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Electroweak and Higgs physics

@ Theory already covered last week by Jirgen Reuter

@ Here: focus on those things not covered before and experimental
aspects, with a few reminders

@ Today’s lecture: Mostly electroweak physics
@ Tomorrow’s lecture: Mostly Higgs physics

Many thanks to Marcel Stanitzki and Andreas Hocker!
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Weak currents

@ To decribe 3 decay n — pe~ v,
Fermi introduced 4point interaction

d e
@ Coupling constant G well-measured
from p lifetime:
Gr = 1.6637 X 1075 GeV 2 u v,
@ Ultraviolett divergences — Fermi theory
only valid at low energies
d u

@ Solved by introduction of spin-1 boson:
+
w W-
@ 1967: Unification of electromagnetic and
weak interaction: electroweak interaction
with 3 massive (W=, Z) and one
massless (v) bosons

—————

<I

e
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Discovery of the neutral current

Neutral current discovered in 1973 with Gargamelle at CERN by observing
v,e — vye

&
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Kerstin Tackmann (DESY) Electroweak and Higgs Physics 4/46



W and Z discoveries at SppS in 1983

Missing transverse energy
in events with E, > 15 GeV

Missing transverse energy 4 ' _-: “ UA 1
68 W~ ev

> EVENTS
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mw = (80.9 £ 1.5 + 2.4) GeV AEy (GeV)
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W and Z discoveries at SppS in 1983

electron ,+

dN/dm (events / 4, GeV/c?)
o

pp—=Z(—ee)+ X

mz = (95.1 + 2.5) GeV
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Electroweak interactions

Remember from particle physics theory lecture

@ Glashow, Salam and Weinberg unified electromagnetic and weak

interactions to electroweak interaction
@ Gauge fields are linear combinations of

B° (U(1)y weak hypercharge with coupling g’), and

w23 (SU(2), weak isospin with coupling g)

1

V2
Z = cos Oy W3 — sin Oy B°

A = sin Oy W3 + cos Oy B°

w* (W' Fiw?)

@ with the masses related (at tree level): my, = mz cos Ow
and 6w the weak mixing angle with

/

g

NZEre

sin Oy =
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Electroweak interactions

—igesan | (I3 — 25in% 0w Q) — ¥°I3| =

. 0 0
fT _zzcogew ’Yp’ |:g$/9)f - 759543).fj|
\ with g coupling of SU(2)r, I} third component of weak
N isospin, Qy f charge

, Vector and axial-vector couplings for Z — ff
; 0 _ 0 4 0 _ g3 g2
9v,y =9rp t9ry = I; — 2sin"OwQy
0y _ _(0) 0) _
9a,; = 91,5 ~ 9Irys = 1}
Remember projection operators Pr, = %(1 — ~%)and Pg = %(1 +~°)

Electroweak unification: relation between weak and electromagnetic
couplings: ra(0)

Grp =
VZ(MEP)2(1 — (Myy)?)/M3)

Often choose as 3 free parameters (tree level): o, Mz, G r and then

M2, =Mz (|1 VBra
w 2 GrM2
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Radiative corrections

Radiative corrections — f "
modifying propagators and vertices z\,ww»Owwm AN r
ying propag ZW S Y ZIW TZW LW
fif WivZ
Parametrisation of radiative corrections: H
“electroweak form-factors™ p, x, Ar H F
+ Modified (“effective”) couplings at the Z pole: ;o SMAAAANNANAN
Zw ZIW Zh ZiW
9y = VP; (‘|I3f -2Q"sin’ Befff) o
e b
_ fyr
Gar = pZ’a p overall scale V,“\S»
R . VAAAAN t
sz Biﬁ _ h; SIﬂz BW x  on-shell mixing anagle ¥z '

+ Modified W mass:

Mi,=M% 1+

T \,/gmx-(‘l—Ar)

2 G.M?

AN
b4

[T}

N
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Radiative corrections

Radiative corrections —

modifying propagators and vertices J\?Mmﬁm o
fif

Important consequences

- All other SM parameters enter the
calculations

zw
In particular corrections are ~n#,,, and ~In(M,)

Loop correction of the order ~1%.

Precision observables measured at
LEP/SLC to much better precision !

