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The Standard Model is the best theory that explain the electroweak 

and strong interaction at present. But there are some phenomena in 

physics that are not possible to understand with it.
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• Matter and Antimatter  
• GUT  

• Neutrino masses 

• Dark Matter

Searching for new physics
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THE STANDARD MODEL



BEYOND THE STANDARD MODEL



Neutrinos  are  particles  with  a  mass  different  from  zero  [1]. The 

actual Standard Model cannot explain these results by itself

Many theoretical models try to explain it

ABOUT NEUTRINOS

[1] Fukuda, Y.; et al. Phys. Rev.Let. 81 (8): 1562–1567 (1998)



[2] Planck Collaboration, 1502.01589

ABOUT DARK MATTER

⌦h2 = 0.1200± 0.0036(3�)
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Indirect	detection

Observation of SM products of annihilation. 
Detection of the byproducts of DM WIMPs  
annihilation over the expected background  
at galactic or extra galactic scales

�+ � ! qq̄,W+W�, ... ! p̄, �, e+, e, ⌫...
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DM halos. DD experiments aim at detecting  
DM through scattering off nuclei.  
DD experiments mesure the nuclear recoil  
imparted by the scattering of a WIMP. 

WIMPs manifest at colliders as missing  
transverse momentum. Searches at  
colliders try to find mono-X signals. 
New searches for LLP.

�
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WIMP-like DM searches



The	idea	of	the	Scotogenic	Model	was	proposed	by	Ernest	Ma[4]
His	model	introduced	the	possibility	of	giving	mass	to	neutrinos	at	One-Loop	

Also	a	WIMP-like	Dark	Matter	(DM)	candidate	appears	which	can	be	either		
scalar	or	fermionic.

The	stability	of	the	DM	particle	is	ensured	by	the	same	Z2	symmetry	that	
leads	to	the	radiative	origin	of	neutrino	masses.	

The	Scotogenic	Model	has	been	generalized	in	different	ways	[5][6]

[4] E. Ma, Phys.Rev. D73, 077301 (2006), hep-ph/0601225. 

[5] R. Foot et al., Z.Phys. C44 (1989) 441. 

[6] M. Hirsch et al., JHEP 1310, 149 (2013), 1307.8134. 

To	 generate	 neutrino	 masses	 at	 tree	 level,	 a	 dim-5	
operator	can	be	introduced	via	the	seesaw	mechanism	[1]	
[2]	[3].	Neutrino	masses	can	be	generated	at	loop	level.

[1] R. N. Mohapatra et al Phys. Rev. Lett. 44 (1980) 912.

[2] J. Schechter, José W. F. Valle (1980). Phys. Rev. 22 (9): 2227–2235

[3] B. Bajc and G. Senjanovic, JHEP 0708 (2007) 014

BORN FROM THE DARK

https://en.wikipedia.org/wiki/Jos%C3%A9_W._F._Valle


SIMPLE SCOTOGENIC MODEL

The new interaction terms presented in the Lagrangian are

Lint ⇢ �Y ↵�
N N̄↵⌘̃

†L� � 1

2
N̄↵M↵�N

� c + h.c.
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Standard Model Fermions Scalar
L e � N ⌘

SU(2)L 2 1 2 1 2
Y -1 -2 1 0 1
Z2 + + + � �
l 1 1 0 0 0
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The scalar fields presented in the model can be written as follows

The masses for the scalars are

Scalar	sector

⌘ =

✓
⌘+

(⌘R + i⌘I)/
p
2

◆
� =

✓
'+

(h0 + v� + i )/
p
2

◆
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The scalar fields presented in the model can be written as follows
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DM  
candidate
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NEUTRINO MASS GENERATION IN THE SCOTOGENIC MODEL 

[J. A. CASAS AND A. IBARRA, NUCL. PHYS. B618,  

171 (2001),HEP-PH/0103065] 
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For our analysis the following constraints have been considered

