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Bullet Cluster

WMAP/Planck
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CP violation!
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2HDMS model
2HDMS - Yukawa Interactions

Type I (only H2 couples to fermions)
Type II (H2 couples to up-type fermions, H1 other)

SYMMETRY: Z2 : H1 → −H1, other scalar fields Z2-even
Z′2 : S→ −S, other fields Z′2-even
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Parameters: mass eigenstates and couplings

5 mass eigenstates: h,H,A,H±,S

10 parameters in the potential, various basis possible

General Basis:
λ1, λ2, λ3, λ4, λ5
m212, tg β
mS, κ1, κ2

Physical Basis:

mh,mH,mA,mH± , sinα
m212, tg β
mS, λh, λH

2 types of Yukawa interaction
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Strategy

1. Take good 2HDM points.
2. Search for good 2HDMS points within good
2HDM points.

2HDM analysis: Dumont, Gunion, Jiang, Kraml

Scalar Singlet analysis
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Strategy

2HDM: Dumont, Gunion, Jiang, Kraml

theoretical constraints
(perturbativity, vacuum stability, perturbative unitarity)
experimental constraints

B/LEP limits H+

STU
heavy Higgs search
LHC fit at 68% CL
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Higgs @ LHC - Higgs signal strengths fit

mh ∼125 GeV
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Strategy

Take good 2HDM points.

Scalar Singlet parameter search:

mS ∈ [1 GeV, 1 TeV]
λh, λH ∈ [-4π, 4π]

S:
theoretical constraints
(perturbativity, vacuum stability, perturbative unitarity, EWSB)
BR(h→ SS)LIMIT = 10%
WMAP/Planck
direct DM detection
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2HDMS - interactions of DM with 2HDM

Calculation of DM relic abundance Ω:
MicrOmegas by G. Belanger, F. Boudjema, A. Pukhov, A. Semenov,
arXiv:0803.2360

ΩWMAP/Planck = 0.1187± 0.0017
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2HDM + S space scan

BR(h→ SS) =???
ΩDM requires suffiently strong SM - DM coupling

search λh, λH give appropriate
BR(h→ SS) i ΩDM
H responsible for DM
production!
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λh(mS), λH(mS)

Aleksandra Drozd University of Warsaw, IFTTwo-Higgs Doublet Model with Scalar Singlet Dark Matter



DM Direct Detection
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DM Direct Detection
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Direct Detection - full scan results - isospin-conserving
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Direct Detection - IVDM

σDM−N =
4µ2
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Tabela: Yukawa couplings of up and
down type quarks to light and heavy
Higgs bosons h,H in Type I/II models.
The Yukawa Lagrangian is normalised as
follows: LYukawa =

mq
v ξq

hq̄qh+
mq
v ξq

Hq̄qH

Type I Type II
ξuh cosα/ sinβ cosα/ sinβ
ξdh cosα/ sinβ − sinα/ cosβ
ξuH sinα/ sinβ sinα/ sinβ
ξdH sinα/ sinβ cosα/ cosβ
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Direct Detection - IVDM

σDM−N =
4µ2
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Tabela: Yukawa couplings of up and
down type quarks to light and heavy
Higgs bosons h,H in Type I/II models.
The Yukawa Lagrangian is normalised as
follows: LYukawa =

mq
v ξq

hq̄qh+
mq
v ξq

Hq̄qH

Type I Type II
ξuh cosα/ sinβ cosα/ sinβ
ξdh cosα/ sinβ − sinα/ cosβ
ξuH sinα/ sinβ sinα/ sinβ
ξdH sinα/ sinβ cosα/ cosβ
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Direct Detection - full scan results - IVDM
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New Higgs physics?

H→SS decay - invisible H!
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Conclusions:
2HDM is allowed by current collider limits
(see talk by J.F. Gunion)
Scalar Singlet 2HDM extension provides a DM candidate and an
opportunity for extra CP-violation

2HDMS is allowed by current collider and Ω limits

LUX requires mS > 50 GeV or mS < 7 GeV (mS < 9 GeV for
XENON)

CDMS Si reqiures |λh| < 0.05, |λH| > 0.1, and implies large
BR(H→ SS)).

A fit of 2HDMS to LUX, superCDMS and CDMS Si is only
possible within 99% CL for CDMS, for TYPE II model,
ms ∼ 5− 6.5 GeV. For those points BR(H→ SS) > 93%
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Thank you for your attention!



Extra Slides

International PhD Projects Programme (MPD) -
Grants for Innovations



Theoretical constraints - Vacuum stability

2HDM Tree Level Vacuum Stability Constraints
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Scalar Singlet Tree Level Vacuum Stability Constraints
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Decoupling limit of 2HDM

m2h → o(v2)
m2A,H,H± → o(|m212|)
cos(β − α)→ o(v2/m212)

SM-like light Higgs (α = β − π/2)
(Yukawa couplings are like in the SM and VVh as well)

with other scalars heavy





2HDM project (Dumont, Gunion, Jiang, Kraml)

2HDM Input:

Yukawa type I/II
mh ∈ [123 GeV, 128 GeV]
mH ∈ [128 GeV, 2 TeV], mA ∈ [5 GeV, 2 TeV]
mH± ∈ [*, 2 TeV]
sinα ∈ [-π/2, π/2], tg β ∈ [5,60], m212 ∈ [-(2TeV)2,(2TeV)2]



2HDM preliminiary results Dumont, Gunion, Jiang, Kraml

SM limit for the h in case of type I/II: α = β − π/2





Theoretical constraints



2HDM constraints by Dumont, Gunion, Jiang, Kraml

Experimental Constraints:

precision electroweak data: S,T,U constraints
bounds in the (mH± , tg β) plane from various B-physics constraints
for the type I/II (0805.2141, 1006.0470, 0912.0267)

LEFT: solid line: bounds from Z→ bb̄, εK,∆Bs ; dashed: bounds from B→ γXs
RIGHT: bounds from various B-physics constraints for the typeII model
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DM Direct Detection


