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The Model

SM Scalar (SMS) + extra Scalar Doublet
 H2 =

�
H

+

H0+iA0√
2

�

symmetry  Z2 H2 → −H2Unbroken  

H0 Dark Matter ~ WIMP 

(Deshpande, Ma; Barbieri, Hall, Ryshkov)
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L ⊃ µ
2
2|H2|2 + λ2|H2|4 + λ3|H1|2|H2|2

+λ4|H†
1H2|2 + λ5Re(H2

1H2)2

(λ5 = 0)
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L ⊃ µ
2
2|H2|2 + λ2|H2|4 + λ3|H1|2|H2|2

+λ4|H†
1H2|2 + λ5Re(H2

1H2)2

(λ5 = 0)

(λ5 = ±λ4)

L ⊃ −λ2

4
H

4
0 − λLH

2
0H

†
H

(McDonald; Patt&Wilczek;...)

1. 
Like a singlet scalar
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With the SMS @ 125 GeV, large custodial 
symmetry breaking is no longer an option
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Z2 parity of SM matter fields? 

(QL, L,ER, UR, DR)→ ±(QL, L,ER, UR, DR)

Both are possible since fermions come in pairs 
No coupling to H2, hence H0 is stable 

Rem: if odd SM fermions,  «natural» embedding in SO(10)
Z2 identified with Matter Parity  = (-1)3(B-L)

Fermions & Inert doublet in 16’s (unique)
SM Scalar in 10
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Why the Inert Doublet Model?

One of the simplest extensions of the SM

Yet, rich, specific phenomenology

Versatile (dark matter, 
neutrino masses, EWSB,...)
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Weak Interactions
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UED Spectrum   
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Inert Doublet Model Dark Matter Candidates
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Increasing
Cross Section
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Hot Relic
Cowsik-McLelland

Instance : A massive Neutrino

Cold Relic
Lee-Weinberg

Cold Relic
Griest-Kamionkowski

σv ∝ α2

m2
DM
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Possible H0 Candidates?

MH0 ∼MA0 ∼MH±

(Courtesy M. Gustafsson)

mH0 � mA0 ∼ mH+

~ singlet scalar

Minimal DM
mH0 ≈ 530 GeV
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Middle Mass 
Range 

~ 60-70 GeV 

Low Mass 
Range 

~5-10 GeV

High Mass 
Range

~ 0.5-50 TeV 
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Middle Mass 
Range 

~ 60-70 GeV 

Low Mass 
Range 

~5-10 GeV

High Mass 
Range

~ 0.5-50 TeV 

mercredi 13 février 2013



Possible H0 Candidates : the «Ugly»

Low mass
Only parameters:

Coupling to SMS 

DM mass 

λL

mS ≡ mH0
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WMAP and perturbativity require a light SMS, 

for                 if     

m2
H0

= µ2
2 + λLv2 µ2

2 ∼ −λLv2

λL ∼ 1

Relevant combination of parameters is λL

m2
h

m2
h = 125

Also fine tuning is requested, for

implies

in order to have a «light» WIMP
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Back in 2009! 
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Cogent in 
2010! 
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Light H0
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Last nail in the coffin is the 
observation of the SMS at 125 GeV

λL ∼ 1
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SMS
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 Middle Mass Range ~ the «Good»
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(Courtesy L. Lopez Honorez)
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(Courtesy L. Lopez Honorez)

Vanilla candidate but challenged by 
constraints on SMS invisible width
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(Courtesy L. Lopez Honorez)

SMS resonance for relic abundance - No direct detection
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Xenon100 - 225 kg-days
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(Courtesy L. Lopez Honorez)

SMS resonance/Co-annihilation for relic abundance 
                           No direct detection either
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(Courtesy L. Lopez Honorez)

3-body annihilation through W W* for relic abundance 
                (L. Lopez Honorez, C. Yaguna)

mercredi 13 février 2013



(Courtesy L. Lopez Honorez)

Gamma-ray spectral features?  
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IDM
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Significant Gamma-Ray lines from IDM? 

Gustafsson, Lundstrom, Bergstrom, Edsjo, arXiv:astro-ph/0703512

BM II

BM I
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Significant Gamma-Ray lines from IDM? 

Gustafsson, Lundstrom, Bergstrom, Edsjo, arXiv:astro-ph/0703512

BM II

BM I
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SMS diphoton decay rate?  

(cf talk of Maria Krawczyk)

h
H+

Unchanged
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SMS diphoton decay rate?  

