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STONY

BREWK Introduction
€ Vector and axial-vector coupling of fermions to the Z bosons:
g, =17 —2Q, sin”§, g, =17
Fermion 13 Q; Ov 9a
u t 12 213 (1/2-4/3xsin26,,) ~0.191 1/2
d S b -1/2 -1/3  (-1/2+ 2/3 x sin? 6,,) ~ -0.345 -1/2
V, v, \2 1/2 0 1/2 1/2

e T -1/2 -1 ‘-1/2 + 2 x Sin? Om‘ ~ -0.036 -1/2
_*___ ——

€ 0*-dependent cross sections:

do/dcos 6* = Ax(1+c0s?6*) + Bxcos6* f
A and B depend on I3;, Q; and sin20,, 9%
A _0g—05 _0o(cosg*>0)—o(cosg*<0) 3B (| = 0 (]
° o.+0, o(cos@*>0)+o(cosd*<0) 8A \
.

@ Directly probing the Z-quark and Z-lepton couplings Caline Samer e
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@ Precise measurement around Z pole € New resonance (Z’, LED etc) can

b

(> 200 GeV) PRD 70 093009 (2004))
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A is sensitive to sin20,, (sinZ6e™,, includes higher order corrections)
€ LEP A°_; and SLD A : off by 3o in opposite direction
€ NuTeV sin?0,, result: 3c away from the global EW fit

LEP EWWG, Phys. Rep. 427, 257 (2006)
Measurement Fit AOWE?—Of'tgcm“s LEP AbFB SLD ALR

I
m,[GeV] 91.1875+0.0021 91.1874 e Z/,Y* b e Z/y* 4
T,[GeV]  24952+0.0023 24959

ol Inb]  41.540+0.037  41.478

R 20.767 £ 0.025 20.743 — _ - _—
AS! 0.01714 £ 0.00095 0.01643 e b e : q
A‘(Pr) 0.1465 £ 0.0032 0.1480
Rb 0.21629 £ 0.00066 0.21581
RG 0.1721 £ 0.0030 01722 A

R T TR NuTeV This measurement

AL° 0.0707 £0.0035  0.0742 Y, \V/

A, 0.923 + 0.020 0.935

A, 0.670 + 0.027 0.668 U, d . e
D) 0151300021 01430 1> Z/'Y

sin‘e."(Q,) 02324 £0.0012 02314 7

m, [GeV]  80.398+0.025  80.377
Ty [GeV] 2.097 +0.048 2.092 _ _
m, [GeV] 1726+1.4 172.8 u, a e

March 2008 0 - 1 I 2 3
&n%0,,(VN)0.2277 £ 0.0016  Eo—— u, d u, d

G.P. Zeller et al., PRL 88, 091802 (2002)  Junjie Zhu 4
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0, Only depends on " March 2008
Aﬂ) |epton Coup“ngs D 23099 T 000053
A(P.) 0.23159 + 0.00041 I, = |
Gaad
R/ e !
R 4
b
0.b
Ao, 0.23221 £ 0.00029 Y
0. ;
A = 0.23220 + 0.00081 i )7@
had Ary
 Also depends on \7 Rzt e A *
quark couplings ib
Average I+ ﬁD.231 53 + 0.00016 A?SLD)
10 3__ . yidof:118/5 _ sin elept(ofb)
.
S Known to 0.07% o
} ] :;_e_ w
(.qf; 1 _ f:'f Q,(Cs)
£ o sinOy(vN)
10 % s £ Ac!®) = 0.02758 + 0.00035 g (vN)
] e A == m- 178.0+ 4.3 GeV g=(VN) *oreliminary
0.23 0.232 0. 234 2 3
5 _lept 10 10 10
sin El M, [GeV]
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B n=0 1) fﬁlf;;
mi Muon Scintillators o
e o
5 — Muon Chambers
- n=2
-
_.--""-H-F
u 1
entral ), B
| : - - it
. L Shielding —
B ndc

=10 -5 1] i 10
# Silicon Microstrip Tracker and Central Fiber Tracker (Tracks |n| < 3.2)

€ Central and endcap calorimeters (Electrons |n| < 4.2)
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€ Run Il data: 1065 + 65 pb1 (Z/y* — ee)

€ Two electrons SatiSfy: Mass range ccC CE
GeV) |Forward Backward|Forward Backward
& pT > 25 GeV (GeV) | Fors . | =
50 — 60 69 78 15 16
@ Isolated with large EM fraction (jg— Z“ 1;)64 ﬁf éi 3;
. . J— o i} i )L .
€ Shower shape consistent with that 75 _ 81 191 235 179 203
of an electron 81 —86.5 | 749 763 843 970
86.5 — 89.5 | 1388 1357 1860 1694
¢ 50 < M, <500 GeV 89.5-92 | 2013 1918 | 2543 2214
@ Look at CC and CE events LA vl I o i
. — 1Uo iTelt D D 4
& 35,626 events after selection 105115 | 153 97 243 88
# 558 events with 130 < M,, <500 Gev (L)~ 0| b 2 | T 2
€ A ; measured in 14 mass bins 180250 | 31 13 53 16
250 — 500 14 15 17 4
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%@&% Signal and Backgrounds