- Can test the SM and constraint
the unknown SM Parameters
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Radiative corrections

Radiative corrections —

¢ w
modifying propagators and vertices MMNOWM Wﬂﬁfj\n VAN
TZW S 1ZIW FZW TN R ZIW
i Wiz
Leading order terms (M, < M,,) H
* pzand x can be split into sum of universal ,'H“‘ Co
contributions from propagator self-energies: MAARARNANNA
zZw ZIw ZMw zZw
3G m M’ v
Ap, = M, | ; -tan’ 6, In—f—§ Fo _
g\2r® |M;, M, 6 :
2
Ak 3GFMW —L cot’ 6, 0 In M%_E o “V‘“’Hﬂ
8v2n? | M5, 9l M, b

and flavour-specific vertex corrections, which
are very small, except for top quarks, due to
large |V,| CKM element

Gm2
Zw.r.n

= 2Ak" =
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Electroweak precision physics

f

@ Electroweak theory makes very distinct
predictions, which can be tested by precision WWV\AQNVW
measurements performed by LEP, the Tevatron VZIW S VZIW

and also the LHC fre

w
@ This also needs theoretical predictions with small
arld weII-understooq uncertainties — include e LZIW
higher-order corrections
Wiy,Z
@ Sensitivity to top quark and Higgs via radiative H
corrections A
@ Most important experimental input to a global fit Zw 2w
* eTe™ — ff measured at the Z-pole: Z mass Zw
and (partial) width(s), asymmetries (LEP and SLC) . E N
* W mass and width (LEP and Tevatron) J Y
* top mass (Tevatron) R S
AAAAVAVAVAVAYSYaVAVAVAVAVAVAYS

— This is the menu for today
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LEP-1 (1989-1995)
Vs = 91.2GeV

LEP-II (1996-2000)

/3 = 160—209 GeV

SLC (1989-1998)
V5 = 91.2GeV
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Measurements at the Z pole

Important experimental input to the fit: electroweak precision data
measured at the Z°-resonance

Lowest order diagrams F+ = ff
o

Process under study: ee” — ff
+ f=all fermions (quarks, charged leptons, R o
neutrinos) light enough to be pair produced _
10° T T T T T T

L Z

! \ e'e"—=hadrons

Hadronic cross-section:
+ 57! fall-off due to virtual photon exchange
+ Resonance at Vs = M,
« Forvs=> 2M,,: pair-production of W’s
kinematically allowed
+ Measurements around M, : SLC, LEP | 020

Cross-section (ph)

hl‘)-\ e TRISTAN S[‘_‘C
Combined paper LEP + SLC: W LEPI TIEPT A

Phys. Rept. 427, 257 (2006) T T swell v DU Tl SO
L] 20 40 60 80 100 120 140 160 180 200 220

Centre-of-mass energy (GeV)

Z-to-fermion vertex has vector and axialvector components — parity violation
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Measurements at the Z pole

Example — electroweak cross-section formula for unpolarised beams (LEP)

25 1 dow(e+e'—>ﬁ_) 2 . I —— V| B E T
;FDW=|“(3)'Q;| (1+COS 9) * + rZinterference

= Pure Z exchange
-8Re {a’(.s)Qfwa (s) [gvlggu_f (1 +cos? 8)+ 2g, g,,cos ﬂ]} 4
»

+ 16|X_M(5)‘2 2:][:|gw|2+|gu|z](1+ cos’ B)+aRe{gvleg;‘e}Re{gwg;!}cose]

(.. 4.

Neglects photon ISR & FSR, gluon FSR, fermion masses

The = (1 + cos?6) terms contribute to total cross-sections
* Measure cross-sections around M via corrected event counts: o - [Nsel —Nbg) e L

sel

The « cosédterms contribute only to asymmetries backward | forward

* Measure Forward-Backward asymmetries in angular electrons ﬁ
distributions final-state fermions: A, - (N, - N, ) /(N, + N, ) >

positrons
Other asymmetries (not in above cross section formula)
» Dependence of Z0 production on helicities of initial state fermions (SLC) = Left-Right asymmetries

= Polarisation of final state fermions (can be measured in tau decays)

Kerstin Tackmann (DESY) Electroweak and Higgs Physics
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Measurements at the Z pole