Lepton Flavor Violation 

Electroweak precision tests

Neutrino oscillation parameters

DM and cosmological observations

Invisible Higgs decay of the Higgs boson

Colliders

�0.00022  �⇢  0.00098
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m⌘± � 100GeV
<latexit sha1_base64="eV/To4jTTPLTpZPpinvmrU7SV54="></latexit><latexit sha1_base64="eV/To4jTTPLTpZPpinvmrU7SV54="></latexit><latexit sha1_base64="eV/To4jTTPLTpZPpinvmrU7SV54="></latexit><latexit sha1_base64="eV/To4jTTPLTpZPpinvmrU7SV54="></latexit>

122 GeV  mh0  128 GeV
<latexit sha1_base64="9M40Wreqx600eQoR/FnivYXbtMs=">AAACGHicdVC7TsMwFHV4U14BRhaLCompJKFA2BAMMIJES6UmVI5721q1k2A7SFVU/oKFX2FhACFWNv6GpATxEBzJ0vE558q+J4g5U9qy3oyx8YnJqemZ2dLc/MLikrm8UldRIinUaMQj2QiIAs5CqGmmOTRiCUQEHC6C/lHuX1yDVCwKz/UgBl+Qbsg6jBKdSS1zy3acm9STAh9DfYg9DldYtNLepVVcsO24X4FSyyxbFWsEbFV2XHffzcmuU93f3sF2YZVRgdOW+eq1I5oICDXlRKmmbcXaT4nUjHIYlrxEQUxon3ShmdGQCFB+OlpsiDcypY07kcxOqPFI/T6REqHUQARZUhDdU7+9XPzLaya64/opC+NEQ0g/HuokHOsI5y3hNpNANR9khFDJsr9i2iOSUJ11mZfwuSn+n9Sdim1V7LNq+eCwqGMGraF1tIlstIcO0Ak6RTVE0S26R4/oybgzHoxn4+UjOmYUM6voB4zXd43ynjo=</latexit><latexit sha1_base64="9M40Wreqx600eQoR/FnivYXbtMs=">AAACGHicdVC7TsMwFHV4U14BRhaLCompJKFA2BAMMIJES6UmVI5721q1k2A7SFVU/oKFX2FhACFWNv6GpATxEBzJ0vE558q+J4g5U9qy3oyx8YnJqemZ2dLc/MLikrm8UldRIinUaMQj2QiIAs5CqGmmOTRiCUQEHC6C/lHuX1yDVCwKz/UgBl+Qbsg6jBKdSS1zy3acm9STAh9DfYg9DldYtNLepVVcsO24X4FSyyxbFWsEbFV2XHffzcmuU93f3sF2YZVRgdOW+eq1I5oICDXlRKmmbcXaT4nUjHIYlrxEQUxon3ShmdGQCFB+OlpsiDcypY07kcxOqPFI/T6REqHUQARZUhDdU7+9XPzLaya64/opC+NEQ0g/HuokHOsI5y3hNpNANR9khFDJsr9i2iOSUJ11mZfwuSn+n9Sdim1V7LNq+eCwqGMGraF1tIlstIcO0Ak6RTVE0S26R4/oybgzHoxn4+UjOmYUM6voB4zXd43ynjo=</latexit><latexit sha1_base64="9M40Wreqx600eQoR/FnivYXbtMs=">AAACGHicdVC7TsMwFHV4U14BRhaLCompJKFA2BAMMIJES6UmVI5721q1k2A7SFVU/oKFX2FhACFWNv6GpATxEBzJ0vE558q+J4g5U9qy3oyx8YnJqemZ2dLc/MLikrm8UldRIinUaMQj2QiIAs5CqGmmOTRiCUQEHC6C/lHuX1yDVCwKz/UgBl+Qbsg6jBKdSS1zy3acm9STAh9DfYg9DldYtNLepVVcsO24X4FSyyxbFWsEbFV2XHffzcmuU93f3sF2YZVRgdOW+eq1I5oICDXlRKmmbcXaT4nUjHIYlrxEQUxon3ShmdGQCFB+OlpsiDcypY07kcxOqPFI/T6REqHUQARZUhDdU7+9XPzLaya64/opC+NEQ0g/HuokHOsI5y3hNpNANR9khFDJsr9i2iOSUJ11mZfwuSn+n9Sdim1V7LNq+eCwqGMGraF1tIlstIcO0Ak6RTVE0S26R4/oybgzHoxn4+UjOmYUM6voB4zXd43ynjo=</latexit><latexit sha1_base64="9M40Wreqx600eQoR/FnivYXbtMs=">AAACGHicdVC7TsMwFHV4U14BRhaLCompJKFA2BAMMIJES6UmVI5721q1k2A7SFVU/oKFX2FhACFWNv6GpATxEBzJ0vE558q+J4g5U9qy3oyx8YnJqemZ2dLc/MLikrm8UldRIinUaMQj2QiIAs5CqGmmOTRiCUQEHC6C/lHuX1yDVCwKz/UgBl+Qbsg6jBKdSS1zy3acm9STAh9DfYg9DldYtNLepVVcsO24X4FSyyxbFWsEbFV2XHffzcmuU93f3sF2YZVRgdOW+eq1I5oICDXlRKmmbcXaT4nUjHIYlrxEQUxon3ShmdGQCFB+OlpsiDcypY07kcxOqPFI/T6REqHUQARZUhDdU7+9XPzLaya64/opC+NEQ0g/HuokHOsI5y3hNpNANR9khFDJsr9i2iOSUJ11mZfwuSn+n9Sdim1V7LNq+eCwqGMGraF1tIlstIcO0Ak6RTVE0S26R4/oybgzHoxn4+UjOmYUM6voB4zXd43ynjo=</latexit>

