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e SU(2) provides three bosons W* W~ W? with a coupling gw to describe
interactions between left-handed states

e U(1) provides one boson B’ with a coupling g’ to describe interactions between
fermions with non-zero hypercharge

e W’ and B? have same quantum numbers: mix producing physical bosons Z’ & y:
B gw B + g’WWO 0 _ g{/VBO — g W?

Vi + g Vi + gy

e Introducing the Higgs field with a vacuum expectation value » gives masses to
W= and Z°.

/ —_
VW my = % Jw — gw
2 Vi + g

e Three parameters, v, gw and g’y describe all couplings and boson masses.

mw —



Electroweak Parameters

e Electroweak model parameters », gw and g’y can be combined at tree level to
obtain measurable quantities e.qg.:
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e Electroweak model parameters », gw and g’y can be combined at tree level to
obtain measurable quantities e.qg.:

Mass of the W-boson Weak mixing a}2ngle W and Z masses
Mw = vIw sin”? Oy = 5 Iw 5 My = Mgz cos Oy
E 9w + 9w
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Including loop effects, measurements and predictions also depend on:

e masses of the fermions
= mp MOst influential as much more massive than other fermions

e mass of the Higgs boson my = v2\v

\Electroweak theory tells us nothing about fermion and Higgs masses. )




Electroweak Precision Measurements

Very high 0% physics at LEP, SLC, and the Tevatron:
More than 1000 measurements with (correlated) uncertainties
Combined to 17 precision electroweak observables

Measurement Fit  |O™-_Q™/g™Meas

O 1 2 3

g B 77

Aol (m,)  0.02758 +0.00035 0.02767
m, [GeV] 91.1875+0.0021 91.1874
,[GeV]  2.4952+0.0023  2.4959
Gy [nb] 41540+ 0.037  41.478

= - e R 20.767 +0.025  20.743
B AY 0.01714 £0.00095 0.01643
- A~ S A(P.) 0.1465+0.0032  0.1480

___________ o BY el T R, 0.21629 + 0.00066 0.21581
’ R, 0.1721+0.0030  0.1722

AP 0.0992 £ 0.0016  0.1038

AL 0.0707 £0.0035  0.0742

A, 0.923 + 0.020 0.935

A, 0.670 + 0.027 0.668

A(SLD) 0.1513+0.0021  0.1480
sin“6°°(Q,) 0.2324 +0.0012  0.2314
m, [GeV]  80.398£0.025  80.377
r, [GeV]  2.097 +0.048 2.092
m, [GeV] 172.6 + 1.4 172.8

SLAC Linear Collider

March 2008 O | 1 | 2 | 3



Electroweak Precision Measurements

Very high 0% physics at LEP, SLC, and the Tevatron:
More than 1000 measurements with (correlated) uncertainties
Combined to 17 precision electroweak observables

Measurement Fit (;Omea_s—oﬂtgcmeas
Ao (m,)  0.02758 +0.00035 0.02767
m, [GeV] 91.1875+0.0021 91.1874
r,[GeV]  2.4952+0.0023  2.4959
oo [nb]  41.540+0.037  41.478
R 20.767 +0.025  20.743
A 0.01714 +0.00095 0.01643
ST e A A(P.) 0.1465+0.0032  0.1480
___________ A e S R, 0.21629 + 0.00066 0.21581
: R, 0.1721 £0.0030  0.1722
AP 0.0992 £ 0.0016  0.1038
AYC 0.0707 +0.0035  0.0742
A, 0.923 + 0.020 0.935
3 L A 0.670 + 0.027 0.668
e A(SLD) 0.1513+0.0021  0.1480
N L NA sin6"(Q,) 0.2324+0.0012  0.2314
s e A m,, [GeV] 80.398+0.025  80.377
r, [GeVl  2.097 +0.048 2.092
m, [GeV] 172.6 +1.4 172.8

