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Direct detection : a serious threat for Higgs portal DM
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Direct detection : a serious threat for Higgs portal DM

Relevant process for elastic scattering :
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Higgs Portal Fermionic DM

We will see that Higgs Portal fermionic DM below the TeV range can be obtained :
[LLH, Schwetz & Zupan *12]

@ In an Effective Field Theory (EFT) : “The pseudo Higgs portal”
see alSO [Pospelové& Ritz *11]

Two types of dim-5 operators considered : Her = A%Ql + A%QS

01 = H'H)(xx), 0s=i(HH)(xx),
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Introduction

Higgs Portal Fermionic DM

We will see that Higgs Portal fermionic DM below the TeV range can be obtained :
[LLH, Schwetz & Zupan *12]

@ In an Effective Field Theory (EFT) : “The pseudo Higgs portal”
see alSO [Pospelové& Ritz *11]

Two types of dim-5 operators considered : Her = A%Ql + A%Qg

0= (H'H)(xx), Qs =i(H'H)(xnx),

@ When EFT breaks down : two other options in the scalar interaction case.

e “Resonnant Higgs portal” :

driven by resonnant annihilation into H or another mediator
o “Indirect Higgs portal” :

driven by annihilation into a low mass mediator

= secluded DM (pospelov '07]

Laura Lopez Honorez (MPIK-Hd) Fermionic DM via Higgs portal June 2012 7117



EFT Higgs-Portal )

z (MPIK-Hd) Fermionic DM via Higgs portal June 2012 8/17



EFT Higgs-Portal
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EFT Higgs-Porta
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“Pseudo” Higgs-Portal

For M}, = 125 GeV and 2y, = Qwpap
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“Pseudo” Higgs-Portal
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EFT Higgs-Portal

“Pseudo” Higgs-Portal

For M), = 125 GeV and 2, = Qwumap
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~> In the framework of EFT, Higgs portal fermionic DM is viable
below the TeV range including parity violating interaction J

June 2012 10/17

Laura Lopez Honorez (MPIK-Hd) Fermionic DM via Higgs portal



eyond EFT

Beyond EFT )

(MPIK-Hd) Fermionic DM via Higgs portal June 2012 11/17



Toy Model embedding the EFT
Toy model ingredients

@ SM with a Higgs doublet H ~ 1/v/2(h + v;) + fermionic DM y

@ + extra real singlet scalar mediator ¢ = ¢ + v, with :
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Toy Model embedding the EFT
Toy model ingredients

@ SM with a Higgs doublet H ~ 1/v/2(h + v;) + fermionic DM y

@ + extra real singlet scalar mediator ¢ = ¢ + v, with :

l_
LD ’EX(“X + gp)Ly + h.c.
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Toy model ingredients
@ SM with a Higgs doublet H ~ 1/v/2(h + v;) + fermionic DM y
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Toy Model embedding the EFT

Toy model ingredients
@ SM with a Higgs doublet H ~ 1/v/2(h + v;) + fermionic DM y

@ + extra real singlet scalar mediator ¢ = ¢ + v, with :

1 1 L
LD fix(ux +gp)Lx +hec.  ~ ) (myXx + gs®XX + igpPXY5X)

i = |t + g2l g5 = Re(ge ™) and gp = Im(ge %) with 8 = Arg(1ix, + gv2)

2
7 A A 4
7“’@2 + 22t 4 —4¢2HTH+ L

Q(H'H)?

@ Beyond EFT, we consider now gp = 0
@ )y and p ~~» h — ¢ mixing : physical states H;&H, with o mixing.

o we considerthecase o« - 0=H| ~ h
o all Yx — SM SM processes have o o< sin’(2c)

Laura Lopez Honorez (MPIK-Hd) Fermionic DM via Higgs portal June 2012 12/17



Toy Model : DM signatures for scalar interactions

@ Direct detection of DM :

1 1
2 in2 2
Op X ggsin“ 2amypey | —5— — —5—
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Toy Model : DM signatures for scalar interactions

@ Direct detection of DM :

2
. 1 1
op X gasin® 2a miy — = 5
mHl mH2
@ Colliders and Higgs searches :
o Bounds on the production Higgs cross-section constrain :

_ ouBrax

1= _SMpSM
O, Bryx
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Toy Model : DM signatures for scalar interactions

@ Direct detection of DM :
1 1 2
op X gasin® 2a miy — = 5

@ Colliders and Higgs searches :
o Bounds on the production Higgs cross-section constrain :

v — OHBIH X
= _SMBSM
O, Bryx

e mixing and invisible branchings can reduce the signal strength
[Beak *11, Englert *12] ©

