3. IsHGC, 11sC phegnomenology

N. H. and K. Tsumura, JHEP 1106, 068 (2011)
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3-1. IsHC phegnomenology

wH* is almost originated from @, which has only v-Yukawa coupling!
m,?~1005GeV?, (y,~0.01, (®,)~10-15GeV), M~102GeV~1 TeV
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3-1. IsHC phegnomenology

w H* is almost originated from ®,, which has only v-Yukawa coupling!
m,?~1005GeV?, (y,~0.01, {® >~10"°GeV), M~102GeV~1 TeV

LHC: H* is easily produced
g — v,Z — HH
and find charged Higgs decay
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3-1. IsHC phegnomenology

decay channel strongly depends on masses of H* and N
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Analyses in Dirac case is in S. M. Davidson and H. E. Logan, Phys. Rev. D 82, 115031 (2010).
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3-2. 1lsC phgnomenology

¥ electron collider — L# violation process
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3-2. 1lsC phgnomegnology

¥ electron collider — L# violation process
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Figure 6: Differential cross sections of e ¢~ — H~H™ in vTHDM with N;. Mass of right-
handed neutrines is set as My = 200 GeV.

Nowrad sakirvg, My eV Noand cakiring. M o S0V Iwvemad ordoring, W o 2000y Fawnd codicing, My SV

I = . T —
' T f ) [L —~— I
l o | - | ' l\f 7 - |
o . { | \ | . < |
= : | & o | E ‘ £ | |
> 0% i | = 1B B e | |
= ~ = - B 2
= Jo= oem| / | = Qs -l = 4 /
. i % | f I3 t f
| I .
v ’ — ° | H - I v Tl e 0¥ - e | Tl e e ¥
« 0901 TaBe 2oy 7 Same| | Tewenw® | | b+ + OGN / o M s o NGV '
T w1y J | & | ol e o OO0 Y IS s ANV | s | e LAY
. | A« o G
20005 sl NaY ‘ | | i :: .‘.:7: | al e as e
wiramV s = o NG | L e
w0 o | o« = NG aes -t BN T L e
PR o« BN | |
I " “n qO o0 a0 an e e o L) ™ ) U T ] m Ty o T
Vv WalCaV] VilGev) Vi

Figure 7: Total cross sections of ¢~ — H~H™ in VTHDM with Ny Mass of right-handed
neutrinos is set as My = 200 GeV (first and second) and 500 GeV (third and fourth).




4. low gnergy thermal lgptogengsis

N. H. and O. Seto, Prog. Theor. Phys. 125, 1155 (2011).
N. H. and O. Seto, arXiv:1106.5354 [hep-ph].




-leptogenesis: (N — [+ ®) # (N — [+ ®*) — CP violation
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-leptogenesis: (N — [+ ®) # (N — [+ ®*) — CP violation
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usual type-l seeasw scenario

o

\

(N, > ®+1)+T(N, > ® +1)

3 1 M
=T o T Zlm(yvyi)i.ﬁl, (M; > M)

87T (V)1 i=25 i
2 M, m2V3 s1n5~10"6( 1{)\41 j( s jsin5
8T (D) 107 GeV )\ 0.05¢V
n
?b = CK— thermal: T;>M,, N, is produced in thermal

M, > 10° GeV : Davidson-lbarra bound

S. Davidson and A. Ibarra, PLB 535, 25 (2002)

T(N, = ®+1)~T(N, > ® +1,) \
E

TeV-scale thermal leptogenesis is difficult !
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seesaw in vVHDM: non-small y, with TeV-scale Majorana mass

4 N

3 1

M 3 Mm,, .
£=— - D Im(y, ), —t = ———""2sin§
87[ (yvyv)ll i=2,3 Mi 877: <(I)v>
2
1 M
~ o2 | LGV ( 1 )( T )sin6
167 (®,) 100GeV J\ 0.05eV

o S J

=
@W@W/A%%



seesaw in ! HDM: non-small y, with TeV-scale Majorana mass
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5. 9UsY v HPM

N. H. and O. Seto, Prog. Theor. Phys. 125, 1155 (2011).
N. Haba and O. Seto, arXiv:1106.5354 [hep-ph].
N. Haba and T. Horita, arXiv:1107.3203 [hep-ph].
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5. 90Uy v HDM

w Z, sym. (which distinguishes H, H,. from H, H,))

fields Z,-charge

SM fields (SM Higgs: H,, Hy) T
v N —
v Higgs doublet: H, H _
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Y¢ SUSY vHDM is 4 HD (GCU needs extra d+d (NB-model with 6-solution))