Total hadronic cross section — measurement and prediction

Total cross-section (from cosé symmetric terms) expressed in Breit-Wigner form:

s-T
oZ =0l - 1, .R1 g0 12n LT,
2 22 2 ff 2 2
(S—MZ) +5 I‘Z/MZ QED M T:
Partial widths add up to full width: I'; = ', + I, + I';; + Togeonic + Dinvisiore
« Measured cross sections depend on products of partial and total widths
* Highly correlated set of parameters !
Instead: use less correlated set of six measurements
* Zmass and width: M., T, Taken from LEP:
. i ion- " « precise Vs
Hadronic pole cross section: o', - igh statistics
. i q .. pt U] 0 0
Three leptonic ratios (use lepton-univ): R’ =R =T, /T, =R’ =R’ Include also SLD-
+ Hadronic width ratios: R, R’ } + higher ffi /purity for
heavy quarks
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Z mass and width: measurement

Peak scan (from OPAL data)

32,5

89 89,5 90 90,5 91 915 92 925 93 935

Centre-of-mass energy

@ Perform energy scan around Z peak
@ Measure hadronic and leptonic Z decays

Obtain hadronic cross section as

11

Ohad = 7 ¢ (Nnad — Nbkgd)

with € and Nykgq from simulation
Trigger efficiency > 99%

zZ — 0
aff(s) - aff (s—m

Kerstin Tackmann (DESY)
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hadrons

4 1990
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4 1995

94 95
Vs(GeV)
17/ 46



Z mass and width: radiative corrections

@ Measured cross section is modified by initial and final state radiation
@ Corrections can be large: QED corrections can be 30%
@ Effects are corrected for by the experiments

40

DELPHI
L3
30 b OPAL
Y

Gpyaa [0b]

e

+

e

& measurements, error bars ,'J
Increased by tactor 10/

Y

|| — ofromfit A
..... QED unfolded .

'|- | | Mz |
e 86 88 90 92 94
E_[GeV]
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Z mass and width

Z mass and width as measured by the LEP experiments

ALEPH | —<—  91.1893+0.0031 ALEPH 4ol 2.4959+0.0043

2.4876+0.0041

DELPHI —=—| 91.1863+0.0028 DELPHI ——— |

L3 L 91.1894+0.0030 L3 —& 2.502540.0041
OPAL —c— | 91.1853:0.0029 OPAL 2.4947+0.0041
LEP P 91.1875+0.0021 LEP P 2.4952+0.0023
1 common: 0.0017 F common: 0.0012

x*/DoF =2.2/3 x*MDoF =7.3/3

[ E"\..‘l [ B I TR RN R

91.18 91.19 91.2 248 249 2.5 2.51
m,, [GeV] r,[GeV]
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Z and the neutrinos

Number of light (m,, < %mz) neutrinos can be determined from the Z width

g L DELPII

30k
Use measured hadronic cross section 5
0 _ 127 I‘eeI‘had 25
Ohad = mZ “T2°* and ;
I'z =TI'had + T'ep + Tinv 20F
Finv = 'I’L]__‘,, L
15k
n = 2.984 4+ 0.008 m;
(LEP+SLC combined result) [
sk

S b b b b P by |

& 8 90 9 92 93 M §5
Energy, GeV
Limit before LEP: 4-16 types of neutrinos allowed
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Hadronic width into b-quarks: Ry = I'p/Thad

@ Significant enhancement of Ry, from large
mass of top quark m;

@ m; unknown at the time of this e

b
measurement! top had not yet been seen e b
in any experiment W
@ If there was no top quark, I', would be t
small VZ oy
e b

How to identify b-jets?
@ b quark decays weakly, with long lifetime (7, = 1.6 ps) due to V;, being
small
— Measureable decay length (~ 3 mm for production at the Z peak)
— Tracks appear to miss the reconstructed primary vertex

@ Impact parameter significance measures significance of distance of
closest approach of reconstructed track to interaction point
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26024 /

DELPHI 1

Impact parameter significance

Identification of b-jets at DELPHI
A

DELPHI

26024 / 1730

[ MCuds
— MCudsc
1 - — MCal

data

DELPHI

2,0 q

Kerstin Tackmann (DESY)
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Improved b-jet identification

