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Higgs is at the heart of ENIGMASS

no need for much convincing
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Where did we put the bet?
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Since July 2012, it’s getting even more urgent and some refocussing is

essential!
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Very hot topic with high visibility
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So one has discovered the Higgs. Does is it mean that a big part of the enigma....s is

solved and done with?

Shall we return the money back?
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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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Hare DonkeyColour
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Histoire de Traque et de Financements
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Rewind: Matter and Forces
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Rewind: Matter and Forces

Ordinary Matter:

electrons (and positrons), Qe = −1

protons and neutrons made up of quarks u, d , Qu = 2/3
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Rewind: Matter and Forces

Ordinary Matter:

electrons (and positrons), Qe = −1

protons and neutrons made up of quarks u, d , Qu = 2/3

Electric charge is quantised
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Let there be light!

local current conservation!

crucial concept !

Gauge Invariance

Universal force, universal

coupling

Photon massless, travels at

speed of light

Photon is a spin-1, in principle

2s + 1 polarisation/helicity

states, but massless means

one is lost , then only RH and

LH polarisation
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Nuclear forces

I Strong Force: Holds the quarks, nucleon together

I Weak Force: β decay. (n→ p + e + νe )

I Energy of the sun

I neutrino: massless, chargeless,...only knows the weak force (has a weak charge)

I Only the e−L couples with the neutrino. For the weak forces eL and eR have

different charges

I from the point of view of electromagnetism, of course eL and eR have the same

electric charge
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Colour Table

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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Matter and Forces: First Family or everyday matter, you and me

If you add up all the charges of matter you will find 0
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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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MASS?
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MASS?

But then electroweak charge is not conserved !!!

L = me
(
ēReL + ēLeR

)

QēR + QeL = 0

τēR + τeL = 0

Gauge invariance, gauge boson?

F. BOUDJEMA (LAPTh) Higgs@ENIGMASS: Theory, Mass and the New Physics Annecy, Octobre 2012 17 / 26



MASS?
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Spin-1/2, Spin-1,and no Spin-0
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SM Matter
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To be or not to be, where is the SM Matter?
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Rewind: Matter and Forces
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Higgs Mechanism Basics, the vacuum expectation value. U(1) case
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The vev is the origin of the mass scale
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The vev is the origin of the mass scale

• mass of gauge bosons is of gauge origin: M = gv
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Higgs-Kibble in the SM model

F. BOUDJEMA (LAPTh) Higgs@ENIGMASS: Theory, Mass and the New Physics Annecy, Octobre 2012 27 / 26



Interaction of the Higgs
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A Misconception: is Higgs Needed? Non-linear realization of symmetry

breaking
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The trouble with the SM Higgs
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A bit of history, the electron before Dirac and the Quantum theory
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The positron at the rescue or was it a new concept QFT?
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What with the mass of the Higgs
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Solution again in the doubling of particles
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Supersymmetry
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Supersymmetry and the Higgs
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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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Unitarity and the Higgs: Probability is always < 1, le LOTO

F. BOUDJEMA (LAPTh) Higgs@ENIGMASS: Theory, Mass and the New Physics Annecy, Octobre 2012 41 / 26



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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Models bestiary, many to be tested at the LHC
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Some already tested
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond

SM, ..still?

I What happened to the naturalness argument?

I What about Dark Matter? keeping the religious analog: we are not in the centre of

the Universe and we are made up of a minute part of what constitutes the

Universe at large

I Unification of forces

Sounds familiar? Yes, Supersymmetry, UED, More unknown theories
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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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New analysis, stage 1: Recasting to non-SM models

I Use the exclusion ratio in the no signal case

Rexcl 95%
XX =

σpp→φ→XX

σexcl 95%
pp→φ→XX

I Use signal strength in the case of a signal

RXX =
σpp→φ→XX

σSM
pp→H→XX

I Use the MSSM production modes

σpp→φ→XX =
(
σggh + σVBF + σVh + σb̄bh

)
× BR(φ→ XX)
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Higgs signal, h as a signal in Model A
I The reduction of ghb̄b implies strong correlations between

enhanced channels

I Correlation with VH → Vb̄b channel.

Rγγ ' RZZ ∼ Rγγ+2 jets

Rγγ = 2 is possible. ex:

Rγγ = 2, RZZ =

1.7, Rγγ+2 jets = 1.5

RVH,Vbb = 0.6 with

Rγγ = 2
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Model A facing flavour
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Model A facing flavour

First consequence : MA0 < 200 GeV excluded for all tβ ∈ [2, 40]
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Model A facing flavour

First consequence : MA0 < 200 GeV excluded for all tβ ∈ [2, 40]

B → Xsγ∗ more restrictive even if more luminosity is taken for A→ ττ LHC analysis

F. BOUDJEMA (LAPTh) Higgs@ENIGMASS: Theory, Mass and the New Physics Annecy, Octobre 2012 58 / 26



Adding Direct Detection, XENON100 (2012), Model A

Assume the correct abundance, no assumption on thermal history

M2 = µ = 300GeV scan over M1 : 7− 300GeV

Xenon100 (2012) very restrictive, only small values of M1,mχ̃0
1

Rγγ ∼ 2 possible with mχ̃0
1
< 150GeV
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Higgs is incomplete, but will we know?
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Surprise, surprise
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