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EW Physics at the Tevatron

* Probe of the EW Symmetry Breaking Mechanism

SM test, SU(2) x U(1) gauge structure
Indirect new physics searches

» Cross section measurements, differential distributions,
trilinear gauge boson couplings (TGCs)

e Background to Higgs, Top, SUSY

* Higgs Physics e
Proving ground for analysis techniques and statistical .
treatment used in the Tevatron Higgs searches (MVA)

antiproton HO\T;
 Recent EW CDF and D@ results will be presented

W/Z measurements and Dibosons

http://www-cdf.fnal.gov/physics/ewk/
http://www-dO.fnal.gov/Run2Physics/WWW/results/ew.htm



http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/feynman_diagrams/feynman_Higgs_high-mass.eps�
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/feynman_diagrams/feynman_Higgs_low-mass.eps�
http://www-d0.fnal.gov/d0_publications/d0_pubs_list_runII_bytopic.html�
http://www-d0.fnal.gov/d0_publications/d0_pubs_list_runII_bytopic.html�
http://www-d0.fnal.gov/d0_publications/d0_pubs_list_runII_bytopic.html�
http://www-d0.fnal.gov/Run2Physics/WWW/results/ew.htm�
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Fermilab

» Silicon Tracker

» Central Outer
Tracker

» Solenoid

e Calorimeter

* Muon Detectors

» Silicon Tracker
e Central Fiber Tracker
* Solenoid

e Calorimeter

« Muon System

Multipurpose detectors (operate with ~ 90% efficiency)



Presenter
Presentation Notes

CDF has much better momentum resolution in the central region and displaced track triggers at Level 1
D0 has more calorimeter segmentation, silicon disks, and a far forward muon system.


Integrated Runll Luminosity (recorded) > 9 /fb per experiment
» Expected (recorded): ~10 /fb per experiment before end of Tevatron
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W Mass Measurement

m-a-m: 1

m,, = —
A ) smew

 EW radiative corrections:

Ar,, = Aa+ Ap(m; ) + Ax(In(m,,))

« MSSM = m,,, + ~250 MeV

A precise measurement of m, can be
used to make indirect constraints on

Possible Higgs mass phase
space restricted by m, and m,,
m(WA) =173.3 £ 1.1 GeV

July 2010
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1 —LEP2 and Tevatron (prel.)
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Higgs mass and possible New Physics

LEP/SLD/CDF/D@, LEPII direct,

combined precision EW measurements:

my, < 186 GeV @ 95% CL
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W Mass Measurement

PRL 103, 141801 (2009) CDF Il preliminary IL dt ~ 200 pb”
> 10000 - - R
® DO, 1 fb ~Data >
o —FAST MC O
0 mBackground i
s 7500 y2/dof = 48/49 = 1500
2 -
g
2 5000
11}

K 1000

2500 K
e ——... - e SO 500

M,, = (80493 + 48__) MeV

x _f 2 -

Db e y2Idof = 86 / 48

b ;’W“ T

50 60 70 80 90 _ 100 S0 0 8 80 100

my (GBV) m_(ev) (GeV)

1.0 /fb (electron) €85 0.2 /fb (electon + muon)
m-, lepton p;, MET combined m., lepton p;, MET combined
m,, (GeV/c?): m,, (GeV/c?):

80.401 + 0.021 (stat) + 0.038 (syst) 80.413 + 0.034 (stat) + 0.034 (syst)

Most precise single
W mass measurement


http://www-cdf.fnal.gov/physics/ewk/2007/wmass/index_files/we_mt_fit.eps�

W Mass Measurement

10000 PRL 103, 141801 (2009) CDF Il preliminary IL df = 200 pb-1
? DO, 1 fb™ ~Data 3 T
o] ’ —FAST MC o r
0 mBackground pd -
o 7500 x2/dof = 48/49 5 1590
£ gL
5 ;
2 5000 -
w K 1000 —
2500 -
- M, = (80493 + 48 ) MeV
. . | o 500 —
> £ - 2 =
2_'++M T +2Idof = 86 / 48
k :". otd Ll Lo +.n.||.'. 'TI..FJ'.II MLl easdl ¢ T..'.le. | B
b W Rl it i
50 60 70 80 90 100 0 70 8 9% 100
mT (GeV) m;(ev) (GeV)
1.0 /fb (electron) ) 0.2 /fb (electon + muon)
m-, lepton p;, MET combined m., lepton p;, MET combined
m,, (GeV/c?): m,, (GeV/c?):