One can do better:
Combine information

@ Impact parameter
@ Secondary vertex mass

@ Presence of lepton

* Lepton charge carries _
information about b vs b

Secondary vertex charge
Secondary vertex pr

Best b-tagging performance at SLD

due to highly granular Si Pixel
detector

Kerstin Tackmann (DESY)

g F SLD
.g 3000 - = Data
L MC
%’ 2500
@ E
T 2000 [
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1000 |-
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e
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5 9
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—10 et Q\(\Q'
E »%
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10 At o
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b-tag efficiency
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Ry, results

Can already learn top is heavy before

Results from LEP and SLD direct evidence for top from Tevatron

220 ——— —
ot . My =1TevV |
ALEPH mult — 0.2158 + 0.0009 + 0.0009
1002.95 L — M, =300 GeV :
DELPHI mult 0.21643 + 0.00067 + 0.00056 r .. M; =60 GeV
1992-95 15+ 4
L3 mult 0.2166 + 0.0013 + 0.0025 r
1994-95 "
OPAL mult 0.2176 + 0.0011 + 0.0012
1992-95

SLD vtx mass 0.21576 + 0.00094 + 0.00076
1993-98

LEP+SLD —a— 0.21629 + 0.00066
el |
0.214 0.216 0218

b

|- (TEVATRON LIMIT)
Il Il
100 150

200 D &k&#dﬁfO
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Measurements at the Z pole

Asymmetry and polarisation — quantify parity violation

Distinguish vector and axial-vector couplings of the Z (i.e., sin’6,;)
Convenient to use “asymmetry parameters”

2 2
- / R
A - Ies g:'f =2 1/ 9as —  dependent on sin267,,: yﬂ—ﬂcﬂsinz 6
gf,f + G 1+ (g” :/g”) e(g,,)

Via final state (FS) angular distribution in unpolarised scattering (LEP)

= Forward-backward asymmetries: A7 - M Mo EAEA,

N.+N, 4
- LEPmeasurements. A% Al AN
(N —Ng) —(Ng —N,)
Via IS polarisation (SLC): A, - Ne rrs = [:. r o), (J - B;)R 1
N +Npg <|p| ) (N +Ng), +(Ne +Ng) <|pe|>
= Left-right, and left-right forward-backward asymmetries: A%, = A A, =%A,

Kerstin Tackmann (DESY) Electroweak and Higgs Physics
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Measurements at the Z pole

Asymmetry and polarisation — quantify parity violation

Distinguish vector and axial-vector couplings of the Z (i.e., sin267)
Convenient to use “asymmetry parameters”:

2 2
- / R
| - s g:'f =2 v1/Gas — dependent on sin267,° Re(g"”) =1-4|Q|sin® &,
gf'f N gR'f C (gu'.f .-/gA.f) e(gM}

Via final state polarisation (LEP):

+ Tau polarisation:
A (1+cos® 6) + 2A_ cosé
T+cos®8+2A A cosé

+ Measure rspin versus from energy and angular
correlations in rdecays

» Fit at LEP determines: A_, A

P (cosg)=-

e

£ = ¥~ candidate

Kerstin Tackmann (DESY) Electroweak and Higgs Physics
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Forward-backward asymmetries

. o . d
A, particularly sensitive to sin? 8¢ff 3 10000 |
. £
~ 1 T T T T 3 5
Ab
051 5000 |
0 ® ALEPH DATA
— Simulation
0.5 F o
-1 1
-k cosf
ALEPH e 0.0173+0.0016
backward = forward DELPHI —5—  0.0187+0.0019
electrons ﬂ — 9F—9B L3 —=—  0.0192+0.0024
>< - ArB ortogp ) -
/ | positrons OPAL ——— 0.0145+0.0017
LEP Lo 0.0171+0.0010
@ Arp measured from from event counting common: (0003
it L . %“MoF =3.9/3
or fitting the cos @ distribution . ‘ ‘
0.015 0.02 0.025
AoJ
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Left-right asymmetries at SLC