Main focus recently 0 1 2 3



Recent Electroweak Results

Since LEP and SLC we have been exploring on-shell W and Z bosons with ...
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Recent Electroweak Results

Since LEP and SLC we have been exploring on-shell W and Z bosons with ...
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At the Tevatron and Hera...

e wWe can measure the W-boson properties (more accurately) and top-quark
properties (directly)

e we have enough energy to produce di-boson pairs

e study couplings between bosons and up & down quarks and polarised
electrons & positrons



W-boson properties




W-boson mass and width

e Use W—uv and W—ev events

e Use the transverse mass, mr, defined
using the components of momentum
transverse to beam:

mr = \/ET(K)ET(V)(l — COS(QbE - ¢1/))

e Fit to template with different input
values of mw, I'nw

e CDF Run I
my = 80413 & 34(stat) & 34(syst) MeV /¢
'y = 2032 + 45(stat) £ 57(syst) MeV
e DO Run Il

Iy = 2011 £ 93(stat) = 107(syst) MeV

events / 0.5 GeV

ents /2 GeV
3&

E
-
o
w

CDF Il preliminary _[L dt ~ 200 pb”

m1~80 GeV region
sensitive to my

M,, = (80349 + 54__) MeV

2Idof = 59 | 48

%0 70 80 90 100
m.(uv) (GeV)

DO Run Il Preliminary

e Data
— MC+Background
[ 1Background

Shape in high-mr
region sensitive to I'w

°
° ° °
° °
| | ‘ | | | | | | ‘
160 180 200

M; (GeV)
8

| | | |
60 80 100 120 140




World average W-boson mass and width

[MeV]
2231+ 172 n DY (RUN-1) CDF Run | &
2052 + 128 - ] . CDF (RUN-1) 0 Run 32433i 79
2011+ 142 n DZ (RUN-2)* @ Run 80483 + 84
OELPHI ¢ 80336 + 67
2032 = 73 —— CDF (RUN-2) L3 —
2037 + 65 ——t CDF (RUN-1,2) 80270 + 55
OPAL ——
. 80416 + 53
2050 = 59 —a— TEVATRON ALEPH ——
2196 = 84 u LEP-2* 80440 + 51
CDF Run Il (prel.) ——
2097 = 48 SM World Av 80413 + 48
2/df = * imi World A 2007 -8
v2/df ?73./5..|....|....|....|....|....|....|Pre"mmary orld Average 80308 + 25
| | | | |
18 19 2 21 22 23 24 25 30100 80200 80300 80400 _ 80500 80600
Iy [GeV] W Boson Mass (MeVi/c?)

e Accuracy requires detailed understanding of how
electrons and muons interact in the detector

e Work currently underway on combined mw and I'w fit



W-boson charge asymmetry

e Asymmetry in direction of charged leptons from W-boson decays

0.8 T T T T T
R - CDFR"P'meL ......... o
. qé 0'6: e 11" datastat. + syst) .

7/ - _-—-‘;_}_ 93 _____ ; 04;_ ........ NNLO. predlctJon usmg MRST?OO2 ............ ................... _:
~at W rest frame o at W rest frame "
Q
e+ v E’ B
_‘:" -0.2}
. o . O -0.4:
e Rapidity of the W-boson not directly S
reconstructed due to two fold-ambiguity 0.6
in the longitudinal momentum of 0.8

neutrino.

e Two solutions are weighted using V-A
hypothesis.

e Results used to constrain proton PDFs.



