
prospects

electron EDM
★ current bound : |de|	<	1.1	x	10-29	e	cm
★ prospect:           |de|	<	O(10-30)	e	cm

Current status and future prospects  
of the singlet-doublet dark matter model with CP violation
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Introduction

The singlet-doublet DM model

• new	par7cles	
★ a	Z2-odd	gauge	singlet	Weyl	fermion	
★ a	Z2-odd	SU(2)L	doublet	Dirac	fermion	(Y	=	1/2)	

• mass	and	Yukawa	interac7on	terms		

• mass	matrix	for	neutral	Z2-odd	par7cles		→		three	mass	eigenstates

Model Features

Results

Abstract and Summary

Recent	direct	detec7on	searches	for	dark	maPer	give	stringent	bounds	on	the	dark	maPer	
mass	and	couplings.	One	way	to	relax	the	constraint	is	to	rely	on	pseudoscalar	interac7ons	
with	fermionic	dark	maPer.		

We	focus	on	the	singlet-doublet	dark	maPer	model,		which	predicts	the	pseudoscalar	
interac7ons	by	CP	viola7on	in	the	dark	sector.	Due	to	the	CP	viola7on,	electric	dipole	
moments	(EDMs)	are	predicted.	We	show	that	the	model	can	be	tested	by	the	combina7on	
of	the	direct	detec7on	experiments	and	the	measurement	of	the	electron	EDM.

Motivation: to	evade	the	strong	constraints	from	DM	direct	
detec7ons	while	keeping	the	success	of	the	freeze	out	mechanism

Simple solution = fermionic DM + pseudoscalar interaction
 DMi�5 DMS

s-wave	for	annihila1on	
★ good	for	keeping	freeze	out	scenario	

velocity	suppression	for	sca7ering	with	nucleon	
★ good	for	avoiding	strong	constrains	on	σSI	and	σSD

• CP	viola7on	in	dark	sector	makes	this	interac7on	
• the	SM	Higgs	is	the	mediator		(no	addi7onal	scalar	fields)

!all the fermions we introduced in the above are odd. The lightest neutral Z2-odd fermion is a DM

candidate.

The mass and Yukawa interaction terms for the Z2 odd particles are given by

Lint. =− M1

2
ωω −M2e

−iφξη − yωH†η − y′ξHω + (h.c.). (2.1)

All the parameters have phases in general but we can eliminate three of them after the redifinition

of fermion fields. We work in the base where only the Dirac mass term has a phase and we explicitly

write down the phase as M2e−iφ. In this base, all the parameter except φ are positive. After the

Higgs field develops a vacuum expectation value (VEV), we find the following mass terms
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where v is the Higgs boson VEV, v ≃ 246 GeV. We introduce λ, θ, and r for later conveience as

y = λ sin θ, y′ = λ cos θ, r =
y
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= tan θ. (2.3)

We find that the mass of the charged Dirac fermion is M2. After we diagonalize the mass matrix,
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where χ0
1 is the lightest neutral Z2-odd fields and thus is the DM candidate in this model.

It is sufficient to study the range of φ as 0 ≤ φ ≤ π, although −π < φ ≤ π in general. Physics

in the negative φ regime is related to physics in the positive φ regime by the complex conjugate of

the mass matrix and thus of the mixing matrix. If observables respect the CP symmetry, they do

not depend on the sign of φ. All the processes for the relic abundance and the cross sections of the

dark matter to neucleons are independent of the sign of φ because they respect the CP symmetry.

The EDM is an observable to measure CP violation and thus depends on the sign of φ. However,

the effect of changing the sign of φ is just to change the sign of EDM. Therefore we only focus on

the positive φ region.

The ratio of the two Yukawa coupling is important as we will see below. We denote it by

r = y/y′ and focus on 0 < r ≤ 1. Since both of two Yukawa couplings are positive, r is positive

definite. For r = 0, we can erase φ by the redefinition of the fermion feilds. We do not discuss
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Both scalar and pseudoscalar interactions exist

★ cannot	forbid	the	scalar	coupling	
★ σSI	can	be	small	but	we	s7ll	have	a	chance	for	the	direct	detec7on

Ref: 1901.02278 (published in PRD99 (2019) 035012)

• We	take	M2	=	1000GeV,		y/y’	=	1	as	an	example	
• We	take	y	and	y’	to	obtain	the	right	amount	of	
DM	relic	density	Ωh2	=	0.12

⌘ : left handed

⇠† : right handed

Summary: 	
★ the	singlet-doublet	model	can	avoid	the	strong	constraint	from	the	
Xenon1T	experiment	while	keeping	the	right	amount	of	DM	energy	
density		

★ the	model	is	testable	thanks	to	the	correla7on	between	“the	direct	
detec*ons“	and	“the	electron	EDM”	

★ the	Higgs	funnel	region	can	be	covered	if	eEDM	reach	to	O(10-32)

current bound

h

 DM

 DM

SM

SM

CPV
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Figure 1: Barr-Zee type contributions to the EDM. The Z2-odd charged and neutral fermions run in the

triangle part.

0, we find

0 =m
4
DM �m

2
DM

✓
M

2
2 +

v
2
�
2

2
�M1M2 sin 2✓ cos�

◆
�M

2
2 sin 2✓

✓
M1M2 cos�� v

2

2
�
2 sin 2✓

◆
.

(2.15)

Using Eqs. (2.14) and (2.15), we can obtain two relations. For example, we can solve for mDM and

�,
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This is the blind spot condition where ch�1�1 = 0. Eq. (2.16) is given in Ref. [23]

For � = 0, there is no blind spot because it requires mDM = 0. For � = ⇡, mDM is non-zero if

the denominator of Eq. (2.16) is zero and we find the following blind spot condition for � = ⇡,

mDM =M1 = M2 sin 2✓. (2.18)

This is the same as the blind spot condition given in Refs. [22, 24].3

2.3 EDM

This model predicts a new contribution to the EDM because of the new source of CP violation

�. The electron EDM is an important complement to direct detection experiments as we will see

in Sec. 3. We summarize the formulae here. The leading contribution comes from the Barr-Zee

type diagram shown in Fig. 1. The electron EDM is defined through

3 Note that mDM = M2 sin 2✓ = �M2 cos⇡ sin 2✓, and sin 2✓ in Refs. [22, 24] corresponds to cos� sin 2✓ in our
notation.
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Electric Dipole Moment (EDM)
★ EDMs	are	induced	by	the	CPV	(see	the	diagram	on	the	right)	
★ large	pseudo-scalar	coupling	is	disfavored	by	EDM

Result 
★ direct	detec7on	+	electron	EDM	cover	most	of	the	region	
★ funnel	region	can	be	covered	if	electron	EDM	reach	to	O(10-32)	

[ACME experiment (2018)]
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Indirect detection 
★ s-wave	annihila7on	of	DM	pairs	into	the	SM	par7cles	produces	γ-ray,	e-,	e+,	…		
★ Fermi-LAT	measures	γ-ray	and	gives	a	constraint	for	mDM	<	100	GeV	
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