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An extensive study of dark 
matter in the Singlet + Triplet 

Scotogenic Model
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[2] Planck Collaboration, 1502.01589

A particle DM: observations of its gravitational  
effects on baryonic matter.  
The most recent measured of DM abundance by Planck  
satellite yields that

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

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

There are different scenarios about how the abundance 
 was generated and different DM candidates.
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⌦DMh2 = 0.1196± 0.0031
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85% of the Universe’s matter is dark [2]



BORN FROM THE DARK

KH LGHD RI WKH FRWRJH LF 7RGHO ZDV SURSRVHG E U HVW 7D[4]
2LV PRGHO L WURGXFHG WKH SRVVLELOLW RI JLYL J PDVV WR HXWUL RV DW 9 H 6RRS

+OVR D 37: OLNH .DUN 7DWWHU .7 FD GLGDWH DSSHDUV ZKLFK FD EH HLWKHU
VFDODU RU IHUPLR LF

KH VWDELOLW RI WKH .7 SDUWLFOH LV H VXUHG E WKH VDPH C V PPHWU WKDW
OHDGV WR WKH UDGLDWLYH RULJL RI HXWUL R PDVVHV

KH FRWRJH LF 7RGHO KDV EHH JH HUDOL HG L GLIIHUH W ZD V [5][6]
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R JH HUDWH HXWUL R PDVVHV DW WUHH OHYHO D GLP
RSHUDWRU FD EH L WURGXFHG YLD WKH VHHVDZ PHFKD LVP [1]
[2] [3] HXWUL R PDVVHV FD EH JH HUDWHG DW ORRS OHYHO
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SINGLET+TRIPLET SCOTOGENIC: + -9 91 3- 79. 6

The full particle content of the model is given by the following table

The new interactions included in the Lagrangian are

where⌘̃ = i�⌘⇤
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Simple  

Scotogenic

Triplet  
Scotogenic

Singlet +Triplet 
Scotogenic

Standard Model new fermions new scalars
L e � ⌃ F ⌘ ⌦

Generations 3 3 1 1 1 1 1

SU(3)C 1 1 1 1 1 1 1
SU(2)L 2 1 2 3 1 2 3
U(1)Y -1 -2 1 0 0 1 0
Z2 + + + � � � +
L 1 1 0 0 0 -1 0
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The corresponding scalar potential is

The conditions for the parameters in the scalar potential are

Singlet +Triplet 
Scotogenic
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The scalar fields presented in the model can be written as follows

The masses for the neutral scalar are

7A I N OCAPLN
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DM  
candidate



The DM candidate will be the lightest mass eigenstate of the mass matrix

The fermion masses generated at tree level 

,CN GLKGA OCAPLN
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[J. A. CASAS AND A. IBARRA, NUCL. PHYS. B618,  

171 (2001),HEP-PH/0103065] 

One neutrino will be massless
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NEUTRINO MASS GENERATION



For our analysis the following constraints have been considered

Constraints

Lepton Flavor Violation 

Electroweak precision tests

[de Salas+  PLB, 2018 ]Neutrino oscillation parameters

DM and cosmological observations

Invisible Higgs decay of the Higgs boson

[Baldini+ (MEG), EPJC 2016]

[Bellgardt+ (SINDRUM), NPB 1988]

[Bertl+ (SINDRUM II), EPJC 2006]

[Rocha-Morán+  arxiv:1605.01915]

Colliders

�0.00018  �⇢  0.00096(3�)
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0.62  BR(h0 ! ��)/BR(h0 ! ��)SM  1.7
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BR(h0 ! inv)  24%
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µ ! e� < 4.2⇥ 10�13
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µ ! 3e < 1.0⇥ 10�12
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CR(µ� e,Au) < 7.10�13
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Tools

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. 

•Checkmate: test our results with the last results given by the LHC. 



