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1. Introduction

The pre-LEP era

o SM tree-level relations between g, G and a lead to: X

T 1 T 1
— M. =
My V26 sind,, “ V26, sind, cosI,

o Comparison with experimental data, 1/2:
G- =1.16637(1) 10> Gel/ V1o
g _ —~ V26
a— =137.035999679(94) F
o before the W and Z boson discovery:

DIS, 1982 sin°g,, =0.229 +0.010
— predictions:
M, =779+176elV M, =88.7 £1.4GeV “j

=37.28056¢elV

o first mass measurements (UA1 & UA2, 1983): agreement
M, =81xbGel M, =91.9+1.96eV
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The pre-LEP era

o Comparison with experimental data, 2/2:
o final mass measurements by the UA experiments (1989/92):

M, =80.84+022+0.81+£0.176elV

1%
M, =91.74+0.28+0.92+0.126¢eV (%)

= hence the prediction:
sin®3, =1-M, /M: =0.2234 +0.007 (3%)

o DIS, 1990:
sin° 3, =0.2309 + 0.006 (2.5%)

— The tree-level predictions of the SM of electroweak interactions
are confirmed experimentally, with a precision of a few %

— From 1989 onwards: go to higher precision (experience + theory)

LEP, SLC, Tevatron .
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The era of precision tests

o Most precise mass measurements:
M, =80.399 £0.0236elV (0.03%) (LEP2, Tevatron)

M, =91.1875+0.00216el/  (0.0023%) (LEP1, final)

0 SM tree-level predictions: X

1M, _dm | M, 4(37.2805)?
My = fZé sind,, ﬁ{“\/l IZGF/MZZ} ﬁ{“\/ M’ }
= prediction:
M, =80.939+0.00266eV/

= strong disagreement with data :|higher orders to be included !




2

0

0

. Observables

The W mass

SM tree-level prediction:
| 1
My = V26 sindg,,

1

= & 1+ [1- 4
72 J26. M
W experimental production:

 Tevatron: W events
« LEP2: WW pairs

W mass measurement:
» from reconstructed event
final-state kinematic properties
 from o(VS) at LEP2

LEP: ete- - W* W~ - etvu v




o W mass measurement: main method is that using distributions of
reconstructed W mass estimators

Tevatron: pp— W — W boson mass (GeV)

E W—uv CDF 1
0 Lar~200RT | TEVATRON M, =80.420 +0.031
2 ronf LEP? M, =80.3760.033
. Average M, =80.399 +£0.023

sl | = (80349 £ 54) MeV (x°/DoF :0.9/1)

12ldof = 59/ 48
LEP EWW6-2011

T 80 90 100
mr (GeV)

‘First run Il measurement of the W boson mass’,
Phys. Rev. D 77, 112001 (2008).



The Z mass and lineshape

o Most precisely measured in e*e” collisions at VS ~ 91 GeV

o SM tree-level prediction for ete- -~ Z* - two fermions

-/ I % %
cosd, 2
gl =T’ -2Q" sin8,, = g *" =-0.04
gl =T = gitt =12
v
i Gw KK Mz _  Propagator in unitary gauge
KE=Mz +i T M, & Breit-Wigner approximation

/! . _
reference mass 't’ total width Note: k2= (M, *)2 = (Vs)?
9




V |\ SM tree-level prediction for eter — Z* - two fermions

o Feynman diagram computation (COM frame, m,,,s Neglected)

leading to non polarized differential cross-section:

£ (s )=
d cos 6 (Vs 877(8c052:9,,,/j (s-MZ )2+ M
{(gvez+952)(9v”2+9512)(1+c05 20" )+89fqgfqgt gl cos 9*}

OI
4
*
*

Note: asymmetric term

e-

o Note: for quark final-states: x C, (colour factor)
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V \SM tree-level prediction for eter — Z* - two fermions

o Total production cross-section:

2 22 22 2 2
oo (Ja)= | 95 ) s(9rgi N gl +gi")
H 37 SCoszﬂW (5—/1/122)2+/'22/1/1Z2

o At the Z pole (i.e. Vs=M,):

