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Overview

Introduction

Measurements of:

— 0O,° Br(Z—I*17)

— Oy * Br(W—lv)

CDF + D@ combinations:

— 0y °* Br(Z-I*I"), o * Br(W—lv)
oy * Br(W—lv)

~ "0, * Br(Z—I"IN

Other measurements with W and Z

Di-boson production

Summary and Outlook




Delivered and Collected Luminosity

Tevatron Run Il: proton-antiproton collisions at 1.96 TeV

D0 & CDF Run Il Integrated Luminosity through 6 August 2003
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W and Z Production

* Need accurate knowledge of PDFs:

— modify longitudinal boost — experimental acceptance
» “Correct” for photon: Nz =N .4 * [0,/02]uc



Experimental Signature: Z— "I~

pair of charged leptons:

— high p;
— Isolated
— opposite-charge

redundancy in trigger
and offline selection

low backgrounds
control of systematics




Experimental Signature: W—lv

 single charged lepton:

~ high p;
— isolated

« E{™ss (from neutrino)

* less redundancy in trigger
and offline selection

« more difficult to control
backgrounds and
systematics

 need to understand hadronic
recoil

* but more ‘interesting’ than Z!
(post-LEP)

* 0°Br 10 times larger than Z6

Electron IJ%W

>~-.._Neutrino

Underlying event

Hadronic recoil

U
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DY Z—utu- (updated for this conference)

— luminosity: 10%
— efficiency measurements
from Z—p*u~ data: 3.3% 100

(statistics limited)

_ * N.yg=6126
Event selection: e [£=117 pb-
« Two central tracks: _
_ ‘loose’ p-id - Backgrounds:
Pt~ I ~ Zottr: (0.5+0.1)%
— opposite charge . & =19%
. |n| <18 total
° Mpp > 30 GeV DY Run Il Preliminary
« Cosmic veto > F
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Measuring Efficiencies using the Z—u*u~ data
\ “CONTROL - pu”

offline and

There are two U's
trigger p (" )™\ central track
The backgrounds are low soaea 7RI |

Can select pure Z sample
with even looser cuts on

isola
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CDF: Z—p*u-

Event selection:

Two central tracks:

pr > 20 GeV

opposite charge
minimum ionizing in CAL
at least one |[n| < 0.6
both |n| < 1.0

66 < M u < 116 GeV

Cosmlc veto
— cosmic background (0.9 £ 0.9) %

0, * Br(Z—pu*u™) = 246

Events per 1GeV/c?

CDF Run Il Preliminary, 72pb ™ |

= 1631
=12 pb'1
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« Largest systematics:
— luminosity: 6%
— PDFs: 3%
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Evis/ GeV/c 2

CDF and DG Z—ete”

Two isolated electrons, E; > 25 GeV, |n| < 1.1

250F
200—
C Opposite Sign (1830)
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CDF: o0, Br(Z—e*e”)=267.0£6.3+15.2+16.0 pb
D@J: o0,+Br(Z—e*e)=275 +£9 + 9 + 28 pb

stat. syst. lumi.



CDF: W-oev

° pT(e) > 25 GeV 5 Isolation vs. Missing Transverse Energy
s E_I_miss > 25 Gev 1_8§_A | CDF Run Il Preliminary
- 16 | . JL=72pb'1
’ Ncand = 38628 = 14F
Q - -
® 1.2k QCD Background B
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- 15;:_*.'-‘..
» QCD background g °%x
estimate ﬁ ' Wa‘f v Candidates
— 3.5+ 1.7)% T
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oy * Br(W—ev)=2.64 +£0.01£0.09 £0.16 nb
stat. syst. lumi.
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pT(IJ) > 20 Gev Yool Elnt.ri(.es. 21599 i

: o « DATA
° ETm'SS > 20 GeV 2000, Bf\;ﬂﬂ "
5 —uv
* Ngang = 21599 £ 0
2 QCD
« Backgrounds: (10.8+£1.1)% ™| O cosme
1200;
« Systematics: ‘:Zz
— PDFs 2.6% .
— hadronic recoil 1.6% -
200
G0 20 40 60 80 100 12-0

M., GeV/c’

O,y * Br(W—pv) = 2.64 + 0.02 + 0.12 + 0.16 nb

stat. syst. lumi. .



