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The Electroweak Symmetry

Fundamental Lagrangian has SU(2); x U(1)y symmetry

Vacuum charged under SU(2), U(1)

— Fixes relative directions

— Residual U(1),, symmetry

3 parameters define Electroweak interactions
— Strength [g: SU(2), g’: U(1)] ’ !

— Mass scale of broken symmetry (vacuum energy v)

Enormously predictive theory
— Confirmed (W & Z discoveries) and highly tested ’ !
— Missing piece: details of symmetry breaking

F. Wilczek, Nature 433, 239
21 July, 2009 C. Hays, Oxford University (2005) 2




Electroweak Tests

* Many parameters measured to high precision

Measurement Fit (;I)O"“S:S—Of”gcmea; Tree-level relations:
Oy =887/ 4m[g> + 7]
m, [GeV] 91.1875+0.0021 91.1874 o 211/
,[GeV]  24952+0.0023  2.4965 my; = [g°+g~<]"v/2
o, [nb]  41540+0.037  41.481
R, 20.767 £ 0.025  20.739
AY 0.01714 £ 0.00095 0.01642
A(P) 0.1465+0.0032  0.1480
R, 0.21629+ 0.00066 0.21562
R, 0.1721+0.0030 0.1723 LEP & SLD Collaborations,
Ay’ 0.0992+0.0016  0.1037 Physics Reports 427, 257 (2006)
AYS 0.0707 £+0.0035  0.0742
A, 0.923+0.020 0.935
A, 0.670 + 0.027 0.668
A(SLD) 0.15613+0.0021  0.1480
sin“0°P(Q,) 0.2324+0.0012  0.2314 sin’0 =g/ [g? +g”]
m,, [GeV] 80.425+0034  80.389 my, =gv/2
T, [GeV]  2.133+0.069 2.093
m, [GeV] 178.0+4.3 178.5

0 1 2 3
21 July, 2009 C. Hays, Oxford University



Loop-Level Probes

» High precision provides sensitivity to unobserved particles
— Probed through loop corrections

— Sensitivity currently limited by precision on W boson mass

H  Awaiting discovery
Discovered

W w
W W
) _ J'l:OLEM Parameter Shift mw Sh]gft
My, (MeV /c?)
2 2 _ 30): i}
\/ZGF (1- m,, /mA)(1-Ar) | Alnma= .JrD:GQ.? 2 41.3
Amy =+41.3 GeV /e 7.9
) . 2y B e A
Tree level: m,, = 79.964 + 0.005 GeV Aapm(@ =mze”) = +0.00035  -6.2
Amgz =421 MeV /c 2.6

Measurement: m,, = 80.399 £ 0.023 GeV

21 July, 2009 C. Hays, Oxford University 4



W Boson Mass Measurements

* Published measurements give combined precision of 25 MeV
— Preliminary DO result is world’s most precise single measurement

Summer 2006 - LEP Preliminary

CDF Run 0/1 —— 80.436 + 0.081
ALEPH (_ﬁ”d” §+ 80.439+0.050 DO Run | ——e—— 80.478 + 0.083
DELPHI [final] —a 80.333+0.063 CDF Run I —— 80.413 + 0.048
L3 [final] —a— 80.2631+0.058 Tevatron Run-0/I/ll —eo— 80.432 + 0.039
OPAL [final] v"— 80.415%0.052
LEP ... 80.376+0.033 World average (prel.) o 80.399 + 0.025

Y/dof = 49/ 41 N
LEP EWWG DO Run Il (prel.) —e—i 80.401+ 0.043
(I U B | | |
80.0 81.0 80 80.2 80.4 80.6
GeV
M, [GeV] my, (GeV)

* Future hadron-collider measurements promise <10 MeV precision

21 July, 2009 C. Hays, Oxford University 5



W & Z Production at Hadron Colliders

Initial momentum in beam direction unknown

— Focus on transverse quantities 73

< o recoil e &
» e 1

21 July, 2009 C. Hays, Oxford University
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Measuring mj, at a Hadron Collider

« Experimental inputs:

— In situ calibration of detector response to [ and v

* Only transverse momenta used in mass fit

m?=2p' p¥ (1 - cosAd)

