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e Run Il (2002)

— /s = 1.96 TeV, 8-17 pb~1

— Results: W2

e Run | (1992-1996)

— /s = 1.8 TeV, 80-110 pb~*
— Results: W-decay angular distributions, o4 (pr)
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W,Z cross sections in Run Il (/s = 1.96 TeV)

e Why care about boson production cross sections?

— Test consistency of SM couplings
— Constrain proton PDF's
— Understand higher-order QCD contributions

e Why really care about boson production cross sections?

— Requires good understanding of experiment: detection efficiencies,
backgrounds, luminosity.

— |f experimental and theoretical uncertainties are small, can be used to
measure luminosity, normalize other measurements.

— A pathway to the physics goals of Run II: t — Wb,
(W*,Z*) — (W, Z)H, precision electroweak measurements. . ..

e An early test of the capabilities of Tevatron experiments.

e Cross sections should increase by ~ 10% from 1.8 TeV — can it be seen?
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Understanding cross sections

e Reminder: at the Tevatron,

— W = one high-momentum lepton plus large missing energy (neutrino).
* Cannot measure pY, all measurements in transverse plane.
— / = two high-momentum opposite-sign leptons, My, ~ 90 GeV.

I\Iobs — Nbg
Ae [ Ldt

e Elements of cross-section measurement:

— Nops = number of events observed
— Npg = estimated number of background events

og-B=

— A = kinematic and geometric acceptance
— ¢ = total efficiency

— [Ldt = integrated luminosity
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Understanding samples — CDF W — ev, W — v

e Lepton plus B+ sample accounted for by W — v, Z — 00, W — Tv,
QCD jets (fake leptons) and cosmic rays.
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Understanding samples — CDF W — v

W = 1 v :number of tracks, associated withthe 1 candidate
250

CDF Run II Preliminary, JL ~15pb™
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CDF W — er and W — uv cross sections

CDF Run Il Preliminary

W — ev W — uv
Nobs 5547 4561
Npg 409 + 85 569 + 63
A (%) 23.4 4+ 0.9 142 +£04
e (%) 81.1 + 1.8 63.2 + 3.8
[Ldt (pb™1) 104 + 1.0 16.5 + 1.6
o - B (nb) 2.60 £ 0.034:4t 2.70 £+ 0.044.¢
+ 0.13¢ys £ 0.26jym | == 0.195ys £ 0.27)ym

e 10% luminosity uncertainty is an upper limit!
e Best CDF Run | result: 0 - B(W — er) = 2.49 + 0.12 nb.

e Theory predictions at NNLO (W. Stirling):
—G-B=250nb@,/5s=18TeV —273nb@/5=196TeV

e Measurements consistent with expected rise in cross section.
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Understanding samples — DO W — ev

e DO electron plus B/ sample accounted for by same processes.

DOR

P70 = L L B L

500(—
400
300{— -
200F

100

a)

Lo o B B B

400

300

200

100

—TTTTTT‘TTTT‘TTTT‘TTTT‘TTTT

60

MT/GeV

70

80

90

100

110 120

600

w2 Prefiminary

500

K. Bloom, U. of Michigan

ICHEP 2002



D0 W — er and cross section

DO Run Il Preliminary

W — ev
Nobs 9205
Npg 5782 + 357
A (%) 19.6 + 0.9
e (%) 86.5 &+ 3.6
[Ldt (pb™1) 75+£0.8
o - B (nb) 2.67 % 0.0644
+ 0.334s = 0.271um

e Systematic uncertainty dominated by background estimates
e Best DO Run 1 result: 0 - B(W — er) =2.36 £+ 0.15 nb

e Measurement consistent with expected rise in cross section.
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% and cross-section ratio — DO electrons

DO Run Il preliminary
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e Z cross section: 0 - B(Z — ee) = 266 £ 2045 £ 205y £ 27)ym pb

e Also measure R = 0"V /o%: Re = 10.0 4 085 & 1.3y

e Theory gives R = 10.91; DO Run | result R = 10.90 + 0.52.
o With

_o(pp = W)W — ev) T(Z)
o(pp — Z) T(Z — ee) T(W)’

(W) = 2.26 £ 0.1842t = 0.295s 1= 0.04¢x: GeV,
current world average 2.114 + 0.043 GeV.