BR(h0 ! inv)  19%
<latexit sha1_base64="UvaK6+NQviLqYsMkW1897Zi5hOM="></latexit><latexit sha1_base64="UvaK6+NQviLqYsMkW1897Zi5hOM="></latexit><latexit sha1_base64="UvaK6+NQviLqYsMkW1897Zi5hOM="></latexit><latexit sha1_base64="UvaK6+NQviLqYsMkW1897Zi5hOM="></latexit>

BR(h0 ! ��)/BR(h0 ! ��)SM & 0.84
<latexit sha1_base64="AsRWSMpXpNmpEukDdMNcyq2FK+M="></latexit><latexit sha1_base64="AsRWSMpXpNmpEukDdMNcyq2FK+M="></latexit><latexit sha1_base64="AsRWSMpXpNmpEukDdMNcyq2FK+M="></latexit><latexit sha1_base64="AsRWSMpXpNmpEukDdMNcyq2FK+M="></latexit>

BR(h0 ! ��)/BR(h0 ! ��)SM . 1.41
<latexit sha1_base64="opM4QBqb7zh00Y+/dYxig3RdayY="></latexit><latexit sha1_base64="opM4QBqb7zh00Y+/dYxig3RdayY="></latexit><latexit sha1_base64="opM4QBqb7zh00Y+/dYxig3RdayY="></latexit><latexit sha1_base64="opM4QBqb7zh00Y+/dYxig3RdayY="></latexit>

BR(µ ! e�) < 4.2⇥ 10�13
<latexit sha1_base64="qjJVHPuY78K77Gt662LtAsD23DI="></latexit><latexit sha1_base64="qjJVHPuY78K77Gt662LtAsD23DI="></latexit><latexit sha1_base64="qjJVHPuY78K77Gt662LtAsD23DI="></latexit><latexit sha1_base64="qjJVHPuY78K77Gt662LtAsD23DI="></latexit>

BR(µ ! eee) < 1.⇥ 10�12
<latexit sha1_base64="lRWpc9Hos5ZVSVpPRZtihbTJyvY="></latexit><latexit sha1_base64="lRWpc9Hos5ZVSVpPRZtihbTJyvY="></latexit><latexit sha1_base64="lRWpc9Hos5ZVSVpPRZtihbTJyvY="></latexit><latexit sha1_base64="lRWpc9Hos5ZVSVpPRZtihbTJyvY="></latexit>

