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What is BSM?
• Everything that’s not the SM 

• … and has some hope to be tested with data 

• … and possibly resolves some of the open 
questions of the SM 



–Henri Poincaré’s letter of recommendation for A. Einstein, 1911

“I do not mean to say that all these anticipations 
will withstand the test of experiment on the day 
such a test would become possible. Since he 

seeks in all directions one must, on the contrary, 
expect most of the trails which he pursues to be 

blind alleys.  
!

But one must hope at the same time that one of 
the directions he has indicated may be the right 
one, and that is enough. This is indeed how one 

should proceed. The role of mathematical 
physics is to ask the right questions, and 

experiment alone can resolve them. ” 



model building



• What stabilises the Higgs? 

!

!

!

• What is dark matter made of? Baryogenesis? 

• Origin of flavour hierarchies? CPV ? Strong CP? 

• Do couplings and matter multiplets unify?

10 The Standard Model of elementary particles
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Figure 2.2. Feynman diagrams contributing to mh at one loop in the Standard Model.

property holds also in absence of a gauge symmetry, because of the chiral symmetry which
is broken by the mass term. In general any point of the parameter space with an enhanced
symmetry is stable under renormalization group (RG) running.

The same property does not hold for scalar particles. The mass of the Higgs boson
mh is an arbitrary parameter of the model, not protected by any approximate symmetry,
which is additively renormalized: it gets radiative corrections proportional to the mass of
any particle which couples to it. In that sense the point mh = 0 is UV-unstable. This
is easily seen in the Standard Model, where the one-loop corrections to the Higgs mass
are generated by the diagrams in figure 2.2 and are given in appendix D. However, if we
compute the beta function for the running mass we get
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i.e. the running of the mass parameter m2
h is proportional to itself. This is true in the

pure SM because the masses of the particles are all proportional to the EWSB scale v.
Suppose now that the SM is modified at some energy ⇤NP > ⇤SM, where ⇤SM ' 4⇡mW

is the typical energy scale of the SM. If the Higgs boson is coupled to the new physics
sector, then its mass will get a correction also from loops of the new heavy particles, which
will be quadratic in their mass M ⇡ ⇤NP. If we want a UV completion of the Standard
Model in which the Higgs mass is a predictable quantity, this constitutes a problem.

To make the statement more precise, let’s calculate explicitly the one-loop correction
to the Higgs pole mass arising from a fermion with Dirac mass M and Yukawa coupling y.
From a diagram analogous to the first one of figure 2.2, using dimensional regularization
we get
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where �✏ is the pole which has to be subtracted by a counterterm, A0 and B0 are the
finite parts of the Passarino-Veltman one-loop functions defined in appendix D, µ̄ is the
renormalization scale and f is some function. Very similar equations hold for scalar
and vector particles circulating in the loop (see eq. (D.5) in the appendix). The term
f(m2

h,M
2) in (2.20) is unphysical since it does not depend on µ̄ and it can be subtracted
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together with the divergence in a suitable renormalization scheme – anyway it drops
out from mass di↵erences between di↵erent scales. The logarithm, on the other hand,
contributes to the beta function of the running Higgs mass as
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The renormalization group running thus generates a mass term mh ⇡ M2, even if one
sets this term to zero at a given scale, if the running is done over a su�ciently large
energy range. Fixing the boundary conditions for the renormalization group equation at
the high scale ⇤NP, where one imagines some UV-completion to determine the masses and
couplings, the relation between the Higgs mass at the two scales ⇤NP and ⇤SM then reads
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where # is a numerical factor which includes also coupling constants. The hierarchy
problem can now be stated in the following way: if the scale ⇤NP is much higher than
mh, then the two contributions in (2.22) have to balance out with a very high accuracy
in order to generate a Higgs boson mass much smaller than ⇤NP.

This can better be formalized in terms of the amount of fine-tuning
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which is the precision to which the initial conditions at the high scale have to be given
in order to have the Higgs mass at the low scale determined up to a factor of order 1.
Let us see some explicit example to get an idea of the numbers we are talking about:
if we take ⇤NP to be, say, of the order of the Planck scale, then we get � ⇠ 1034 for
a Higgs mass of about 125 GeV. If we accept an amount of fine tuning at the percent
level, namely an accidental cancellation between the initial conditions mh(⇤NP) and the
quantum corrections of the order of one percent, then the scale of new physics cannot be
much higher than the TeV.