Numerical scan
The values for the main parameter considered in the 
analysis are

Parameter Range

MN [5 · 103, 104] (GeV)
M⌃ [5 · 103, 104] (GeV)
m2

⌘ [100, 5000] (GeV2)
µ1,2 [10�8, 5 · 103] (GeV)
v⌦ [10�5, 5] (GeV)

|�i|, i = 1...4 [10�8, 1]
|�5| [10�5, 1]
|�⌦

1,2| [10�8, 1]
|�⌦

⌘ | [10�8, 1]
|Y⌦| [10�8, 1]

<latexit sha1_base64="djd9kMPGwvQJl95G1hr3xf8UGao="></latexit><latexit sha1_base64="djd9kMPGwvQJl95G1hr3xf8UGao="></latexit><latexit sha1_base64="djd9kMPGwvQJl95G1hr3xf8UGao="></latexit><latexit sha1_base64="djd9kMPGwvQJl95G1hr3xf8UGao="></latexit>



Relic abundance           as a function of the     mass.Cyan 

points are solutions that fall exactly within the      C.L. 

cold  DM  measurement  by  the  Planck  collaboration.Dark  grey 

points  are  solutions  in  conflict  with  the  current  limit  on 

WIMP-nucleon  SI  elastic  scattering  cross  section  set  by 

XENON1T

RELIC DENSITY

⌦⌘Rh
2
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Spin-independent    -nucleon elastic scattering cross section versus the     mass.The 

dark green line denotes the most recent upper bound from XENON1T.The dashed orange 

line correspond to the neutrino floor limit from coherent elastic neutrino nucleus 

scattering.
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Predicted DM annihilation cross section into   rays (weighted by the relative abundance ) 

for annihilations to          (orange),            (dark cyan) and            (dark and light red) 

final states (left panel). The dark cyan, red and orange lines are the current limit set 

by Fermi-LAT satellite. The dot dashed red line is the current limit for HESS telescope. 

Current limits lie a couple of orders of magnitude above the predicted signals but future 

data offer promising prospects. 
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6ET + jet signal (mono-jet)
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<latexit sha1_base64="DdYuphwGED8l529mcdBAwBpHdC4=">AAAB/3icdVDLSgNBEJz1bXxFBS9eBoPgaZmJMZqDEOLFY0SjgSQss5NJMjj7YKZXDGsO/ooXD4p49Te8+TdOHoKKFjQUVd10d/mxkgYI+XCmpmdm5+YXFjNLyyura9n1jUsTJZqLGo9UpOs+M0LJUNRAghL1WAsW+Epc+dcnQ//qRmgjo/AC+rFoBawbyo7kDKzkZbe0lzZB3EJaOa8OPDo4Jm4+T7xsjrglUirsF7AVSImSA0uKlBaLRUxdMkIOTVD1su/NdsSTQITAFTOmQUkMrZRpkFyJQaaZGBEzfs26omFpyAJhWuno/gHetUobdyJtKwQ8Ur9PpCwwph/4tjNg0DO/vaH4l9dIoHPUSmUYJyBCPl7USRSGCA/DwG2pBQfVt4RxLe2tmPeYZhxsZBkbwten+H9ymXcpcelZIVeuTOJYQNtoB+0hig5RGZ2iKqohju7QA3pCz8698+i8OK/j1ilnMrOJfsB5+wTcApVV</latexit><latexit sha1_base64="DdYuphwGED8l529mcdBAwBpHdC4=">AAAB/3icdVDLSgNBEJz1bXxFBS9eBoPgaZmJMZqDEOLFY0SjgSQss5NJMjj7YKZXDGsO/ooXD4p49Te8+TdOHoKKFjQUVd10d/mxkgYI+XCmpmdm5+YXFjNLyyura9n1jUsTJZqLGo9UpOs+M0LJUNRAghL1WAsW+Epc+dcnQ//qRmgjo/AC+rFoBawbyo7kDKzkZbe0lzZB3EJaOa8OPDo4Jm4+T7xsjrglUirsF7AVSImSA0uKlBaLRUxdMkIOTVD1su/NdsSTQITAFTOmQUkMrZRpkFyJQaaZGBEzfs26omFpyAJhWuno/gHetUobdyJtKwQ8Ur9PpCwwph/4tjNg0DO/vaH4l9dIoHPUSmUYJyBCPl7USRSGCA/DwG2pBQfVt4RxLe2tmPeYZhxsZBkbwten+H9ymXcpcelZIVeuTOJYQNtoB+0hig5RGZ2iKqohju7QA3pCz8698+i8OK/j1ilnMrOJfsB5+wTcApVV</latexit><latexit sha1_base64="DdYuphwGED8l529mcdBAwBpHdC4=">AAAB/3icdVDLSgNBEJz1bXxFBS9eBoPgaZmJMZqDEOLFY0SjgSQss5NJMjj7YKZXDGsO/ooXD4p49Te8+TdOHoKKFjQUVd10d/mxkgYI+XCmpmdm5+YXFjNLyyura9n1jUsTJZqLGo9UpOs+M0LJUNRAghL1WAsW+Epc+dcnQ//qRmgjo/AC+rFoBawbyo7kDKzkZbe0lzZB3EJaOa8OPDo4Jm4+T7xsjrglUirsF7AVSImSA0uKlBaLRUxdMkIOTVD1su/NdsSTQITAFTOmQUkMrZRpkFyJQaaZGBEzfs26omFpyAJhWuno/gHetUobdyJtKwQ8Ur9PpCwwph/4tjNg0DO/vaH4l9dIoHPUSmUYJyBCPl7USRSGCA/DwG2pBQfVt4RxLe2tmPeYZhxsZBkbwten+H9ymXcpcelZIVeuTOJYQNtoB+0hig5RGZ2iKqohju7QA3pCz8698+i8OK/j1ilnMrOJfsB5+wTcApVV</latexit><latexit sha1_base64="DdYuphwGED8l529mcdBAwBpHdC4=">AAAB/3icdVDLSgNBEJz1bXxFBS9eBoPgaZmJMZqDEOLFY0SjgSQss5NJMjj7YKZXDGsO/ooXD4p49Te8+TdOHoKKFjQUVd10d/mxkgYI+XCmpmdm5+YXFjNLyyura9n1jUsTJZqLGo9UpOs+M0LJUNRAghL1WAsW+Epc+dcnQ//qRmgjo/AC+rFoBawbyo7kDKzkZbe0lzZB3EJaOa8OPDo4Jm4+T7xsjrglUirsF7AVSImSA0uKlBaLRUxdMkIOTVD1su/NdsSTQITAFTOmQUkMrZRpkFyJQaaZGBEzfs26omFpyAJhWuno/gHetUobdyJtKwQ8Ur9PpCwwph/4tjNg0DO/vaH4l9dIoHPUSmUYJyBCPl7USRSGCA/DwG2pBQfVt4RxLe2tmPeYZhxsZBkbwten+H9ymXcpcelZIVeuTOJYQNtoB+0hig5RGZ2iKqohju7QA3pCz8698+i8OK/j1ilnMrOJfsB5+wTcApVV</latexit>