. Th e Oreti C al inputs: Source _ Uncertainty (MeV)

Lepton Scale 23.1

— Details of W production and decay Lepton Resolution 4.4

7 Lepton Efficiency 1.7

Lepton Tower Removal 6.3

u Recoil Energy Scale 8.3

‘_1 x E Recoil Energy Resolution 9.6

ppr [ + Backgrounds 6.4

DEs _ BE>
W Boson pr 3.9
s (d) x_E - Photon Radiation 11.6
u 2 v(l)

d CDF Collaboration,

(u) PRL 99, 151801 (2007),

21 July, 2009 C. Hays, Oxford University PRD 77, 112001 (2008) 7



W Boson Production

Parton distribution functions
— Affect observed m distribution

— Intersection of theory and experiment

14

» Wide set of data used to fit for function parameters at given Q?
» Higher Q? obtained using DGLAP equations

— New Tevatron data improving PDF accuracy

80
70

g

do(y 1Z)/dy (Pb)
5

20
10
0

21 July, 2009

= 1.3¢
- CDF Run Il Preliminary with 2.1 fb" ; 255 . CTEQS. 1M (32 = 45128, CL=1.6e-02]
?ﬂ%ﬂh HLO CTEQE.1M : J.Pumplin et al. hep-ph/D201135 " ; MRSTZ00BE f;.:z - B4/28, CL=7.7e-05)
= s 1.2¢ GTEQPDFs Error
- ,. 1150
- o 1 {
- E - 1
- = 1.05- i * |
- m I x b 3 i ] [
- = 15224 Y %
- B66<M <116 " 8 :9 QQQ’!*Q; AR .;f
- & Positive rapidity 0.95 -
- = Negative rapidity 0.9f
- no luminosity uncertainty included 0.85 E_ o ) P
- Only statistic uncertainty considered 0 BE .C.D.F. Fliun “ If’rlelllrlnllnlalr'glr Wlth |2T1. f!‘JI o
0 e J015I . | 1| T I1 15I. ' | | 2'. i | | I2E5J - D D-5 1 1 -5 2 2-5
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C. Hays, Oxford University 8



xu,(x,Q%)

W Boson Production

IR R

pp W*(Zo) 1t
w
u (d) x_E

v()

Down valence distribution at Q2 = 10* GeV?

MSTW 2008 NNLO (90% C.L.)

7
% MRST 2006 NNLO

1072

Parton distribution functions
— W boson charge asymmetry
! dy.. — |
A{,}';l'] = Idﬂ“ . dyll dU— "Ird.]'}li
do, ldyy, +do_[dy,
u(x)d(x2)-d(x1u(x2)
u(xDd(x2) +d(xu(x2)
Up valence distribution at Q@ = 10* GeV?
0.6 T T T T
0.5 f— —f
ol -
u.3f— _f
u.zf— —f
n.1f— f
D -3 I -2 1
10 10 10 10
X
21 July, 2009 C. Hays, Oxford University
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W Boson Production

e Parton distribution functions

— W boson charge asymmetry

V'!WYV_W’Vrd.pjdﬁitivvaf'!vV"
: e W rapidity - - :
—£— e rapidity

______________________

[
E
3 -2 -1 0 1 2 3

W or lepton rapidity

21 July, 2009
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C. Hays, Oxford University 10



Asymmetry

W Boson Production

'

'

e Parton distribution functions O bt ooty
s 0.7 = NLO Prediction(CTEQ6.1M) E
— W boson charge asymmetry £ 0.6 £ [T PDF uncertainty(CTEQS.1M) 3
€ o5 =
(7)) C 3
Y .~ ﬁ 0.4 =
0.2~ 2 03 B =
- S 0.22— —;
o1 = 01p =
T (b}DQ,L:U.?5ﬂ51 Oiiiii}IIii}IiiIIIIIIIIIIIIIII_I:
_ E5>35 GeV - 0.8 = ——+—— CDF 1fb” data(stat. + syst) E
o E;>25 GeV I s 07 F NNLO Prediction(MRST2006NNLO) E
- E 0.6 - [ | PDF uncertainty(MRST2006NNLO) =
B CTEQ6.6 central value % 05 - E
- < ,4F ’ =
0.1 04 F =
- mEme MRSTO4NLO central value é’q 0.3 = . ¢ 3
| 1 © T E F -
| CTEQ6.6 uncertainty band 5 02 E =
0.2 > o 3 p E
=1 1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 1 ’ E E
0 0.5 1 1.5 2 2.5 3 s
me| 0 0.5 1 1.5 2 2.5
vl
D@ Collaboration, CDF Collaboration,
PRL 101, 211801 (2008) PRL 102, 181801 (2009)