Top Quark Physics




Top-quark Events

e Top mass and single top-quark production

Three top-quark pair production signatures pp—tt— W*b Wb

“All jets” 6 jets (2 b-jets)

“Lepton+Jets” fv + 4 jets (2 b-jets)

“Di-lepton” €€~ 2v + 2 b-jets
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Top-quark Events

e Top mass and single top-quark production

Three top-quark pair production signatures pp—tt— W*b Wb

“All jets” 6 jets (2 b-jets)

“Lepton+Jets” £v + 4 jets (2 b-jets)

“Di-lepton” €€~ 2v + 2 b-jets

Finding 1 or 2 b-tagged jets significantly reduces backgrounds

12



Top Quark Mass

e Many methods used to measure top quark mass - e.g. matrix element method

e Largest systematic effect from uncertainty on Jet Energy Scale of calorimeters (JES)
e Calibrate JES in-situ to with known-value of my.

e Find best values of m,, JES consistent with observed kinematics,y_’

1 ) A(my JES Z /f TF( - JES | Z) |Megr(my, 7)[* d®(7)

L(g‘ mtaJES) — N(mt

D@ Run lIb Preliminary, L=1.2 fb™
1.1

JES

~ lepton+jets, calibrated
1.08:—
i One or two b-
Hoor tags required

L04j

1.02-

A InL=2.0

1_

A InL=4.5

098_I|l|l|III|IIIIIIIIIIIIIII|III
) 166 168 170 172 174 176 178 180

M,,, (GeV)
“World's single most precise measurement”
m;=172.2 + 1.1 (stat) = 1.6 (syst) GeV/c?
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Top Quark Mass

e Many methods used to measure top quark mass - e.g. matrix element method
e Largest systematic effect from uncertainty on Jet Energy Scale of calorimeters (JES)
e Calibrate JES in-situ to with known-value of my.
e Find best values of m,, JES consistent with observed kinematics,y_’
1 Sz
TF . JES M, T)|% dd(F
TR (o Z [ PR TG IES | 2) (M, 7 ()

CDF: Lepton+Jets and Di-lepton, template fit

D@ Run lIb Preliminary, L=1.2 fb N B s o

n 1.1 - - 3;: | I _ e, ™= Alog(L) = 0.5 _5
w : lepton+jets, calibrated 2 —alogl)=20 ]
1.08[ 0 5Z — A log(L) = 4.5 :
: One or two b- T
o tags required ok _
1.04:— - 5
i 0.5/ -
1.021- i i
_ A InL=2.0 A _:
1 - =
[ A InL=4.5 - _ 1
T - {CDF Run |l Preliminary (19fby) | |
0987166 168 170 172 174 176 178 180 166 168 170 172 174 176 1728
M,,, (GeV) M, (GeV/c)
“World's single most precise measurement” “World's single most precise measurement”
m;=172.2 + 1.1 (stat) = 1.6 (syst) GeV/c? m;=171.9 £ 1.7 (stat +JES) £ 1.0 (syst) GeV/c?

13



World Average Top Quark Mass

Best Independent Measurements
of the Mass of the Top Quark (=preliminary)

CDF-l dilepton @ E 167.4 +11.4
D@-1 dilepton o E 168.4 + 12.8
CDF-Il dilepton* —of-- 171.2 = 3.9
DG-Il dilepton* —-:.— 1737 + 6.4
CDF-l lepton+jets —C 1761 7.3
DJ-1 lepton+jets E —— 180.1 £ 5.3
CDF-Il lepton+jets* o 1727 £ 2.1
D@-Il lepton+jets* < 1722 + 1.9
CDF-l alljets o 186.0 + 11.5
CDF-Il alljets* —0— 177.0 £ 4.1
CDF-ll b decay length E 180.7 £ 16.8
X’/ dof = 6.9/ 11

Tevatron Run-l/II* ® 172.6 £ 1.4
1éO 1}0 160 March 2008

Top Quark Mass [GeV]

m:=172.6 + 1.4 GeV/c?




World Average Top Quark Mass

Best Independent Measurements
of the Mass of the Top Quark (=preliminary)

CDF-l dilepton o 167.4 £ 11.4
D@-l dilepton @ E 168.4 £ 12.8
CDF-Il dilepton* —QE-- 1712+ 3.9
DG-Il dilepton* —— 1737 + 6.4
CDF-l lepton+jets — 176.1 £ 7.3
DJ-l1 lepton+jets | | 180.1 = 5.3
CDF-ll lepton+jets* @ 172.7 + 2.1
D@-Il lepton+jets* O 1722 + 1.9
CDF-l alljets . ® 186.0 + 11.5
CDF-Il alljets* —0— 177.0 = 4.1
| X?I dof = 6.9/ 11

Tevatron Run-l/lI* o] 172.6 £ 1.4
150 170 190 March 2008

Top Quark Mass [GeV]

m:;=172.6 = 1.4 GeV/c?

