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It looks more and more likely that we

really have found the Higgs particle, al-

though it?s always difficult to say this

with absolute certainty. Most physicists

would now agree that this is probably

the Higgs. Professor Charlton said.

The preliminary results with the full

2012 data set are magnificent and to

me it is clear that we are dealing with

a Higgs boson though we still have a

long way to go to know what kind of

Higgs boson it is, said Joe Incandela,

a spokesman for the CMS experiment

on the LHC
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Higgs-Kibble in the SM model
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Weakly coupled extensions (MSSM, NMSSM,...) construction is similar, more

multiplets, perhaps mixing

More fun and more papers:

I h and H. For H reanalyze your HSM search

I H±, A, reinterpretation of MSSM studies, perhaps some new things.

I Beware of Flavour constraints

F. BOUDJEMA (LAPTh) Boson de X: Elucidating EWSB Grenoble, March 2013 5 / 51



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:???? So far untested. Deep down origin of the v.e.v

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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Hare Higgsna, Hare Hare...

from Adam Martin, from?
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Hare Higgsna, Hare Hare...

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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SM Matter
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Matter and Forces: 3 families, why 3?
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Matter and Forces: 3 families, why 3?

What difference between the 3 generations?
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Matter and Forces: 3 families, why 3?

What difference between the 3 generations? MASS
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What puzzles when one talks about MASS: Flavour

I Why 3 generations?

I Can we understand the spectrum/hierarchy of mass and mixing?

I 3 generations in the SM help implement CP violation, but is there a more

fundamental origin?

I Even then, what about matter/anti-matter asymmetry

I Neutrinos special?

I CKM fits that have become more and more precise over the years have still not

help draw an underlying model or theory of flavour. More luck with Higgs couplings

fits?
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More puzzling

If Higgs last piece of a model of interactions below 1TeV or even valid all the way to the

Planck scale (see later),

what about

I Unification of forces (mild)

I Dark Matter (Dark Energy)
I The hierarchy problem: remember how much was made of this argument to

motivate numerous BSM models

I what we know L(gauge int ., no mass)

I what we want to probe Odim>4/Λ1,2,.., decoupling. Set by the mass scales probed at

LHC

I do not understand Λ2φ2, why MH only 125GeV?

I and even more so Λ4

I The vacuum of the SM stable up to Planck scale?

I A glimmer of hope, M125GeV maximised so that a large number of couplings are

accessed! Allows more test.
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Higgs? Is this all smoke then?
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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)
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Mass, dynamical generation?

Forces Theory mediators rel. strength long dist. range (m)

Strong QCD gluons 1038 1 10−15

Electromagnetic QED photons 1036 1/r 2 ∞

Weak QEW W/Z 1025 1/r e−MW 10−18

Gravity ()GR gravitons? 1 1/r 2 ∞

Strong force: has a finite range→ dynamical mass, condensate

Weak force, has massive mediators!

No quantum theory of gravity (yet)

but a fundamental scale is introduced:

MP = ΛP =

√
~c

8πG
∼ 2.5 1018GeV
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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
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The "chirally coupled" Higgs, composite Higgs

Chivukula and Koulovassilopoulos (’93,94)

FB+Chopin, ’95

Grojean et al.
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X Boson, Le Boson 2 X
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X Boson, Le Boson 2 X
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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,...

F. BOUDJEMA (LAPTh) Boson de X: Elucidating EWSB Grenoble, March 2013 19 / 51



Beware of Indirect limits (MH ,S,T ,U)
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X-Couplings to watch for

-Possible from X125 fits? -Indirectly? -Other manifestations, new particles?
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Reconstructing the SM from Unitarity Arguments: Probability is always < 1
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Unitarity and the Higgs:
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Unitarity and the Higgs
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Delayed Unitarity, High energy high luminosity LHC
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Example of Extra-dim
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The Chiral Higgs
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The Chiral Higgs
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The potential: Stability up to which scale
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Running of couplings in the SM
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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
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Stability: The Miracle (Strumia et al.,), 2loop,..

some new physics contribution could easily move us to a stable region

mt essential (which mt?)
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Vanishing of λ and its β function?

Is there any meaning in this? Mh vs Planck Scale. Not to me. Let alone that λ and βλ

vanish over a wide range, starting from µ > 108GeV.
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Reconstruct the Higgs potential, or part of it

I Measure H3 at LHC???

I Through double Higgs production

I Can not rely on total rate. Too uncertain

I "spin 0" nature of H? → HH (FB +Chopin 95) to pin-down the H3 coupling
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The trouble with the SM Higgs: Λφ2

why is then MH � Λ
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Unnaturalness and fine-tuning
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Calls for BSM
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Ways beyond the SM Higgs
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Example of a weakly coupled solution: Supersymmetry
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Supersymmetry and the Higgs

but the MSSM at the edge, too simple
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Some already tested, not much is seen
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Fits of couplings

I Rescaled SM couplings, no higher order operators

I This really assumes a weak coupling extension (SUSY) or very little compositeness

I Yet the fits allow large departures, there exists a second solution

I If large departures are allowed then really higher order operators should be allowed

I But then efficiencies not known, angular distributions are different than for the SM

couplings
I Who should do the fits? Exp vs Theorists? (exp. κz is reserved WWZ coupling)

I What about non standard decay channels:

I invisibles (other than H → ZZ → 4ν)

I H → Zγ may be included here

I FCNC, e.g. H → tc,??

I New Production channels? Difficult to think of this (apart from bb → H, already
studied) unless in association/or through new particles (̃t t̃h, χ0

2 → χ0
1h, H → hh,..)

I this assumes this new particles must have been produced at higher rates
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We may have been too naive: SUSY as an example

I SUSY provides nice solutions (Naturalness, DM, ) but the MSSM may have been

too simple and naive

I Supersymmetric Effective Approach: encapsulates effects from different

implementations. Higgs is a very good window.

I Effective approach: what do we learn from discovering the first Higgs, h.

Importance of accessing as many channels of h as possible

I Signatures depend not only on the different implementations but also on the role

of the stops.

I The role of Higgsinos and naturalness

I What about the other Higgses, keep analyzing the data in a wide range of Higgs

masses

I Flavour observables important: B → Xsγ
∗

I Direct Detection important
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Higgs is incomplete, but will we know?
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Surprise, surprise
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