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* Introduction !
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- Higgsinvisible decay width!

- Relic abundancé

- DM direct detection !

- Prospects for DM indirect detection and !
CMB |

 Summaryand outlook!
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1. INTRODUCTION!

Evidencesfor dark matter : CMB, galaxy
rotation curves, galaxy clusters!

Evidencefor neutrino masses neutrino
osclillations!

Are they related ?!

Many modelslink ( mostly WIMP) DM and
neutrino massgeneration, but the DM freeze-
out annihilation modesare still SM particles !
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Sterile neutrino portal to DM!

* Neutrino massesgenerated by type | seesaw
mechanism(or variations) =2 Ns, SM singlet!

« Stabilty of DM follows from a (global or local)
symmetry G!

* Renormalizable interactions between DM and
N !
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* G2U(1)z, spontaneoulsy broken by a SM
singlet scalar @ !

- DM charged under lepton number,

- DM and N Majorana massesgenerated by !
- DMPD N interactions mediated by &

- ® mixing with the SM doublet Higgd

- very Interesting phenomenology=>
Miguel Escudero talk tomorrow !
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+ G= GDark |

- Global or local exact dark symmetry |,

- Minimal Dark sector: ¢ (scalar), x (fermion)!
X @ singlet under Gy,

- Ni singlet under Gy, and Gy,

|
|
!
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« DM is the lightest of x, ¢
 Relevant interaction terms:!

- Sterile neutrino portal ! g(A\s + A\,V°) N ¢
|

=» tu channel DM annihilation into N N !

- Standard Higgsportal if DM is ¢ :
! HQS(H TH )(n Tll )

- Yukawa couplings:! Y.,.¢l,N,H

= generate light neutrino masses
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Neutrino massed

* In the basis(v,, N)!

0 mp VH
MI/ — 184 :Y—
( mp, My > Ve

« Upondiagonalization: !
M, = U*Diag(m,,, MU'

with | Uy = mpMy'
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« Many possibilties: x Dirac or Majorana, ¢
real or complex = most constrainable, s vawe
DM annihilation !

=» Indirect detection and CMB!
* If my>>m,,mg: Ncan be integrated out!
— _ UVH _
| O = (x¢)(H'l) = m—XV¢

=» Neutrino portal to DM!

Gonzalez-Macias, lllana , Wudka, 2016'
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2. PHENOMENOLOGY!

- Higgsinvisible decay width!

- Relic abundancé

- DM direct detection !

- Prospects for DM indirect detection
and CMB |
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Parameter space analysis!

 Monte Carlo scan over the massparameters in log
scale: N, DM [1 GeV 2 TeV]; mediator [1 GeV 10 TeV]!

* Perturbative limit g = A " 4#!

« g determined by the Planck constraint onthe DM
relic abundanceat 3 o (LanHepand micrOMEGAS!

$ h2=0.1198 + 0.0026!
Planck coll., 2015!
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Invisible Higgs decay width %
I

 ATLAS & CMS:IBR;,, __ iny <023  (95%CL)

Fimv + FSM

2 2
*m, >2 my ! F(h%gb@_)‘HqﬁvH\/ _Amg
|

2 2\ 2

Fromneutrino oscillations, direct sterile neutrino
searches LFV, OvBB decay:!

| BR(h — vN) < 102
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DM relic abundance!

« Real scalar DM, ¢:!

Higgsportal very constrained!

Alternative annihilation mode ¢¢ = N N!
|

4 9
g (my +meg) 3/2
[96¢— NN Urel T (m?5 — m4; —I—mi)2 ( miv/ gb) + O

!
 Majorana fermion DM, x:!

| 4
L g (mN + mx
Oxx—NNUrel =

8m (m3 —m3 +m2)?

/11— m%/m2 + O(2,)
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Real scalar DM, !

T T T
m, (GeV) m, (GeV)
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Majorana DM, X

B L A T N T LN TV N [ 1Y
m, (GeV) my (GeV)
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DM Direct searches !

« Scalar DM, ¢:!

In the region where the correct relic abundanceis
determined by ¢&¢ = N N, direct DM searches still

constraint the Higgsportal coupling Ay,
|

~
I \\ ’/
N -~
! A -y
~ /’
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---- Invisible Higgs width e direct detection!

iR
1077 10 10
m¢(GeV)
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* Fermion DM, x :!

DM P nucleon cross section at one loop =

no signiPcant boundson Ay,
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DM Indirect detection and
CMB!

DM annihilation in dense regions of the !
Universe (galactic center, dwarf spheroidals)!

= SM bnal states (v, Yy rays E)!
|

« CMB senstitive to DM annihilation during cosmic
dark ages due to the injection of ionizing
particles !

 s-wave annihilation: DM DM = N N = SM!
|
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Sterile neutrino decay modes!
m, < my, : decay via virtual V= W,Z,h

N — vqq, 3v, lqq, vil

GFmN
192 73

! 3
X
Cij = E UaiUyg,;
a=1

M.C. Gonzalez-Garcia, A. Santamaria, JW.F Valle, 1990!

[" x Cnnf((my/my)?)
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*my>m, m,, m,:2 body decay ,

N —- W=, Zv, hv

g* ms m2,\ 2m?
(N = WHE) = 2 U (1- -2 ) (1+ K
64 mW

2 3 2\ 2 912
D(N = Zu,) = -2 \CQN\2%< —m—§> (1+ W;Z>

g° 2 MY my, :
I'(N = hvy) = 2—|C, —
( Va) = Gam | Canl" 0 ( )
Pilaftsis, 1992!
Expected signals from indirect searches !
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« DM annihilation into sterile neutrinos N can
account for GC excess from Fermi-LAT data, !

with my in the range 10- 60 GeM
Tang, Zhu, 2015!

12l — NN, y, =y, =0, x* =24.2 |
T — NN, y; =0, x* =23.8
2ol T T — ZZ,x* =39.7
= T 14y — WW, x* =41.8
/ 2 _
L Ll —  hh, x* =30.6
-l T+ s 1T bb, x> =24.6
O
= At - =+ == Flux with errors
Q 1
IED 6* 4 - /\,
o e
= TTH4 |4
ZR
3= ab /
&y //
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 Boundsfrom dwarf spheroidalsand CMB: need
detalled study of the spectrum !

DM DM = NN =2>WW+ charged leptons!
L7 VV,hh vv

=» leptons, quarks!
|

« Estimate from 2-body decay limits rescaled by a
factor 2!
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Real scalar DM, !

4.5 T T T ' R

7 DG |
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Majorana DM, x!

><10‘2v6

77 DG |

m, (GeV)
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3. SUMMARY AND OUTLOOK!

« Sterile neutrino portal to DM can be
constrained: relic abundance direct detection,
Higgs decays!

* Indirect detection and CMB limits need
dedicated study, but seemto rule out the low
DM massregion, mg,," 30 GeV

* Prospects for lepton colliders deserve further
Investigation!
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Back up slides!



100 R 108
my (GeV)
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DD loop: !

« INIMYenerated at one loop: !
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