A M(total) GeV/c?

-t
o

-t

What improvements
can be expected?

CDF Top Mass Uncertainty

(all channels combined)

1fb" 2fb" 4fb" 8fb"
vy

*

v CDF Results

* Run lla LJ goal (TDR 1996)

Scale A(stat) / \1[, Fix A(syst)
(assumes no improvements)

Scale A(total) / \L
(improvements required)

10° 10° L 10
Integrated Luminosity (pb )

Not far from 1% accuracy

per experiment!

14



proton

antiproton

CDF:

Single Top Production

Missing
transverse
energy

Jet of
particles

particles

Vio| = 0.88 = 0.14(exp) £ 0.07(theory)

e Cross section is test of QCD and Electroweak
e SM prediction: 6 =2.9 £ 0.4 pb
H e Can be used to extract a result for Vb

Tevatron Single Top Summary

i
Likelihood Function: CDF 1.8+ 0.9
(2200 pb™') w08
Matrix Element: CDF 292+ 0.8
(2200 pb™) == 07
Neural Network: CDI—’ 20+ 0.9
(2200 pb™') w08
Decision Tree: DO 4 9.+ 1.4
(goopb-f) * - 1.4
Matrix Element: DO 4 8. + 1.6
(goopb-f) * - 1.4
o
Neural Network: DO 4 4 + 1.6
(goopb-f) * - 1.4

" Z. Sullivan, PRD 70, 114012 (2004)

0 2 4 6
Single Top Production Cross Section (pb)

15



Boson Pair Production

Tevatron Run Il pp at\s = 1.96 TeV

'E‘ ]
Q]
- 1% - CDF Preliminary
2107 = CDF Published
é © DO Preliminary
g e DO Published
310°+ B Theory
O
10%4 T ca
10 g
5 “o
] -f;'-ii- ?
13
y ] M, =160
10 w Wy zy  Ww it Wz zz Heww

16



_pp—Zy production at the Tevatron

E' DJ 1fb
DO 1fb-1 e " .
o Mu>30 GeV/c? = 25
e NLO prediction 6 =4.7+ 0.2 pb
6 = 5.0 = 0.3 (stat+syst) £ 0.3 (lum) i
both expts: - eey
E1n(y) > 7 GeV B HEY
AR(L,y) > 0.7 10
&) 1 M, [GeV]

CDF 2fb_1 CDF Run Il Preliminary (2.0 fb™)
o Miu> 40 GeV/c? - - e+ data

> - | B [ ]Z+y
e NLO prediction ¢ =4.5+ 0.3 pb @ 1005 L B 2y + Jet

~ - n B Zee + Jet
e ISR 1.2 pb FSR 3.4 pb . - [y + Fake ee

O 10
o =4.6 £ 0.2 (stat) = 0.3 (syst) = 0.3 (lum) g— i T Jr

- - '——\__I_

§ e T 11

- [ ]
Measurements consistent w v l ]—uﬁ
with SM predictions 1020 40 60 100 120 140

Photon Et (GeV)

17



W

CDF D@

"R 1.9 fb 1| 1fb!

candidates 25 13
background|5.2+0.8 |4.5+0.6

Both s-channel and t-channel: onr.o(WZ) = 3.7+ 0.3 pb

18



pp—WZ production at the Tevatron

CDF D@
1.9 fb 1| 1fb!
candidates 25 13
background|5.2+0.8 |4.5+0.6

Both s-channel and t-channel: onr.o(WZ) = 3.7+ 0.3 pb

/=
[

[

lep 1: Forward e’
p; = 60.8 GeV

l

| I—

lep 3: Track e/p”* \ 7o , ;.- 7 i

p; = 22.2 GeV
n=-1.2

lep 2:

