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Tevatron and CDF/DO detectors

€®Over 7.5 fb! delivered and ~6.5 fb! . “0__
collected by each experiment : s

& More W—lv and Z—Il events reconstructed
at the Tevatron than at the LEP
€~17 M Z—ll (I=e, y, T) events from
four LEP experiments
®~1 M Z-ll (I=e, p) events from DI (6
fb1) ’
€ ~5M W—ev events from DG (6 fb1)

Muon Chambers !
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Outline

¢ W and Z boson properties

¢ W boson mass and width measurements (D)

¢ Charge asymmetry measurements (CDF, DQ)

¢ Z/Yy* boson Agp and do/dy measurements (CDF)
¢ Diboson production

¢ Zy production (CDF)

& WW-|vl'v (CDF, DD)

& WV—lvjj, VV—=met+jj (CDF)

& ZZ (CDF)

®CDF: http://www-cdf.fnal.gov/physics/physics.html
¢DJ: http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
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W boson mass
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Events/0.5 GeV

¢ 1fb!of data in electron channel

& Use Z—ee events for the
calorimeter calibration,
effectively measuring M,,/M,

¢ Three observables are used: M,

p+(e), pr(v)
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W boson mass

o(mw) MeV

Souree me w5 & DO W mass result: PRL 103, 141801 (2009)
Electron enerev calibration 34 34 34 ] . . . .
Electron resolution model 2 2 3 TevaTron ComblnaTlon' Clr‘XlV 09081374
Electron energy offset 4 6 7
Electron energy loss model 4 4 4
ecoll model 6 12 20 |

Electron efficiencies 5 6 5 CDF Run 0/1 e 80.436 +0.081
Backgrounds 2 5 4 T P —
Experimental Subtotal 35 37 41 ' '
PDF 0] 11 14 ] CDF Run I —e—i 80.413 + 0.048
QED 7 ’ J Tevatron 2007 —e— 80.432 + 0.039
Boson pr 2 5 2
Production Subtotal 12 14 17 DO Run Ii —e— 80.402 +0.043
[otal Systematic 37 40 44 . .
Statistical 93 57 93 Tevatron 2009 80.420 + 0.031
Total 44 48 50

World average -0~ 80.399 + 0.023
Combined result: . 1 L e

80 80.2 80.4 80.6

M,,=80.401 = 0.043 GeV ™ (GeV)

Most precise measurement from one
single experiment to date

Tevatron uncertainty is smaller than
LEP uncertainty for the first time

The WA uncertainty (was 25 MeV) is

reduced by ~10%

My = 87152GeV

M, <157 GeV at 95% C.L.
using precision EWK data

Both CDF and DO experiments are
working on new M,, measurements
using larger datasets
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W boson mass

o(mw) MeV

Source mr_ pf By | DO W mass result: PRL 103, 141801 (2009)

Electron_enereov_calibration 34 34 34 . . . .

S — 5 5 »—— levatron combination: arXiv 0908.1374

Electron energy offset 4 6 7

Electron energy loss model 4 4 4

ecoll model 6 12 20 |

Electron efficiencies 5 6 5 CDF Run 0/1 . A 80.436 +0.081

Backgrounds 2 5 4 T 80.478 + 0.083

Experimental Subtotal 35 37 41 ' '

ﬁDF 9 11 14 | CDF Run I —— 80.413 + 0.048

gc]i]é))n pr ; g g Tevatron 2007 —— 80.432 + 0.039

Production Subtotal 12 14 17 DO Run Il —o— 80.402 + 0.043

[otal Systematic 37 40 44

Statistical 23 o7 23 Tevatron 2009 —— 80.420 + 0.031

Total 44 48 50

World average -0~ 80.399 + 0.023
Combined result: e
M,,=80.401 = 0.043 GeV ™ (GeV)
Most precise measurement from one _ _
single experiment to date If AM,, = 15 MeV (23 MeV now), Amy, =
T 1 GeV (1.3 GeV now) and M,,=80.400
Tevatron uncertainty is smaller than GeV, M,,.=172.5 GeV, then
’ op M /