2, .2 o2 2 2
oO=g (M, )=t 95 | (9 *gs N g/ +gi")
HOTHETEY 3 8cos 29, [

hence normalization

s 2 . factor
g,(~s) 4
e D O8

energy d‘ependence (from the propagator):

Breit-Wigner shape, function of Ml »



V \SM tree-level prediction for ete -~ Z* - two fermions

o Z pole cross-section:

2 g2 el 2 2
0'050' (/M ): 1 .92 (gv +.ga ){.gv'u +.ga'u )
“oTHETE Y 31 8cos 29, I

o Comparison with partial width tree-level computations:

2
C 2 2
Iz - ( 7 j (9)" + 9] WM, ¢, =1 ¢,=3

48 71| cos I,
hence
lineshape normalization (from
go-lem leal uy vertices i.e. couplings) is function
YoMz T of M, I',and Z partial widths

o Similar expressions for other final-states
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SM tree-level prediction for e*e

-~ Z* o two fermions
X

o Any fermion type:

s 2 . 127 .-l
g,(~Ns)= £ g gl = ee’ ff
f (5'—/”22- )2+/_ZZMZZ f and f MZZ /-ZZ

o Hadronic final-state (= over quarks # top) as a reference:

sl z &7
Jf(\/?)‘{s MZ)2+/_ Mzahadx

A had

e f
o e+e- collisions: Vs=2E,, . =M*
— direct measurement of the Z

lineshape, accurate if E, ., precisely
monitored © J
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LEP: ete -~ Z- G- hadrons

Z lineshape measurement
method

Split up fwo-fermion events
according to final-state

In each sample, measure event
rate as a function of Vs=2E,,,.

Fit SM prediction for Z
lineshape onto data,

i.e. at tree level:

sz o o lr
(s- Mz)2+/_ MZ T

= M,, ,,0%and /T, .4, f=e,u,1,hadrons,b,c

Uf(\/;)—

14



% _ 2v
230 ALEPH
- DELPHI
L3
- OPAL
20 [

| ¢ average measurements, |
error bars increased
by factor 10

10
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86 88 90 92 94

Vs [GeV]
Physics Report Volume 427 i
Nos. 5-6 (May 2006) 257. < Final result from LEP

At LEP:
2MeV accuracy
on VS

Z lineshape
measurement
= "counting
experiment"
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Final M» measurement at LEP

Mass of the Z Boson

Experiment M, [MeV]
ALEPH | 91189.3 + 3.1
L3 | 91189.4 + 3.0
OPAL | 91185.3 + 2.9

x°/dof = 2.2/3
LEP —0— 91187.5 + 2.1
common error 1.7

91182 91187 91192 Eﬁggfgi:gy
M, [MeV]

Physics Report Volume 427
Nos. 5-6 (May 2006) 257. 17



O},aq 1P]

Back to the number of light v's

_ 2v o tree-level SM prediction:
. ALEPH sl 2
30 — Z o°
| DELPHI (NS ) M e It
L3
20 _ OPAL 0 _127T /-eE/_ff
- t ComMz T
L average measurements, / .
eegor lgsiiproeasel — total width, and hence
10 | normalization, depend on N,
3 o data best agree with N,=3
08¢ 88 90 92 9
E_  [GeV]

Precise measurement of N, : from the width measurements

| r,. r,-3r,, ..
N, = [r] x(’—’} h""””-‘] x(’—’] =2.9840 + 0.0082
o1 5 "o Jsu r/*/— 5 Iz 5/142

5.943+0.016 (0.3%) 0.5022+0.0002 (0.04%)

18



Asymmeftries

o Most precisely measured in e*e- collisions at VS~91 GeV

o Origin: parity violation in neutral weak interaction

f ® - -/ 9 P gvf_.q;%
cosd,, 2
- I

% +9h 1-y5)_,_ % -9k 1+y5)
cosdy, 2 2 2 2

left-handed fermions ,
right-handed fermions

= if g,/ # 0, Z couplings to right and left fermions are different

— asymmetries in Z couplings to fermions : not as large as for
the W but more interesting (depend on sin?6,,)

19



v Asymmeftry observables

o Forward-backward asymmetry: asymmetry of the Z decay
product angular distribution (Ofermion)

0.f — n(8*<90°)-n(6*>90°) 0f _ _ 9l gt
AFB — n(6*<90°)+n(6*>90°) AFB B 3A€Af Af =2 (gl P +(gl )?

