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In this talk,

* We consider the neutrinophilic two Higgs doublet
model, where the second doublet has a small VEV.

e We discuss a natural scenario in which the VEV is
generated by the one loop diagram.

* In addition, this scenario contains a DM candidate.

* We also discuss a possible signature at the LHC in
this scenario.
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NEUTRINOS

How do neutrino masses generate?

e The standard model is successful.

. Neutrino oscillation suggests that neutrinos have tiny masses.

m,, ~ 0.1eV —>There are large mass hierarchy.

* Type of neutrino masses:

-For the case of Dirac neutrino,

Dirac or | Majorana

my
v~ O(100GeV) Yy = Y

~ 10712

Small Yukawal)

=1t is unnatural that m,are generated by the SM VEV.
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vTIHDM

Neutrinophilic Two Higgs Doublet Model (vVTHDM)

S.M.Davidson & H.E.Logan, Phys. Rev. D 80 (2009) 095008

* The origin of m, are explained D || vig | Dy
by the neutrinophilic doublet @, . SUQ)L 2 2

: : ud 1o |4

* Particle contents & scalar potential: (D 2 2
Global U(1)x || O 1 1

VOTHDM) = )2 070 + 1, D], — (13, @] +h.c.)

+ 201 (@' D) + Agn(@]@,)* + Ag12(D YD} D)) + A5, (D) (D] D)

* U(1), is softly broken by 2,7 ® . v, = (D))
20 U312
d,) ~ > ~
Bl 20139 + (Ap12 + Ap12)0° M I <(I)V>
Uy My _
yr = O(1) j> e (Mim) = M smallveyy,

=But, U, requires the fine-tuning of the parameter /ﬁm :
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LOOP SUPPRESSION

Our Model: Loop suppressed vTHDM

V= =12, + 1|55 — pg @70 + ug, @@, +'“n77 n

Vig | Py = (jé] S|l m= (ZO] 55
SUQ2)L 1 2 1 2 1
U(Dy 0 1/2 0 1/2 0
Global U(D)x || 3 3 1 3/2 1/2
| VTHDM | ¢— ‘ ' 0

NoVEV  vg = (s)

(,u 5 (s2)2 + h.c. ) (/ls(pln 53 (s2) (I)Tn + h.c. ) (/ls(pz,, slsz(I)Tn + h.c. )

 The soft-term n%,,®! ® is forbidden.
(s9)*@T@is allowed at the loop level.

= By the spontaneous breaking of U(1), ,
we can get the suppressed VEV of @,

* But
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DARK MATTER

Dark Matter

* Z,-sym. remains unbroken after U(1), breaking.

o (1312)err [P P]is generated by the loop effect of Z,-odd

particles (n & s,°%) whose lightest one is a DM candidate.
(s1)

|
3 2 2 l
(M2 ) _ M As@ln >\s<I>277 Vg 1 mn In mn [
®12)eff = 5 — 2 2 2 o LTS (g0
32v2 w2 (m2 — m?2,) mi — Mgy Miy ) s) (52)
/ \
q)y - 7 )‘s<1>277 _____ )‘34)177 - — &

| U |
|

< 0> <31>
=>We can explain m, without large fine-tuning by this relation.

2 3
((N¢12)eff) ~ my, $ ,u)\scbln )\sq)ngl/ S~ (10_3G6V)

2 _
v Yy U my — Mg
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PHENOMENOLOGY

Collider Phenomenology

* Allowed parameter set (the singlet DM case):
O)ei ~ 1074, Ay, = dyppy = 1072, =1GeV, v, =300GeV,
my =my =300GeV, m, =230GeV, m, =65GeV

)4

satisfying p parameter, lepton flavor violating processes,
the relic abundance of DM and direct searches for DM.