LEP uncertainty for the first time

11 % C.L.
The WA uncertainty (was 25 MeV) is My <117 GeV © 95% CL
reduced by ~10% (P Renton, ICHEP 2008)
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W boson width

DO W width result: PRL 103, 231802 (2009) ¢ Imporfant fo understand the
Recoil library method: NIM 609, 250 (2009)  recoil system response
¢ A novel method developed to

> _ .
3" DO, 1 fb" use the recoil system from Z
2 - .
e I 012752075 collider data on the W
£ PASTRIC simulation
> 10° I
w W
10° nZ —ee <— Standard Model

TMultijet

10

—e—i DO Runll (e) 2.028 + 0.072
—e— CDF Runll (e+41) 2,032+ 0.073
= —— e DORunle) 2231+ 0.173
—— CDF Runl (e+y) 2,050+ 0.128
—e— Had. Col. Avg (2008) 2.056 + 0.062
0 200 —e— Prel. LEP Avg (2006) 2.196 + 0.084
. GeV —e— World Avg (2008) 2.106 + 0.050

499,830 events in total M; (GeV)

5 . 272 evenTs in fail region | 11 1 I 1 1 1 | 11 1 I 11 | I 11 | I 11 1 I 11 1 I
8 2 22 24 26 28 3 32

1
I"W= 2028 + 0039 (STGT) + 0061 (SYST) Gev I" (W) Direct Measurements (GeV)
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Asymmetry

€ Use W (lepton) charge asymmetry
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Lepton charge asymmetry

@ u quarks carry on average more momentum than d quarks in the proton
€ W+(W-) tends to move along proton (anti-proton) direction

—— stat. error
—=— total error
—— CTEQS.6 central value
, " CTEQE.6 unceriainty pand

Pseudorapldity

's to probe the u/d ratio in the proton

74 Experimental uncertainties

are much smaller than PDF
uncertainties

& Useful constraints for the

global PDF fits

DO Prellminary

L=49fb"
:‘_ > 35 GeV

> 0.3 e
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CDF/DO lepton charge asymmetry
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E i CDF Run Il Preliminary 1 fb™! data (e) E 0.1 CDF Run Il Preliminary 1 fb™' data (e)
S 0.6 (no systematic uncertainties) 6 u (no systematic uncertainties)

T DO 0.75 fb data (e) o D@ 0.75 fb" data (e)
B D@ Run Il Preliminary 5 b data (u) 02 C DO Run Il Preliminary 5 5 data (u)
i |- RESBOS with CTEQ6.6 [ fassssssss RESBOS with CTEQ6.6
" ||||||||||||||||||||1||||||| —|||||||||||||||||||||||||||||
0 0.5 1 15 2 2.5 3 -0.3¢ 0.5 1 15 2 2.5 3
Lepton Lepton

€ CDF's W charge asymmetry measurement (PRL 102, 181801 (2009))
@ Preliminary electron charge asymmetry results using the same dataset

, DO electron (0.75 fb!) and DO muon (5 fb1)
charge asymmetry results are consistent with each other
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Forward-backward asymmetry

Forward-Backward Asymmetry, A__

e o 1* : : .. i K]
% <ogl i CDF Run Il Preliminary wqh 4.1fb
- g . ]
q——Z/y* — q oe e
/ 0.4f -
0.2f
+ -
€ In Z/y* rest frame of s
o Pythia prediction

Unfolded (stat.+syst.)

o(cos0*>0)-o(cosO* <0) ';i

AFB — : . Unfolded (stat. only)
o(cos0*>0)+o0(cosO0*<0) -oef :
08} - |
Selected Events with 4.1 fb” I S S S S ; . L
[ 6070 100 200 300 400 500,
ol 217,587 candidates
: ¢ Sensitive to new physics in high mass
E . & Sensitive to sin20,, around Z pole:
! n, 0.2326 + 0.0018 (stat) + 0.0006 (syst)
w: M (DO, 1 fb1, PRL 101, 191801 (2008))
: M ¢ Sensitive to Z-u and Z-d couplings
b 200 300 ‘4£|L'ﬂwm5£j A ﬂﬂocb