‘asymmeftry parameter”

o Polarisation asymmetry: asymmetry of the rates of the Z
decay polarised final-states (can be measured only for t's)

pr = ”(T,Q) _”(TL)

= = - more generall P’ (cos 6%)
n(re) +n(r,) A ? Y

o Left-right asymmetry: asymmetry of the cross-sections
with incident polarized electron beams
_alg)-ale) _ FBF £ —
Ap = a(ej)+a(e2) =4 more generally A, .f =e u1,b,c
20




Example: Ary asymmetry

angular distribution at pole

(slide 10) symmetric
do, .
d cos 8° X:

(955 + 92 )N g/  + 9“1+ cos?87)

+89°979/ gl cos 6
asymmetric

as a function of Agp:
do,

d cos 8°
(1+cos?8 +8A45" cos 67)

1

tiny effect: A%~ 0.02

[

Physics Report Volume 427
Nos. 5-6 (May 2006) 257.

do,./dcos(0) [nbl

0.4 |

0.2 ¢

DELFHI 935 ~— 88

g —2nply

Peak

cos(0,.)



Summary 1: electroweak observables

o W mass: s
1 M, 4y |
1+ 1- S M
M=\ 26 sins, @{ \/ ﬁé,_-/wj} w
o Z lineshape: ,
_ 5'/_ o 0 _127T reerff
(Vs )= (s- MZ)2+/‘ M? of AL re

- rZ: MZ, Oohad' R,ZFh“d/r', Rq:rq/rh“d (I:e,l.l,T, q:b,C)

o Asymmeftries:

AY = RO 23AA A =2 S AnOf (freptbo)
n(z,)—n(7,)

pr =2R L) — _ ~ P'(cos 6* —
n(r,)+n(z,) A ( ) A Ae

ALR U(eL) U(e,t?) Ae _, AFB,f N AI: Abf Ac

ale,)+o(e)
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Summary 2: electroweak measurements

Z boson

These results
are all final

Physics Report Volume 427
Nos. 5-6 (May 2006) 257.

relative
measurement experiments accuracy
My = 91.1875 + 0.0021 GeV LEP @
[y = 2.4952 4+ 0.0023 GeV LEP 9.2 10 4
o) = 41.540 # 0.037 nb LEP 8.9 10~
R; = 20.767 £ 0.025 LEP g4
A% = 0.01714 £ 0.00095 LEP 5.5 %
Ry, = 0.21629 + 0.00066 LEP+SLD 0.3 %
R. = 0.1721 & 0.0030 LEP+SLD 1.7 %
A% —0.0992 + 0.0016 LEP+SLD 1.6 %
A = 0.0707 £ 0.0035 LEP+SLD 5.0 %
Ay = 0.923 £ 0.020 SLD 2.2 %
A. = 0.670 & 0.027 SLD 3.9 %
A, = 0.1439 & 0.0043 LEP 3.0 %
A, = 0.1498 + 0.0049 LEP 33 %
A; = 0.1513 £ 0.0021 SLD 1.4 %

23



W boson

relative
Imeasurement experiments accuracy
My = 80.376 £ 0.033 GeV LEP 2 (prel.) 4.1 101

Mw = 80.420 £ 0.031 GeV Tevatron runs 1 and 2 (prel.) 3.9 10~

Miop = 173.2 +£ 0.9 GeV  Tevatron runs 1 and 2 (prel.) 5.2 107

Top

Summer 2011
24



Summary 3: precision tests of the Standard Model

0

G}qq [DD]