Pos,sible signature @LHC _\/5 = LTeVI ) 670+ ¢7¢0 | 71b
q {1bb + Fr lr pp — 1t 833 pb
e -7 Un | ppo WZ+WZ | 554pb
I --52 gV missing |, b+ | 3.91pb

y 0 mfhﬁahq:::: R.Bonciani et al, 9801375
Cj n h() B J.M.Campbell et al, 9905386

N.Kidonakis et al, 1001.5034
=We expect that the background can be reduced!
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CONCLUSIONS

Conclusions

We investigated the model of vTHDM.

To explain the smallness of the VEV of @,
we introduced with a new mechanism that
the VEV is suppressed by the loop diagram.

Then, there was a DM candidate in our model.

We suggested a possible signature at the LHC
in this scenario.
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Dark Matter

nggs inViSible decay iS nOt allowed 0 Dark matter direct detection limits
XENON10 (low mass) g—G:
XENON100 ®
_ 107 R
5 L5
‘730 —46
10
Constraint from DM direct search
for inert doublet model. |
HHOAT
10 1 =
10 10
Mom [GeV]

415GeV 5 M pm 5 80GeV

M.Gustafsson et al, Phys. Rev. D 86 (2012) 075019

M.Gustafsson, PoS CHARGED 2010 (2010) 030

Asa1y] 2107 =We choose mp,, =65GeV.
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Mass spectrum
[Ge\/; S1r Singlet DM (s,,) case = Doublet DM (n,) case

300 Pur Dui bE Gur Do bt

|4
240 T ®
230 i n, 52i g5,
120 | Higgs boson ¢’I“ 77__
100
65 DM 82’1,827,. 77@ 77’7’

1. We want to test the process of vTHDM: qb;“ — gL VR
we forbid the process: ¢,jf — San:l:& ¢f — W*g,

0 'NG boson S14 2. To test the our characteristic process:¢y — ST

we forbid the process: gb,, — Wi¢f My, = m¢i

v

174
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NG boson Interaction to Matter

Y.Chikashige, R.N.Mohapatra and R.D.Peccei, Phys. Lett. B 98 (1981) 265

Vg g NGFm,Q,mf N( my )2( mf ) 100 GeV < 10-32
F1J 16720, 0.1eV 1 MeV Vs

=The coupling of this process is very small.
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Phenomenology of original vTHDM

S.M.Davidson & H.E.Logan, Phys. Rev. D 82 (2010) 115031

Because ¢, — v/ of vTHDM process is missing,
the possible signature of vTHDM is pp>d, ',

Process Cross section
pp — p L P (M¢+ =100 GeV) 295 fb
pp — &+ (Mp+ =300 GeV)  5.32 fb

pp — WTW~ 127.8 pb
pp — 44 17.2 pb
pp — tt 833 pb

We can distinguish this model to test ®,, — S27 of our model.

Toshinori MATSUI S12013 August 19, 2013 13



1.Prediction of vTHDM ¢. — trvr

S.M.Davidson & H.E.Logan, Phys. Rev. D 80 (2009) 095008

0.7 : 0.7 .
ol Normal hierarchy Inverted hierarchy
0.6 my < Mg - 06 | mq > Mg
VN
Y 0.5 <3 05
= N
L ¥
T 0.4 X 04}
0.3 0.3
-I@ +2a
= 02 = 0.2
= = °
N 0.1 & 0.1
0 1 1
0.001 0.01 0.1 1
mq[eV]

BR.
BR,’

we can understand neutrino mass hierarchy.

=When we measure
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2.The partial decay width

* The partial decay width of our model:¢» — s27,
in comparison with original vTHDM.

:
tr(y,y,)my,
[(6, — v) = SO eh ey
167
A onVs mg, + my)? ms, — Mp)>
['(¢p, — som) = ki 1 - S ) 1 - (s, ) ~ 20keV
64mm,; mfb m(%

m, =300GeV, m,=230GeV, m, =65GeV

The process of our model is dominant in comparison with original vTHDM.
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