80.401 + 0.021 (stat) + 0.038 (syst) 80.413 + 0.034 (stat) + 0.034 (syst)

[ from m; (GeV):

2.028 £ 0.039 (stat) £ 0.061 (syst)
PRL 103, 231802 (2009)


http://www-cdf.fnal.gov/physics/ewk/2007/wmass/index_files/we_mt_fit.eps�

Combined Measurements

W-Boson Mass [GeV]

TEVATRON T 80.420 + 0.031
LEP2 —= 80.376 + 0.033
Average 80.399 + 0.023
7DoF: 0.8/ 1
NuTeV A 80.136 £ 0.084
LEP1/SLD —k 80.363 £ 0.032
LEP1/SLD/m, A 80.365 + 0.020
80 80.2 80.4 80.6
m,, [GeV]

arXiv:0908.1374v1 [hep-eX]

July 2010

Both CDF and D@ are heading
to more precise measurement,

~ 25 MeV/c?

W-Boson Width [GeV]

TEVATRON —e—

LEP?2

Average

pp indirect
LEP1/SLD

LEP1/SLD/m,

2

r,, [GeV]

2.046 +0.049
2.196 + 0.083
2.085 + 0.042

yDoF: 2.4 /1

2.141 £ 0.057
2.091 £0.003
2.091 £ 0.002

2.4

July 2010



W Charge Asymmetry

Due to different PDFs of incoming partons in pp-bar collisions
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W Charge Asymmetry

Due to different PDFs of incoming partons in pp-bar collisions
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W Charge Asymmetry at CDF

CDF Preliminary Run Il 1 fb!
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W Charge Asymmetry

PRL 102, 181801 (2009)
CDF Preliminary Run Il 1 fb™
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—8——— CDF 1 fb" data(stat. + syst)

NMNLO Prediction(MRST2006MNLD) at mw =80.4

|:| PDF uncertainty(MRSTZ006NNLO)
MRST2006NNLO

=
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Inclusive W boson charge asymmetry in a good agreement with CTEQ®6.1,

CTEQ6.6 and MRST2006NNLO
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http://www-cdf.fnal.gov/physics/ewk/2007/WChargeAsym/Images/new/WPCA_Fold_cteq.eps�
http://www-cdf.fnal.gov/physics/ewk/2007/WChargeAsym/Images/new/WPCA_Fold_mrst.eps�

Lepton Charge Asymmetry at CDF and DY
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» CDF data in terms of electron charge

E\ > 25 GeV Y

CDF Run Il Preliminary 1 fb™ data (e)
(no systematic uncertainties)

D@ 0.75 fb' data ()

D@ Run Il Preliminary 5 fb' data (u)
RESBOS with CTEQ6.6

P (IR S ST TN N TR SN ST T A S T
1 1.5 2

Leptonn

I T
0.5 25

Resbos+CTEQ6.6

25 GeV <E|, < 35 GeV -

CDF Run Il Preliminary 1 fb™ data (e)
(no systematic uncertainties)

DO 0.75 fb' data (e)

DO Run Il Preliminary 5 f5' data ()
RESBOS with CTEQ6.6

TV TR TN N T T SN (NN TN T TN N TN SN S TN (Y ST WO WY SO O W
0.5 1 1.5 2 2.5

Leptonn

asymmetry agree with the D@ data

 Discrepancy in Muon - Electron charge
asymmetry (high pT bin)
 New PDFs (CT10, CT10W)
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ZIy* pT Measurement

Test of QCD predictions and current event generators
Unfolded Z/y* — pu pT distribution (to the particle level)
PLB 693, 522 (2010)
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Best description of data with PYTHIA Perugia 6
(tuned to DG electron channel)
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ZIy* pT Measurement

Resummation describes data well (Z pT < 30 GeV)
NLO pQCD describes data shape the best (Z pT > 30 GeV)

PLB 693, 522 (2010)
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Important input for the tuning of theoretical predictions
Increase sensitivity of searches for rare and new physics
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ZIv* ¢* Measurement