21 July, 2009 C. Hays, Oxford University 11



Measuring mj, at a Hadron Collider

« Experimental inputs:

— In situ calibration of detector response to [ and v

* Only transverse momenta used in mass fit

m?=2p' p¥ (1 - cosAd)

. The Oreti Cal inputs: Source _ Uncertainty (MeV)
Lepton Scale 23.1
— Details of W production and decay Lepton Resolution 4.4
7 Lepton Efficiency 1.7
Lepton Tower Removal 6.3
u Recoil Energy Scale 8.3
‘_1 x E Recoil Energy Resolution 9.6
ppr [ + Backgrounds 6.4
PDFs 12.6
W Boson pr 3.9
u (d) x_FE - @a};ation m
u 2 v(l)
d CDF Collaboration,
(u) PRL 99, 151801 (2007),

21 July, 2009 C. Hays, Oxford University PRD 77, 112001 (2008) 12



W Boson Decay

* my, measurement sensitive to y radiation from final-state /*
— Including O(a) radiation has ~150 MeV effect at CDF
— Uncertainty primarily due to higher orders

— New generators include higher orders using exponentiation techniques
* Promise to significantly reduce QED uncertainties

q’ Y

025 aﬁl[ﬁl

9

Q|
<

HORACE
C.M. Carloni Calame et al.
PRD 69, 037301 (2004)

uE v L] L2 ¥ wr ™ o = v

WINHAC “E
W. Placzek and S. Jadach : =
EPJ C 29, 325 (2003) TSRS RS USROS USROS |

21 July, 2009 C. Hays, Oxford University 13




Measuring mj, at a Hadron Collider

« Experimental inputs:

— In situ calibration of detector response to [ and v

* Only transverse momenta used in mass fit

m?=2p' p¥ (1 - cosAd)

. The Oreti Cal inputs: Source _ Uncertainty (MeV)

Lepton Scale 23.1

— Details of W production and decay Lepton Resolution 4.4

7 Lepton Efficiency 1.7

Lepton Tower Removal 6.3

u Recoil Energy Scale 8.3

‘_1 x E Recoil Energy Resolution 9.6

ppr [ + Backgrounds 6.4

PDFs 12.6

s (d) x_E - Photon Radiation 11.6

u 2 v(l)

d CDF Collaboration,

(u) PRL 99, 151801 (2007),

21 July, 2009 C. Hays, Oxford University PRD 77, 112001 (2008) 14



Z Boson Production

 Boson transverse momentum
— Dominant production in
non-perturbative regime
— Parameters motivated by theory,
. ot [ e ] £ ] 3 ’
measured with Z boson data t Hadronic Recoil
— Experimentally more precise to measure projected boson p.
9 T T T T T = N . . . ; . . r ; —
8F- D@ Preliminary 2fb" + Data — 12: DO Preliminary 2fb™ + Data .
= = 10— N
‘:Q_ ZE_ DZ—>ee _E u 85_ [|z—ee _E
x S 1 = - ]
§ jg: :% ﬂ 65— _f D@ Run Il Preliminary 2ib™"
'E :_ 3 = o 7] DO Run Il ee (CTEQ6.6) ———— 0.66 + 0.03(exp) g, (PDF)
w3 é_ _g uc-l 4 :— —: DO Run Il yy: (CTEQS.6) —-— 0.61 0.03(exp) 5oy (PDF)
2F E - ]
1 i_ _i 2 :— —: Combination (CTEG6.6) R 0.63 + 0.02(exp) + 0.04(PDF)
3E : ; : : | = ~F o [
%) 0.15:_ Xz = 50/20 ; o 0.1 :— —: Publ D@ Run | ee (CTEQ4M) — 0.58 + 0.0
E 0.1 ;_ _; g 0.055_ —f Publ. D@ Run lla ee (CTEQ6.1M) —— 0.77 £ 0.0
3 0_052_ : 4 | | | _; G - 3 World Average (CTEQ3M) - 06857
E. ogi """ "+°}+ """ Y*.{T|IIT|1°§ E. OE‘{ ||‘: 0 L B ¥ B T S T R R T N
£ -0.05) 4 i AL T T = I T H g, (GeV?)
8 0.1F = 8 -0.05— ]
~.0.15F 412 ]
'0‘25_ L | L L L l_f 01F ! ! ! 1 ! ! ! ! ! L E
0 5 10 15 20 225 30 0 2 4 6 8 10 12 14 16 18 20
pZ (GeV) a; (GeV)
21 July, 2009 C. Hays, Oxford University 15