@ Single most sensitive to sin® ¢

N -N, 1 .
Ag= NN —P @ Do not use electron final state to
R <‘ ‘ > eliminate t-channel process
~-beam polarization at SLC ~ 75%
Q2 0.100 + 0.044 + 0.004
Beam Polarization SLD 1992-1998 Data
93 —=—|0.1656 + 0.0071 + 0.0028
94-95 —_— 0.1512 + 0.0042 + 0.0011
96 —=— |0.1593 <+ 0.0057 + 0.0010
3w fx Sinige ot Catode 97-98 - 0.1491 + 0.0024 + 0.0010
.g 30 -
a 20 g
E : Average - 0.1514 + 0.0019 + 0.0011
:; l:: ‘ ‘ ) ‘ ‘ ) %2 /DOF=7.4/4 Prob.=11.4%
0 1000 e, Cmi;:{' 4000 i“f:;z 0.10 0.12 0.14 0.16

Alg
sin® 65 = 0.23097 £ 0.00027
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Left-right forward-backward asymmetries at SLC

ArrFB =

(crFr—oB)L—(cFr—oB)rR 1

(or+oB)L+(or+oB)r <Pe>

@ A; determined with statistical precision

2 1800
g

£ 1600
8 1400

&k
s 1200 E
1000 F

equivalent to unpolarized
forward-backward asymmetry with a 25
times larger data sample (with 75%

e~ -beam polarization)

SLD L polarization

R polarization

Kerstin Tackmann (DESY)

0.5
cos 6,

thrust
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events

events

SLD e‘e’—e'e 97-98 ﬁ

E < left polarised e beam P.“.‘
+right polarised e beam 4;

f"“*-*-**g S wa

SLD z°—>u u 97-93

e

SLDz%rg//‘/f
. At
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W mass at Tevatron

W mass measured at Tevatron with high precision

@ Leptonic decays of W: W — ev, W — uv
@ Template fits to transverse mass mr, lepton p% and neutrino pY. (from
transverse energy) distributions with
mr = \/pri,.p;(l — cos(¢t — ¢v))
* Templates for 1600 between mw, = 80 and 81 GeV

* Uncertainties dominated by knowledge of lepton and recoil energy scale and
parton distribution functions

mr pgq P
CDF Il preliminary Ldt=221b° CDF Il preliminary Lat=22f0" CDF Il preliminary Ldt=221b"
; I I . i
8 b 8
g1 M, = (80348 £ 18,,,) MeV g My = (80406 £ 22,,,)) eV
2 100
B L Xe/dof =54/ 62 § L x2ldof = 79162
10000
[ 7 my=(e0s702 16, Mev ool 5009
sooo|- [
r X?/dof =58/ 48
e e L n L
70 W % E 36 ES 36 £
() (GeV) P, (GeV) PY) (GeV)
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W mass at LEP-II (and Tevatron)

W mass also measured by LEP-llinete™ — WTW—

@ ete™ — WTW— — ggqq events above threshold
* Kinematic contraints: all momenta sum up to 0 and two gq pairs should have
equal mass

@ Threshold scan using about 10 pb~* per experiment recorded around
the WW threshold

o . P —
S 1o b R CDF | 80433 + 79
(2]
— ———
= \ 1 Dol 80483 + 84
> + data —_—
E WW Simulation L DELPHI 80336 + 67
g 100 [ (. = 80.35) E o
Bl z() Simulation L3 80270 + 55
80 - 2Z Simulation B —_—
OPAL 80416 + 53
60 .
ALEPH 80440 + 51
—
40 DO Il 80401 + 43
—.—
20 World Average (2009) 80399 + 23
: -
o e T CDF Il (preliminary) 80387 + 19
S0 55 60 65 70 75 80 85 90 95 100 N O A OO e AN M

80000 80100 80200 80300 80400 80500 80600
W boson mass (MeVIcZ)

‘W mass (GeV/cz)
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Trilinear gauge couplings, e.g.
ZWW vertex predicted by

Glashow-Salam-Weinberg...
et w+
70~
e~ w-

...in addition to other WW
production...

et w+

Kerstin Tackmann (DESY)

Oy (PD)

...and seen at LEP

30 | ' | |17/02/?99§
LEP
PRELIMINARY
20+ s
10+ B
; YFSWW/RacoonWW
....no ZWW vertex (Gentle)
;4 ....only v, exchange (Gentle)
01— . :
160 180 200
Vs (GeV)

