EWK /71\1;/5‘/'55‘ A‘L‘ f/\e TeVA'fror\

P Maorat{ FNAL) for the CDF and DO collaborations

physrcs of the gange bosons =~ W', Z, photons

- S/'hy/e boson Prodmc‘(f/'o;—\.' comp//'hyf to the fermions

- drboson production: self~ or triple gaunge comp//'hjs'
Tevatron vs LEPFP:

- LEP: Z pole, WW and ZZ production
- Tevatron: more W's, WZ palrs, larye Sqr‘tf(::j and Pt

preclrston measurements

. Proper‘f/'es of the W's: mass, wrdth, ér:\hc/\/'hy ratros
e Wisvs Z's — cor\sr'sfehc:7 of SM
* Probe RCD and rnternal structure of the proton

Signature—based searches




Integrated Luminosity (pb*-1)
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Tevatron today

~800 pb' delivered
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Peak luminosities above 1*10%**/cm?*/sec

o Tevatron as a vector boson f&cfory.’ *)

- ~30,000 W~—>¢ events/ week
- ~2500 Z~>ce evenrts/ week

- 120 WW, 40 W Z cvents/ week

*)for L~ /O pé"//week
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EWK results’ 2004

* Single boson production

- 2= 2Czan tan

i W clw\rﬂe AS(/mme‘fH/

* Diboson physics

= Wgamma and Z gamma cross sections

- Wgamma/Zgamma: limits on anomalouns couplings
- WW production

- WZ/2ZZ results

- WZ: limits on anomalous couplings

. Prolper-f/'es of the W —boson: mass (Sfafmfj and wrdth




pp—2Z~2tan tan cross section

o Taus very important i

S

- H~>tautan, SUSY at large tan(p) %

o Z~>tavtan = establishes the baseline 3
- Learn if accaracy better than 10].

pp—Z—-t(uvv)t(elhadronsv)

DO meafmremehf N

e ~2000 cverts, S/ B ~ /

S/’hﬂ/e muon ‘L‘rl’yyer, newral network—based 1 /D

Plu)>12Gev, £L1) > 10(5) GeV

Z—2tauntan S/’yhp\/.‘ 9/14+/~24 events

0(pp—ZZ)XBR(Z-TT) =

(252 105, 2 9+ 17LUM) pb

[M(1)>60 GeV/c?)

/\ep/ex Oo412020

600

Je
A
f

- Do e OS-bckg
500 - background
400 Z—1tt MC
* '
300 ¥t¥ty
- *’1‘*** #*ﬁ
200F AR 2T SRR *ﬁ***’*** ¢
C ¥
1001 +++++
- ¢
03 04 05 06 0.7 08 09 1
NN output
180
E 1ol P2 = OS-bckg
3 140 Z—-1t MC
% 120 i .+|+ (=226
S 100 T 1 pb!
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40
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CDF'04 (u) —- 2768 + 16ig:i 166 pb CDF'04 (e)
CDF'04 (e) —e 2780+ 14+ 55+ 167 pb CDF'04 (u)
CDF'04 (e+u) —e 2780+ 14 + 5+ 167 pb CDF'04 {e+u)
CDF'04 (e, plug) — 2874+ 34+ 167+ 172 pb CDF'04 (1)
[preliminary] [praliminary)
CDF'03(x) —- 2620+ 70+ 210 + 160 pb
[preliminary)
D0'04 (e)
(preliminary)
DO'04 (u)
[praliminary)
Do'04 %3} —- 2865+ 8+ 75+ 186 pb
[preliminaky )
DO'04 (1)
PO'DS q’bls) —e——  3226+128+100+322 pb
prelimina
1000 6000 0
o x B, pb