CR(µ�,Au ! e�,Au) < 7⇥ 10�13
<latexit sha1_base64="i3zc3zJPL4HbBoz6AQiQ0ULGuhE="></latexit><latexit sha1_base64="i3zc3zJPL4HbBoz6AQiQ0ULGuhE="></latexit><latexit sha1_base64="i3zc3zJPL4HbBoz6AQiQ0ULGuhE="></latexit><latexit sha1_base64="i3zc3zJPL4HbBoz6AQiQ0ULGuhE="></latexit>

Constraints

[Baldini+ (MEG), EPJC 2016]

[Bellgardt+ (SINDRUM), NPB 1988]

[Bertl+ (SINDRUM II), EPJC 2006]

[de Salas+  PLB, 2018 ]



For the montecarlo simulation we develop our own python code. 

For our analysis we use numerical tools.  

• SARAH: model implementation, computation off all the vertices, mass matrices, one 

loop correction for tadpole and self-energies. 
• SPHENO: computation of the physical particle spectrum and low energy observables 
• MicrOMEGAs: computation of the thermal component to the DM relic abundance 

and the DM-nucleon scattering cross section. 
• MadGraph: computation of the cross section. 

Tools



RELIC DENSITY

Relic density as a function of the DM mass, for the scotogenic 
model and the IHDM. Grey points are results that are excluded 
when applying the constraints described

Parameter Scanned range
�1 [10�8 , 1]
�2 [10�8 , 1]
�3 ±[10�8 , 1]
�4 ±[10�8 , 1]
�5 ±[10�8 , 1]

m⌘ [GeV] [10 , 1000]
MN1 [GeV] [50 , 5000]
MN2 [GeV] [5⇥ 103 , 2⇥ 106]
MN3 [GeV] [5⇥ 103 , 3.5⇥ 106]

<latexit sha1_base64="l3nrt6kiiMTMcQyFlcmhwpQj1i0="></latexit><latexit sha1_base64="l3nrt6kiiMTMcQyFlcmhwpQj1i0="></latexit><latexit sha1_base64="l3nrt6kiiMTMcQyFlcmhwpQj1i0="></latexit><latexit sha1_base64="l3nrt6kiiMTMcQyFlcmhwpQj1i0="></latexit>

SCOTOGENIC MODEL IHDM MODEL
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<latexit sha1_base64="St0bPxEu524itwHAdiSG7jnnN/o="></latexit><latexit sha1_base64="St0bPxEu524itwHAdiSG7jnnN/o="></latexit><latexit sha1_base64="St0bPxEu524itwHAdiSG7jnnN/o="></latexit><latexit sha1_base64="St0bPxEu524itwHAdiSG7jnnN/o="></latexit>
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<latexit sha1_base64="7LoGVnTbSGpB9WDXnx6ioy+LUYA="></latexit><latexit sha1_base64="7LoGVnTbSGpB9WDXnx6ioy+LUYA="></latexit><latexit sha1_base64="7LoGVnTbSGpB9WDXnx6ioy+LUYA="></latexit><latexit sha1_base64="7LoGVnTbSGpB9WDXnx6ioy+LUYA="></latexit>
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<latexit sha1_base64="85kktvAYem9U8Ejb/wv7lBkvm5A="></latexit><latexit sha1_base64="85kktvAYem9U8Ejb/wv7lBkvm5A="></latexit><latexit sha1_base64="85kktvAYem9U8Ejb/wv7lBkvm5A="></latexit><latexit sha1_base64="85kktvAYem9U8Ejb/wv7lBkvm5A="></latexit>

We explore a mass region for the dark matter candidate below 500 GeV. 
As opposed to the Inert Higgs Doublet model (IHDM) the scotogenic 
model has extra contributing annihilation channels involving new 
fermions, allowing to decrease the relic density value. This scenario was 
study first by M. Klasen et al. [JCAP 04, 044 (2013)] 