Re
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Cross-section ratio — CDF muons

e Measure ratio in muon channel: N% 7 CDF run i
8_ 20 ] e Data * preliminary
R, = 13.66 4 1.94"1% A 1 16 pb?
(CDF Run II preliminary) 25 '
e CDF Run I result: ) :
R. = 10.90 4 0.32 £ 0.29.
e Extract 5 |
M(W) =1.67+02473134+0.01GeV w4 4 Bt ® 4
60 70 80 90 100 l\jl.l:j—u_ (2.322\//012?50
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Cross-section summary — CDF/DO0 Run Il preliminary

(W — lv) (nb)

CDF(e) [2.60 4+ 0.03 + 0.13 £+ 0.26
CDF(1) | 2.70 + 0.04 + 0.19 4 0.27
DO(e) | 2.67 + 0.06 & 0.33 + 0.27

DY and CDF Run2 Preliminary
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W-decay angular distributions

e Understanding QCD effects in W production helps reduce uncertainties
in My and other electroweak measurements.

o Without QCD, p¥¥ = 0, differential cross section for charged lepton in W
decay o< (1 = cosf)?.

e In NLO QCD, differential cross section in Collins-Soper rest frame is

d*o

1 2
dpWdyd(cosf)dg - T UT

Ao(1 — 3cos’0) /2 +
Ao (sin®0cos2¢) /2 + Assinfcosp+
A,cost +

where A; depend on p¥, v.
e Angular distributions at p¥ # 0 probe A;, predicted by NLO QCD.

e Previous DO measurement of Ay, new CDF results for Ag, A, and As.
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CDF Ay via M7 distribution

e Integrating over ¢,

do
d(cost)

o 1+ aycost + aycos®d,

with 1 = A4/<2 + A()), Qy = <2 — 3A0)/(2 + Ao)

e M distribution is sensitive to . => study shape as a function of p¥.
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CDF Aj results

e Measured o, (p¥) is consistent
with QCD predictions, and DO

measurements.

e Decreasing o = increasing longi-
tudinal polarization!

e Results are statistics-limited,
systematic uncertainties domi-
nated by My, p\év, and recoll
model.

&y

1.5

0.5

-0.5

- ® CDF (elecron+muon channel

| —— QCD (E. Mirkes, Nucl. Phys. B387(1992) 3)

CDF Preliminary
1994-1995 data (90 pb™")

|
/
/
/
/
/
7 —+
/

A DO (electron channel)

* Quark Parton Model

Il
10 20 30 40 50 60 70 8C

Corrected p", [GeV]

K. Bloom, U. of Michigan

ICHEP 2002



CDF A, and A3 via ¢ distribution

e The lepton ¢ distribution is sensitive to A, and As.

e Require at least one hadronic jet in the event, so that p¥¥ > 0.
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CDF A, and Aj results
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D0 measurement of R(pT)

e Measure do*V/dp¥ by measuring

w VA
R(pr) = Gow/ 5oz

— Trade  systematic/theoretical
uncertainties for statistical
uncertainty from Z measure-
ments.

e Good agreement (histograms)
with direct measurement (points),
method becomes more precise
with larger datasets.

e See PL B517, 299 (2001).
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Summary

e Sophisticated analyses of Run | data soon to be completed.

e Run |l analyses of W and Z bosons are underway:

— Established techniques to identify bosons with high efficiency.
— Good understanding of acceptances and efficiencies, will improve.

— W cross-section measurements are
x consistent with theory predictions and previous measurements

x systematics limaited
— / cross section, R are statistics-limited.

e A solid foundation for future high-pt physics studies!
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