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Self similarity 
Self similarity near a critical point         
(idea goes back to Leo Kadanoff)

Can we apply the ideas to QFT ?
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Conformal model
Gauge boson masses are 
protected by gauge symmetry i.e. 
no power divergence

Higgs mechanism is non linear 
realization of gauge symmetry

Now introduce conformal 
symmetry:

Scale dependence trough trace of 
energy momentum tensor

Beta function responsible for  the 
log running 
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Portals to the Hidden Sector
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h�†�i ) �(�†�)(H†H) ! µH†H

1) Higgs Portal

2) Neutral Lepton Portal

3) New gauge sector

gX ̄�µ X
µ F̃µ⌫F

µ⌫
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Explicit breaking or local symmetry
Not possible in conformal framework:

Possible to construct interactions violating L

Introduce U(1)X in the HS and fermions: 
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M ⌫̄R⌫
c
R

⌫R : (1SU(2), 0Y , 0X) ; NL : (1SU(2), 0Y , nX) ; NR : (1SU(2), 0Y , nX)

N̄L⌫R�1

N̄ c
R⌫R�
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1

Violate L
as N is vector 

like 

Explicit breaking by interaction
in addition breaking of U(1)X  transferred to L
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I) Gauged Symmetry X & Explicitly broken L

II) Gauged B-L & Spontaneously broken
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Explicit breaking vs. local B-L 
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Explicit L breaking 
and PD states (I)

Local B-L and 
Majorana states (II)

mν ∼

(mD
M

)2
µ+

mass

mkeV ∼ µ+

mint ∼
M2

MR

mheavy ∼ MR
M1heavy ⇡ M + µ ⇡ TeV

M2heavy ⇡ �M + µ ⇡ TeV

mDM ⇡ µ+ ⇡ keV

m⌫ ⇡
⇣mD

M

⌘2
µ+ ⇡ eV
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TeV Seesaw scale induces keV Dark Matter scale

✓̃ ⇡ mD

M

µ1 � µ2

µ1 + µ2

 New state needed for 
anomaly cancellation 

 Majorana state at 
intermediate mass scale 

Hidden Sector Relics II
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Low energy constraints and cosmology 
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Active neutrino 
masses

Lepton universality

Lepton flavour 
constraints

Non-Unitarity

Lepton Number 
violation

Freeze-in 
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How to distinguish scenarios?
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Distinguishing the models
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Pseudo Dirac (I) Majorana (II)
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The Electroweak Fit
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Reports: CMS-PAS-SUS-12-019
CMS: 1407.3683
CMS-EXO-12-041
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Summary
We studied spontaneous generation of 
scales via dimensional transmutation

Models with explicitly broken L or local B-
L can lead to low energy Seesaw

Scenarios can be distinguished at LHC

New states required for anomaly 
cancellation are candidates for Dark 
Matter

There is more work required to study non 
linear realization of conformal symmetry 
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I) DW mechanism

II) Thermalisation and entropy injection
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Production mechanisms

Relic density

Not hot!

III) Freeze-In 

Abada, Arcadi, Lucente

Bezrukov, Hettmansperger, Lindner

λfs < 0.1 Mpc.
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Decay of the Singlet

Decay proportional to m5 and to sin2 (2θ) 

keV Mass and sin2 (2θ) < 10-8  imply a 
magnetic moment of µD  < 10-22 µB  

Direct detection improbable
15
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