(cf talk of Maria Krawczyk)

Light H+

62.5GeV < MH0 < 135GeV
Γγγ(IDM)
Γγγ(SM)

>∼ 1.3 for

Swiezewksa & Krawczyk arXiv:1212.4100
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Multi-leptons signals @ LHC

Dolle, Miao, Su & Thomas arXiv:0909.3094

di-leptons

Typically 3σ discovery for 100 fb-1
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Miao, Su & Thomas arXiv:1005.0090

tri-leptons
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Gustafsson, Rydbeck, Lopez Honorez, Lundstrom arXiv:1206.6316

4 to 6-leptons
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 High Mass Range ~ the «Bad»

Minimal Dark Matterλ�s→ 0
Cirelli, Fornengo & Strumia hep-ph/0512090

Hambye, Ling, Lopez Honorez, Rocher arXiv:0903.4010

mH0 = 530GeV
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Hambye, Ling, Lopez Honorez, Rocher arXiv:0903.4010

Lopez Honorez, Nezri, Oliver, M.T.  hep-ph/06122275

3000 GeV

1000 GeV

600 GeV
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Hambye, Ling, Lopez Honorez, Rocher arXiv:0903.4010

Lopez Honorez, Nezri, Oliver, M.T.  hep-ph/06122275

3000 GeV

1000 GeV

600 GeV

Unitarity bound  (              )
mH0 < 58 TeV

λ�s < 4π
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Hambye, Ling, Lopez Honorez, Rocher arXiv:0903.4010

Lopez Honorez, Nezri, Oliver, M.T.  hep-ph/06122275

3000 GeV

1000 GeV

600 GeV

Small mass splittings

EWPT          light SMS
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Klasen, Yaguna, Ruiz-Alvarez  arXiv:1302.1657

1-loop contributions to Direct Detection
make it within reach of Xenon1T!  

Xenon1T

mercredi 13 février 2013



A Versatile Model...  

! !

!"#$%&'()*# +,-,./'%&'()*#0,11-

!"#$"%$&'()*'+%,-.'"/(0122'%,1(3,'"/$45(61(78(9

" "

#$

" "

#$

" "

! !" ###

Pratt & Wilczek; Espinosa & Quiros; Hambye & M.T. (2007);...

M2
DM
 : ;(&<

e.g. 

EWSB through loop 
corrections with DM 

  scalar DM right 
sign for EWSB 
(ie opposite to top 
contribution) 

=>(*"(?-*'2"4@A'$46',5B
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IDM dark matter with Strong EW phase transition  

Borah & Cline  arXiv:1204.4722

See also Chowdhury, Nemevsek, Senjanovic & Zhang arXiv:1110.5334
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See Schmidt, Schwetz & Toma arXiv:1201.0906 for an update
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L ⊃ ylL̄H2N + MNN
T
CN + h.c.

N

N

l̄

l

- Annihilation in lepton pairs is p-wave suppressed

σv ∝ y4
l

M4
H

�
m2

l
+ 2/3M2

N
β2

�

β ~ 0.3 at Freeze-Out, but ~ 10-3 @ GC

Gamma-ray spectral feature from Leptonic WIMP

 Bergstrom & Baltz, 2002
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L ⊃ ylL̄H2N + MNN
T
CN + h.c.

N

N

l̄

l

- Annihilation in lepton pairs is p-wave suppressed

σv ∝ y4
l

M4
H

�
m2

l
+ 2/3M2

N
β2

�

- Annihilation 
through emission 
of photons (IB) 
dominant @ 
Galactic Centre 

β ~ 0.3 at Freeze-Out, but ~ 10-3 @ GC

 Bergstrom & Baltz, 2002

- Both γ γ and γZ 
@ 1-loop 

�σv� ≈ 6.7 · 10−29cm3s−1 �σv� ≈ 2.3 · 10−29cm3s−1

Rem: direct detection impossible 
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Continuum
(negligible)

! !
from τ+τ-

continuum from Z in γZ γ from γZ

γ γ

IB

MN ~135 GeV «fingerprint»

Einasto profile; Need a boost factor (~10) 
to match the data (Weniger’s)

Bergstrom, arXiv:1208.6082

«The 130 GeV Fingerprint of Right-handed Neutrino Dark Matter»
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L ⊃ y
�
Q̄H2 DH + . . .

A not-so-inert Doublet

Even (SM)

Odd

+ mDH
D̄HDH

Vector-like 
heavy quarks

Giacchino, Lopez Honorez, M.T., work in progress

Oeff ∼
mq

m
2
QH

q̄q H
2
0
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H0 with a gamma-ray spectral feature
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Conclusions
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