Parameters Benchmark 1 Benchmark 2 Units

�3 3.64⇥ 10�5 �1.64⇥ 10�5 -
�4 7.02⇥ 10�7 �3.29⇥ 10�7 -
�5 �1.8⇥ 10�2 �1.45⇥ 10�2 -
�⌦
⌘

�1.32⇥ 10�5 �7.11⇥ 10�6

µ2 �4.57⇥ 10�8 �1.59⇥ 10�1 [GeV]
v⌦ 2.43⇥ 10�4 9.21⇥ 10�1 [GeV]
m2

⌘
3678.17 2851.39 [GeV]2

Scalar masses

m⌘R 55.92 49.09 [GeV]
m⌘I 65.04 57.38 [GeV]
mh0 124.68 125.54 [GeV]
mH 425.9 834.45 [GeV]

Constraints

⌦h2 0.0107 0.0129 -
BR(h0 ! inv.) 0.155489 0.12939 -
BR(µ ! e�) 7.33⇥ 10�29 8.55⇥ 10�32 -
BR(µ ! eee) 3.75⇥ 10�30 1.01⇥ 10�30 -

CR(µ�, Au ! e�, Au) 3.88⇥ 10�29 1.40⇥ 10�29 -
BR(h0 ! ��) 0.00226748 0.00212008 -

�aµ 2.18⇥ 10�14 2.15⇥ 10�14 -
�SI 5.953⇥ 10�10 4.862⇥ 10�10 cm2

<latexit sha1_base64="UV83YTrPlNEBgEcINAPtwsLC9aE="></latexit><latexit sha1_base64="UV83YTrPlNEBgEcINAPtwsLC9aE="></latexit><latexit sha1_base64="UV83YTrPlNEBgEcINAPtwsLC9aE="></latexit><latexit sha1_base64="UV83YTrPlNEBgEcINAPtwsLC9aE="></latexit>



Cross section of                      + jet at LHC 

             TeV. The maximum value of the 

cross  section  is  ~  1400  (1800)  fb  for  13 

(14)  TeV  respectively,  both  values  are 

below those in the last analysis presented 

by ATLAS.