Measuring mj, at a Hadron Collider

« Experimental inputs:

— In situ calibration of detector response to [ and v

* Only transverse momenta used in mass fit

m?=2p' p¥ (1 - cosAd)

Source Uncertainty (MeV)

e Theoretical inputs:
— Details of W production and decay

Lep

epton Resolution

Lepton Efficiency

“ Lepton Tower Removal 6.3
u Recoil Energy Scale 8.
‘_1 x E Reesil_Energy Resolution 9.6
ppr [ + Backgrounds 6.4
PDF's 12.6
W Boson pr 3.9
s (d) x_FE_ Vv (l-) Photon Radiation 11.6
u P p
d CDF Collaboration,
(u) PRL 99, 151801 (2007),

21 July, 2009 C. Hays, Oxford University PRD 77, 112001 (2008) 16



Events/0.5 GeV

DO m,, Measurement

« Experimental inputs:

— In situ calibration of detector response to [+

» Use sample of 18,725 fully reconstructed Z — ee events

* Response includes scale and offset: R = aF +

* Energy scale calibration is dominant systematic uncertainty on m,,

— Scales with statistics

500 1
- DO Preliminary, 1 fb +- Data
375 — — Fast MC
250 {—
l¢_Fit Region
125 y2/dof = 153/160
20 95 100 10"?‘«3 Gevo

a4
~ DO Preliminary, 1 fb1

i b Mﬁw mﬂ &

O

N

-47 105
21 July, 2009

Ge\;0

C. Hays, Oxford University

Offset, |3 (GeV)

-0.1
[ DO Preliminary, 1 fb’

-0.25F

0.4+

-0.55

_0-. PR SEE RS S ST S NN SN T T NN N SN S SN T N N S

1006 1008 101 1012 1.014 1.016
Scale, o

17



DO m,, Measurement

« Experimental inputs:

— In situ calibration of detector response to v
* Develop model using GEANT and randomly collected events (zero bias)
* Tune parameters with Z — ee events
* Response to hadrons (< 1) results in measured momentum imbalance

— Well modeled by fast simulation
Mew

| Y]

e Hadronic Recoil

T decton—
L\ . E DO Preliminary, 1 {b' DO Preliminary, 1 fb’
E 7-5—_ e Data . 2;
e g © | oFasTMC '
et (GeV) [ . [
360-’@,- 2 . ¢ 5 ob O + ......................................
= S
\% P (] { +
= g"':': 2.5|- i -2}
180Ty [ . :
t%“. - 0.‘..1,...1...,1.“.1,.“1..“ _4-..“1....1.,..1,...1...,1....
= 0o 5 10 15 20 25 _ 30 o 5 10 15 25
GV pst GeV
18
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Events/0.5 GeV

DO m,, Measurement

e J¥ boson mass fits

— Template fits to m,, p;*, p;¥ distributions

* m,most accurate, others provide important cross-check and additional precision

10000—— -
- reliminary, 1 fb o DATA
7500/ — — FAST MC
N B w-stv
5000/ A
Fit Region
2500 r y2/dof = 48/49
% 60 70 80 90 m. G lo
- 4

- $o Preliminary, 1 fb”