Central e’

p; = 37.8 GeV

n=0.5

18



pp—WZ production at the Tevatron

CDF D@
1.9 fb~1| 1fb!
candidates 25 13

background|5.2+0.8 |4.5+0.6

1.4
- CDF:0(WZ)=4.3";7 pb
[
1.
— —_— T — D@: c(WZ) =277 pb
ﬂ . ¥ 1.3
lep 2: Central e
lep 1: Forward e’ il ol pr = 37.8 GeV
p; = 60.8 GeV ,f-zf'/_- ; e n=0.5 CDF Run Il Preliminary J Ldt=1.91fb"
! . n § . Region: Signal .Data [zsjets
o Owz [@Qzz
o 6 OZy Ott
‘: 42 5 ——
t 2
% d = L 4 ——
lep 3: Track e/u™ |\ 7 = - %a% 7T
Pr= 22.2 GeV A ' Py ~ .-'5:;::‘3; . 3 + T T
n=-1.2 - /B, = 62 GeV
/v; + T " ° ° 2— _L e g R
Consistent with 1
o L 1 *+—
SM predictions == aegy
ﬁ_' 1 |
0 ==— - . -
0 20 40 60 80 100 120 140
ﬂ — —d Z° p; [GeV/c]

18



_pp—ZZ production at the Tevatron

t-channel: SM production gg—Z7
s-channel:

e SM Higgs: gqq—H—Z7

e Non-SM: yZZ and ZZZ verticies

NLO prediction e(pp—ZZ) = 1.4+0.1 pb

19



W

t-channel: SM production gg—Z7
s-channel:

e SM Higgs: gqq—H—Z7

e Non-SM: yZZ and ZZZ verticies

NLO prediction e(pp—ZZ) = 1.4+0.1 pb

Two search channels:
o ZZ—wl*(: large background from WW— ¢*v v
o ZZ—Ct ("¢’ : very clean

19



pp—ZZ production at the Tevatron

p

t-channel: SM production gg—Z7
s-channel:

e SM Higgs: gqq—H—Z7

e Non-SM: yZZ and ZZZ verticies

p

NLO prediction e(pp—ZZ) = 1.4+0.1 pb

lepton 3 e —

Two search channels: ool | |

== p, =42 GeV |- lepton2 |-

o ZZ—vvl*(: large background from WW— ¢ty £y | ] o 41 Cav
o ZZ—Ct ("¢’ : very clean |

CDF 4 charged leptons
ZZ pred. | 2.27+0.24
Z+jets pred.| 0.10%0-12_g g9

total 2.36%0-38_ 39

lepton 1
Track e/’

lepton 4 " p; =53 GeV

Obse rved 3 ﬂ— Central pi* n =-1.3 ]
n=-0.3 = L

19



pp—ZZ production at the Tevatron

p

t-channel: SM production gg—Z7
s-channel:

e SM Higgs: gqq—H—Z7

e Non-SM: yZZ and ZZZ verticies

p

NLO prediction e(pp—ZZ) = 1.4+0.1 pb

lepton 3 e —

Two search channels: Contraly = |
== p, = 42 GeV :1_‘ lepton2 |-

o ZZ—wt*l: large background from WW— £y v [ N
o ZZ—Ct ("¢’ : very clean

CDF 4 charged leptons
ZZ pred. | 2.27+0.24
Z+jets pred.| 0.10%0-12_g g9

total 2.36%0-38_ 39

lepton 1
Track e/’

;| | lepton4 p; =53 GeV
observed 3 Central . n=-1.3
T |Pr=27GeV | m—
n=-0.3 =

e D@ limit: 6(pp—ZZ) < 4.4 pb at 95%CL
¢ CDF measurement o(pp—ZZ) = 1.41%7_y6 pb (4.46 significance)