Novel technique, relies on @, * variable: probes same physics as Z/y* pT

. ar: Component of pT(ll) transverse
(lepton) P ar (lepton2) to dilepton thrust axis less
pT pT sensitive than pT(ll) to detector

effects (resolution, efficiency)

-
-a
L™
L™
T
.
L T
-----
-
.
L™
L™
L™
L
-,

® *\Highly correlated with (a;/m)
0,*:/Angle of leptons wrt beam, in
the rest frame of dilepton system

CD:] = tan M Sin(e:]) Depend on the gr!gular resolution
2 (measured precision of ~1 mrad)

Recoil

CDn* IS measured better than any quantity that rely on the pT(ll)
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ZIy* pT Measurement

Unfolded Z/y* — ee/pu @ * distributions, normalized as (1/0)x(do/d®, *)
Accepted by PRL (2011), [arXiv:1010.0262 ]

w 1.1

g _ }
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£ 3
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o
co
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[
| ——

ResBos (tuned g,) g8,=0.66
ResBos (small-x)
PDF © scale uncertainty

.....10_1 ; :

o

RESBOS does not describe the detailed shape of the data
Small-x broadening prediction is strongly disfavored by data

GeV?
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Angular Coefficients of Drell-Yan e*e” pairs

Angular distribution of the electron in Collins - Soper CM frame:

sensitive to sin?0,

1+ cos20 1 3c0520 ose
dcos OC( + )+ ‘ )‘

— oc 1+ 103(p +‘c052(p

A; = f(pTy, my, yy), LOpQCD: A, = A,

Measurement of coefficients A, from Z/y* — ee pT distribution

CDF Preliminary Result with I L=21fb" CDF Preliminary Result withj L=21fb"
<Q 0.8g qq PTIE(P "'le ] L o~ 0-8E . qﬁ = P.?J[Pz'i'M;] —
0.7 1 q9: 5P1J(§P +Mz) 0.7 qg: 5P§f(§P§+M§}
- —— VBP Resummation - —— VBP Resummation
0.6 —— ResBos Resummation 0.6 —— ResBos Resummation
F —— Pythia; - —— Pythia
Mispg enficg e £21iet 0.5E ... pythia z+tjet
= = -+ Madgraph
0.4F -.oi-. Dyrad \ 0.4F grdph
- —s— FEWZ(NNLO) -~ - —=— FEWZ(NNLO) .-
0.3:_ x--4 Powheg .- 0.3 - Powheg
0-22_ —— Data ' 0-25_—'_ Data
0.1F . 0.1F ..
I 66<M(e’e)<116 S %— 66<M(e’e)<116
0“:-|‘;|||||||||||||||||||||||III|IIII|IIII 0‘gﬁll||IIIIIIIlIJIIIIIIIIIIIIIIIIllI
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
ZP; ZP;
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Angular Coefficients of Drell-Yan e*e” pairs

CDF Preliminary Result with J. L=21 fb-1 CDF Preliminary Result withj L=21fb"
) O 0.18¢ :
< 0.04— 66<M(e’e)<116| < | sin%0,, = 0.232
- 0.16¢ —— 66<M(e’e’)<116
002 . . 0.14F ,
Py IS o) E— — 0.12;—%:*" ;
. 02: S—— ; '—*;\r\ 0_1;_ —
=0. | —e— Pythia i \ 0.08 .
- —— VBP Resummation - ——+ Pythia
-0.04r ResBos Resummation 0.06 —— VvBP Resummation |
0 06: —+— FEWZ{NNLO) 0.0 41_ ——+ ResBos Resummation
“V.UO["-.-% - Powheg U Tp --weo Powheg - +
vt A A 002f ——pw |[A4Z 01998+ 00079
30 40 50 60 70 80 0 10 20 30 ' 40 50 60 70 80
ZP; ZP;
CDF Preliminary Result withj L=211fb" CDF Preliminary Result With_[ L=2.11fb"
0.235 <& O
£ sin’0,, = 0.2329+ 0.0008(A, error)’ "™ {(QCD) r 0.08F
0.234\\\ - > 0-08F
- \ A, Measurement < 0'06 —
L. Total Error of A, =
0.233 __‘_ -------------- \ Systematic (QCD Theory) 0.04 :_ N
- \ FEWZ, Powheg, 0.02 —
z - - :
c&g 0-232; ResBos, VBP ot -3 ]
@ 0.231- 0020 = I :
0.231 '0'04;_ - Pythia '
- -0.06 - —— ResBos
0.229- -0.085 — Data 66<M(e'e’)<116
:||||i||||!ii"i'|||l|iiiilllll Y _OI_IIJJ||||!'llIJIIIIIIIIIIIIIIIIIIIJ|Ill
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Angular Coefficients of Drell-Yan e*e” pairs