: +H+##ﬁ++w M

N

o

J
N

+
#WN

i

i

%0 60

21 July, 2009

70 80

90

100
m,, GeV

Source m; pile) Missing E;

f»... Electron energy response > 34 34 34

Electron energy resolution 2 2 33

Electron energy non-linearity 4 6 7

Electron energy loss differences for W and Z 4 4 4

Electron efficiencies 5 6 5

Recoil model 6 12 20

Backgrounds 2 5 4

Subtotal Experimental 35 37 41
(PDF )CTEQS6.1M 1 1

QED 7 7 9

Boson p; 2 5 2

Subtotal Theory (W/Z production & decay) 12 14 17
a0 |
. s

TOTAL 44 48 50

m,,=80.401 = 0.021
=80.401 + 0.043

C. Hays, Oxford University

stat T 0.038Sys GeV
GeV



World-Average m,,

« Tevatron average not yet available

 (fitter group has calculated 1ts own world-average m,,
— my,=80.399 £+ 0.023 GeV (~10% reduction in uncertainty)

Mz fitter |svd 0.1 T '.'I - T T
N " A(LEP) |[Eliitter..: — i : 104148
Gzad A7 e b ......................................................
F{%T -1.0 AI(S LD) \ - . 26 +1265
Ar 09 R N S S )
e | s
o 20 Arg -166
sin“0 (QFB) 0.7 e anaa e ........................................ reereenn
A 0.9 ' 56
A% 2.5 MW ' . 42 j.22
; T e
A o 06 Standard fit e 83+
RS 0.1 el . M I | , e M
o = 08 6 10 20 10%2x10? 1Q°
Aay, (V) [ -0.2
M, | 13 MH [GeV]
Iy [ -0.1
m, 0.0 o<10 0 S
m 00 1.4% probability to find such a deviant outlier
m, = 0.4

T Gfitter Group,
OO/ S EPJC 60, 543 (2009)

21 July, 2009 C. Hays, Oxford University 20



Constraints from m ,

e Electroweak measurements prefer light Higgs, heavy SUSY

M, [GeV]

Some tension in both cases
» Something else?

» Need increased precision

80.70

80.60

80.50

80.40

80.20

) 1 | 1 1 1 1 I 1 1 1 1 | 1 1

T T T T I T T T T ] T T T T I T T T T I T T T T

experimental errors: LEP2/Tevatron {today}

68% CL 2008 mW

—_— 095% CL

MSSM
both models

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '08 7
YT T T AN TN T TN T AT T TN M [N T T M [ S SN T

160
21 July, 2009 m, [GeV]

165 170 175 180 185

80.60

80.50

80.40

M., [GeV] (aver. from GFitter)

80.30

80.20 L

- experimental errors: LEP2/Tevatron (tOday)w—ng
Wwwm’i‘xght

68% CL

95% CL .~

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '03 -
v b ey e v b by

SM
MSSM
both models

160

165 170 175 180 185

C. Hays, Oxford University
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Future mj; Measurements

* Expect om,, <25 MeV from next Tevatron measurement
— CDF: 2.3 fb!, DO: 5 fb!
— CDF momentum scale calibration includes J/WY—uu, Y—uu, electron E/p

CDF Il preliminary

ILm=23m4

30000

20000

10000

A rn‘;::ale(stal) =1 Mev,,c2
yidof=32/18

Events / 15 MeV (GeV/c?)

* Expect om,,~7 MeV from ATLAS
prfit with 10 tb-!

o

- data
— MC

9.6
2
m . - (GeVic))

— 45 million W boson events

— 4.5 million Z boson events

21 July, 2009

Events / 0.01

CDF Il preliminary I Ldt=~2.4fb"

40000—

| © data

— MC

B background
20000

B Amie = 5 Mevic?

ydof =33/16
. !

C. Hays, Oxford University

[ s
E/pc (W—ev)

Theoretical model T 0.5
Yw 1
Puw 3
QED radiation <1
Lepton measurement linearity and scale 4
resolution 1
efficiency 3(e)<1(n)
Backgrounds W — v 04
Z—1(0) 0.2
Z—11 0.1
Jet events 0.5
Pile-up and UE <1 (e); ~0 (u)
Beam crossing angle <0.1
total ~7 22

One channel (e) and one study (p;)



