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A reason why CP violation in dark sector

To avoid strong constraint from DM direct detection
* take advantage of the pseudo-scalar interaction

*» the interaction can be there if CPV in dark sector

pseudo-scalar interaction UpMm SM
= CPV
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e Ogr ~ 0 thanks to the velocity suppression

e S-wave contributions to <o, V>
Upnm SM

# * constraints from direct detection is avoidable
* DM is thermal relic



Singlet-doublet DM model

New particles (three Z; odd Weyl fermions)

SUB). [ SU®2). | Uy | Z-
W 1 1 0 -1
n 1 2 1/2 | -1
¢l 1 2 1/2 | -1

Mass terms and Yukawa interactions with the SM Higgs

M
Lint, = —71ww — Msén — ywHTn —y'¢Hw + (h.c.)

There is a CP phase naturally
« four complex parameters
« three phases are unphysical, eliminated by the rotation of the three Weyl fermions

— five parameters: (| M|, | M|, |yl |v'], ¢) ¢ = Arg(M{M3yy')

Mixing Majorana fermion with Dirac fermions

-—P three neutral Majorana fermions + one charged Dirac fermion



Three important couplings

- does not contribute to direct detection
* becomes zero if no CPV phase in dark sector

Vpm
— ; - 5 P
_____ h = 1 (ChX1X1 — CthXl)
Upm
Cohen, Kearney, Pierce and Tucker-Smith [1109.2604]
Cheung, Hall, Pinner and Ruderman [1211.4873]
/] Cheung and Sanford [1311.5896]
DM
7 = gyMAP
= U CZxixa
v / We can avoid the direct detection
oM » contributes to direct detection (Osp) constraints
 becomes zero if y = y’ if Czyx = Chyy = 0 and chyy” * 0 .
M .
Lint. = — —ww — Moe ™ ¢n — ywH''n — /€ Hw + (h.c.).
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Another effect of CP violation in this model

prediction of the electric dipole moment (EDM)
» EDM is predicted via Barr-Zee type diagram
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* nice complement to direct detection

hice complement to direct detection

* In large CPV case, 0g; is small, EDM is large

* In small CPV case, og; is large, EDM is small

* EDM helps to test this model in the region where direct
detection signal is not expected



Result | : all couplings exist case

Chxx = 0, czxx # 0, chyx” # 0 (M2 = 1000GeV, yly’ = 0.5)

[prospects for LZ is given in 1310.8327]
future prospect (M>,=1000 GeV, r=0.5)

current bound (M>,=1000 GeV, r=0.5
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electron EDM (d.)

: excluded by Oy Aol < 8.7 x 102
. * current bound : |de| < 8.7 X 1077 € €M
* eXC|Uded by O-SD ACME experiment [1310.7534]

contours: electron EDM * future prospect: |de| < O(1073%) e cm

[1208.4507, 1502.04317, ...]



Result 2 : chyy = 0 case

Chxx = 0, Czyx = 0, chy" = 0 (yly’ = 0.5)
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: excluded by Oy Aol < 8.7 x 102
. * current bound : |de| < 8.7 X 1077 € €M
* eXC|Uded by O-SD ACME experiment [1310.7534]

contours: electron EDM * future prospect: |de| < O(1073%) e cm

[1208.4507, 1502.04317, ...]



Result 3 : only pseudo-scalar coupling case

Chxx =0, czxx =0, e =0 (yly’ = 1)

(blind spot, r=1)

In the gray region, the dark matter density
cannot be the measured value.
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electron EDM (d.)

: excluded by Oy Aol < 8.7 x 102
. * current bound : |de| < 6./ X 1047 e cmM
Orange * eXC|Uded by O-SD ACME experiment [1310.7534]

contours: electron EDM * future prospect: |de| < O(1073%) e cm

[1208.4507, 1502.04317, ...]



Summary

Effect of CP violation

* generate pseudo-scalar interaction
* avoid strong constraints from direct detection

*» keep DM annihilation cross section

CPYV in singlet-doublet DM model

* CP violation naturally arises
* constraints from direct detection is avoidable
~ prediction of EDM > 10739 [e cm], within future prospect

* direct detection and EDM complement to each other
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Introduction

Motivation: Escape from strong constraints from DM direct detection
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two simple realizations of the pseudo-scalar interaction

/ add pseudo-scalar mediator that couple both to DM and SM N\
Vpm SM

K Upm > < SM j

/use the Higes as a mediator with CP violation in dark sector N

UpM SM
PV « SM + dark sector + CPV
* new scalars are not necessary
h
k U SM

- SM + dark sector + pseudo-scalar boson
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yukawa and M; values in blind spot

current bound (blind spot, r=0.5) sqre(y* +y™) (blind spot, r=0.5) M,[GeV] (blind spot, r=0.5)
[ JE— 1———————— 10— e

1.x 1073 ’ 7

1.x 107> 1 09, 0.6 0.8 1009 200 1o ]

08 04 1 0.8 200 600 i

£ & |
S S

07! 07 g

j i - 400 i

. 0/4 1 I 3000

06 | ] 09 2000 1000 ]

s 6000

05l -ue=""0" 0 L S —— 05— — 44— ‘1(6‘ SRR Y o . S e v IOQOO o]

200 400 600 800 1000 7 200 400 600 800 1000 "~ 200 400 600 800 100C

mpm[GeV] mpm|GeV] mpm[GeV]

13