Dielectron Invariant Mass, GeV/ic'
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Acceptance x Efficiency

Z/Y* boson do/dy measurement

do N — kag
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70bsre.... 168,370 candidates
- Miac™
60 ma S T, W T4 |
= x L. 1'TD
50- \ - -
- Sensitive to |PDFs
40F /
30° 2 /
“66 <M < 116 GeV/c
20F !
- + : measuredo T{'
10F —
-— : NLO CTEQ6.1M prediction N
0:] — 1 e T L x-g_
0 0.5 1 1.5 2 2.5 3

efe” pair rapidity

¢ Measured do/dy is larger than (~10%)
the theoretical predictions at large
rapidities (]y[>2.2)

. @ Additional tuning of both the NLO and

NNLO PDF models may be needed
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Zy production

¢ E.(y)>76GeV, AR> 0.7, M;>40 GeV

¢ 0:-4.6+0.2(stat)+0.3(syst)+0.3(lumi)

¢ 0:=1.2+0.1(stat)+0.2(syst)+0.1(lumi) pb
for M(ppy)>100 GeV (predominantly

Events/Bin

pb agrees with o ,=4.5+0.3 pb

ISR events)

wl T I I | 1 I I I I I 1 I I I I | I I I | I I 1 | |-
12l CDF Run Il Preliminary, 2.0 fb" |
o Zy—>vv'y Zy, Zswv
| 7 W— elu/t >y
ﬂ % vy, losty
I ’ ¥ Non-Collision
i
10 W/Zy, lost e/p/t
B y 7
[ s /‘V i /////
gs s
: 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 :
40 60 80 100 120 140 160 180 >180
Photon E; (GeV)
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300 -

300

o 200 .
S
> 2 X %
m {5
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5 100 _— &(%X&%{
= [
_ Zy—ee(up)y
50 -
40 50 60 70 80 90100 5 200
M, (GeV/c?)
Limits on the anomalous AN
- . 7
trilinear gauge couplings -
FSR

using E+(y):

.
|h| < 0.050, |h{| < 0.0034
hd| < 0.051, |h]| < 0.0034
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]
WW—I|vl'v PRL 103, 191801 (2009)
¢ Important backgrounds for H=-WW _(a) ee+ell+l DO, 1 fb'

30
: >
> U
¢ Two high p+ leptons and large MET S
¢ Cut-based analysis (DD) vs matrix- <
element likelihood ratio analysis (CDF) T
2]
=
- [«}]
120— ) >
« [ arXiv:0912.4500 SM W*W’ w
S 1001 Submitted to PRL
5 [ Background
2 El .
S ~t Data 0 50 100 150
60— 3.6 fb-1 Leading Lepton p_(GeV)
402—\
E\s T + 4 COF Run | 14.6 * )
20— — 1 .
NS T res i
ok,%\mm NSNS \\\m\\\\, S eSS T Da Run i 138 4o
0 01 0.2 0.3 04 06 0.7 0.8 0.9 1
Matrix Element Likelihood Ratio (LR ) T .30
Run 6’
CDF Run 13.6 °)
A per-event probability assigned based 50 Run I T 522
. . i M -22
on a matrix-element-based calculation of e 1 B
the LO cross section for signal and bkgs CDF Run | 12177
2010-01-18 Junjie Zhu 02 46 B q0 T2 M T6 T 20 22

WW Cross Section (pb)



WV—l|vjj
¢ Demonstration of search techniques for WH—lvjj
¢ First evidence reported by DO in 2009: PRL 102, 161801 (2009)

¢ Fit M;; spectrum using signal and background M;; templates built
from either data or MC simulation

¢ Use the matrix element method to calculate event probability
density (EPD) for both signal and background hypotheses

—— Data (3.9 fb™)

2
3 A T R e
8 Wz 2 . ——Data (2.7 o)
g o fhaco | arXivi09114449  |Elwwenz
i B3 Top Z Submitted to PRL  |EdWiz+jets

“ o // s [Iaco

-

1P T U I O R e e

Events / 0.05
R

—
o

00 0o 02 04 06 08 1
c=16.0+ 3.3 pb EPD
=L e 106 125 200 o(‘l'heor'y) =16.1 £+ 0.9 pb
WOV Both collaborations are working on WZ—Ivbb
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4