[nelusive pF">W/Z cross sectlons

Tevatron W — | v cross section measurements

Tevatron Z — I' I cross section measurements

Good Ajreemeh‘tf with the NNLO calculatrons

T —

2558+ 3.9+:7+154pb

4 —

248.0+ 59+ 3"+ 149 pb

-T2

253.9+33+46+152pb
242+ 48.0+ 26 + 15 pb

2649+39+99+17.2pb
291.3+3.0+69+ 188 pb

202+ 16+ 189+ 17 pb

500

o x B, pb

. Accmraa/ (romrted ét/ the Syf‘femaf/'c effects, domirnant sonrces:

- /mmfhosf‘ft/ measurements ("’éZj , correlated

- PDF uncertarntries (~27.)
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w cZ\Akqe ASqmme‘frq
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Use W's to probe the proton structure
(qm&rk/jll/IOh momentum dl'S"L‘r/'ém‘L‘/'OhS)

Aly) = dU(W:)/dy—dU(W:)/dy
do(W")ldy+do(W™)ldy

,4(¢/j (s sensitive to U(x)/D(x)

Measure /ep‘fo;—\ aAarye An/mme‘frc/

do(e™)/dn — do(e”)/dn
do(et)/dn + do(e—)/dn

A(m) =

deconvolute 1t to extract rnformation abou

the parton momentum distributions
CDF: W~>ev cross section wp to In| =25
Le/?‘(for\ ASymme‘(fm/.' w AS‘:,mme‘fm/*(V"Aj

Key.‘ (epton c/m;rye mrs| D "’4% at |n| ~ 2

’torrected Asymmetry

0.
0.
0.3
0.2
0.1

Corrected Asymmetry

CDF-II, 170 pb'
25< E, < 35GeV

bep—ex/ 0501023

— CTEQ6.1M
--- MRSTO2
NLO RESBOS (F. Landry, et al. Phys Rev.DB7.073016,2003)

0.5 1 1.5

CDF-II, 170 pb'
35 < E, < 45 GeV

Results avarlable for PDF 2005 £its
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'0'2 — CTEQ6.1M
. --- MRSTO02
g': NLO RESBOS (F. Landry, et al. Phys Rev.DE7.073016,2003)
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_9"_. 0.12 : : : : : : :
< - Ef>25GeV : ; . CDF-I, 170 pb "
_o 0-1 T ............. ............................................ .............. ........
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Diboson physics: probing gange sector e

. SU(Z}XU( /j brezKs rn the gange sector W .,Zy, /;’/y/yé’/

—

. Proé/'hﬂ Interactions between the gange bosons

/.MPO}’{A}‘\{ test of the SM

- A B
LU = g @\ W W= W WV kW VW Y

miV H v p
SM: ¢ =g’ =k=k=1 A =L=0 PA,s.Reu.D48(5)2/82 (H1SZ)
1 1 Z Y Z Y

ky and K are related to mr\yhe‘f/'c and qMadrmPo(e moment of the W':
Hy =e(l+k,+A,)/12my,

Gy = —e(KY—Ay)/miy

C/\Akyed com[)/l'hys' (WWZ/y} S parameters [fz’kz’/(y'}”z’ky]

neutral comp[/'hys' (ZZy, Zyyj.‘ 8 parameters [/\,,Z, Ary = /,4]

5‘fr/'hyeh‘(f (rimits From LEFP

e Tevatron: A/'y/\er Vs, A/'y/\er Pt's => competitive with ~ few 16~/

P. Mmra‘f,ASpeh W inter Conference, 2005/02/ 14 7



Ex!)er/'meh‘fal [ anguage

W/Z selections are based on selection of high=Pt leptons
- Z=>M, Wt
high=Pt lepton
- N(definitions) = 2 experiments * several analyses ™ 2 lepton flavors

“/7’/'747/\"?{ (eptor”