SM FSM
_ 4 H, a4 H,
1 = COS" « and 7, =sin” «

e We spot “SM Higgs-like” H; as r; > 0.9
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Example my, = 125 GeV and my, = 2 TeV

myy =125 GeV, my =2000 GeV and gp=0

1e-42 | ; I I a0 E
E l:.!.—
1e-43 | i : 3
' Constraints
o el @ 0.09 < Q,h* <0.13
in @ potential bounded from below
1e-45 | /\¢, /\H > 0 and /\4 > —2« / /\¢/\H
asl @ 1074GeV < |ul,v2 < 10* GeV,
° and 107 < |>\4|7 ‘gsl <7
1e-47
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Example my, = 125 GeV and my, = 2 TeV

myy =125 GeV, my =2000 GeV and gp=0

1e-42 é E
1e-43 i 1
Constraints
o el @ 0.09 < Q,h* <0.13
in @ potential bounded from below
1e-45 i E /\¢, Ag > 0and A\ > —2«//\¢/\H
asl @ 107*GeV < |u|,v2 < 10* GeV,
° and 107 < |>\4|7 ‘gsl <7
1e-47 =
100 1000 1000C
m, [GeV]

Viable fermionic DM for “scalar’” Higgs portal
@ at Higgs or mediator resonances : m,, ~ my, /2 or my, /2

@ for m, < my, : {2, mainly driven by o independent processes xx — ¢¢
while o, o sin®(2a)
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Indirect Higgs portal

Scann over my,

We see that for my, < m,, my,=125 GeV and gp=0
® gsPXX ;
~~ - and #-channel annihilation
_ sV
channels Oxx—¢d = W
~ gs fixed for a given m, to comply o
with WMAP @
0.01
J al -
. my<m andr; <09 .
Cteew My, < m:and r>09
£ 0T
0.001 Lawiide : ‘
10 100 1000 1000C
m, [GeV]
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Indirect Higgs portal

Scann over my,
We see that for my, < m,, my, =125 GeV and gp=0

@ 25PXX
~~ u- and t-channel annihilation

— sV
channels Oxx—¢d = W

~ gs fixed for a given m, to comply
with WMAP

o M HH + \%@(HTH)Z
provides a link between dark and
visible thermal bath through Y My <m andr, <08
¢¢ N th ¢ o hh7 ¢¢ “h r- ‘.... o mH:<m:and r>09

0001 Lawude : ‘
10 100 1000 1000¢

m, [GeV]

9s
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Indirect Higgs portal

We see that for my, < m, 1036
® 8g5PXX o0
~ u- and t-channel annihilation todo

— 8V _

channels o5y 46 = 33, 2

1

~ gs fixed for a given m, to comply
with WMAP

Cp [em

1e-44

%LPZHTH-F %@(HTH)z Te-46

provides a link between dark and
visible thermal bath through

1e-48

G <> hh, ¢ < hh, ¢d > h o0

@ The Higgs portal acts indirectly

"”H‘=125 GeV, my,< mx and gp=0

& le-42 .

r <09 . .
ry>09 .
" LXENON ——

@ large range of viable fermionic DM masses allowed

for scalar type of interactions
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Conclusion

Conclusion

Viable Higgs Portal fermionic DM below the TeV range can be obtained :

[LLH, Schwetz & Zupan *12]

@ In an Effective Field Theory (EFT) Two types of dim-5 operators have to be
considered : Hefr = A%Ql + A%QS

01 = (H'H)(xx),  0s=i(HH)(Xsx),

~ parity violating interactions have to be taken into account
= “Pseudo-Higgs portal”.

@ When EFT breaks down : two other options for scalar interactions. [llustration
in a toy model with H, x and an extra scalar mediator ¢

o “Resonnant Higgs portal” :

driven by resonnant annihilation into H or the mediator
o “Indirect Higgs portal” :

driven by annihilation into the extra mediator
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Conclusion

Thank you for your attention ! ! ! )
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Mixing

We define the mass eigenstates H; and H in the following way :

H, = coh+ 5.0 (1)
Hy = —sqh+cad (2)
(3)

with ¢, = cos(«), s, = sin(«), and « is the mixing angle which depends on
the parameters present in the scalar potential in the following way :

V2uvi + 2 4v1va
22V — 204V + 12 /(23/212)

tan(2a) = 4)
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