Electroweak and Higgs Physics
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First WW palr seen by DELPHI

” % DAS: S—Ju | 1998 Sca 10-du | —19%6 m
121357 03T lpeact

B q [
TR TR F TR TR ST

4-jet event
ete” > Wtw-—
— qqqq
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top mass at Tevatron
top almost always decays ast — Wb

@ Mass measured in top decays to
dilepton (4%), lepton+jets (30%) and
fully hadronic (46%)

@ Analysis heavily relies on identification
of b-jets (b-tagging)

@ Template analysis finding m; and
jet-energy-scale simultaneously

@ Complementary method: Extract m,

from measured tt cross section 2501 CDF Il Preliminary
G200, * Data (8.7 o)
3 Signal+Bkgd
O1s0- [ Bkgd only
2100 Tagged
vvvvv
L | 50—
6 g Measueda,
| Nadolsk y etal., PRD 78, 013004 (X ys -
477 = Cacciari etal., JHEP 09, 127 (2008) ‘P < 2= AN o e 2t R WL | pne L P
[ —— Wochand Uner, PRD 78, 034003 (2008) 0 150 200 250 300 350
_— miee (GeVic’)

a1 1 L L
150 160 170 180
Top Mass (GeV/c?)
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Global electroweak fit

Many different quanities measured
@ Z pole, cross sections and branching ratios Mz, Tz, op_,, R?, R}, R®
o Asymmetries atthe Z pole A%y, A%, A%, Ay, Ay, A, sin?65T
@ And additional observables My, T'w, 4

...some measurements were briefly described here.

These (and a few others) are combined in a global fit

@ Global fits to electroweak measurements have a long history:
* ZFITTER (D. Bardinet et. al.)

TOPAZ0 (G. Passarino et et. al.)

LEP Electroweak Working Group (M. Griinewald et. al.)

Gfitter (M. Baak et. al.)

GAPP (J. Erler)

b S S o
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Global electroweak fit

Measurement Fit  |O™®-Q™|/gme
0o 1 2 3
m,[GeVv] 91.1875+0.0021 91.1874
r,[Gev]  2.4952+0.0023  2.4959
a’_,[nb] 41540 +0.037  41.478
R, 20.767 £0.025  20.742
Omeas_gfit AY 0.01714 + 0.00095 0.01645
Inspect pulls (127" =0"1) o
to iudae oodnesg—of—fit AP) 0.1465 +0.0032  0.1481
judge g R, 0.21629 + 0.00066 0.21579
o No pull exceeds 3o Rgb 0.1721+0.0030  0.1723
+ 0.8 measurements A 0.0992 +0.0016  0.1038
OI:JtSidG of 20 expecied AYC 0.0707 +0.0035  0.0742 F
o
p A, 0.923 + 0.020 0.935
0.b A 0.670 + 0.027 0.668
° 9 c
AII’B shows largest pull A(SLD) 0.1513+0.0021  0.1481
value sin?0(Q,,) 0.2324+0.0012  0.2314 F
m, [GeV] 80.385+0.015  80.377
M [GeV] 2.085 + 0.042 2.092 [
m [GeV]  173.20£0.90 173.26
March 2012 0 1 2 é
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Constraining the Higgs mass

@ my and m; constrained from

80.5

measurements at the Z pole
@ Good agreement between indirect and

direct measurements of my, and m;
@ Direct measurements agree well with

light Higgs
§ —achmiz m,, =152 GaV
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e 2012 .
[CILHC excluded
— LEP2 and Tevatron
- LEP1 and SLD
68% CL

@ Indirect contraints on Higgs mass

mpyg < 152 GeV

— Direct searches: tomorrow’s lecture
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First W and Z at LHC
;:t:;zi“;f;i";:z?;;; 0 &P‘!E-I!T :(AAE é
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W-puv candidate *
in 7 TeV collisions

38/46

Kerstin Tackmann (DESY) Electroweak and Higgs Physics



=
O(n

—=— Data 2010 (Vs = 7 TeV)
[ Jw—ur

[Jaco N
Bz-w ATLAS Preliminary

CIw-w

First W and Z at LHC
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First W and Z at LHC