- Electron or muon with Pt 7 25 (20, 15 ) GeV/

- Y“UIsolated” : E_ rn cone R=O .4 less than O.] E/{e/?‘thj

~
- “"Central” : lnl “ /(/./}

Neutrinos result rn mis—balance of transverse enerqy,

3 ularje ml'SS/'hj ET.‘ E/T >R (20} GeV



+ + o
% ' v q v

- W - -
q %
8>y CDF
Probe trilinear W WYy couplings Eg ]: jet—>y fake rate
W selection l=-“2.5— =
: 0.2%
- Isolated high=Pt lepton a3 )
1.5 8
_ Larye ml'SS/'hj E/f ; : ‘ e |
1= ™| T
Plhoton rdentrfication critical: 0.5 . '.ljllllml‘ ﬂ' i
E |v | | | | |++| W.i'T|I|-.i'.|I‘ ‘ ‘ | | i
- In| < 7./, Ryh>O7 0 10 20 30 40 50 60 70 80 90 100
Jet Et (GeV)
o(pp—>Wy) , pb SM expectation, pb ET , GeV
CDF 1116, +24  +12, 193+ 14 7 hep-ex/0410008
DO 148+16_ +10 _ £10, 16.0+ 04 8

*both experiments qmofe cross sectlon /'hfeyra‘tfed over the acceplance

P.Murat Aspen Winter Conference, 2005/02/ 14 9
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WWwy com_p//'thS ( 2005 )

Events/8 GeV

102 - DO preliminary @ 1.96 TeV
; p[_)—> Wy —e— Data (e + p channels) CE‘O.SE DO Prelim. @ 196 TeV
- E Monte Carlo + Backgrounds 0.6 ;
10 ? E Sum of Backgrounds 0.45
1 = L L o :
o ;EDE s 2D limits o
- 06~ 1D limits =2TeV
- 0.8
10" 20 40 e 8 100 120 140 5 4 05 0 05 1 15

E} (GeV) Ay
ID lfimits @ 957, CL :

Tevatron Run | Tevatron Run I (DO) LEP combined 5 TV
Ak, -0.93, 0.94 093, 097 -0.105, 0.069 o e
A 0.31, 029 02, 02 0.059, 0.026

Tevatron Run ! limit for A, Alrekdlf fimproved!

P. MMI’A{,ASPeh W inter Conference, 2005/02/ 14 10
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pp2Z y I

- 0 -
e~ &

N’:; | '

= 0 ? % I DO *
O© | Prelim. ° o
?: % P:S : x
Event selection: = | W x e \
= .27 Drell-Yan pairs

e Z—boson: 2 A/?A‘P‘f rsolated (ep‘for\S

o central photon, AR(yl)>0.7

o eey

- © Py
)

. ]
My 10°
2 J M(l, 1) (GeV/c?)

o(pp—>Zy), pb
CDF, ~200 pb1 46205, 5103,

DO, ~300 pb-1 4'2J‘r0'4STAT+SYST t O'3LUM

SM expectation, pb ~ E » GeV

45+03 ! hep-ex/041000
39102 8

*both exper/'meh‘fs qmo‘fe cross sectlon /'h'fejrp\[ wtthrn the Accep‘fAhce

P. MMI’A'f,AS/)eh W inter Conference, 2005/02/ 14 11



neutral tri~boson couplings (2005} #

Y
=072 LEP_ Tevatron (D0)
z Z ~0.056 <h,"<0.055
_ Y
ot DO Prliminay 0.045 <h, < 0.025
g De ol —0.22<h33(;<0.22
5102— ~— QCD
—0.019<4 ¥ <0.019
f — SMTI'Ty + QCD 40
101L _0.13<h?<0.13
i = = B 7
L e 0.078 <h2<0.071
- —0.21<h3%<0.21
10" —0.019 <h4ZO <0.019
o 100 200 300 1D, 957.CL

Photon E; (GeV)