CDF Preliminary Result with J. L=21fb"

el

CDF Preliminary Result withj L=21fb"
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i i e
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_ A, Measurement
\\ Total Error of A,
0.233 LT Systematic (QCD Theory)
- FEWZ, Powheg
g - ’ ’
c&: 0.232; ResBos, VBP
‘» 0.231--
0.235
0.229-
022800 01 011 012 013 014 045

A4 in 66<M<116 GeV/c?

018 sin®g,, = 0.232
0.16 — 66<M(e’e’)<116
0.14F :
0.12'—? e =

C pr—t 'f '
o4 I - :
0'08:_ —«—- Pythia
0.06— ——- VBP Resummation
0.04 ResBos Resummation |
T ---%-2 Powheg - +
oo2- o |[RsZ D 020007
0 10 20 30 ' 40 50 60 70 80
ZP;
CDF Preliminary Result withj L=21fb"
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< =
~ 0.08F |

“Lam-Tung” rel.: A, = A, at LO pQCD
Average: 0.017 = 0.023

True only for spin-1 gluons
(strongly broken for scalar gluons)
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Zy Production
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Zy Productlon Candidate Events: 176

CDF Run Il Preliminary (5.1 fb"] B Data
——— h,ZZy = 0 (SM) template

#-ﬂ-% — h,ZZy = -0.08 template
i 4*7 * — hy ZZy = +0.08 template
10 - v fake distn

- [ iepton take distn

# of Entries

. Zy — lly + vvy

107
10°

10° Photon E; (GeV)

e Photon E; spectra for setting the TGC limits
* 95% CL limits from 1D fit (A=1.5TeV)

h.Z | [-0.017, 0.016] | h,Z |[-0.0006, 0.0005]

hyt | [0.017, 0.016 ] | h,7 | [-0.0006, 0.0006]

Tightest limits on yZZ/yyZ couplings to date

22


http://www-cdf.fnal.gov/physics/ewk/2010/Z_gamma/figures/templates_incl_data.gif�

ZZ Production

» Most recently observed diboson process at a hadron collider
(5.30 with llll final state using 1.7 /fbo @D@ in 2008)

» Theoretical cross section c@NLO =1.4 £ 0.1 pb

* BR(Z—ll, Z—wv) =6 x BR(Z—l, Z-ll) (0xBR 77y = 1%)

 Clean signal

 Single lepton cuts optimization / MET reconstruction



ZZ Production

Candidate Events: 1162
Candidate Events: 6 Background: 1113 + 158

Background: < 0.01 £7:49.8+6.3 1
<l J_ CDF Run Il Preliminary [ Ldt=59fo
E CDF Run Il Preliminary | Ldt=6 fo 8 220 .
-5 S ooE FIT RESULT LIDY
E ~-Data = 200:— [ IW+jets
: (zz = 1801 * B Wy
5F 160:— Dt t
; 422 — |l - —
: m,:>60Gev| 140 awz
5 120 W ZZ
25_ 1oof
1.50 60E significance
1= 1 aoft- ZZ — llvy
0.5 MJJ 20 + +
_|||||||||||| | par v O:' P — '_——_'" . e ==
% 20 40 60 80 100 120 140 160 180 20! -1 08 -06 04 -02 0 02 04 06 08 1
m, NN Output
o(pp - ZZ
(PP = 22) _ 15 3+15 (stat) +0.3 (syst)] x 10~
o(pp — 2)