15 Ep (GeV

- Run Number: 154817, Event Number: 968871 E1:e‘J=4SGeV F_r:e+)=4ﬂGeV
\ AT LA Date: 2010-05-09 09:41:40 CEST e =021 6"} = -0.38
: M_=89 GeV

) EXPERIMENT

Z-ee candidate in 7 TeV collisions
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First W and Z at LHC

r—— Run Number: 154817, Event Number: 9688
AT LAS Date: 2010-05-09 09:41:40 CEST
M_=89 GeV
A EXPERIMENT

Z;ee candidate in 7 TeV collision
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W and Z at LHC

W and Z produced copiously at LHC

@ Leptonic decays have clean signatures,
good tool for understanding the detectors

@ Precision test of the SM

@ Important backgrounds for Higgs and New
Physics searches

= I
S [ ATLAS WtysZ
! [Wvs |
1 55 g
g 1 @ Inclusive production cross sections for W
25 | ., and Z
© I L dt = 33-36 pb . .
i . @ Test of higher-order QCD calculations...
4,5~ @ Daa2010As=7TeV) mmm total uncertainty
r o @ sta®sys . .
D Moo Cncartny @ ...and of parton density functions
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47 JRog -
0 T T [ S S ST S N T EY St
04 0.45 0.5 0.55

ol - BR(Z/y*— IT) [nb]

Kerstin Tackmann (DESY) Electroweak and Higgs Physics 42 /46



W and Z at LHC

Many more aspects can be tested...

..charge asymmetry in W ...lepton universality in decays
production (— PDFs)... to electrons and muons..
P ST = famas |
g e p,>25 GeV 1 EA b
€ i ) el [ JLdt 33-36 pb
7 L I ]
© —e— Data . = |
0251
50 — 3 #
8 r 1 = 1
5 [ ] R ]
021~ b ”; | 68.3% CL elipse area J
r f < | B#8 Data 2010 (Vs =7 TeV) ]
i NLO;TEfgri:B%CL ] % 0'9_ = R,, PDG world average ]
0.15 NNPDF23nlo — Avg [ R, PDG world average E
it ] © © Standard Model 1
MSTW2008nlo 4 I | ]
[77) MSTW2008CPdeutnlo | z v by
I RN RRTRR R
o 05 I 5 « 0.8 0.9 1 1.1
Muon |n| R, =0, BR(Z— e'e) /0,  BR(Z— u'y)
Protons have uud as valence quarks and prefer Good agreement with (more
Wt production precise) world average
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W/Z +jets

W +jets is important background to many new physics searches
@ Higgs searches are one of them

Highest-Er jet spectrum in W — ev

: H CMS
Production of W + 0,1, 2 jets - — : :
q q g 8 | 36 pb’' at Vs =7 TeV
f l Mr > 50 GeV
w
-— *  di
5 —_ V:Iauev
3 [ top

I other backgrounds
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Every additional jet suppressed by ~ a

2 T
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leading jet Er [GeV]
Precision tests for perturbative QCD (pQCD)
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Electroweak measurements at LHC

Understanding many aspects of electroweak physics, and also important
background processes for Higgs (and other) searches at LHC

July 2013 CMS
= ! !
=2 W i @ 7TeV CMS measurement
5 | i 8 TeV CMS measurement
_ 10— Z * rer
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=} L .
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JHEP 10 132 (2011) EWK-11-009 EPJC C13 2283 (2013) (WV) SMP-013-009
JHEP 01 010 (2012) SMP-12-006 (WZ), 12-005 (WW?7), 13-005(2Z8)
SMP-12-011 (W/Z 8 TeV) JHEP 1301 063 (2013) (2Z7), PLB 721 190 (2013) (WW8)

Good agreement between measurements and predictions!
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Summary electroweak physics

@ Electroweak precision measurements at the Z pole by LEP and SLC
offer stringent test of SM and constrain other SM parameters

* Masses of W, top, Higgs
* They also tell us there are 3 generations of (light) neutrinos

@ Very good agreement with SM predictions observed

@ Tomorrow we will turn to direct searches for the Higgs at LEP, Tevatron
and the LHC

@ W and Z will also play an important role there...
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