Precise measurements of :
o the W and the top quark masses
o the Z properties (mass, width, asymmeftries)

Resonance curve / /<6
e' (o

Angular asymmetries

1 > < -
o | e
ol / |
‘8 0.75\ ++
= ++ ¢
b 0.5 \*N*‘ *},#,,
N\ :
O 02
> | N(cos6,.>0) > Nc(cgsec<0)
~ ] asymmetry ~6%
0-1‘“‘()‘5””-(‘)‘_”‘0‘5””1
M E, [GeV] cos 6,

to be compared with precise predictions of the Standard Model




3. Beyond free-level  upadiative corrections" v

QED corrections &9 first order, ee” — U process

Y = adding Y's to tree-level

; o z H } : H /Y:Z § y:Z : :Y.Z § Y:2 <
‘ : NN
4 %
HEN O |
. Figure 2: Prupiator corrections to ete™ — pty”

\ main corrections
HHE A Z
= = |

o — o

Figure 3: Vertex corrections and box contributions to e* ¢~ — ptps

Weak corrections

Figure 1: QED corrections to e¥e™ — u*y”

gauge invariant, finite and large corrections
independent of the non-em part of the theory independent of experimental details
depend on experimental details (y below depend on the electroweak theory content

experimental sensitivity)
=TESTS OF THE sSM
CERN Yellow Report 89-08, ‘Z physics at LEP1’ 26



QED corrections

o Initial-state radiation, final-state radiation & their interference

ISR FSR
j§$““<: :>mmw<fy < ISR i &« FSR
e Y f & Y f YM Mv
° f ° f vZ vz
o Main effect on Z lineshape observables: TSR
1 2
O.SEDconvo/ufea’(\/E) — deé(Z)O'f(«/E) 7 = 4@

min
Zmin \

cross-section after radiation of a ywith E=vs/2(1-z) - see slide 13

o 6(z): QED radiator, computed to O(a3)

27



40

Cp,q (D]

30

20

10 |

———————————————| Physics Report Volume 427

ALEPH

DELPHI

L3
OPAL

¢ 1 Nos. 5-6 (May 2006) 257.

B T Z i \ -
L @ measurements (error bars
increased by factor 10)
 —— o from fit 7
----- No QED
M A T .\'yMll R |
86 88 90 92 94

E_ [GeV]

o Reduction of the peak cross-section by 36%
o Upward shift of the cross-section peak by +100MeV

28



0.4 —

Apg(l)

e — AFB from fit

No QED
+ average measurements

e

E_ [GeV]

Physics Report Volume 427
Nos. 5-6 (May 2006) 257.

v

o Downward shift of the forward-backward asymmetries,

e.g. at the Z pole, A% reduced by ~ its tree-level value

29



Weak corrections

o Example 1:ypropagator corrections

Full L S - . —> tree-level
propagator
f f
+ W 4 W +. — irreducible
diagrams
Y f
f f :
ol y T — 5 reducible
diagrams
f f
’)/ .
hence e A S—— Taylor expansion,

can be resummed

" WM n ”“%MMWXW + ¥ toall orders

sum of all irreducible diagrams, computed at a given order -0



y propagator corrections

o In the Feynman gauge, after renormalization (in the on-shell
scheme):

* tree-level: va(kz) =/ iﬂz'/

* yself-energy operator ("vacuum polarization tensor"):

5 bar = renormalized

() - M) =-ig" 5K = -ig" KTI(K)
y self-energy function

g,uv — - /.'g,uv
KL+ &%)~ k2 +5(k2)

. ﬁ(kz) : sum of the irreducible diagrams. Known to O(a3).

» Full, renorm. propagator: D, (k%) =—i

. [1 " ﬁl(kz )] comes from the resummation of T(4°) to all orders.

