

f
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Z Pole Physics: Asymmetries

|nitial State:
* One can define the left-right asymmetry which

equalsthe initial state coupling asymmetry A,

1s(eg ® Z°-s(e'ey® Z°%

0 o —
Ar P|s(e'e, ® Z°) +s (e'g; ® Z°) A
@Fl> EL + ER Note: This becomes a counting
e L R experiment with small syst. errors.
dA ; 5-79 Also, A isvery senditive to the
dsin®q,, weak mixing angle:

Final State:
« Additionally, one can construct a forward-backward

left-right asymmetry and extract the final state
coupling asymmetry A; (for say f=t),

;&'t: o (SLF_SLB)_(SRF_SRB):E‘P‘A
° S r+tSE)t (S tSr) 4 ’

L )) — 7.9
dsin®q,,
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Z" Pole Physics: t Polarization

At LEP, the longitudinal t polarization, P,, of
t pairs produced in Z decays, is

_SR'SL
R_T
SRTS,

Then, P, isafunction of the polar
scattering angle, soat Gs=m,:

A (1+cos*J)+2A, cosJ
1+cos’J +2A A cos]

R (cosJ) =

(Neglecting gexchange, gZ interference, and
radiative corrections.)

L »-7.9
dsin®q,,

The LEP experiments do combined fitsto
determine both A _and A,.
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Updated 1999 SLD A, g Measurement

A’ =0.15108 + 0.00218

 Thisiseguivaent to an effective weak mixing
angle of

sin g S = 0.23101 + 0.00028

Thisresults includes ALL of the SLD data,

with many new checks on systematics
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Evolution of Ay Systematic Errors

Polarimetry errors are approximately
equal to all other systematics combined.

The next largest error is due to the energy spectrometry.

1992 1993 1995 Now

Polarimetry 2.7% 1.7% 0.67% | 0.5%
(fractional error)
Ecm - - - 0.4%
(fractional error)
Background (frac.) | 1.4% 0.25% |0.11% |0.044%
(correction)
SLCasymm (10%) |1.8+4.2 |0.4+05 |-1.9+0.3]-1.3+0.7
(correction)
Total fractional 3.6% 1.7% 0.75% 0.65%

error
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Recent SLD Checks

*Electron Polarization

two additional independent polarimeters have
been employed to confirm the electron
polarization measurement

«Center-of-mass Collision Energy

Z scan done to confirm the beam energy
measurements

*Positron Polarization

ea measurement of positron polarization was
done to confirm its absence

P, =0.02% +/— 0.07%
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SL D Checks: Electron Polarization

Primary Polarimeter:

Cerenkov Detector detects Compton electrons

smeasur e asymmetry at kinematic edge (70% analyzing power)

532 nm
Frequency Doubled

AL Laser
Mirror
Box X g
,:!_3 Circular Polarizer

I Focusing
and
# Steearing Lens

Mirror Box
F {preserves circular
polarization)

Cempten
Back Scattered e~

Laser Beam __7
Analyzer and Dump/
"Compton |P*

Analyzing

Bend Magnet

Cerenkov
==, Detector

\ Cluartz Fiber

‘/_ Calorimetar

Pclarized Gamma__~*
Counter

Two new detectors, PGC & QFC, detect Compton gammas
*measur e energy asymmetry

*16-22% analyzing power for PGC

+18% analyzing power for QFC

*measur e P during dedicated electron-only runs
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SL D Checks: Electron Polarization

Polarized Gamma Counter and

Quartz Fiber Caorimeter

confirm the Cerenkov Detector
measurement

o PGC %4 |

g

0.74

o ]
L]
J:' - -
(] = ar | T
H | l=-. i
£ Gral— % % -
- - % i
S i 7
U : %‘ _
LI_ - -
o e a)
= i 5
] L ]
(N |
0.68 — % %
Gnﬁﬁ 1 l 1 1 | 1 1 1 l | 1 l 1 1 | 1 1 1 l | 1 1 1 1

G.66 .68 0,70 .72 0.7 4 0.76
Cerenkovy Polarization

PGC: - 0.2% agreement (relative)
QFC: + 0.8% agreement (relative)
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SLD Checks: Z% energy scan

Final Scan Results, 100 MeV Energy Width
0.50

040
.36
0.30

.25

A |
g1.0

915
E_, [GeV]

. B
920

924 03.0

R e
95,0 20.5

Two off energy points were taken to

calibrate the SLD energy spectrometer.

