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4th of July 2012, Discovery of a resonance at 125-126GeV
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Hare Higgsna, Hare Hare...

from Adam Martin, from? why not just praise the Lord and the SM

The holy cow has got 4 legs: 3 Goldstones and one scalar
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Mechanism...Spontaneous Symmetry Breaking

%vspace*-2cm
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Higgs in the SM model
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Production at LHC:
Important contribution from the theory side to get precise HiggsXsections, novel techniques,...
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MH = 125GeV a very lucky strike, many channels open/accessible/useful. Allows more tests.
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Indirect effects again, for a crucial channel, top, W loops
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in ATLAS

I 1 Higgs in 2× 109 pp coll.

I 1 H → γγ in 4× 1012 collisions
(like looking for one person among the population

of 500 Earths!)

I with the 7 + 8TeV run

I ∼ 700H → γγ

I ∼ 30H → ZZ∗ → 4l and

∼ 150H → WW∗

I

I
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Higgs looks fairly standard

µcombined = 1.00± 0.13
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Coupling proportional to mass
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in the SM, Higgs and Mass are "ONE"

I Goldstones ωi and H combine to form a linear representaion of SU(2)× U(1)

I Ĥ = H + v = v(1 + H/v), coupling of H is to the mass. Factor the mass out, the

coupling is universal (tree-level). This must be verified precisely

I Residual SU(2)V custodial symmetry (SO(4)→ SO(3) origin of ρ = 1).

I Origin of the potential:????

I Spin: Spin can only be 0 in this picture. A particle with a v.e.v can only by of spin-0

(angular momentum....)
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Mass and the Higgs, mass without a Higgs

Ĥ 6= H + v

I Dynamical mass from strong dynamics

I naive prototype: technicolour (3GB and no Higgs)

I Technicolour revamped, larger symmetries (modern parlance Composite Higgs)

I More implementations, X as pseudo-scalars and other dynamics
I SO(5)/SO(4)→ 4PGB : ω±, ω3,H Agashe,Contino,Pomarol

I 5PGB + H,A, Gripaiois, Pomarol,Riva, Serra ’09

I ...

I more dynamics? updated walking technicolour (X+dilaton, resonances, 60(!) PGB):

Bando, Kamawaki, Ken Lane and friends,...
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A Misconception: is Higgs Needed? Non-linear realization of symmetry breaking SO(4)→ SO(3)
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Higgsless

breaks for energies beyond 4πv

This calls for New Physics, the Higgs and the SM Higgs alone ?
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The "chirally coupled" Higgs, composite Higgs

Chivukula and Koulovassilopoulos (’93,94)

FB+Chopin, ’95

Grojean et al.

F. BOUDJEMA (LAPTh) Higgs, Symmetry Breaking and the New Physics Paris, Jan. 2015 16 / 1



The Chiral Higgs

Couplings to W , and more so perhaps to top need to be measured quite precisely
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The potential: Stability up to which scale?

yt =
√

2mt/v ' 1
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Running of couplings in the SM

Again importance of top, Higgs (self-coupling), gauge bosons
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Running of the quartic coupling (one-loop)
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Running of the quartic coupling (one-loop)
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Stability and Perturbativity

J. Ellis, Espinosa, Giudice, Hoecker and Riotto ’09
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Stability: The Miracle (Degrassi et al ’12,)

Also Bezrukov, Shaposhnikov,..., Buttazzo,...

λ turns negative but "not too much" it levels out ... βλ vanishes over a wide range, starting from
µ > 108GeV.

some new physics contribution could easily move us to a stable region and perhaps give gauge
coupling unification

Is there any meaning in this? Mh vs Planck Scale. Higgs as inflaton?
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The trouble with the SM Higgs: Λφ2

why is then MH � Λ

F. BOUDJEMA (LAPTh) Higgs, Symmetry Breaking and the New Physics Paris, Jan. 2015 25 / 1



Unnaturalness and fine-tuning
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Calls for BSM

F. BOUDJEMA (LAPTh) Higgs, Symmetry Breaking and the New Physics Paris, Jan. 2015 27 / 1



Ways beyond the SM Higgs, naturalness argument as guiding principle?
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Supersymmetry and the Higgs

Particles that play a rôle
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Supersymmetry and the Higgs

F. BOUDJEMA (LAPTh) Higgs, Symmetry Breaking and the New Physics Paris, Jan. 2015 30 / 1



Some already tested, not much is seen
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Why haven’t we seen anything
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Conspirancies: Compressed spectra, stealth models, (Rp violation

weak production for some, more energy and more luminosity
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Or shall we give up on naturalness ? ?

the landscape/multiverse ?

anthropic principle ?

Humm ?
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At the same time, New Physics must exist but perhaps not at the LHC..

I Dark Matter

Does the Higgs provide a link in the sense of a portal? the stability of the

potential can be affected

I Baryogenesis generated at the EWSB scale?

I Neutrino Physics (Higgs connection?)

I Flavour structure

I the view from ... the top
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The Higgs and the Top FB, Godbole, Guadagnoli, Mohan/ yesterday on arXiv, also Ellis et al.,
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What do we know about the t t̄h vertex ?

t t̄H vertex and " parity"

Ltth = −gtth t̄ (at + ibt γ5) H t ,

where gtth = mt/v normalizes the coupling to the SM strength.

where gtth = mt/v normalizes the coupling to the SM strength.

one can also check

LhVV =
g

2
κV mW h

(
WµWµ +

1

cos θ2
w

ZµZµ

)
.
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The • indicates the best-fit value (at , bt ) = (0.93, 1.17).

68% , 95%, 99.7% CL

? SM
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Fits to at vs. bt in a scenario with κ̃gg = κ̃γγ = −1 and κgg = κγγ = 0. Black dots indicate the best-fit values. The yellow , green and blue areas

represent the 68%, 95% and 99.7% confidence-level regions, respectively. The red star shows the SM point (at , bt ) = (1, 0). The plot to the right shows

the same fit as the plot to the left, but with pseudo-data, with namely all the signal strengths set to the SM values and the uncertainties reduced by half.
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Total cross sections
σt t̄H

σSM
t t̄H

∼ a2
t + 0.42b2

t σ(ph
T > 100GeV )/σSM(ph

T > 100GeV ) = a2
t + 0.60 b2

t

More rapid increase with energy ( ŝ ) in the case of the scalar
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Asymmetries

α×∆θt t̄ (`+, `−) and β ×∆θ`h(`−, `+) it is useful to define CP asymmetries as follows:

At t̄ =
σ(α×∆θt t̄ (`+, `−) > 0)− σ(α×∆θt t̄ (`+, `−) < 0)

σ(α×∆θt t̄ (`+, `−) > 0) + σ(α×∆θt t̄ (`+, `−) < 0)

and

Alab =
σ(β ×∆θ`h(`−, `+) > 0)− σ(β ×∆θ`h(`−, `+) < 0)

σ(β ×∆θ`h(`−, `+) > 0) + σ(β ×∆θ`h(`−, `+) < 0)
.
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C’était l’histoire d’un Higgs
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