31



y propagator corrections

o Consequence: "running of a" ,
renormalized electron charge

e~ f A/

_2 _ vV
- e TL Du (k)T
- — 0 2 %
e’ f !
tree-level
propagator

o Only change w.r.t. tfree-level QED amplitudes: change a = e’ /am

Into a . :
a(k?®) = 1+ T1(4%) running coupling constant
a
o ke~M2  a(M)=1—— Numerically: Aa=0.059010.00035

(or 0=1/137 - a(M;2)~1/129) .,



Weak corrections

o Example 2: W propagator corrections (Feynman gauge)

G
k=M, , +ic
T pare mass, no physical meaning

> tree level: D;?u(kz) ==/

« full, renormalized propagator:

— G

B,UV(/(Z) = —/' kz - /I/LIZ/.gfIl-I/i (kZ) — — , 5 5 - (kZ)
v +m, (4 )](k —A/LV+/1+H:VVMZ))
renormalized
(i.e. physical) W mass

W self-energy function W width: given by imaginary

Re Zw (k) = (k* - M2)Mw (K?) part of self-energy function,
thus tree-level prediction for
" is modified by radiative
corrections

(on-shell renormalization scheme)

88



o Consequence: modification of the relation between g and 6 X

W propagator corrections

—2

—2
= =L TP (KW = -

o w.r.t. tree-level:

0

g ¥ ° KR} 8/MW[1+n 0)] 7~
\

—_—, a .
= N JuYea <— Fermi model "eW e
tree-level

6. g G- g _ Re Sw (0)
— — = A = _I_I O —
Ny > 8/14,,,(1 ary A=W (0) :
One-loop result:
2
Ar =Aa - Cos Iy Ap+Ar,, with AplU m,zop

sin° 3,
T and Ar,, =f(Log MZ Log 4"

Mtop

)

J, e q

34



Back to (simple) test of the W mass prediction

o Most precise W mass measurement:
M, =80.399 +0.0236elV (0.03%) (LEP2, Tevatron)

o SM higher order prediction:

1
M, 4 (37.2805) |?
M =1 {“\/1 MZ(1-Ar) }

Freitas et al. (2000): Ar~0.037 at (partial) two-loop order (M, =115GeV)
— prediction: M,=80.35+0.04 Gel/

—> once higher orders are included, SM prediction agrees
with data |

35



Beyond tree-level prediction for M,

Ar(My), My, & m,,, fixed

0.045 | —
0.04 |
/]
0.035
r o e Ayl
Iﬂ
| e Brl) 4 AT,
0.03 | e AP AR LA
— A AR, 4 A
0 200 400 600 800 1000
My [GeV]

Figure 3: Different contributions to Ar as a function of My. The one-loop contribution, Arl®, is
supplemented by the two-loop and three-loop QCD corrections, A-rgl(j.]) = Arlaas) 4 Aplads) and

2 R (N2n2
the fermionic electroweak two-loop contributions, Ar(@”) = Ap(Nia®) 4 Ap(Nia
9

). For comparison,

the effect of the two-loop corrections induced by a resummation of Aa, Ar"_;:". is shown separately.

M,~80.4196eV, m,,,=174.36eV

A.Freitas, W.Hollik, W.Walter, G.Weiglein,
hep-ph/0007091 & Phys.Lett. B495 (2000) 338

10

MW(MH)' mmp fixed

5
A
0.02758+0.00035
linearly added to

M, =172.742.9 GeV

80.2

80.4 80.6

M,, [GeV]

LEP EWWG-2005
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Summary 3: weak corrections

o Weak corrections are small (a few %) but depend on crucial SM
parameters (m,,,, M), thus allowing precise tests of the SM

o In the on-shell renormalization scheme, tree-level expressions
are (moderately) changed as follows:

« W mass: M i e z
My _é{“\/l ﬁéFMzz[(l—Ar')ﬂ

with:

2
cos‘ 3, M my
Ar=0Aa—-——WAp+Ar, +... and Ar=F(m2,,Log 5, Log

Ar known to complete two-loop order and partial three-loop order

37




% Summary 3: weak corrections

o Similarily, close to the Z pole (k?*~M_?), tree-level expressions
are (moderately) changed as follows :