Tevatron A[Vef\dl’/ bas betler imits on b, than LEP

P.Murat Aspen Winter Conference, 2005/02/ 14 12



W W : interesting signal, rimportant bacKqround #

\\\\ H ﬁ
. Ven/ fmportant for the H/:?yf searches: 8
gfj,/ %V
99’7»‘/ —ZWwW

o Self—~rnteractrion of the AeAVV bosons (WWZ] q 7 \\Y
o Scarch for new Aeamf boson states W
N Z ﬁ
. Larye statristics of WW events at LEFP 2 9/ W
(~ /0/</ex[>f}
e Run /: o;—\/z/ one measurement with (rmited ANNANANAAS
Sehsff/'w"tfc/ (CDF): q \%WY%
oc(pp—-WW) = (10275+1.6) pb q AW

P. MMI’Af,AS/)eh W inter Conference, 2005/02/ 14 13



L,
_PF"7WW.' event selection L. 2

Frrst fyoal for Run l/:

q—»—u\/\/\< ¢

ag(pp-oWW-evev) ~ 0.15pb Y
FPrediction for the cross sectron: q WV\<

- establish the s/jha/

ag(pp-WW)y, = (124+08)pb at 1.96 TeV
Zly* ~ 250 pb
CDF and DO used a’/'/e/)‘tfon channel olpp=Zlyx-ee) P

- BR~57, best sensitivity (s/B)

Selection: o(pp—=(W—ev)+jets) ~ 500p>§>"‘<
- 2 rsolated leptons, (arje ET(ZVJ

Backgrownd sources q

g(pp—ti—evevbb) ~ 0.1 pb
q

A <<< 8

- Rewmove Drell=Y an parrs

- Control rate of fake leptons

- Veto extra Jets

P. MMI’Af,AS/)eh W inter Conference, 2005/02/ 14 14



ww: ‘f/\e RMh // measurements

g
CDF DO ~
Luminosity 200pb-1 224-252pb-1 §
WW signal 11.34/-1.3 1664-01  °©
Background 4.84/-0.7 8.1+/-0.5
Expected total 16.1+/-1.6 24.7+/-0.5
Observed 17 25
o(pD—WW)pp=14.6"7 (stat)' ;3 (syst)£0.9(lum) pb
o(pp—>WW),, =13.8" 5 (stat) yo(sys)£0.9(lum) pb

bt

2

10

10

1

e DA Runli
CDF Run |l
CDF Run|l

~— NLO theory (WW) -

\‘—
|

Run Il WW S/:grm\/ established hep-ex/0410066 (DO)
hep-ex/0501050 (CDF)

Studres of the mode most sensitrve to self—rnteractions of the W's

pp—WI(Iv)W(qq)

are h pregress

P.Murat Aspen Winter Conference, 2005/02/ 14
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WZ: the selectrions

JC
e

. S‘fma’y of WZ and ZZ production at the 7 br 71 GeV< M(e'e’) < 111 GeV
Tevalron ~steps towards Higgs searches q—)—./\/\/\<‘
V) 50 GeV<M(u'p) < 130 GeV
* fFrral state wnique for hadron machines |
-, W7 lepton Pt >15 GeV
G(ppoZW+X )y ~ 4pb 1O——MA :
(pp )NLO P \ \% missing Et > 20 GeV
* pp—oWZ : frnal states with 3 leptons
bhave no rrreducrble SM backgrounds %‘100j
S - Do
o Z selection: 2 rsolated leptons, M) ﬁg) g0 Preliminary
consrstent with MZ . g
= 60 -
e W selection: rsolated /ep‘fo;—\ + E/r - eee
40—
« AR(l) > 0.2 i it
20— 0 —r
D0(285-320 pb") E Ll Es oo TR
WZ 2.04+/-0.13 S R
Background 0.71+/-0.08 % 20 40 e 8 100 120 140
Ex pecte d total 2 75+/-0.15 Dilepton invariant mass (GeVIcz)
Observed 3 (1eee ,2 nuup)

P.Murat Aspen Winter Conference, 2005/02/ 14
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WZ : the results #

