Indirect bound on my, from My versus 1y,

At one or more loop level

M%/ 7@ 1
M7 V2Gp 1 — Ar(miep, mp)

M (11—

Mass of the Z Boson W-Boson Mass [GeV] Top-Quark Mass [GeV]

Experiment M, [MeV]
ALEPH — o ——  91189.3+3.1 TEVATRON —e— 80.452 £ 0.059 CDF - 170.3+2.3

LEP2 —:L 80.376 £ 0.033 DO — 1742+ 3.4
L3 ——&—— 91189430 Average 80.392 + 0.029 Average < 1714+ 2.1
OPAL _._:_ 911853+ 2.9 X2/DoF: 1.3 /1 X?/DoF: 10.6 /10
LEP 0 91187.5+ 2.1 LEP1/SLD —A-] 80.363 + 0.032

' 1 +11.8
common error : 1.7 LEP1/SLD/m, * 80.361 + 0.020 LEP1/SLD/my/Ty 177.6 - o
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Indirect bound on my, from My versus 1y,

At one or more loop level
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e LEP (CERN) produced 2 x 107 unpolarized Z’s
e SLD (SLAC) produced 2 x 10° Z’s with P, ~ 75%
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= prediction of I'z in terms of sin? Oy
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Experiment
ALEPH

Mass of the Z Boson

N

DELPHI
L3
OPAL

LEP

common error
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91182

91187
M, [MeV]

M, [MeV]
91189.3 + 3.1
91186.3 £ 2.8
91189.4 + 3.0
91185.3 +2.9

x?/dof = 2.2/3
91187.5 + 2.1

1.7

91192
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Total Z Width
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2.483
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2.495
[GeV]

r, [MeV]
2495.9 + 4.3
2487.6 + 4.1
2502.5 + 4.1
2494.7 + 4.1

x?/dof = 7.3/3
24952 + 2.3

1.2

ag =0.118+0.003
linearly added to

M, = 178.0+4.3 GeV

2.507
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e The decay width into the different fermions:

- GpM;
Z— ff)= G%ZNJC(QV +9£2)

Qs

e The forward-backward asymmetry

f . f

9v9g 9v 9;
AFB(MZ):S 2V S 2 eQV AeZ
(gf." + ¢4 ") (90" +947)
= Good determination of couplings
- 0.082 [Ime= 172.7 2.9 GeV
gl, = T — 2Qsin? Oy |
g£ = T?f 0.035
Where incluing loop corrections :038
M2
S11 HW = ( — _V2V> A(mtop,MH)
MZ -0.041

-0.503 -0.502 -0.501 -0.5
9al



Precision Electroweak Observations

Measurement Fit

meas fit; ,__meas
|lomee-0M)/g

A(SLD)

sin“0=>(Q,,)

m,, [GeV]
Iy [GeV]
m, [GeV]

91.1875+0.0021 91.1874
2.4952 + 0.0023  2.4959
41.540 + 0.037 41.478
20.767 = 0.025 20.743

0.01714 = 0.00095 0.01643
0.1465 +0.0032  0.1480
0.21629 + 0.00066 0.21581

0.1721 £0.0030 0.1722
0.0992 £ 0.0016  0.1037
0.0707 +£0.0035 0.0742
0.923 + 0.020 0.935
0.670 + 0.027 0.668
0.1513 + 0.0021 0.1480
0.2324 £ 0.0012  0.2314
80.404 + 0.030 80.376
2.115+0.058 2.092
172.5+2.3 172.9

Tested with 1% precision, but. ..



Light Higgs Required
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The Higgs Decay Modes
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Higgs Branching Ratios

Fyy(riw) =24+ 3ry 14+ (2 — ry ) f(rpw)]

Higgs Branching Ratios to Fermion Pairs

Higgs Branching Ratios

Higgs Branching Ratios to Gauge Boson Pairs
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Higgs Production at e"e™

2
ra® A2 Az + 1222][1 + (1 — 4sin® 6y)?]
192ssin* Oy cos Oy (1 — M2 /s)?

olete” = Zh) =

MZ2+M?2 4M?2 M2

Azn = (1 — =h72)? = ShZ s = (s +p,-)?
A —— M, =90 GeV |
| ee->Zh ———- M.=100 GeV .
06 | —-—-- M.=110 GeV -

Searches at LEP (eTe™ /s = 90 — 210 GeV) = My > 114.4 GeV



o (pb)

Higgs Production at Hadron Colliders
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Higgs Production at LHC 7-8 TeV

SM main discovery modes for ~125 GeV:

pp — 7Y
pp — L4 — LU

pp — WW — lvly

Also may be possible in:

pp — bb (only VH)
pp — TT

o x BR [pb]
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—2in h{mH}

Meassured Higgs Mass
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Spin-Parity Determination

Analyzed channels:

* H-> yy decay angle cos(67) in
Collins-Sopper frame
sensitive to J

e H—-> WW?* > Ay Several
variables sensitive to J°

- Aq)ee , MM 7 -

— Combined with Boosted-
Decision-Tree (BDT)

{e)

e H —> ZZ* = 4¢: Full final state
reconstruction sensitive to J°

— 2 masses (M,;,M,,) and 5
angles

— Combined with BDT or Matrix
Element-based discriminant
[)JP
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Observed Production+Decay Channels in Brief
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CMS

138 tb™' (13 TeV)
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= +1 SD (stat @ syst) - +1 SD (syst)
— +2 SDs (stat @ syst)
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Stat Syst
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Higgs Couplings to SM Particles
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