O(ppz2) = 1451343 (stat) 835 (syst)pb

O(pp_rzz) = 17765 (stat) £ 0.2 (syst)pb
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S F
ZZ Productlon 3 % D@,6.4f6"  +Dat
& [ Preliminary [_]Signal
-g 4 Bl Background
60 significance, ZZ — |lll >
>200 oy g - Preliminar 3
e D@, At g
= [ [ 77 va4epau
= Cooiiifiiiiiin = 4u Data 2/ T
g0l | i azuzeData : L
© ) signal+Background 1 1
ol : 1_1—L
REEEEE TEETEE T T PRSP Hb SO R b v =
100.“.“.......23$i .................... % 100 200 300 400 500
REEIE BEEE - GITEEER TP Four-epton invariant mass (GeV)
Lol rene A > e
T liEE o 8% D@, 641 4 s
O < s Preliminary [_]Signal
I 27 M Background
L S I
TR TP DT T T T | 11} 4 -
50 100 150 200 -
M, (GeV) 3[4
Candidate Events: 10 s
Background: 0.37 £ 0.13 2F —L
Z/Z:8.73 +1.22 i
3 qﬁ;k 1
O(pp_>z7) = 1.3570:30 (stat) £ 0.15 (syst)pb 00 T e

20 40 60 80 100 120 140 160
Zly ZIy P (GeV) 25



ZZ Production

Azimuthal angle between the two Z decay
planes ¢ of interest in Higgs searches

»
o
©
T
«
=
L
c
o
>
L

Q-H. Cao, C.B. Jackson, W-Y. Keung, I. Low, J. Shu,
PRD 81, 015010 (2010)

) fé' fzfps) Z',\*—S—>Z1
A NANSN

6 -1
- DD, 6.4fb -+ Data
- Preliminary [ ]Signal
5: I Background
4 —
3
2r ——
I e e D
: | i | A |
% 2 4 5 6
q)decay (radians)

~la(pa)
|
/
L
025 _IIIIIIIII TTTTTTTTT]TITTITTITI T IIIIIIIII|II\
C Heavy scalar
0.20 l —
S i
=
o L
T 0.10 -
r 5 i
- ¢, m_=200GelV -
0.05 2 h —
B "1 j
000 _IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|II
O 1 2 3 4 5 6

o

decay plane

Help to distinguish between
different scalar models
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WZ Production

* Not directly accessible at LEP

« ZWW vertex = K, A, and g,4 couplings, independent of yWW
» Theoretical cross section c@NLO = 3.45 £ 0.30 pb

* BR(IW—lv, Z—ll) = 3%

 Very clean signal with small background
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Elf‘entsH 0.0

Events/15.0

—
]
T T

WZ — Ivll

WZ Production

(=]
T T 7

CDF Run I PreliminaryJ' Ldt=6"

—*-data

Clwz
[Z-pu+jets
B Z— ee +jets
[(dZ-pu+y
[(JZ—ee+y
Ezz

|

Lo e Lo Lo ]

=9
]
T T

Events/15.0

=9
o
T T

e
% 20 40 60

80 100 120 140 160 180 200

W m;

14,__ CDFRun Il F‘reliminaryJ Ldt=6'
12

C . [(AZ—nn+je

- ERZ—~ee+jets
10_ Dz__\p w+y
8-
i
ar
2

n i d ﬂl‘;m -
20 40 60 80 1

00 120 140 10 180 200

missing E_

CDF Run lI Preliminaryj Ldt=61"

—*—data
Cwz
L [CZ-pu+jets
Bl Z— ee +jets
CZ-pu+y
1 []Z—ee+y
[(zz

50 100 ‘150 200 250 300 350 400 450

WZ m;

Events;‘1_5‘.0
L N T

-
o
T T

20 40 SD 80100 120 140 160 180 200
missing E_

CDF Run Il Preliminaryj Ldt=61"

Candidate Events: 50
Background: 11.2 + 1.63

o(pp - W2)
o(pp — 2)

Opp-wz) =

4.1+ 0.6 (stat)+ 0.4 (syst)pb

=[5.5+0.9]x10~*
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WZ Production

PLB 695, 67 (2011)

> 20 L T | I T T T I T T T T I T T ] > 10 : T T T | T T T I T T T I T T T I T T T I T T T I :
8 18— Data 4 3 & oF =
S o Do.4lf” 3 5 D@, 4.1 16"
= 16F Background = 5 8 ’ =
] r . = 3
10 = 5E T =
8 = 4 =
6F- = 3 1 =
4F = 2E -+ =
2f - = 1E_ [ —‘—L—I:'— E
- . i A b - ‘ T R e H