Measurement of sin’0,,

* Chiral weak coupling produces angular asymmetry in Drell-Yan
— do/dcosO « 1 + cos’0 + Apg cosO [ Apg = f(vs as s) |

o
— Vector & axial couplings: 0 _
=13, -2esin%0,,; a.= I p
e v.=1]° - ; =
Clgemtiah o
— Measurement provides sensitivity to sin’ 6y
Fr porim! .
[ x¥dof=106/14 4 . sin’fy, = 0.2326 +
0.5 0.0018,, +
j | 0.0006,,,
i — PYTHIA c.f. SM prediction:
0 .. ZGRAD2 .
- sin’0y, = 0.23149 +
—m a Statistical uncertainty 0.000173
i f Total uncertainty
03 _ o | | | D@ Collaboration,
50 70 100 300 500 PRL 101, 191801 (2008)

M., (GeV)
21 July, 2009 C. Hays, Oxford University 23



Quark Couplings to Neutral Current

* Ambiguity in LEP measurement of quark electroweak couplings

— HERA and Tevatron data resolving ambiguity

— Up and down quark couplings to neutral current

» Vector coupling:
— v, =B - 2e sin?0y = 0.203 (u), -0.351 (d)
» Axial coupling:
— a, =P =1/2 (u),-1/2 (d)

ZEUS

0.5

0.5/

A

ZEUS-poI-au-vu-PDF (prel.)

1— W total uncert.

uncortr. uncert.

- mm H1 prel. (HERA I+l 95-05)

- HIIII||I[II(||\II\|I]I[|I(*

%

\

68% CL

* SM
— CDF
~— LEP

kllllIlI‘llllllIll'llIlIIl7

-1

21 July, 2009

-0.5 0 0.5

1
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o
>

-0.5

ZEUS

9 /E.N
-___\- ../.'

ﬁl|\IIN|IIII‘IIII|III\

ZEUS-poI-ad-vd-PDF (prel.)

— [l total uncert.

uncorr. uncert.

- W H1 prel. (HERA I+l 95-05)

0.5

N\

* SM
— CDF

68% CL — LEP

T

Coo oo by b b b

-1

-0.5 0 0.5

C. Hays, Oxford University

1

a

.
I

Sz
L9 /I"'.::k ;
. U o

e\e-/'
é Y +=

Fitto v, a, using NC
data from HERA

Factor of two more data
available for analysis

H1 Collaboration,
PLB 632, 35 (2006)
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Triple-Gauge Couplings

 Non-abelian electroweak structure tested in detail

— Tevatron results complementary to LEP
 Sensitive to deviations at higher O
» Separately probe WWZ and WWy vertices

— Continue to add final states to probe triple-gauge couplings 7z
s Wy — vy — M
. > il D@, 3.6 fb' :
Zy — Iy 8 2.0 . pata ’ "‘g
* Zy —=> VWY ol B - Sum of backgrounds 1’*1 z
 WW —Illvwv 3 1.5E — SM signal MC + backgrounds .
« WW—Ivgg = [ - ATGCsignal MC +backgrounds| 'S | ()ZZy  D@,36fb'
’ A=15TeV ..
« WZ— Ivgq 1.0
.« WZ—>lilv .
Wy g
g — qqvv -0.005
i ZZ — lel | " . ]_=I I \ I . I . l . !
0.0 L= e 01 005 0 005 0.1
o 77 — [Ivv 100 150 00 250 300 hZ,
« 77 — llgq Er[GeV] pg Collaboration,

21 July, 2009 C. Hays, Oxford University PRL 102, 201802 (2009) 25



Triple-Gauge Couplings

 Non-abelian electroweak structure tested in detail

— Tevatron results complementary to LEP
 Sensitive to deviations at higher O
» Separately probe WWZ and WWy vertices