A simple way to reformulate the hierarchy problem is to consider the Standard Model
as an e↵ective field theory (EFT), valid up to the maximum energy scale ⇤NP. Its La-
grangian can then be written in the form
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where the Oi are operators of dimension di and Ci(µ̄) are their Wilson coe�cients, which
in an e↵ective field theory are not predicted, and are usually of order 1 unless some
symmetry is operative. The Higgs mass term is an operator of dimension two, and thus
comes with a factor ⇤2

NP. If the cut-o↵ scale is very big, the only way to get a small mass
is to have a large suppression of the Wilson coe�cient at the Fermi scale: a fine-tuning.
On the other hand, a large cut-o↵ in (2.24) seems to be preferred by the experimental

(SM)

(SM + Dirac fermion)

M >> mh



phenomenology



PhD students

Karen De Causmaecker 
(CERN & Brussels U.) 

13/14

+ many visiting (Maikel de Vries, …) 

Matthias Schlaffer 
(CERN & DESY) 

from 1/14

Mikael Rodríguez Chala 
(CERN & Granada U.) 

13



BSM Fellows

Cosmo/BSM: Matthias Garny (13)

Kai Schmidt-Hoberg 
12

Pedro Schwaller 
13

Michael Trott 
11

Giuliano Panico 
12

Monika Blanke 
12

Ian Woo Kim 
13

Daniel Stolarski 
13

Aleksandr Azatov 
13

Jean-Francois Fortin 
12

Chan Beom Park 
12

New

Benjamin Fuks (12)



Associates, frequent visitors, 
emeriti

• Witek Skiba 

• Mariano Quiros 

• Jonathan Feng (from 3/14) 

• Abdelhak Djouadi 

• John Ellis  

• Guido Altarelli 

• (many short term visitors)

• Alexandre Arbey & Nazila 
Mahmoudi 

• Jose Espinoza 

• EPFLausanne: Riccardo 
Rattazzi, Min-ho Son, Paolo 
Lodone, Rakhi Mahbubani



Staff

Gian Giudice Gilad Perez 
11

Roberto Contino 
13

 Andreas Weiler 
13



Gian Giudice
Last 5 papers: 

• ‘Naturalness after LHC8’ 

• ‘Investigating the near-criticality of the Higgs boson ‘ 

• ‘Flavoured Naturalness’ (-> talk by Monica) 

• ‘The light stop window’  

• ‘Testing new physics with the electron g-2’

(absent, Jaques Solvay chair until 11/30)

http://inspirehep.net/record/1221760
http://inspirehep.net/record/1208856
http://inspirehep.net/record/1184024


Weekly activities
Regular:!

• Collider cross-talk: Thursdays at 11pm  

• BSM lunches: Thursdays at 12:45pm 

• BSM forum: Thursdays at 2pm 

• TH colloquia: Wednesdays at 2pm 

Other:!

• Friday seminar at 2pm 

• Workshops, TH institutes, Conferences, LPCC 

wwwth.cern.ch

lpcc.web.cern.ch

http://wwwth.cern.ch
http://lpcc.web.cern.ch


about me

• PhD->Cornell -> CERN -> DESY -> CERN 

• Wednesday colloquium (assistance mandatory welcome), 
BSM forum 

• Future colliders (HL-LHC)



  09:20       
Gilad PEREZ 5' 

       
  09:25       

Roberto CONTINO 5' 
       
  09:30       

Daniel STOLARSKI 12' 
       
  09:42       

Giuliano PANICO 12' 
       
  09:54       

Aleksandr AZATOV 12' 
       
  10:06       

Pedro SCHWALLER 12' 
       
  10:18       

Kai SCHMIDT-HOBERG 12' 
       
  10:30       

Coffee 30' 
     

  11:00      
Jean-Francois FORTIN 12' 

       
  11:12       

Monika BLANKE 12' 
       
  11:24       

Ian-Woo KIM 12' 
       
  11:36       

Chanbeom Park 12' 
       
  11:48       

Michael TROTT 12' 
       
  12:00       

Introduction to COSMO activities in TH 10' 
       
  12:10       

Mathias GARNY 12' 
       
  12:22       

Diego BLAS TEMINO 12' 
       
  12:34       

Subodh PATIL 12'