DJ: W—oev

and W—puv

p.(e) > 25 GeV
E miss > 25 GeV
N g = 27370

[r.=42 pb

DZero Run Il Preliminary
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CDF:

W— 1tV

« Look for jet within
narrow 10 degree cone
 |solated within wider
30 degree cone
* pq(t) > 25 GeV
« E Mss > 25 GeV
* N.,.q=2345

cand

CDF Run II Preliminary, r L=72pb"
J

1400 | W — 1 v :number of tracks, associated with the Tt candidate
B 2345 events
1200— #
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Oy * Br(W— tv) = 2.62 + 0.07 + 0.21 + 0.16 nb

stat. syst. lumi.
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Comparing and Combining o * Br (W,Z2)
Measurements from CDF and DY

* Luminosity determination:
— measure total rate of inelastic pp collisions

* c)-inelastic
— measurements by CDF and E811 @ 1.8 TeV
disagree at ~30 level

— different methods of averaging CDF and E811

give values in the range:
« 59.1 <0 < 60.7 mb (extrapolated to 1.96 TeV)

inelastic

(2.7% difference)

 For o« Br (W,Z) results quoted above:
— CDF uses o =60.7 mb

inelastic
— D@ uses o, =57.6 mb (5.3% difference) 16

inelastic



Comparing and Combining o * Br (W,Z)
Measurements from CDF and D@

For “my combinations”s presented below | have
chosen to:

— Scale reported o * Br (W,Z) values to correspond to

consistent value of 0, ,qtic
* Arbitrarily chose: 0 ¢jastic = 60.7 mb

* Multiply o « Br (D) by factor 1.053

— Quote additional 2.7% syst. error to cover ambiguity in
choice of o.

inelastic
« total error of (4 + 2.7 = 4.8)% assumed for o,

inelastic
* 100% correlated between CDF and DY
— PDFs next most significant error (1—3)%

N.B.
§ These issues have been discussed within Tevatron EWWG, but ....
$ No official policy yet agreed by CDF and D@

$“my combinations” should be taken as the responsibility of a review
speaker: not official CDF / D@ results



Standard Model:
0, * Br(Z—I*1") =252 + 9pb
— NNLO calculation
[Nucl.Phys. B359 (1991) 343]
— NNLO MRST2002 PDFs

— 3.5% uncertainty assessed using CTEQ

error PDFs

[But also see talk by Robert Thorne at
this conference]

— LEP Br(Z—I*I") = .03366 + .00002

Tevatron Average
0, * Br(Z—I*I") =258 +10+ 16 pb
expt. lumi.

expt. error from counting Z’s
— statistics limited

Tevatron Run |l Preliminary
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s GDF 4+ D
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ey e R 10 o
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Standard Model:
oy * Br(W—Iv)=2.72 + 0.10 nb

— NNLO calculation
[Nucl.Phys. B359 (1991) 343]

— NNLO MRST2002 PDFs

— 3.5% uncertainty assessed using CTEQ
error PDFs

— SM Br(W— lv) =.1082 £ .0002

Tevatron Average
Gy * Br(W— Iv) =2.69 + 0.09 £ 0.17 nb
expt. lumi.

N.B. expt. error will always be smaller

than lumi.
In the future we can use
o * Br(W,Z) to determine
the luminosity

Tevatron Run Il Preliminary

<«— Standard Model

--------- ——- CDF + DY
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--------- —k—- CDF
1:: ------- st DY
Witr! I }Iumi.syst.
without
—h— W-o 1tV
e o W—-evorpuv
- ... S — W puv
i Woev
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o(pp— W) ¢ Br(W — Iv) (nb)
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oy * Br(W—lv)

R= 5, “BrZoTT)

Luminosity error cancels

Other important systematics partially cancel:

— PDFs
— Experimental: high p+, isolated leptons

Tevatron EWWG:

— Evaluated correlated systematics

— Performed ‘official’ average of CDF(e,u) and
DJ(e) — shown at EPS-Aachen

Update including DQA(u) here

20



Tevatron measurements of
R = oxBr(W—lv)/oxBr(Z—ll)

Run | + Il combined® —o—
Run [l
Tevatron combined® ——
DO (e) —o—
DD () o
CDF (e) —e—
CDF (u) ——
Run |
Tevatron combined ——
DJ (e) ——
CDF (e) ——
Illllllllll]llll]lllI]lIll]lIllIlI]llll]I
9 95 10 10.5 11 11.5 12 125 13

R

¥ 'my combination’

10.59 £ 0.20 Run (I + 1)

10.61£0.30 Runll
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Indirect measurement of Br(\W—lv)

