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BSM?
“Everything which is not SM is BSM”, Gia Dvali

• Origin of mass? Is there a (SM) Higgs?

• Stabilization of the weak scale? Susy? ExtraDim?

• Flavour? Why so many different types of particles? Masses 
and mixing? CP phases?

• Cosmic connection: Dark Matter, Baryogenesis

• Unification

• Quantum gravity?

Solving the puzzles and riddles posed by the SM is no an easy task. 
We have a very poor understanding of most of its parameters.  

They parametrize our ignorance of what lies beyond, as well as what we know 
of the world at low energies



BSM@CERN: the (recent) past
• Gauge-Higgs unification: computation of 

the radiative Higgs potential

• Composite Higgs: signatures at the LHC of 
Little Higgs and Holographic Higgs

• Higgsless: construction of a realistic model 
and how to get a large top mass

• Gauge fields in extra-dimensions: spectrum 
and couplings to fermions

• Gravity in extra-dimensions: transplanckian 
collisions, graviton emission and gravity-
loop effects at the LHC

• SUSY phenomenology: best fits to data

• Many species phenomenology: low scale of 
quantum gravity

• IR modifications of gravity: DGP, Horava 
gravity

• Split susy: proposal and experimental 
consequences

• Susy breaking with extra-dimensions: 
mediation of susy breaking between hidden 
and visible sectors

• New approach to gauge mediation: variations 
and models with meta-stability

• Dark Matter: susy DM, KK DM and other 
candidates

• Electroweak baryogenesis: baryon asymmetry 
in non-minimal models

• Leptogenesis: thermal corrections, 
implications for neutrino physics, soft 
leptogenesis

• Gravitational waves: GW produced during the 
EW phase transition
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(on leave) Géraldine Servant Christophe Grojean



BSMers: Fellows

Andreas Weiler Filipe Joaquim Ben Gripaios

Rakhi Mahbubani Michele Redi

Hyun Min Lee Nazila Mahmoudi Enrique Fernandez Oleg Ruchayskyi



Andreas Weiler
CERN: 01/01/09-31/12/11
PhD: ’06, TU Munich
Postdoc: Cornell

• Main Interests:
Theories of the weak scale (susy, strong dynamics, extra dimensions)
The flavour puzzle
Direct and indirect searches for new physics at the LHC

• Important Contributions:
 The flavour of the composite pseudo-goldstone Higgs    (K-K  requires mρ > 10 TeV)
Natural non-standard Higgs decays (mhiggs ≈ 95 GeV below LEP bound,  h → 4g or 4c)
 A GIM mechanism from extra-dimensions 

• Current Projects:
A solution to the CP problem of partial compositeness/warped flavour
Flavour gauge bosons at the LHC
Unitarity and the scale of new physics: reexamining the folklore
Discrete Susy
LHC signatures of  TeV scale monopoles 

w/ M. Redi

w/ Csaki, Lee, Perez

w/ Grojean, Kaminska, Pokorski
w/ Bellazzini, Csaki, Grojean

w/ Andersen, Grojean, Terning



Ben Gripaios
CERN: 01/09/08-31/08/11
PhD: ’04, Oxford
Postdocs: Oxford, EPFL

• Main Interests:
How to discover new physics at LHC? ET ...
How to measure its properties? Mass, spin ...
Models BSM: Strong EWSB, SUSY ...

• Important Contributions:
 Transverse observables and mass determination at hadron colliders
Modified gravity via spontaneous symmetry breaking
 Veneziano-Yankielowicz superpotential terms in N=1 SUSY gauge theories
Anomaly Holography, the Wess-Zumino-Witten Term, and Electroweak Symmetry Breaking.

• Recent Works:
Partially supersymmetric composite Higgs models
Composite leptoquarks at the LHC
Beyond the minimal composite Higgs model



• Main Interests:
SUSY phenomenology
Neutrino & flavour physics, model building, GUT
Baryo/Lepto-genesis mechanisms, Dark matter

• Important Contributions:
A New bridge between leptonic CP violation and leptogenesis
Minimal scenarios for leptogenesis and CP violation
Leptogenesis, CP violation and neutrino data: What can we learn? 

• Recent Works:
A common source for neutrino and sparticle masses
Beyond the standard seesaw: Neutrino masses from Kahler operators and broken susy
A4-based neutrino masses with Majoron decaying dark matter

Filipe Joaquim
CERN: 01/01/09-31/12/10
PhD: ’04, Lisbon
Postdocs: Padova, Madrid



• Main Interests:
BSM collider physics
Dark Matter
Gravity with extra dimensions

• Important Contributions:
Bounds on the Higgs mass in variations of split supersymmetry
The New fat Higgs: Slimmer and more attractive (NMSSM+strong dynamics)
Spinless photon dark matter from two universal extra dimensions 

• Recent Works:
Inflation on the Brane with Vanishing Gravity
Prospects for top-prime quark discovery at the Tevatron

Rakhi Mahbubani
CERN: 01/11/09-31/10/11
PhD: ’06, Harvard
Postdoc: Fermilab



• Main Interests:
Electroweak symmetry breaking & LHC physics
Applications of AdS/CFT for phenomenology
Large distance modifications of gravity

• Important Contributions:
Partially supersymmetric composite Higgs models
Cascading gravity: Extending the Dvali-Gabadadze-Porrati model to higher dimension
Black Hole Bound on the Number of Species and Quantum Gravity at LHC
Supersymmetry breaking by Wilson lines in AdS5 

• Current Projects:
A solution to the CP problem of partial compositeness/warped flavor
Non-minimal composite Higgs models

w/ A. Weiler

w/ Mrazek, Pomarol, Rattazzi, Serra, Wulzer

Michele Redi
CERN: 01/09/09-31/08/11
PhD: ’04, Johns Hopkins
Postdocs: NYU, EPFL



Other Fellows with BSM interests

Chul Kim

BSM collider physics
soft collinear eff. theory

Marco Cirelli

Dark matter
neutrinos

Thomas Konstandin

GW by cosmological phase transition
CP violation

Baryo/lepto-genesis

Matthew Buican

SUSY breaking

?