19



Limits on anomalous tri-boson couplings

e Measured di-boson cross sections agree
with SM
e Contributions from ZZZ, yZZ and yyZ
vertices enhance cross sections
e Non-SM ZIWW coupling changes shape of
Z-boson pr distribution
~
CDF Run Il Preliminary [Ldt=1.9fb"
" % Confidence Leve
Limits on non- = o0z QCSentraI Va?ue (0.1L5,-0.|o1) A=2.0TeV
electroweak model 0;51
ZWW coupling Jos
0-
W -0.05-
-0.H
% 4 -0.15]
— no systematics
-0.24
025 —— with systematics
W ST Bs 0 08 1 15 2
Ak
Y,

4 ™
Limits on yyZ, yZZ, ZZZ couplings
CDF Observed Limits | Expected Limits
ZZy | |hg] 0.083 0.085 + 0.018
vertex| |hZ| 0.0047 0.0052 + 0.0009
Zyy | 03] 0.084 0.086 = 0.017
vertex| [P 0.0047 0.0051 =+ 0.0009
-0.4 -0. f‘Yw . . -0.4 -0. fzo . 4

All constrained parameters are =0 in SM

I R R AR B
04 -02 0 02 04
Z
f40

N P R SN BRI
04 02 0 02 04

Y
f50

20



W and Z boson couplings
at HERA




Z coupling to light quarks at HERA

e Deep inelastic scattering events: interference
between Z and y exchange probes vector and axial

couplings separately.

e PDF constraints also used to obtain better bounds.

Fermion \/ ar
up-type +% — 2Q sin” Oy +1/2
quarks — (0.193

down-type |3 — 2Qq sin® Oy _1n
quarks — —0.347

1

0.5

5 05

. -1
Z

1

— [l total uncert.

0.5

H1 and ZEUS

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

— [l total uncert.

uncorr. uncert.

B H1 prel. (HERA I+ll 95-05)

68% CL

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

uncorr. uncert.

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

68% CL

22



NC Parity Vlolatlon at hlgh Q2

e Asymmetry in neutral

current between right-
handed and left-handed

electrons/positrons.
oF (eTp — eTX)
a2 (P o (P

Pr—"Pr Ui(PR) =+ Ui(PL)

<

0.8
0.6
0.4
0.2

0.2
0.4
0.6
0.8

H1+ZEUS Combined (prel.)

H1 2000 PDF :
ZEUS-JETS PDF E

10° 10"

Q* (GeV?)

e Difference between electrons and positrons due to parity violation in

Z-exchange.

e First observation of parity violation in weak NC at high-Q?

23



HERA Charged Current Cross Sections

e Interaction between W-bosonand =~ IC*I'arlgﬁdIle"Ieth ?irf Slcalttt?rilngl _
polarised electron and positrons & L ep — X )
e Electroweak model has maximal 081001 2:1 gg?jg(prel') .
parity violation. I L e ag.oq et
= J¥ interacts only with left-handed 801 i oaon .
electrons and right-handed positrons ] f, , 4 ZEUS 06-07 (prel.) |
60 — A ZEUS 99-00 ]
. CTEQ6D § P
- P.: degree of polarisation s 7 MRST 2004 % .
o0& (P) = (1£P,) 054(0) - T :
e Consistent with Standard Model n T e N
prediction e ;-.:1

e Can set limits massive charged boson coupling to RH fermions.
e For gr = gr, and vg light; Mpr > 208 GeV
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Summary and Outlook

e Experiments at the Tevatron have made precise measurements of mw, I'w
and m;. Errors on this will reduce with more statistics and improved
analysis techniques.

e First evidence for single-top production.

e First observations and measurements of di-boson production: WZ, ZZ.

e With Zy used to probe tri-boson couplings.

e Measurements at HERA test electroweak couplings at high-0-.

e Once again, the electroweak model (with some help from QCD) triumphs!