VV—met+j]
Demonstration of search techniques

for VH—I(v)vjj

PRL 103, 091803 (2009)
LA B B B B L B B B B B

¢ Bkgs: W(Z)+jets, top pair, single top ., f¥— .

and QCD multijets (lower MET and 3 © Data(35M) i

S ” Aq)) % ¥ EWK Uncertainty |
malier s+ =] Background ]

¢ Unbinned likelihood fit to M; s - i
¢ 0= 18+2.8(stat)x2.4 (syst)+1.1 (lumi) | I
pb agrees with oy o = 16.8+0.5 pb L ]
«10° e _

% - S [ « Dan - . -
S5l - : I
C — S : ==
g 3 — Uncertainty _ ' ey
2 — - 1 o T T T DR
e e -

Lus; — — — = - o+;+— e,
ol - ) - = ' ' g - 02 . . . . . -
B _— -~ _— _~ - 40 60 80 100 120 140 160

1 s E: Dijet mass (GeV/c®)
— — | 1 First observation of diboson events in
OTR 2 2= a hadronic final state at the Tevatron

Remove QCD multijet bkgs =
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ZZ production

¢ First observation reported by DO in 2008 (PRL 101, 171803 (2008))
¢ 5 ZZ—IlI'l candidates observed with 0.04 bkgs expected (5.70)
¢ 0-156+080 , .(stat)+0.25 (syst) pb agrees with oy ,=1.4+0.1 pb

Lepton 3

2010-01-18

e s B
-1
I~ CDF Run I Preliminary [Ldt=4-8ﬂ>
| S . zz
5140 JZ ey ets
§' i % Data
p_‘E'IZO_— .....
S
= c e .
g F Ll
2100_ ............... O o = = =« « « -« .
£O [ e e e e afe o o o v oo o[RBT o0 « o o o o 0 o
B [ ---- o ocnn %II%S ........
= | - . . . .|+« . - & & + s o @O Qo s 8 - « . -
STR0F L *
60_— ......... -
C % IR KL
o A I
wb N Y
20— o e
i | L1 1 | L1 1 | L1 1 | 171 | L1 1 | L1 1 | |
_____ 20 40 60 80 100 120 140
M, leading P_Z [GeV/c?]
T
Junjie Zhu 16



Conclusions

¢ Electroweak physics program at the Tevatron
¢ Precision measurements of W and Z boson properties
¢ Useful constraints on PDFs
¢ Measurements of diboson production cross sections
¢ Limits on the anomalous trilinear gauge couplings
¢ Demonstration of techniques for the Higgs boson search

¢ More data incoming, expect to see more interesting
electroweak results from the Tevatron

2010-01-18 Junjie Zhu
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Vv

¢ QCD multijets: check angle
between MET and trkMET

¢ MC modelling of EWK bkgs:
checked using y+jet events

between data and MC, remaining

difference used to determi
systematic uncertainties

Events/0.78 radians

ne

CDF Runll Preliminary
O S S S S . T
—
o[ ‘
) —— ¢-jet template -
} + —1
0.08}- -~ -]
= -
0.06}— :==t=
= :
= — 2
0.04}— ==_—:: .l
- _—* ?
0.02} —
- PR P i PR e T ST R ﬁ
40 60 80 100 120 140 160
s 2
mijj (GeV/c)‘
2010-01-18 Junjie Zhu

V—met+jj

2]

Y

10

Normalization
region

CDF Runll Preliminary
L — 1 ]

Data
EWK before correction
EWK after correction

—— Multijet background rich —
region

-
1 1 i’ — . . . 4 — g e

1 2 3
Ap(E.P%)

Systematic % uncert.
Pt EWK sl.mp(‘ i 7

Resolution 5.6

Total extraction 9.5

JES 8.0

JER 0.7

Fr resolution model 1.0
ACEEptancs Trigger inefficiency 2.2

ISR/FSR 2.5

PDF 2.0

Total acceptance 9.0

Luminosity 5.9

Total 14.4
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