I I superpotential:

W =y,0H,U +y,0H,D +y,LH ,E + y,LH N Sirac cace
+ﬂHqu + :u'HvHv' I pHun L p'Hde G. Marshall, M. McCaskey, M. Sher (2010)

N. H. and T. Hirota (2011)

+MN”* Majorana case

N. H. and O. Seto (2010, 2011)




Y¢ SUSY vHDM is 4 HD (GCU needs extra d+d (NB-model with 6-solution))

® superpotential:

W =y,0HU+y,QH,D+y,LH,E+y,LH,N Sirac case
+ﬂHqu o au'HvHv’ + pHun + p'Hde G. Marshall, M. McCaskey, M. Sher (2010)

N. H. and T. Hirota (2011)

+MN? Majorana case

N. H. and O. Seto (2010, 2011)

e potential:
V=luP (HH,+HH,)+\u'P (HH,+HH,)
2
+8(H'H, —HH,+HH, ~HH,)
8
g 2
+y ?(H;TO‘HM +H[T°H,+H7"H, +H!1"H, )

+my HH, +my H)H,+m,; HH, +m, H.H,

+BUH H,+B'WH,H,+Bp HH,+B' p' HH,
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Y¢ SUSY vHDM is 4 HD (GCU needs extra d+d (NB-model with 6-solution))

® superpotential:

W =y,0HU+y,QH,D+y,LH,E+y,LH,N Sirac case
+ﬂHqu o :u'HvHv' + pHun + p'Hde G. Marshall, M. McCaskey, M. Sher (2010)

N. H. and T. Hirota (2011)

2 .
+MN Majorana case
N. H. and O. Seto (2010, 2011)

e potential:

V=luP (HH,+HH) \u'V(HH +H H,)

2
+%(H;‘Hu ~HH,+HH,~HH,)
2
Yy %(HZT“HM +Hit*H, + HIt°H, + H 1°H .}

+my H H,+my HH,+my HH, +my; H H,
—

+BuH H,+B'wH,H, +B[p|H,H, +8(p JH H,

N

N i\

tiny Z2-breaking masses are an origin of small v mass




stability of (71, ,» K, »
o (H,, <(H,, is global minimum?

N. H. and T. Horita (2011)

Be s 2 2 2 2
— yes, itis an only vacuum when m,“ <0, my~, my, 5 my, ~>O0.
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stability of (71, ,» K, »

N. H. and T. Horita (2011)

o (H,, <(H,y isglobal minimum?

Tk 2 2 2 2
— yes, itis an only vacuum when m,“ <0, my~, my, 5 my, ~>O0.

o (H

¥

v K <Hu,d> is preserved against radiative corrections?

d>3/23p< gZ log u,d
8’ (H,)
H H, H! El H'f'
. rS \ ‘(- ’; *‘:: M. 7 N .
Hopm o He SAASANNNNNN ’ ARy
: o H.. VH! ui H,
BN ,- X B"p' B,’K % ),- [}"p' u / / "),
"\ » ' . . . S | L .
He™ o Hy Ha posoovoicei Ha i naapppiognl Ha
. v .,.‘ W v ¥ &5 Mas 5,7 %,
H) Hy i Ha H) H,

(most dangerous diagrams with 4-external lines in Coleman-Weinberg 1-loop effective potential)

dVl—loop ﬁ ﬂ
Vl—loop ﬁ 3 - _ H 3 =V ~ 2Bp + —— <Hu > <Hv>+
16 2< >< u,d) d<HV> 167T2< u,d> p 6 d
All 6-,8-,10-, - - - external lines diagrams are summed, and the above condition is obtained.
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Leptogenesis in SUSY vHDM: non-small y, with TeV-scale Majorana mass

-

\_

e=e(N—IH)+eN = IH)+eN = IH)+e(N = IH)

2
__ 3 o[ 01Gev ( 5\41 j( m, )Sin(s
167 (D) 10°GeV )\ 0.05¢V

(NH, my~0, (yi1 <€ ¥i2, Viz))

n E

s g.