The 957, CL wpper (imits: 3 events =2 cross section estimate
po: o(pp—IW+X) < 133 pb | |o(pp—=2ZW+X) = 4555 pb
CDF: _

hep-ex/0501021 O_(pp_)ZZ/ZW—I_X) < 152 pb < 1_5; A=1.5 TeV DO Preliminary
- itarit
1D limits [ D@ Preliminary, 95% CL ] 3 e
A=10TeV A=15GeV ;
~0.53 < Az < 0.56 ~0.48 < Az < 0.48 .
~0.57 < Agf < 0.76 ~0.49 < Agf <0.66 1o sart(s)=1.96 Te
2.0 < Akz <24 - T e I T R R
N fA a;
-~ 15 D® Preliminary
o Best lrmits on WWZ comp//'hjs‘ rn WZ frnal 1 A=1 TeV
states 08 -

o The frrst and the best 2D (rmits rn K, vs )\ 0.5
MS'/.hj wZ

sqrt(s)=1.96 TeV
o b by by A b L

-1 (o] 1 2

|
N

A
b
N

e Best limits avarlable on Aj/z, A, and L, from

drrect, mode("/'hde/)ehdehf measurements.

The DO Run Il 1D (ivmits are x3 better than Run [ (rmits.

P. Mmra'f,As/)eh W inter Conference, 2005/02/ 14 17




: L
W mass measurement: worK rn progress e

e Need accuracy better than 1077 1500

e Fit M.,(Wj ~ the most accurate

aevents / 0.5 GaV

o Theoretical / phenomenologrical rnputs: 1000

- QRED radration

- QRCPD : W Pt Spec'frmm, PDF's o

— uncertarntries on W mass ~ 30 MeV

o |CHEP 2004 (CDF): 60 0 00

m_(uv) (GeV)

200pb~': G(MW} (e"‘u combined) =76 MeV
- 2f67: other sources ~ 30MeV

- L 2 If6: theoretical wncertarnties //'f not /'mproved/ will become rmportant

P. M(AI’Af,AS/)eh W inter Conference, 2005/02/ 14 18



Events / 2 GeV

W' width: direct measurement

DO Run Il Preliminary

10
= ® Daia
- — MC+Background
B 1Background
10° - .
: 177pb
10°

'« signal region: 100-200 GeV/c"2

normalization

10

60 80 100 120 140 160 180 200

M; (GeV)

Direct W width measurements

» CDF Runl 205 +£0.10+0.08
» DO Run | 2.23 ig:}ﬂi 0.1
— Tevatron Run | 2.102 £ 0.106
i D0 2004 prelim 2.011 £0.142
—— LEP prelim 215 £0.091
— PDG 2004 2.124 +£0.041
2
G{W), GeV

o Deterimine W wrdth ms/;«y the tarl of M//vj drstribution

e Event comnf/'hy experiiment:

- 75K W~=2ev candrdates total

- 625 events /00K M_<200 GeV/ 2

o Result alrecdy competitive, a (ot of room For rmprovement

P.Murat Aspen Winter Conference, 2005/02/ 14
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Summary and outlook

. M;u—\y new results on drboson production = (mportant steps towards the

H/'ﬂjs searches

* measurement of PP"‘?Z"‘?‘L‘AM tann = a milestone rn collider /)/\75'/'55' witth tau's

e First Run Il measurement of the W width

. Look/'hj forward To A/’yl\ precision EWK measurements

- W wmas s, width, ér:\hc/\/'hg ratros
- Precrsion drboson measurements

- differertial W/Z cross sections

—~ there are /'hferesf/'h7

predictions to test

Peak Luminosity (X10%2cm=s-1)

e PDF 2005 #its with new W clsarje
A5‘7mme‘fn/ data rneluded

Tevatron experiments just starting to

|+ iy e
3.0 V. iran iy an

[\
o

“Design” Goals 7~
Today ;

#
J
i
L
i

.
7
!
7
gl // 8
e S J
3 o
8

_\
o

* 2003 2004 2005 2006 2007 2008 2009
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explore potential of Run Il data
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