* Z lineshape:

5°T2 127 I, T
o,(/s) = A o? o] = 26 17
r(Ve) (s =MZY +H sy rim? 7 fomz T
Z
G 1-Ar,_ +
r.=cC F rem 00 e M3
Fr féﬂﬁ[ 1-Ap +.. J(.%, g"f )

,_ ST
- Asymmetries: A = e
ymm f ( Vez;f 2+(éj$])2

eff — T3 f a:.2 @ vertex eff — 13 vertex
] <20 g T il T T

— ainl 2

These corrections are known to complete one-loop order and partial
two- and three-loop orders.




Beyond tree-level prediction for I,

Tz= fMS(mToP) s i Mz = Tus(My)
250 l.’ — — 10 R N
;- >
: O
1 75; (2'
_> EI
: - 10 2—_ F
100 L ' I ' ' I I
2.49 2.5 249 29
[, [GeV] I'; [GeV]
| Ao = 0.02758 £ 0.00035
60GeV < My« 1000 GeV 2 0= 0.118 £0.003
0,=0.123+0.006 m=172.7 £2.9 GeV
39
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. Tests of the SM

Tests of the SM

For a set of ~20 observables:
SM theory ~  predictions beyond tree-level, f(m,,, M)
data — precise (~1% or << 1%) measurements

Step 1: test SM internal consistency with subsets of observables

Step 2: if SM-data consistency, constrain values of unknown SM
parameters, e.g. M,

40



July 2011

Step 1 0.233
:‘,— %0.232 .
Asymmetry t\lcb
measurements, > | =
tranlsated into %)
effr

.. 2 alept — 9
sin“ 3% =l(1— Ve;’j

erf 4 Eo 0.231 1

A aa

I I 1
" Im=173.2+ 0.9 GeV
m,= 114...1000 GeV

X

LEP EWWG -2011

83.6

83.8 84

r—> FII [MeV]

lineshape measurements
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80.5 July 2011l

68% CL

-
-
---------

LEP EWWE -2011

1 1 I
— LEP2 and Tevatron
| -~ LEP1 and SLD

*
L 4
L
L4
*
*
¢

4"
.

»
=
-
.
-

.
-
-
b *

175
m, [GeV]

Step 1

LEP2/Tevatron:
direct mass
measurements

LEP1/SLD:

all lineshape and
asymmetry
measurements,
translated into
indirect
constraints on M,
and my,,

The SM agrees
very well with
precision
EW data




Step 1! indirect constraints on M, and m,,,

(from various SM fits)

W-Boson Mass [GeV]

TEVATRON 1o— 80.420 £+ 0.031
LEP2 —a- 80.376 + 0.033
Average 80.399 + 0.023
%*/DoF: 0.9/ 1
NuTeV a 80.136 £ 0.084
LEP1/SLD —A 80.362 + 0.032
LEP1/SLD/m, -A 80.363 + 0.020
g 82 804 80.6

m,, [GeV]

July 2011

Top-Quark Mass [GeV]

GDF o 172.5 £1.00
DY - 1749+1.4
Average 173.2 £ 0.80
x%DoF: 6.1/10

13.5
LEP1/SLD g o

118
LEP1/SLD/m,,/T, « 7 B

160 170 180 190
mt [GeV] July 2011

Indirect constraints on My, and m;,, from precision data agree with
direct measurements

LEP EWWG -2011
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Measurement Fit  |O™e_Qff|/gmeas

Step 2 0 .1 2 ¢

m,[GeV] 91.1875+0.0021 91.1874
I,[GeV]  2.4952+0.0023  2.4959
oo, [nb]  41.540+0.037  41.478

. R, 20.767 £0.025  20.742
SM f'T fo all AY 0.01714 £ 0.00095 0.01646
precisiondatato .5, 0.1465+0.0032  0.1482
constrain M value g 0.21629 + 0.00066 0.21579
R, 0.1721+0.0030  0.1722
(x?/DoF=17.5/13  18%)  p0b 0.0992+0.0016  0.1039
Ag° 0.0707 £0.0035  0.0743
A, 0.923+0.020  0.935
A 0.670+0.027  0.668