» %0 70 80 90 100 110 120 % 20 40 60 80 100 120 140

M, (GeV) MTy, (GeV)

% 25_~w-D'w--w'"w'w'--w'-w_ Candidate Events: 34

O T s Background ] Background: 6.0 + 0.6

< 20 —— SMWz + Background ] WZ:23.3+ 1.5

g [ ---- A=-0.1,Ax= 0.2 ] ) T 106

R | E— A =-0.1,Ak =-0.2 ] _ _ +.1.

2 | Oppowz) =3-901590 (stat + syst)pb
S i e g 95% CL limits from 1D fit (A = 2.0 TeV)

E— , S G g Coupling relation 95% C.L. Limit
T : ] AgZ = Ary =0 —0.075 < Az < 0.003
Az =Arz =0 —0.053 < AgZ < 0.156

% 20 40 60 80 100 120 140 Az =A¢gZ =0 —0.376 < Arz < 0.686
Zp, (GeV) Akz =0 (HISZ) —0.075 < Az < 0.093
Tightest limits on WWZ couplings Az =0 (HISZ)  —0.027 < Arz < 0.080

from direct measurement to date 29



Summary EW Tevatron

* (1 —7) /fb data analyzed by CDF and DY

e Agreement with the SM predictions

 Test of different models/predictions

e Importance for Higgs searches

* Most stringent TGC limits set at the Tevatron

e Precise Tevatron Electroweak Measurements ongoing
(including dijet final states)



Backup Slides
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Event Signature at CDF and D@

Run 287794 Evt 33124243 Sat Dec 25 07:4 1449810

ET scale: 14 GeV

EM cluster (Electron or Photon)
good EM shower shape

small HAD energy

isolated in calorimeter

match to a track if electron

Isolated in the CAL and tracker
hits in muon system
match to a track

Jets

good HAD shower shape
large HAD energy
minimal EM energy
(match to a tracks)

W (leptonic) selection

exactly one charged lepton

energy imbalance in reconstructed
event, associated with (MET)

Z (leptonic) selection
2 oppositely-charged leptons
invariant mass consistent with m, 32



W Mass Measurement

PRL 103, 141801 (2009)

DO, 1 fb™ ~Data
[ Eggl:(rg%%nd

x?/dof = 48/49

10000

7500

5000

2500 \1\
e — e

Events/0.5 GeV

825+

1.0 /fb (electron)

my, electron p, MET combined

m,y (GeV/c?):

Events / 0.5 GeV/c?

15000

10000

5000

80.401 = 0.021 (stat) = 0.038 (syst)

Most precise single
W mass measurement

CDF Il preliminary I L dt = 2.4 b

© data
— MC
background

A m =15 MeV/c?
x2/dof = 70 / 48

70 80 980 100

m.(ev) (GeV/c?)

0.2 /fb (electOn + muon)

m, electron p, MET combined

m,, (GeV/c?):
80.413 = 0.034 (stat) = 0.034 (syst)

* 2.4 [fb (electron) + 2.3 /fb (muon)
3 x smaller Am, (stat)

33



W Width Measurement

PRL 103, 231802 (2009)

210 DD, 1 fb"
g x?/d.0 f=75.2/75
Em“ *DATA
5 -FAST MC
L|>J i W oy
0z — ee
o E O\ ultijet
10 :E =y
'
~ BB I A
r_++ H#ﬂ# i s ++ s #f ++ 4 f ty .Tf++.++ H1I++.+H++
S4MAL S PLTRBSAIIT &/ SN AR
50 100 15

[ from m; (GeV):
2.028 = 0.039 (stat) + 0.061 (syst)

W-Boson Width [GeV]

TEVATRON —e—

LEP2

Average

pp indirect
LEP1/SLD
LEP1/SLD/m,

2

2.046 £ 0.049
2.196 £ 0.083
2.085+£0.042

¥*IDOF: 2.4 / 1

2.141 £ 0.057
2.091 £0.003

2.091 £ 0.002

2I.2
Iy [GeV]

2.4

July 2010
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