Blue points correspond to mass differences when fixing mηR > 
500 GeV, while cyan ones correspond to mηR < 500 GeV. 
Diamonds correspond to the benchmarks B1 and B2 in magenta 
and  B3, B4 and B5 in black 



DIRECT DETECTION

ηR-nucleon spin independent elastic scattering cross- section 
as a function of mηR . The dark grey line denotes the upper 
bound from XENON1T 



INDIRECT DETECTION

Dark matter annihilation cross section into γ rays, for annihilation to W+W−. 
Dark purple and dark red regions represent the upper limit by Fermi-LAT and 
H.E.S.S at 95% C.L, respectively. The black dashed curve shows a sensitivity 
projection for CTA 
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<latexit sha1_base64="oYGIN+udV3vk95AOLeR45DS2CUk="></latexit><latexit sha1_base64="oYGIN+udV3vk95AOLeR45DS2CUk="></latexit><latexit sha1_base64="oYGIN+udV3vk95AOLeR45DS2CUk="></latexit><latexit sha1_base64="oYGIN+udV3vk95AOLeR45DS2CUk="></latexit>
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<latexit sha1_base64="+fuJ34LXi1O+jadanQBYYx852qk="></latexit><latexit sha1_base64="+fuJ34LXi1O+jadanQBYYx852qk="></latexit><latexit sha1_base64="+fuJ34LXi1O+jadanQBYYx852qk="></latexit><latexit sha1_base64="+fuJ34LXi1O+jadanQBYYx852qk="></latexit>

N1
<latexit sha1_base64="d/8N5boDhL38csr+KRNUHCs6Dnw=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgadlNzCbHoBdPEsE8MFnC7GSSDJmdXWZ6xbDkL7x4UMSrf+PNv3HyEFS0oKGo6qa7K4gF1+A4H1ZmZXVtfSO7mdva3tndy+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsF44uZ37pjSvNI3sAkZn5IhpIPOCVgpNsusHtIr6Y9t5cvOHapXHQqHnZsr1oseeUFKXsV7NrOHAW0RL2Xf+/2I5qETAIVROuO68Tgp0QBp4JNc91Es5jQMRmyjqGShEz76fziKT4xSh8PImVKAp6r3ydSEmo9CQPTGRIY6d/eTPzL6yQwqPopl3ECTNLFokEiMER49j7uc8UoiIkhhCpubsV0RBShYELKmRC+PsX/k2bRdh3bvT4r1M6XcWTRETpGp8hFFVRDl6iOGogiiR7QE3q2tPVovVivi9aMtZw5RD9gvX0CD9yRLA==</latexit><latexit sha1_base64="d/8N5boDhL38csr+KRNUHCs6Dnw=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgadlNzCbHoBdPEsE8MFnC7GSSDJmdXWZ6xbDkL7x4UMSrf+PNv3HyEFS0oKGo6qa7K4gF1+A4H1ZmZXVtfSO7mdva3tndy+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsF44uZ37pjSvNI3sAkZn5IhpIPOCVgpNsusHtIr6Y9t5cvOHapXHQqHnZsr1oseeUFKXsV7NrOHAW0RL2Xf+/2I5qETAIVROuO68Tgp0QBp4JNc91Es5jQMRmyjqGShEz76fziKT4xSh8PImVKAp6r3ydSEmo9CQPTGRIY6d/eTPzL6yQwqPopl3ECTNLFokEiMER49j7uc8UoiIkhhCpubsV0RBShYELKmRC+PsX/k2bRdh3bvT4r1M6XcWTRETpGp8hFFVRDl6iOGogiiR7QE3q2tPVovVivi9aMtZw5RD9gvX0CD9yRLA==</latexit><latexit sha1_base64="d/8N5boDhL38csr+KRNUHCs6Dnw=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgadlNzCbHoBdPEsE8MFnC7GSSDJmdXWZ6xbDkL7x4UMSrf+PNv3HyEFS0oKGo6qa7K4gF1+A4H1ZmZXVtfSO7mdva3tndy+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsF44uZ37pjSvNI3sAkZn5IhpIPOCVgpNsusHtIr6Y9t5cvOHapXHQqHnZsr1oseeUFKXsV7NrOHAW0RL2Xf+/2I5qETAIVROuO68Tgp0QBp4JNc91Es5jQMRmyjqGShEz76fziKT4xSh8PImVKAp6r3ydSEmo9CQPTGRIY6d/eTPzL6yQwqPopl3ECTNLFokEiMER49j7uc8UoiIkhhCpubsV0RBShYELKmRC+PsX/k2bRdh3bvT4r1M6XcWTRETpGp8hFFVRDl6iOGogiiR7QE3q2tPVovVivi9aMtZw5RD9gvX0CD9yRLA==</latexit><latexit sha1_base64="d/8N5boDhL38csr+KRNUHCs6Dnw=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgadlNzCbHoBdPEsE8MFnC7GSSDJmdXWZ6xbDkL7x4UMSrf+PNv3HyEFS0oKGo6qa7K4gF1+A4H1ZmZXVtfSO7mdva3tndy+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsF44uZ37pjSvNI3sAkZn5IhpIPOCVgpNsusHtIr6Y9t5cvOHapXHQqHnZsr1oseeUFKXsV7NrOHAW0RL2Xf+/2I5qETAIVROuO68Tgp0QBp4JNc91Es5jQMRmyjqGShEz76fziKT4xSh8PImVKAp6r3ydSEmo9CQPTGRIY6d/eTPzL6yQwqPopl3ECTNLFokEiMER49j7uc8UoiIkhhCpubsV0RBShYELKmRC+PsX/k2bRdh3bvT4r1M6XcWTRETpGp8hFFVRDl6iOGogiiR7QE3q2tPVovVivi9aMtZw5RD9gvX0CD9yRLA==</latexit>