We conclude D&s = - 46 + 25 MeV
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SLD Checks: Positron Polarization

Positron Polarization Experiment
(“Posipol”): T-419

NDE

Thermionic LINAC Spin Rotator e

v
G /

Hypothetical e+ pal. k
is transverse verticadl
after SDR
Moller Tarect
Magnet'zed Fo'l

[Intensioning frame)
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—— 20"

[

Po=-002+0.07%]|
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Ar Numbers

e Tableof thetime history of SLD’sA ; andthe
luminosty weighted average polarization

Y ear AR P. (%)

EW Precision Measurements Si-D

1992 0.100 +/- 0.044 +/- 0.004 22.4+ 0.6

1993 0.1656 +/- 0.0071 +/- 0.0028 62.6 + 1.2
1994/5 0.1512 +/- 0.0042 +/- 0.0011 77.2+ 0.5
1996 0.1570 +/- 0.0057 +/- 0.0011 76.5+ 0.5

1997/98 0.1490 +/- 0.0024 +/- 0.0010 72.9+ 0.4

Total 0.15108 +/- 0.00218

 AnEW correction of ~2% is applied to get from
A gm0 A RP (the Z° pole)

A%, =0.15108 + 0.00218

* Thisisequivalent to the effective weak mixing
angle of

sn g5 = 0.23101 * 0.00028
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SLD Left-Right Forward-Backward A ¢yons

ons

 Thisisafinal state
coupling measurement. SLD Prellmlnary

*  Ajgyton IS determined € 1000 Z’—e"e’ 96-98
from the forward- B 800 4,
backward left-right :

asymmetry:

(NLF - NLB)' (NRF - NRB)
(NLF + NLB) +(NRF + NRB)

Au

evenis

« AandA_ a
S multaneously
determined from a
maximum likelihood fit
to the angular
distributions

« Thisanaysisisatest of

eventis

lepton universality and 080804020 02 04 0608
aso, if LU isgranted, ahad
thisanalysis precisely

measures sin?g,,

ds
d cosq

i (L- PA)1+cos?q) + 2A,, (A, - P.)cosg
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Measuring A

SLED

leptons
o Sample statistics for 1996-8 data

Channel | Sample | Efficiency | Purity | Dominant Background(s)
size (Jcosg|<0.8)
ee 14803 87.3% 98.6% t"t” (1.2%)
mm 11867 85.5% 99.8% t"t” (0.2%)
t't 11266 78.1% 94.6% | mMm (2.0%), 29 (1.7%)

This 1996-98 data has been analyzed to ¥£os g¥2< 0.8,
and will eventually cover toY£os g%2< 0.9.

o Combined (preliminary) results of the lepton
asymmetry for 1993-8 data are consistent with
lepton universality:

Avepton 9rfg,S
A.=0.1558 + 0.004
A,=0.137+0.016
A =0.142+0.016
Agq =0.1523 £ 0.0057 | 0.23085 + 0.00073

Eventual error will be £ 0.0006
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Summarizing the Left-right
Forward-Backward Asymmetry

Preliminary SLD Alaptnn results
A+ — -
— =
A =
AE-’I-T B
| | | | |
0.1 D12 0.14 0186 018
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Summarizingthe SLD sin®gS"  measurements,

using the full SLD data set

1999 A, i, update:

sin °q S (wr) = 0.23101 * 0.00028

Preliminary left-right forward-backward lepton asymmetry

sin g & (wes ) = 0.23085 + 0.00073

Combined SLD Average:

sin2q & (r + tree ) = 0.23099 + 0.00026
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A .M easurement

Comparison of the world's A_ measurements

World Ap results (Preliminary)