Cross section for the                     jet production 

at LHC                    TeV.

pp ! ⌘R⌘R
<latexit sha1_base64="sWGG0idFPYlGzU+TjWsKKOK8af0=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5KIoMuiG5dV7AWaECbTSTt0kgwzJ0oJXbvxVdy4UMStT+DOt3HaBtHWHwY+/nMOZ84fSsE1OM6XtbC4tLyyWlorr29sbm3bO7tNnWaKsgZNRaraIdFM8IQ1gINgbakYiUPBWuHgclxv3TGleZrcwlAyPya9hEecEjBWYB9ILLGneK8PRKn0HnsMSJDfjH4gsCtO1ZkIz4NbQAUVqgf2p9dNaRazBKggWndcR4KfEwWcCjYqe5lmktAB6bGOwYTETPv55JQRPjJOF0epMi8BPHF/T+Qk1noYh6YzJtDXs7Wx+V+tk0F07uc8kRmwhE4XRZnAkOJxLrjLFaMghgYIVdz8FdM+UYSCSa9sQnBnT56H5knVdaru9WmldlHEUUL76BAdIxedoRq6QnXUQBQ9oCf0gl6tR+vZerPep60LVjGzh/7I+vgGBeKaeA==</latexit><latexit sha1_base64="sWGG0idFPYlGzU+TjWsKKOK8af0=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5KIoMuiG5dV7AWaECbTSTt0kgwzJ0oJXbvxVdy4UMStT+DOt3HaBtHWHwY+/nMOZ84fSsE1OM6XtbC4tLyyWlorr29sbm3bO7tNnWaKsgZNRaraIdFM8IQ1gINgbakYiUPBWuHgclxv3TGleZrcwlAyPya9hEecEjBWYB9ILLGneK8PRKn0HnsMSJDfjH4gsCtO1ZkIz4NbQAUVqgf2p9dNaRazBKggWndcR4KfEwWcCjYqe5lmktAB6bGOwYTETPv55JQRPjJOF0epMi8BPHF/T+Qk1noYh6YzJtDXs7Wx+V+tk0F07uc8kRmwhE4XRZnAkOJxLrjLFaMghgYIVdz8FdM+UYSCSa9sQnBnT56H5knVdaru9WmldlHEUUL76BAdIxedoRq6QnXUQBQ9oCf0gl6tR+vZerPep60LVjGzh/7I+vgGBeKaeA==</latexit><latexit sha1_base64="sWGG0idFPYlGzU+TjWsKKOK8af0=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5KIoMuiG5dV7AWaECbTSTt0kgwzJ0oJXbvxVdy4UMStT+DOt3HaBtHWHwY+/nMOZ84fSsE1OM6XtbC4tLyyWlorr29sbm3bO7tNnWaKsgZNRaraIdFM8IQ1gINgbakYiUPBWuHgclxv3TGleZrcwlAyPya9hEecEjBWYB9ILLGneK8PRKn0HnsMSJDfjH4gsCtO1ZkIz4NbQAUVqgf2p9dNaRazBKggWndcR4KfEwWcCjYqe5lmktAB6bGOwYTETPv55JQRPjJOF0epMi8BPHF/T+Qk1noYh6YzJtDXs7Wx+V+tk0F07uc8kRmwhE4XRZnAkOJxLrjLFaMghgYIVdz8FdM+UYSCSa9sQnBnT56H5knVdaru9WmldlHEUUL76BAdIxedoRq6QnXUQBQ9oCf0gl6tR+vZerPep60LVjGzh/7I+vgGBeKaeA==</latexit><latexit sha1_base64="sWGG0idFPYlGzU+TjWsKKOK8af0=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5KIoMuiG5dV7AWaECbTSTt0kgwzJ0oJXbvxVdy4UMStT+DOt3HaBtHWHwY+/nMOZ84fSsE1OM6XtbC4tLyyWlorr29sbm3bO7tNnWaKsgZNRaraIdFM8IQ1gINgbakYiUPBWuHgclxv3TGleZrcwlAyPya9hEecEjBWYB9ILLGneK8PRKn0HnsMSJDfjH4gsCtO1ZkIz4NbQAUVqgf2p9dNaRazBKggWndcR4KfEwWcCjYqe5lmktAB6bGOwYTETPv55JQRPjJOF0epMi8BPHF/T+Qk1noYh6YzJtDXs7Wx+V+tk0F07uc8kRmwhE4XRZnAkOJxLrjLFaMghgYIVdz8FdM+UYSCSa9sQnBnT56H5knVdaru9WmldlHEUUL76BAdIxedoRq6QnXUQBQ9oCf0gl6tR+vZerPep60LVjGzh/7I+vgGBeKaeA==</latexit>p

