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1. BEH mechanism and EWK symmetry breaking

2. Charged weak current vertex
3. Neutral weak current vertex
4. EM current vertex
Il. Fermion mass term
1. Yukawa couplings (one family case)
2. The quark sector (multiple family case)

lll. The CKM matrix
1. Quark rotation for EM, NC currents, kinematic term

2. Origin of the CKM matrix
V. The SM lagrangian, putting it all together
V. Experimental test of the Higgs sector

1. Beyond LO and Higgs mass prediction
2. Higgs boson production in hadron colliders

3. Higgs boson discovery and properties
4. Higgs boson couplings

Overview




BEH mechanism
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CKM matrix

dl) Vud Vus Vub d>
Sl) — ‘/cd Vcs VLb S>
b,> V;fd V:‘,s ‘/tb b>

flavor Vckm MAss

CKM quasi diagonal...
mass and flavor eigenstates similar, small mixing
Very different from PMNS matrix (leptonic sector)



PMNS matrix

Ve> Uei Ue Ues V1>
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The SM Lagrangian
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Beyond LO, the Fermi “constant”

* Low energy contact interaction Gilul e
v — ~ Ve
Ggare B 92 B 7.‘.a{Bafre
VZ 8y, 8mi (1 mi[m3)

Gr[u] measured from muon lifetime Gr[u] = 1.16637(1) 10> GeV-2

radiative corrections Ar o .
Radiative corrections to the W mass

= link between mw, mz, a, G[u]:

0 I
Gr = GF[:“](l — AT) — W F % W
8miy (1 —myy, /m%) 9 ?
Ar >~ %5 {_%g_z + + 0.070 + 2loops W m A4
' IH

used to predict the top mass and the Higgs mass
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W, Z, H masses
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http://arxiv.org/pdf/1107.0975v2.pdf
http://arxiv.org/pdf/1407.3792v1.pdf
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Phys. Rev. D 88, 052014 (2013)

| = Observed Tevatron Run I, L.
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B component subtracted
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sy =2 4 Higgs Boson Mass

Phys. Lett. B 784 (2018) 345

e e et p
ATLAS ~-Total [ Stat. only
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Boson spin and CP properties

* J: lot of spin hypothesis tested, definitely a scalar

H— ZZ* — 4] turned
out to be a very good
laboratory

120 CMS X = ZZ + WW 19.7 fo' (8 TeV) + 5.1 b (7 TeV)
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CP : analyze the structure of HVV cbupling

H* — 4| good

Other channels are
competitive
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[ 1
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H— tt Observation in 2017
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H— bb Observation in 2018
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Riep
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. 2. lept
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arXiv:1407.3792

mm Global EW fit
Bl Indirect determination
® Measurement
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(O -0)/ o,

indirect

SM glory

Indirect determination:
EW fit without the measurement

Global EW fit:
EW fit including the measurement

Measurement: Measurement

Predictions @ NLO
W mass includes 4 loops O(as3a)
I'z2loops
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ES5: Z -y* interference
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L 0.8
<
0.65— Zoom around mz
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Neutrinos: not measurable but show the Z only asymmetry

= interference Z-y* dominant contribution to Ars
(expect at the Z pole where it is zero)

s [GeV]

ES5: Z -y* interference - Ars
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We observe x, realization of a random variable X
Different models have different X distribution
v model 1: H1 e.qg. signal + background Hs.b
v model 2: H2 e.g. background only Hp

Likelihood: L(H, x) = P(X=x |H) , known a priori for the 2
models

Evidence that data x supports H1 over Hz if L(H1, x) > L(H2, x)

CMS preliminary Vs=7TeV,L=5.1ft" {s=8TeV,L=19.7 5"

Define likelihood ratio test A ;zi’ 0'165“""""""""J':'J"""'“—
8 0.14__ —CMSdata R
A. — L(H'I, X)/L(HZ, X) %’ 0_123 " (CL:bS‘=6.3%) n
8 ol
v A > 1 data supports Hi over H> &

o.osf
v A < 1 data supports Hz over Hj 0.06f

0.04}

0.02}

5
-2 x In(Lz;( 0% /Ly)

Digression hypothesis test
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