¥ ‘my combination'

measure

\ W—lv -0~ LEP  10.74 +0.09
—— TeV  10.60 +0.26%

2= Ow Br(W—lv)
o BF(Z—>|+|_) Wt —e— LEP 11.20+0.22
Wouy —e— LEP 1055+ 0.16
NNLO LEP o TeV  11.11+0.41°%

calculation

Woey —e— LEP 1059+0.17
—— TeV 10.48 +0.27%

e

Br(W—lv) (%)



Indirect measurement of I,
« Br(W—lv) =T (W—lv) /Ty,

SM
Tevatron combined results:
[w=2.135%0.053 GeV

cf LEP+Tevatron direct measurements:
[\w=2.139 £ 0.069 GeV

Promising future for such measurements with ~2 fb-1:
« 0O(10°%) W-—lv events per channel per experiment

* 0O(10°) Z—I*I" events per channel per experiment for
calibration
« LEP2: O(10%) W—lv decays per channel per experiment

3 “my combination”

23



Other measurements with W, Z events

« High mass tail of Z

Points: Data
Yellow:Simulation
Green: Backgrounds

CDF Run Il
Preliminary
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Ziy" > e'e MC
band includes
several theoretical
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Other Measurements with W.,Z Events

» Data/MC comparisons for p(Z)

Entries /3 GeV

— probe QCD phenomenolgy

DY Run Il Preliminary

o Data

— Monte Carlo

L—Utu”

Ll | ] L1 1 | I"r! e ‘I
30 40 50 60 70 80

Z pt/GeV

csof—
—

CDF Run Il Preliminary

I L dt = 72.0 pb'

Many more such measurements to come:
e.g, W/Z rapidity — probe PDFs
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Looking for Z— 11~

* Look for isolated, high p; e or y opposite narrow

events, Data
B N 8 @ &
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CDF — 2
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Ntrack

D@ Run Il preliminary

(opposite S|gn

-same sign)
Z Tt MC

——Data

1ok
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0 10 20 30 40 50 60 70 80 90
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CDF Run 2 Preliminary (72 pb™)

——- data
O - Z— TuTh
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1
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* small numbers of
candidates

* rates consistent
with expectations
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CDF Wy, Zy Events }updated for this conference)
T £=128 pb-1

* Require central y
¢ Ef(y)>7 GeV o * Br quoted for
07

AR(I-y) = V(An2+Ad2) these cuts
—_ CDF Run 2 Prellmlnary 128/pb CDF Run 2 Preliminary 128/pb
N024D_"|"'|"'|"'|"'|' SRR RN RRRN RN RN ":; 1800 IIIII'Hl'llllllllllwllj
> 2200 47 seen = ; 160} 133 seen o : -
(5 200 = 8 N ]
='8F 43 expected 1 z 140—141 expected 3 :
=160 . = ‘ ¥ __9 :
= . < 120} 2 : -
21407 N = B
= 120 3 1001 . =
100 [ = PR i
N 80 e M - WGamma MC =
80 :_ " A 22 ZY% MM'Y eve ntS _: I . e 75Candidates (e) |
60 [ . 6ok : A 58Candidates (p) |
a0 - 252Zy—> eevy events_f I
20 Z~H||y|v|c - e I T PP PP PP P
4] Ertried il b B Al b 40 60 80 100 120 140
0 20 40 60 80 100120 140160 180 200 220240 M-(l,v) (GeV/ c? )

M, (L,1) (GeV/c?)

o0+*Br=5.84%1.0(stat.) £ 0.4 (syst.) £ 0.4 (lumi.) pb O0°*Br=17.2+ 2.2 (stat.) £ 2.0 (syst.) £ 1.1(lumi.) pb



CDF W W Search (updated for this conference)

l CDF Run Il Preliminary - Opening Angle vs. E; ‘

* |solated lepton pair e
* opposite-charge, high p :

o Emiss % R
 Z veto é .

 veto events with jets i

+ [£=126pb- W

« 5 events seen T w0 e s a0 w0 i

« 9.2 events expected
(2.3 background, 6.9 +1.5 WW — |v |v)

oW =5.1%3¢ (stat) + 1.3 (syst) £ 0.3 (lumi) pb .

g, =13.2540.25 pb J.M.Campbell, R.K.Ellis hep — ph/9905386 28



Summary, Outlook

EW analyses with Run |l |£>100 pb- becoming
available

Detectors/triggers/simulations becoming better
understood — entire physics programme benefits

Looking forward to a flood of new EW results this
autumn:

— 0 * Br (W,Z) and ratios

— QCD of W,Z production

Tevatron EWWG becoming very active

— Need more streamlined procedure for CDF/D@ to approve
combinations of updated measurements
« once combination methods are well-established

29
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