s = 13(14)
<latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit><latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit><latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit><latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit>

pp ! ⌘R⌘I
<latexit sha1_base64="gWv1VIrcgkibkt3i4IwVbX5oKeU=">AAACCnicbZC7TsMwFIYdrqXcAowshgqJqUoQEowVLLAVRC9SE0WO67ZWncSyT0BVlJmFV2FhACFWnoCNt8FtM0DLL1n69J9zdHz+UAquwXG+rYXFpeWV1dJaeX1jc2vb3tlt6iRVlDVoIhLVDolmgsesARwEa0vFSBQK1gqHl+N6654pzZP4DkaS+RHpx7zHKQFjBfaBxBJ7ivcHQJRKHrDHgATZbV7AdR7YFafqTITnwS2gggrVA/vL6yY0jVgMVBCtO64jwc+IAk4Fy8teqpkkdEj6rGMwJhHTfjY5JcdHxuniXqLMiwFP3N8TGYm0HkWh6YwIDPRsbWz+V+uk0Dv3Mx7LFFhMp4t6qcCQ4HEuuMsVoyBGBghV3PwV0wFRhIJJr2xCcGdPnofmSdV1qu7NaaV2UcRRQvvoEB0jF52hGrpCddRAFD2iZ/SK3qwn68V6tz6mrQtWMbOH/sj6/AH4Jppv</latexit><latexit sha1_base64="gWv1VIrcgkibkt3i4IwVbX5oKeU=">AAACCnicbZC7TsMwFIYdrqXcAowshgqJqUoQEowVLLAVRC9SE0WO67ZWncSyT0BVlJmFV2FhACFWnoCNt8FtM0DLL1n69J9zdHz+UAquwXG+rYXFpeWV1dJaeX1jc2vb3tlt6iRVlDVoIhLVDolmgsesARwEa0vFSBQK1gqHl+N6654pzZP4DkaS+RHpx7zHKQFjBfaBxBJ7ivcHQJRKHrDHgATZbV7AdR7YFafqTITnwS2gggrVA/vL6yY0jVgMVBCtO64jwc+IAk4Fy8teqpkkdEj6rGMwJhHTfjY5JcdHxuniXqLMiwFP3N8TGYm0HkWh6YwIDPRsbWz+V+uk0Dv3Mx7LFFhMp4t6qcCQ4HEuuMsVoyBGBghV3PwV0wFRhIJJr2xCcGdPnofmSdV1qu7NaaV2UcRRQvvoEB0jF52hGrpCddRAFD2iZ/SK3qwn68V6tz6mrQtWMbOH/sj6/AH4Jppv</latexit><latexit sha1_base64="gWv1VIrcgkibkt3i4IwVbX5oKeU=">AAACCnicbZC7TsMwFIYdrqXcAowshgqJqUoQEowVLLAVRC9SE0WO67ZWncSyT0BVlJmFV2FhACFWnoCNt8FtM0DLL1n69J9zdHz+UAquwXG+rYXFpeWV1dJaeX1jc2vb3tlt6iRVlDVoIhLVDolmgsesARwEa0vFSBQK1gqHl+N6654pzZP4DkaS+RHpx7zHKQFjBfaBxBJ7ivcHQJRKHrDHgATZbV7AdR7YFafqTITnwS2gggrVA/vL6yY0jVgMVBCtO64jwc+IAk4Fy8teqpkkdEj6rGMwJhHTfjY5JcdHxuniXqLMiwFP3N8TGYm0HkWh6YwIDPRsbWz+V+uk0Dv3Mx7LFFhMp4t6qcCQ4HEuuMsVoyBGBghV3PwV0wFRhIJJr2xCcGdPnofmSdV1qu7NaaV2UcRRQvvoEB0jF52hGrpCddRAFD2iZ/SK3qwn68V6tz6mrQtWMbOH/sj6/AH4Jppv</latexit><latexit sha1_base64="gWv1VIrcgkibkt3i4IwVbX5oKeU=">AAACCnicbZC7TsMwFIYdrqXcAowshgqJqUoQEowVLLAVRC9SE0WO67ZWncSyT0BVlJmFV2FhACFWnoCNt8FtM0DLL1n69J9zdHz+UAquwXG+rYXFpeWV1dJaeX1jc2vb3tlt6iRVlDVoIhLVDolmgsesARwEa0vFSBQK1gqHl+N6654pzZP4DkaS+RHpx7zHKQFjBfaBxBJ7ivcHQJRKHrDHgATZbV7AdR7YFafqTITnwS2gggrVA/vL6yY0jVgMVBCtO64jwc+IAk4Fy8teqpkkdEj6rGMwJhHTfjY5JcdHxuniXqLMiwFP3N8TGYm0HkWh6YwIDPRsbWz+V+uk0Dv3Mx7LFFhMp4t6qcCQ4HEuuMsVoyBGBghV3PwV0wFRhIJJr2xCcGdPnofmSdV1qu7NaaV2UcRRQvvoEB0jF52hGrpCddRAFD2iZ/SK3qwn68V6tz6mrQtWMbOH/sj6/AH4Jppv</latexit>p