C
A(SLD) 0.1513+0.0021  0.1482
sin“0F'(Q,) 0.2324 +0.0012  0.2314
m, [GeV] 80.399+0.023  80.378
I, [GeV] 2.085 + 0.042 2.092

m, [GeV] 173.20 £ 0.90 173.27

LEP EWW&.ZO]] July 2011 (I) | 1 | Z | 344



Sfep > 6 July 2011 — mLi;nii =5161 GeV

- Aol = [: -

Sk 2} — 0.02750+0.00033 ]

- ----- 0.02749+0.00010 ]

4 - “ie incl. low Q% data -

Result from : l

the SM fit toall T2 5 N

precision data : < -

5 _

mH<161 GeV -
(95%CL)

- _

o |Excluded, N A _

- m, [GeV]
95%CL limits from
direct searches:  LEP : m>114.4 GeV  Tevatron: my0[156,177]GeV



Fit of Standard Model parameters

Z pole data

Z pole data + m,,,

Z pole data +
My.Tw

Z pole data +
Myop, My, M

Myop(GeV)

173 +13 -10

173.2 £+ 0.9

179.7 +11.7 -8.7

173.2 + 0.9

my (GCV)

118 +203 -64

122 +59 -41

158 +260 -88

92 +34 -26

as(MZZ)

0.1190 £+ 0.0027

0.1191 + 0.0027

0.1190 + 0.0028

0.1185 + 0.0026

x2 /dof (P)

16.0/10 (9.9%)

16.0/11 (14%)

17.0/12 (15%)

17.5/13 (18%)

S in29€fflept

0.23149+0.00016

0.23149+0.00016

0.23142+0.00014

0.23138 + 0.00013

sin%@,,

0.22334+0.00062

0.22332+0.00039

0.22288+0.00036

0.22303 + 0.00028

My, (GeV)

80.362 + 0.032

LEP EWWG -2011

80.363 + 0.020

80.387 + 0.018

80.378 + 0.014
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Conclusions

o The gauge sector of the Electroweak Standard Model has been
tested at quantum loop level and found in excellent agreement

with data (for a low-mass Higgs boson).

o Next step: identify the mechanism of spontaneous breaking of

the electroweak symmetry (either Higgs mechanism or other).

We expect the SSB sector of the theory to behave like

a low-mass Higgs boson to comply with EW precision data.
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BACK-UP SLIDES
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M,, at LEP

Summer 2006 - LEP Preliminary

ALEPH [final] —m— 80.440+0.051
DELPHI [final] —ei 80.336+0.067
L3 [final] - 80.270+0.055
OPAL [final] +HE— 80.41610.053
LEP - 80.376+0.033

x/dof = 49 /41

LEP EWWG
1 1 1 |
80.0 81.0
M, [GeV]
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Mass of the Top Quark

July 2011 (* preliminary)
CDF-I dilepton * 167.4+11.4 (+103£ 49)
D@- dilepton ° 168.4+12.8 2123+ 36)
CDF-Il dilepton R | 1703437 £20%31)
D@-II dilepton h 0 174.0+ 3.1 £18:25)
CDF-I lepton+jets ¢ 1761473 (51£53)
DO-I lepton+jets T 1804:53 36539
CDF-Il lepton+jets [ | 173.04 12 07 11)
D@-Il lepton+jets - 1749+ 15 ©08=12)
CDF-I alljets 8602115100557
CDF-l alljets * n | 1725+ 2.0 (142 14)
CDF-II track ° 166.9+ 9.4 (:90%28)
CDF-Il MET+Jets * N 1723426 E18%18)
Tevatron combination *  *®" 17324+ 09 (06 08)

(£ stat + syst)
y2/dof = 8.3/11 (68.5%)

150 160 170 180 190 200
My, (GeV/c?)
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