— Continue to add final states to probe triple-gauge couplings

C WY — ZVY CDF Preliminary Results at 3.6fb~1
) A A AZ Aglz Agr?
o /v — ][] o  CDFRunllPreliminary [L=aom 2.0TeV || (-0.14,0.15) | (-0.22,0.30) | (-0.57,0.65)
v ) Sl ™ dowe . L5TeV || (-0.16,0.16) | (-0.24,0.34) | (-0.63,0.72)
D102 E Data A2 =0.16 - ,
° Z — VYV ) = CDF Expected Limits at 3.6fb—!
Y Y o C _ A A7 Ag? Ar7
= .| D SMww e Agy =0.34 5.0TeV || 0.05 - 0.06 | -0.08 - 0.15 | -0.20 - 0.27
s WW —llvy = — 15TV || -0.05 - 0.07 | 0.00-0.17 | 0.23 - 0.31
o WW - Z’qu § E - ‘...h . § Background e Ak =0.72 N Probal/\)izlit}' of Obseg;ezd Limits —
T | R 20TV 1% 73% 2%
° WZ - [qu B \ i B T 1.5TeV 7.6% 7.4% 7.3%
L \%%s <'q o (d) D@, 1 fb'
s WZ—lllv 107 \ﬁﬁ | 702 ,
E - H
C ‘m&\x“‘\a\“‘l
e WZ— qqvv - \%E%\x\ 0.1-
102 EQ%%% i
E SN s S S e e
o [/ — qqvVv 0 %ﬂﬂ 150 K;?\tjfﬁ‘ \\5?0\ 300 350 400 450 500 or
Lepton P, [GeV/c] I
o //Z — Il -0.1°
R 1a7 e ee) H1.B '
« 77 = [lvv o(pp — WW) =12.1 £ 0.9(stat) "', (syst) [pb] 02
-04-02 0 0.2 04
[ ]

77 — llgq D@ Collaboration, A%=A%;
21 July, 2009 C. Hays, Oxford University arXiv:0904.0673 (2009) 26



Triple-Gauge Couplings

 Non-abelian electroweak structure tested in detail

— Tevatron results complementary to LEP
 Sensitive to deviations at higher O
» Separately probe WWZ and WWy vertices

Continue to add final states to probe triple-gauge couplings

21 July, 2009
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Triple-Gauge Couplings

Non-abelian electroweak structure tested in detail

— Tevatron results complementary to LEP
 Sensitive to deviations at higher O
» Separately probe WWZ and WWy vertices

— Continue to add final states to probe triple-gauge couplings
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| Floating Parameter | Fitted Value +/- Uncertainty

QCD slope
JES
# EWK backeground
# QCD background

0.72440.047
0.98540.019

36,140+1,230

7,249+1,130

# Diboson signal 1.516+239
Systematic % uncert.
Flpaeien EWK .\']-1;11)(' 1.1
Resolution 5.6
Total extraction 9.5
JES 8.0
JER 0.7
_ r resolution model 1.0
aceeptance Trigger inefficiency 2.2
[SR/FSR 2.5
PDF 2.0
Total acceptance 9.0
Luminosity 5.9
Total 14.4

5.30 observation
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Non-abelian electroweak structure tested in detail
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More Results

* PDFsand mj, at LHC

— Lepton charge asymmetry can constrain PDFs

Charge asymmetry
.

— W*/W production asymmetry complicates m,, measurement

oosE|  *

« Tau measurements at BaBar T et
— Lepton universality Z/y* — 1wt/ Z/y* — uu = 1 (lgnormg masses)
* R, (Y(Is))=1.009 +0.010, +0.024_ .
— Tau mass N N B i
¢« m,=1776.68£0.12, £ 0.41_ MeV  wme
s m,-m_) m_=(-35+13)x 10‘4 p.fﬁfii,. - _ ;ﬁ?ﬁﬁi?m 4 ]
o s .
* (g-2),

— New tau-based a,* more consistent with electron-based a * (<30)
— g-2 data - theory discrepancy 1.90 (1) 3.50 (e)
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Summary

Steadily improving precision on m
— CDF and D@ have the two best measurements in the world
— Pieces coming together to allow single measurements with om,, < 25 MeV
— Expect ultimate hadron-collider precision of omy,, < 10 MeV

Precision measurement of sin’0,y, possible with full Run 2 data set

— CDF and D@ have initial measurements using A in electron data

HERA producing best measurements of NC quark couplings

— Now also able to observe triple-gauge couplings

Tevatron experiments probing TGC with unprecedented precision
— New hadronic channels an important step on the road to the Higgs

21 July, 2009 C. Hays, Oxford University 31



Expected Limit/SM
(=]

If there 1s no SM Higgs...

2xCDF Preliminary Projection, m,=115 GeV
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