s = 13(14)
<latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit><latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit><latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit><latexit sha1_base64="C7h0HJPVQk283yYnRa1bpJM5ZJ0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JoQS9C0YvHCvYD2lA22027dLOJuxOxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzz48F1+A439bK6tr6xmZhq7i9s7u3bx+UWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Ubz8ypXkk72ESMy8kQ8kDTgkYqW+XevpBQaqzq9Q9xxW3dpr17bJTdWbAy8TNSRnlaPTtr94goknIJFBBtO66TgxeShRwKlhW7CWaxYSOyZB1DZUkZNpLZ7dn+MQoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjwNAg+4YhTExBBCFTe3YjoiilAwcRVNCO7iy8ukdVZ1nap7VyvXr/M4CugIHaMKctEFqqNb1EBNRNETekav6M3KrBfr3fqYt65Y+cwh+gPr8wdv35Nf</latexit>

=[−0.2,0.9]  �345
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DIRECT DETECTION

The tree-level spin independent DM nucleon interaction is through the Higgs and Z 

portals. If the mass difference of mass between the CP-odd particle and the DM is 

small, the interaction through the Z boson appear. 
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The Effective 0ν2β Majorana mass parameter expression is 

The effective mass parameter characterizing the amplitude for neutrinoless double beta (0ν2β) decay has a lower limit 
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Main branching fractions of the annihilation cross  

section of        into SM final states versus the mass 
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VLJ DO HUURUVLJ DO HYH WV

+FFRUGL J WKH DOJRULWKP GHIL LWLR V
D UHVXOW LV H FOXGHG
D UHVXOW LV FRPSDWLEOH
D UHVXOW LV SRWH WLDOO H FOXGHG
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r  0.67
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36.1 fb�1
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3 WHJUDWH OXPL RVLW RI

Leading jet with pT > 250 GeV and |⌘| < 2.4

Separation in the azimuthal plane of ⇤�(jet, pTmiss) > 0.4

Events with identify muons with pT > 10 GeV or electrons with pT > 20 GeV
<latexit sha1_base64="GWU7lNvD2on4wfQmDS8eFHJ0dug="></latexit><latexit sha1_base64="GWU7lNvD2on4wfQmDS8eFHJ0dug="></latexit><latexit sha1_base64="GWU7lNvD2on4wfQmDS8eFHJ0dug="></latexit><latexit sha1_base64="GWU7lNvD2on4wfQmDS8eFHJ0dug="></latexit>

between the missing transverse 
momentum direction and each selected jet
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Mass difference mηI − mηR as a function of mηR in mono-jet events mediated by the Z boson, pp → ηRηI + jet. The 
color shades represent values of the cross section in fb. 
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