BSMers: Students
Student grants

ERC MassTeV project + UNILHC ITN

Riccardo Torre Ennio Salvioni Andrea Thamm
CERN+Pisa CERN+Padova CERN+EPFL

Andrei Khmelnitskiy Sandeepan Gupta
CERN+INR CERN+Michigan U.

Jean-Claude Jacquot
CERN+Bern

?



BSM Activities

• BSM lunches: Thursdays at 1pm

• BSM forum: Thursdays at 2pm

• TH colloquia: Wednesdays at 2pm

• Particle Physics Phenomenology seminars: Fridays 
at 2pm 

• Workshops, TH Institutes, Conferences...

• ...

( )
You are all invited to join!



My Own Activities

• In the past
M-theory phenomenology
Gravity in extra dimensions
Electroweak symmetry breaking in extra dimensions: Higgsless, gauge-Higgs unification
Production of gravitational waves during phase transitions

• Present
Composite Higgs models phenomenology
Top physics

• Future
LHC physics
?



Deformation of the SM Higgs: current constraints

generic ‘a’, ‘b’ & ‘c’

1-
a2

1-
a2

Current EW data constrain only ‘a’ (and marginally ‘c’)

fermiophobic Higgs

gaugephobic Higgs

SM limit

MCHM4 MCHM5 c=(2a2-1)/a

Espinosa, Grojean, Muehlleitner  ’10
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New physics in top pair production
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Figure 15: Feynman diagrams for qq̄ → tt̄ up to O
(

Λ−2
)

. The diagram in the middle originates

from the four-fermion interactions induced by the operators OL/Rv, OL/Ra and O
(8,3)
Qq . The diagram

on the right is the contribution from the operator Ohg.

C Helicity cross sections and mtt̄ distribution

As explained in Section 2.2, when summed over the helicities of the final top, the cross section
for the tt̄ production depends only on the sum cV v = cRv+cLv (we neglect the contribution for
the isospin-1 sector). However the individual helicity cross sections are sensitive to cRv and
cLv individually since at high energy ORv (OLv) should produce mainly right (left) handed
top and left (right) handed antitop. Explicitly, the helicity cross sections are given by (we
recall that cAv = cRv − cLv)
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σLR(gg → tt̄) = σRL(gg → tt̄). (68)
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the effective Lagrangian obtained after integrating out some heavy resonances.

δijδkl =
1

2
σI
ilσ

I
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1

2
δilδkj , (63)
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adT

A
cb +

1

3
δadδcb , (64)
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β (65)
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where PL/R = (1∓ γ5)/2 are the usual chirality projectors and γµν = 1
2 [γ

µ, γν ].

B Feynman diagrams for tt̄ production at order O
(

Λ−2
)

At the O(Λ−2) order, the two parton-level cross sections for tt̄ production follow from the
Feynman diagrams depicted in Fig. 14 and 15.
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Figure 14: Feynman diagrams for gg → tt̄ up to O
(

Λ−2
)

. The dark blobs denote interactions
generated by the operator Ohg.
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Tevatron: 85%
LHC: 10%

Tevatron: 15%
LHC: 90%
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Figure 4: Region allowed by the Tevatron constraints (at 2σ) for c′V v. The green region is
allowed by the total cross section measurement. The blue region is consistent with the tt̄ invariant
mass shape. The red lines show the limits that can be set by the LHC at 7 TeV (thin line) and at
14 TeV (thick line) as soon as a precision on the top pair cross section of 10% and 20% respectively is
reached. The “0%”line delimits the region where the new physics contributions are smaller than the
theoretical error on the SM cross section. The dashed (µF = µR = mt

2 ), dotted (µF = µR = 2mt)
and solid lines (µF = µR = mt = 174.3 GeV) show the estimated theoretical uncertainties.

the exclusion regions at the LHC are not shown but are about 20% and are symmetric (10%
on each side of the allowed region).

The absence of a large deviation in the measurement of the cross section at the Tevatron
implies cV v ≈ −1.6 chg if the scale of new physics is rather low. From the discussion at
the end of the classification of Section 2.3, it would mean that chg and cV v are both of
the O(g0ρ), indicating that either both chiralities of the top or one chirality of the top and
the Higgs boson are composite fields. Compared to the SM prediction, this would give a
maximum deviation of the order of 25% for the tt̄ production cross-section at the LHC when
chg

(

1 TeV
Λ

)2 ∼ 2.

3.2.2 Domain of validity of the results

Our calculation is performed at order O(1/Λ2) as we keep only the interference term between
the dimension-six and the Standard Model and we neglect any contribution suppressed by
higher power of Λ. The validity of our results is thus limited to values of new coupling
parameters and Λ satisfying

σ|
O(Λ−2) ! κ σ|

O(Λ−n) (44)

where n > 2 and κ should be at least 2 in order to keep higher order the correction below
50%. We have estimated the size of the O(Λ−4) contributions by computing the squared
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Degrande, Maltoni, Gerard, Grojean, Servant ’10