@ Signal events:
€ PYTHIA events with 15 <M < 1000 GeV
@ Passed through the GEANT simulation of D@ detector
& Efficiencies, energy scale and resolution tuned to agree with data
€ Backgrounds:
@ Electroweak backgrounds measured using GEANT MC simulation:
& Z/y*—>1t, W+X, WW, WZ, tt
€ Negligible for most mass bins
€ QCD multijet backgrounds measured using real data:
@ Invert electron shower shape requirements
@ 0.9% for the whole mass bins
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BRO'SK M., distribution
2 104 —
o DO 1.1 b data
2 s 2/d.0.f. = 80.9/51 Bl Signal
10 K YOO L= B Bl Multijet Bkg
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BRAWSK cosO* distribution
E : 1 —=— data
S DOL1fY B Signal
= = v3/d.0.1. = 57.3/40 B Vultijet Bkg
B KS Prob = 0.90 " SM Bkg
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@ Extraction of sin?6°,,, using PYTHIA:
€ Obtained from backgrounds-subtracted Agg distribution

€ Compared with A templates according to different values of sin?6¢",,,
generated with PYTHIA and GEANT-based MC simulation

€ Higher-order QCD and EW corrections estimated using ZGRAD2 program
(U. Baur et al., PRD 57, 199 (1998); PRD 65, 033007 (2002))

@ sin2@",, = 0.2327 #0.0018 (Stat.) #0.0006 (syst.)

€ Systematic uncertainties dominated by PDFs (0.0005) and EM energy
scale/resolution (0.0003)

@ Our result agrees with the global EW fit

€ Uncertainty comparable with the uncertainties from LEP inclusive hadron
charge asymmetry (Q"d_.) (0.0012) and NuTeV measurement (0.0016)
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BR&\@K Arg Unfolding

€ Raw A.; — Unfolded A-; (compare with theoretical predictions easily)
@ Detector resolution
€ Acceptance and selection efficiencies
€ Charge mis-identification

@ Procedure tested by comparing the true and unfolded spectrum generated
using pseudo-experiments

€ Systematic uncertainty on the unfolded A-g
@ Corrections used for unfolding
@ Electron energy scale and resolution
€ Backgrounds
€ PDFs
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j - D@11 arXiv 0804.3220
i xzfd.O.f- = 10.6/14 Submitted to PRL

| X/dotl.=10.6/14 g |
0.5 I

— PYTHIA
----- ZGRAD2

$ Statistical uncertainty
Total uncertainty

300 500
M.. (GeV)
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Unfolded A

(Mee) (GeV)

Predicted Arpg
PYTHIA ZGRAD2

Unfolded Apg

& Stat and syst uncertainties are comparable near Z-pole

54.5
64.9
72.6
78.3
84.4
88.4
90.9
03.4
099.9
109.1
121.3
147.9
206.4
310.5

—0.293
—0.426
—0.449
—0.354
—0.174
—0.033
0.051
0.127
0.289
0.427
0.526
0.593
0.613
0.616

—0.307
—0.431
—0.452
—0.354
—0.166
—0.031
0.052
0.129
(.206
0.429
0.530
0.603
0.600
0.615

—0.262 +
—0.434 +
—0.356 £+
—0.342 £
—0.176 £
—0.034 £
0.048 +
0.122 +
0.301 £
0.416 £
0.543 £+
0.617 £

0.066 £ 0.072
0.039 4+ 0.040
0.032 4+ 0.031
0.022 £+ 0.022
0.012 4+ 0.014

0.007 + 0.008]
0.006 4 0.005
0.006 4+ 0.007

(.013 £ 0.015
0.030 £ 0.022
0.039 + 0.028

0.504 £]0.085 4+ 0.016

0.320 £]0.150 4+ 0.015

|G.DLL+3 + U.ﬂ13|

& Stat uncertainty dominates at high mass
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@ Measure A and extraction of sin?6°,, using 1.1 fb* D@ Runll data
€ A_; measurement:

@ Unfolded Ay agrees with SM predictions

€ About ten times more data used than previous results
& sin?0ef, extraction:

®sin?g°f, =0.2327 +0.0018 (stat.) #0.0006 (syst.)

€ Result agrees with the global EW fit

€ Only electron channel used, the precision is comparable with the
uncertainty of LEP QMd_; and that of NuTeV measurement

€ With ~ 8fb! data, using e + 1 channels with CDF, expected
uncertainty will be comparable with WA uncertainty

@ Will benefit from the improvements in current MC generators
Incorporating higher order QCD and EW corrections
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STATE UNVERSITY OF NEW YORK Fermion Ov Oa A OA; /0sin” @,
u ¢ t 0191 0.5 0.66 -3.5
d s b -0.345 -0.5 0.94 -0.6
Ve V., oV, 0.5 0.5 1.00 0

ﬁ HI ﬁ -0.036  -0.5 0.16 -7.9

@ Left- and right-handed couplings: 0, =0,%t0r, 09x = 0,-0x
€ Fermion asymmetry parameter: A = 20,,9,/(9%,+9%,)
@ At ete collider:
@ Forward-backward asymmetry: Af; = (6'-0"3)/(c"-+05) = 0.75A A,
& Left-right F/B asymmetry (direct measurement of final-state coupling)
AR = [(65-0Rp)- (o g-0 ) /[(c . 0"p)+(o . 07F)] = 0.75P A
& Left-right asymmetry: A i = (o,-0r)/(o,,0r) = PA,
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SWEWTOFI\;IEEEKsurement of A g, A8, Al.gat SLD:

@ Excludes electron mode to avoid the added complexity of correcting
for t-channel interference

€ Determination of the beam polarization
€ Measurement of Al_; at LEP
@ Measurement of P (z polarization)
€ Measurement of AP, A

@ Use lepton tag: P and P of leptons can be used to assign a probability
that the lepton is a b or a ¢ quark

® Sign of the lepton tags the quark charge
€ Measurement of Q"ad_:
€ Use momentum-weighted jet charge to tag the quark charge

¥ Relies on MC to determine the relative abundance of the different
quark species
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sin%@e™,,, depends on scale

Moller scattering

v-nucleon scattering

Atomic parity violation
In Cesium
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