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Dark matter
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AL-HL-H (n-loop)

n = 1: Bonnet, et al, arXiv:1204.5862 [JHEP]
n = 2: Aristizabal, et al, arXiv:1411.7038 [JHEP

Distinguish between simplified dark Matter models



AL-HL-H (1-loop)

This work, arXiv:1308.3655 [JHEP]
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radiative seesaw



Radiative seesaw

E. Ma, hep-ph /0601225 [PRD]




Inert doublet model



Inert doublet model

The Lagrangian of the model is given by:
L = Lsw + (DH)'D, & — V(d), (1)
where
V(®) =3 dTd 4 Ap(®Td)? + A3(HTH)(DTd) + Ay (HTD)(TH) + % [(qﬂH)2 - h.c.] (2)
H os the SM Higgs doublet in the SM, We define

A3+ A+ A
= % 3)
which controls the interactions though the Higgs portal. The components are
( . ) ( "
—(HO +A9) | —(v+ho+iG°
ﬁ( ) ﬁ( )

Drell-Yann production for myo ~ 60 GeV, can prove my+ ~ 150 GeV. &



Vector Boson Fussion




AL | Swmy Bw om) AL | Sver | Buer | over
001 | 3 0.015 0.01 | 4.6 0.21
0.1 | 3.7 | 134044 | 0.02 0.1 75 | 476 | 0.35
1.0 | 31 0.15 1.0 25 1.1

Table 1: Sensitivities for My+ = My = 750 GeV and My, = 110 GeV for several A\, values, with an
integrated luminosity of 20 fb~".
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My+ = Mpo = 600 GeV

Qo ~ Qpm for myo ~ 60 GeV



Weinberg operator at one-loop

(Z,-0dd fields)
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Weinberg operator at one-loop

(Z,-0dd fields)
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Weinberg operator at one-loop

(Z,-0dd fields)

H H H v L
———————— Soooosscpooosscodesocooos —-——— - - - 7
;S l
’ \ 0
’ \ / : !
Coroox e i ‘o /
/ \\ i QDM ///
/" arXiv:1605.01129 > arXiv:1511.01873 ! ’
> € »- - @ ----- > ------ e - — - — - — /
L v L L ¢ H i
Bino/Wino-like scotogenic model mHiggsino—like Zee model fp_ ¢ o
P .
___f’____, ______ 4______|___H+___ H pp — [T~ + EP'ss
Oy 4 r
5 E L= ey, ...
0 ! arXiv:1504.07892
»- © > . «— —— - ---- L ol

L W L el é L 10
mHiggsino—like scotogenic model



Inverse radiative seesaw




Inverse radiative seesaw

D.R et al, arXiv:1504.07892 [PRD]




Singlet-doublet fermion dark matter




Singlet-doublet fermion dark matter

Name SU(3)C SU(Z)L U(1)y Z>
L= (v e)T" 1 2 =1/2  +1
(er)’ 1 1 TR
A~ T
(o) = ()" @) 1 2 +1/2 -1
N\T
V= (¢ oY) 1 2 -1/2 =1
N 1 1 0 —1
S 1 1 0 —1
Rz i 0 nt)’
. 7 Basis ¢° = (N,¢L, (¥g) )
h°
=
e f ( My —ycgv/V2 VSﬁV/\/i)
AL 0 My |, R .
ysgv/V2 — Mp 0 " S. Horiuchi,

0. Macias, DR, A. Rivera, O. Zapata, 1602.04788 (JCAP) 12



Singlet-doublet fermion dark matter
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Singlet scalar dark matter




Scalar dark matter: Higgs portal

Name SU(3)C SU(Z)L U(1)y V4
L= (v e)T" 1 2 =1/2  +1
(eR)T 1 1 +1 41
(W)t = ()" @) 1 2 /2
W= (g )T 1 2 ~1/2 1
N 1 1 0 1
5 1 1 0 1

V =M3S? + AsyS* H - H + AsS"

S f
i 01  WIMP
AHs ~ ,
-5 f 102 FIMP + Sinflaton (Tenkanen)

Tenkanen. arXiv:1607.01379 (JHEP) 13



Scalar dark matter: vector-like fermion portal

Name SUB)e SUR). Uy 2
L= e)" 1 2 —1/2  +1
(er)T 1 +1 41
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Scalar dark matter: vector-like fermion portal

Name SUB)e SUR). Uy 2
L= e)" 1 2 —1/2  +1
(er)T 1 +1 41
(¥Rt 1 1 +1 —1
e 1 1 —1 —1
S 1 1 0 —1
3.5
Ibarra ]
S e w | 1405.6917 (PRD) ["
”””” c=my [ ur + @) r|+ 5 ,
W 2% ;

+ hs [S (eR)T w,; + S (w[)TeL]

LHC 8 TeV.
L

Klasen, Lamprea, Yaguna arXiv:1602.05137
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Compressed spectra (in progress...)

Better seen in terms of AM = My+ — Ms
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Origin of the 2,
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Ernest Ma, D.R, Oscar Zapata: arXiv:1706.08240
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Ernest Ma, D.R, Oscar Zapata: = R = (—1)>+35+L

\
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leptonic U(1) symmetry: m, =0

L =Ly — MES*S — Aspy S*SH - H — Xs (5*S)?
n (MN NN + Mp(Ug) W, + h W, - HN + hgp Wg - HNT + hys LW, S + h.c)

19



Anomalous leptonic U(1) symmetry: m, =0

Name SUB)e SU@) Uty U
= (v e)T 1 2 -1/2 -1
(er)t 1 1 +1 +1

T

) = (@) @®) 1 2 +2 o0
W = ()" 1 2 ~1/2 0
N 1 1 0 0
1 1 0 0
o 1 1 0 =7

L =Ly —MES*S — Aspy S*SH - H— A5 (5*S)? + Asy S*So*0 + (1SS o + h.c)
n (MN NN + Mp(Ug) W, + h W, - HN + hgp Wg - HNT + hys LW, S + h.c)

+ V(o).
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Anomalous leptonic U(1) symmetry: m, # 0

Name SU(3)C SU(Z)L U(1)y Z>
= (v e)T 1 2 -1/2 0

(er)! 1 1 +1 0
(o) = ()" ( g)T)T 1 2 +1/2 -1
W = ()" 1 2 ~1/2 -1
N 1 1 0 —1
1 1 0 —1

Im(o) 1 1 0 0

L =Lsy —M2ES*S — Asy S*SH - H — As (5*S)? + Asy S*SV2 + (1SS Vi + h.c)
+ (MN NN + Mp(DR)TW, + h, W, - HN + hg g - HNT + hysL- WS + h.c)
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Conclusions

Inert doublet model

- VBF search has a better reach when compared with the monojet searches

- Reach can go up to 280 GeV of Higgs mass for a luminosity of 3000 fb~" for large
M+

Singlet scalar model

- Vector-like fermion portal only allowed for tau couplings
- Compressed spectra with soft dileptons still to be explored.

Z, from global Peccei-Quinn symmetry:

- Mixed dark matter with Axion/WIMP or Axion/FIMP
- Lepton number violation controlled by splitting of real and imaginary parts of S.
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