Proper decay distance of N1 as a function of mass, 
for different values of the relic density Ωη h2. 



LONG-LIVED

�⌘±!N1l± =
Y 2
l1(m

2
⌘± � (mN1 +ml)2)

8m⌘±⇡

⇥

s

1�
✓
mN1 �ml

m⌘±

◆2
s

1�
✓
mN1 +ml

m⌘±

◆2

<latexit sha1_base64="HHaFodM8Q5lrZ8fwzsbQqFjj44U="></latexit><latexit sha1_base64="HHaFodM8Q5lrZ8fwzsbQqFjj44U="></latexit><latexit sha1_base64="HHaFodM8Q5lrZ8fwzsbQqFjj44U="></latexit><latexit sha1_base64="HHaFodM8Q5lrZ8fwzsbQqFjj44U="></latexit>
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<latexit sha1_base64="pHzquuk7VmqNFZo+MyLQAbuOV9U="></latexit><latexit sha1_base64="pHzquuk7VmqNFZo+MyLQAbuOV9U="></latexit><latexit sha1_base64="pHzquuk7VmqNFZo+MyLQAbuOV9U="></latexit><latexit sha1_base64="pHzquuk7VmqNFZo+MyLQAbuOV9U="></latexit>

⌘±
<latexit sha1_base64="s24Ym67/I0onz+Y2m7bHahoTCkU=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0ham/ZY9OKxgv2AJpbNdtMu3WzC7kQooT/DiwdFvPprvPlvTNoKKvpg4PHeDDPz/FhwDZb1YRTW1jc2t4rbpZ3dvf2D8uFRV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/vcr93j1TmkfyFmYx80IyljzglEAmDVwG5C5143BeGpYrllmrV62Ggy3TaVZrTn1J6k4D26a1QAWt0B6W391RRJOQSaCCaD2wrRi8lCjgVLB5yU00iwmdkjEbZFSSkGkvXZw8x2eZMsJBpLKSgBfq94mUhFrPQj/rDAlM9G8vF//yBgkETS/lMk6ASbpcFCQCQ4Tz//GIK0ZBzDJCqOLZrZhOiCIUspTyEL4+xf+TbtW0LdO+uai0LldxFNEJOkXnyEYN1ELXqI06iKIIPaAn9GyA8Wi8GK/L1oKxmjlGP2C8fQKM7pFu</latexit><latexit sha1_base64="s24Ym67/I0onz+Y2m7bHahoTCkU=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0ham/ZY9OKxgv2AJpbNdtMu3WzC7kQooT/DiwdFvPprvPlvTNoKKvpg4PHeDDPz/FhwDZb1YRTW1jc2t4rbpZ3dvf2D8uFRV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/vcr93j1TmkfyFmYx80IyljzglEAmDVwG5C5143BeGpYrllmrV62Ggy3TaVZrTn1J6k4D26a1QAWt0B6W391RRJOQSaCCaD2wrRi8lCjgVLB5yU00iwmdkjEbZFSSkGkvXZw8x2eZMsJBpLKSgBfq94mUhFrPQj/rDAlM9G8vF//yBgkETS/lMk6ASbpcFCQCQ4Tz//GIK0ZBzDJCqOLZrZhOiCIUspTyEL4+xf+TbtW0LdO+uai0LldxFNEJOkXnyEYN1ELXqI06iKIIPaAn9GyA8Wi8GK/L1oKxmjlGP2C8fQKM7pFu</latexit><latexit