e The LHC wi
electrowea
lectrowea

)

| be able to make huge improvements to the measurements of
K parameters ... perhaps it will see the first signs that the

K model is not the whole truth.
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Conclusions - the Big Pictures
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Anomalous Couplings: yZ, ZZ

e All gauge invariant terms:

‘/la(QI)
V%.U'(P) \~< = 1€ F?fi%f%(quqQ,P)
Vag(q2)
1o Z(S — my ) «a « hy o
L% (a1, g2, P) = — {1 (639" = 659"") + 5 P°[(Pa2)g"” — g5 P”]
Z Z
v hy
—hs Euaﬁpq2p - P HBoo qu2()‘}7
my
«a Z(S o m2 ) « «a o
FZ[%/(QMQ%P) — m2 B [fX(P g/w -+ Pﬁgu ) — f5V€M 6P<Q1 — q2)p]7
A

e For all neutral gauge boson in SM all terms hi, h2 , h3, ha, f3, f5 are zero.

e hi, ha, fs describe CP-violating couplings
e h3, hs, f5 describe CP-conserving couplings
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Anomalous Couplings: WZ

v

LYY =i gwwy (QY(W,L‘LW““ - WTEW VY

+Ky WJWV_V“V

A
+#WJ”W;PVP“) (28
W

e In SM:

o Zwwy =—€, Zwwz=—e cotlw,

e Non-SM D<6 terms, consistent with gauge invariance:

82

QIZ:"‘:Z"'C_z(K"Y—l)v

Ay=Az =A.

e A is scale to used to control new operators.

Hagiwara, Ishihara,
Szalapski, Zeppenfeld
Phys Rev D48, 5, p48
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Forward-Backward Asymmetry pp—tt

e jet asymmetry arises from interference between symmetric and antisymmetric
contributions under the exchange ¢t — 7

Production Angle Distribution (L =1.9 fb™)
t ﬂ """"" IIIIIIIIIIIIIIIII|III|III|III
—>— P TTTTTCEETP—>— =0. ]
q q g t §120 KSbefore 0.4 %
w ks, =456%| [ Data
qy At | @A =017)
g 100 Il Backgrounds
a Z q g Z A™ =0.099 = 0.045

A" = 0.095 = 0.0094

Interference between LO
and box gives positive Afb

e NLO asym ~ 5-10%

A= -0.05+0.0079

1

q t q {
g 20
o g . g g 0
q f q Z -1 08 -06 -04 -0.2 0 02 04 06 08 1

CDF Run Il Preliminary .QI - Cos ®

CDF: A =0.17 £ 0.07 (stat) = 0.04 (syst)

Interference between ISR

and FSR gives negative Afb D@: Ap=12+8(stat)x1(syst) % (for n jets < 4)

e asym depends on the phase space region A= 19+9(stat)=2(syst) % (for n jets = 4)
probed (due to additional jets) Ap=—16+17_15 (stat)x3(syst) % (for n jets = 5)

e overall FSR+ISR corrections asym =4+ 1)%
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Top Quark Mass - Template Method

e Create MC templates with different input values of m, to fit to observed data.
5 Bl tt m;* templates, 2 tags events (JES = 0.0)
00.14[~
a [ B Mtop= 160
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0.04 g2 | it —+— Data
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% 100 150 200 250 30 . 30
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W-boson width

D@ templates

> B
()
81 1 S R o I'y=2.6 GeV
5 ...". o I'j=2.1 GeV
% B 0 A FW=1 .6 GeV
> — L
Trotl !
= z
10° =,
10° -
- R ::::M.:.::”:
_ b IHII
10 -I_-_l | | 1 1 1 | 11 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1
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CDF systematics
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PDF

QED

W mass

Total systematic
Statistical

Total

Electrons

21
31
13
4
10
32
{
20
10
9
79
60
99

Muons

17
26
49
{
33
{
20
6
9
71
67
98

Common
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