SLD At —+—r 0.13710.016
ALEPHA " -l 0.150 £0.022
DELPHI A" | . 0.141 £0.022
lBAL" l 0.15510.031
OPALA_* [ l 0.13810.022

I : I : I I

012 014 016 018

(x%/NDF=0.4/4)
LEP measurem ents:AIL:ﬂAFB ”IBAE
Using Ae=u.151uiu.uu21 (SLD+LEP)
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Tau Polarization

DELPHI has presented a new measurement of
the tau polarization

Experiment A Ac

ALEPH 0.1452 + 0.0061 | 0.1505 + 0.0069

DELPHI ~ |0.1359 + 0.0096 | 0.1382 + 0.0116
L3 0.1476 + 0.0108 | 0.1678 + 0.0130

OPAL 0.1340 £ 0.0134 | 0.1290 + 0.0149

* old DELPHI result:

A, = 0.1381+ 0.0104
A, = 0.1353+ 0.0121
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World A_results (Preliminary)

SLD Apes” [

ALEPH P,
DELPHI P,
L3 P

T

OPAL P,

-

D.142 £0.0186

0.145210.0081

D0.135910.00986

0.147610.0108

0.134 £0.0134

(x*/NDF =1.3/4)

World A results (Preliminary)

SLD A,

SLD ALRFB °r

ALEPH P,
DELPHI P,
L3P,

OPAL P,

+

012 014 016 018

0.151110.0022

0.1558+0.0064

0.150510.0070

0.138210.0116

0.167810.0130

0.129 +0.015

(x*’NDF=5.6/5)
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Measurements of Al

Tau pol. —— 0.1450 + 0.0033
LEP average —\— 0.1471 1+ 0.0026
A, (SLD) Hi— 0.1511 + 0.0022
Average i 0.1494 + 0.0017
1000 rm
s00 | ‘\EE
I N
S 600 |- “‘# ]
w - T i i i +
v, [ Hq-l-i o m, 91 187 + 2 MeV
T [ i :
B 400 \ \ i |1 E] m=174t5GeV
i L [ Ao = 0.02804 +0.00063
= :
0.14 0.15
[, (MeV])
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Preliminary
A0 — 0.23107 = 0.00053
A 1—8— 0.23210 + 0.00056
A, ® 0.23136 + 0.00065
A, 0b e 0.23236 + 0.00036
A 0c A 0.23258 + 0.00086
<Q,> ¥ 0.2321 £ 0.0010
Average(LEP) . S 0.23195 + 0.00023
ydof B2/h
0.23101 + 0.00028
Average(LEP+SLD)-0- 0.23158 = 0.00018
10 3—_

=
Q
O

T
E .2 EE Act, = 0.02804 + 0 00065

107 Eifig = 0.119+ 0.002
EERm=1743+51 GeV
0.23 0.232 oot 0.234
. 2, 1P
SIN"0 g
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SLD/LEP weak mixing anale Results

HA— weh

L epton based results are nicely —7 &
consistent (LEP includes {4 ALEPH
results from lepton FB asyms. g( e . BEEN

and tau polarization). 5

SLD : 0.23099(26) ”;L‘ * ”
LEP: 0.23151(33) ——e—— OPAL

average : 0.23119(20) | =

simegept

SILD—ILEP Weak Mixing Angle Results
0.236|—  World Avg: sin“e*" = 0.23161 + 0.00018 —

Leptons only: sing@}wﬂ‘ _ 0.23119 = 0.00020

02384 — Hadrons only: sin®®,°" = 0.23236 + 0.00031 —

A

G280 = Ay olgn T Aps O Ar Ay ofpn” En® G

. 2o eff
sin" By

The LEP hadronic methods differ from the lepton average by 3 s
The dominant LEP contributor here derives from A(b) :
Any concerns about b-couplings are also relevant here.
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Conclusions

SLD now has an updated measurement of the weak
mixing angle from A,  and the left-right forward-
backward |epton asymmetries:

‘ sin2q & (wr + wres ) = 0.23099 + 0.00026 \

Thisresult includes ALL of the SLD data,

with many new checks on systematics

The SLD/LEP lepton electroweak measurements are
self-consistent.

A modest difference exists between the lepton and
hadron parameters.
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