sha1_base64="s24Ym67/I0onz+Y2m7bHahoTCkU=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0ham/ZY9OKxgv2AJpbNdtMu3WzC7kQooT/DiwdFvPprvPlvTNoKKvpg4PHeDDPz/FhwDZb1YRTW1jc2t4rbpZ3dvf2D8uFRV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/vcr93j1TmkfyFmYx80IyljzglEAmDVwG5C5143BeGpYrllmrV62Ggy3TaVZrTn1J6k4D26a1QAWt0B6W391RRJOQSaCCaD2wrRi8lCjgVLB5yU00iwmdkjEbZFSSkGkvXZw8x2eZMsJBpLKSgBfq94mUhFrPQj/rDAlM9G8vF//yBgkETS/lMk6ASbpcFCQCQ4Tz//GIK0ZBzDJCqOLZrZhOiCIUspTyEL4+xf+TbtW0LdO+uai0LldxFNEJOkXnyEYN1ELXqI06iKIIPaAn9GyA8Wi8GK/L1oKxmjlGP2C8fQKM7pFu</latexit><latexit sha1_base64="s24Ym67/I0onz+Y2m7bHahoTCkU=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0ham/ZY9OKxgv2AJpbNdtMu3WzC7kQooT/DiwdFvPprvPlvTNoKKvpg4PHeDDPz/FhwDZb1YRTW1jc2t4rbpZ3dvf2D8uFRV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/vcr93j1TmkfyFmYx80IyljzglEAmDVwG5C5143BeGpYrllmrV62Ggy3TaVZrTn1J6k4D26a1QAWt0B6W391RRJOQSaCCaD2wrRi8lCjgVLB5yU00iwmdkjEbZFSSkGkvXZw8x2eZMsJBpLKSgBfq94mUhFrPQj/rDAlM9G8vF//yBgkETS/lMk6ASbpcFCQCQ4Tz//GIK0ZBzDJCqOLZrZhOiCIUspTyEL4+xf+TbtW0LdO+uai0LldxFNEJOkXnyEYN1ELXqI06iKIIPaAn9GyA8Wi8GK/L1oKxmjlGP2C8fQKM7pFu</latexit>

Proper decay distance of η± as a function of mass, for 
different values of the relic density ΩηR h2 . 



• We find a regions in model parameter space where a correct DM 

relic abundance can be satisfied where the tiny mass splitting is 

connected to the possibility to find long lived particles.  

• A  long-lived  charged  scalar  could  give  rise  to  disappearing 

charged track signatures from its decay to dark matter and a soft 
pion. This scenario could be tested within the reach of the LHC. 

CONCLUSIONS
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