~

/

NSNS,




Leptogenesis in SUSY vHDM: non-small y, with TeV-scale Majorana mass

4 O

1" I(N# [H)+!(N# [H)+!(N# [H)+!(N# [H)
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3 & *0.0GeV-x M, -* m -
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E ~(C1 L (NH, m~0, (i1 " Yi, Via))

k S 2. M,! 5TeV is possible for thermal Ieptogenesy
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SUSY vHDM is free from gravitino problem

# 0(100) GeV gravitino with no-disturbing BBN needs T;<10° GeV.
# even this T, N, is thermally produced in our setup.
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6. why TgV2~m <[ 1?

N.H., arXiv:1107.4823 [hep-ph].
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1016GeV
0.l1eV Tev | .
: ! Energy

Why TeV? ~m,, x M7
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0.1eV TeV 1016GeV
! : | >
Energy

Why TeV? ~m, x M;?

By the way, in vHDM, tiny m,  is just replaced by tiny Bo (m4?) ...

It is not good...
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0.1eV TeV 1016GeV
I I I En:rgy
Why TeV? ~m, x M;?
By the way, in vHDM, tiny m,  is just replaced by tiny Bp (m4?) ...
It is not good...
v ,TeV
.. 5]
~ 2 . U,
m, ~TeV2/"Mgyt < (H,) _EL(W” TeV)
—
Mgur
W N CH s
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0.1eV! TeV! 1O|16GeV!
| 1 >

Energy

Why TeV? ~m, x M;?

By the way, in vHDM, tiny m,  is just replaced by tiny Bp (m4?) ...

It is not good...

‘1’ /TeV!

| g
m., ~TeV? & l o ud
, ~T1eVe/"Mgyr \H . # _@R(mw» TeV)

Dirac case can be naturally embedded to SUSY GUT! —— Mgy
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0.1eV TeV 1016GeV
| | | >
Energy

By the way, in vHDM, tiny m,, is just replaced by tiny Bo (m4?) ...

It is not good...

v TeV

.. 5]
~ 2 _ u,d
m, ~TeVs/ Mgt < (H,) —EL(W.,» TeV)

Dirac case can be naturally embedded to SUSY GUT! —— Maur

¥

W=uH H,+ My, HH, +pHH, +p' HH, (pp':TeV scale) 5

D

option: @: large m, 2 e
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Why TeVZ ~m,, x M;? TeV

(H
~ 2 _ u,d
m, ~TeV2/"Mg,t = (H,) Ut

Dirac case can be naturally embedded to SUSY GUT!  —

¥

W,=uH H,+M;,HH, +pHH, + p'Hde (p,p":TeV scale)

MGUT

option: @: large m,,,?
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Why TeV? ~m, x M_;?

<Hud

~ 2 | %
m, TeV /MGUT ot <Hv> (u'l>TeV)

!

/TGV!

Dirac case can be naturally embedded to SUSY GUT! —— Mgy !

¥

W,=uH H,+Mg,HH, +pHH, +p'HH, (p,p':TeV scale)

T option: @: large m,,? !

WU = M irs? +ktrS’ +K'5 £ 5= My, 5 5+K"5, £ 5, - Maur5,. 5,
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Why TeV? ~m, x M_;?

~ 2 — —— u’d
m, ~TeV2,/ Mg+ & (H,)~—¢ sl

!

/TeV

Dirac case can be naturally embedded to SUSY GUT!  —

¥

W,=uH H,+M,,HH, +"HH, +""HH, (I ":TeV scale)

GUT

MGUT

option: @: large m,,,?

r_ LI _ ~ _
WO = M tr=2 +ktr=* +6'5 % 5= Mg, 5 5+k"5,. 5, —Maur5,. 5,
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Why TeV? ~m, x M_;?

(H
~ 2 _ u,d
m, ~TeV2/"Mg,t = (H,) (12" TeV)

/TeV

Dirac case can be naturally embedded to SUSY GUT!  —

¥

W,=uH H,+Mg,HH, +pHH, +p'HH, (p,p':TeV scale)

MGUT

f e (O 2
tion: @: large my,,
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Why TeVZ ~m,, x M;? TeV

<Hu,d

m! ~TeV2/MGUT < <Hv> D (Iu'>TeV)

Dirac case can be naturally embedded to SUSY GUT! Mgy

W,=uH H,+Mg,H,H, +pH H, +p HH, (p,p':TeV scale)

\ &1_\\‘\ )

option: 2: large m,,,?
f n

|

+K'"5_v, > 5v —MGUTS_V' 5v

WO = M2 +kr2’ +x'5 25— M}, 5 5

S — - .

K! —I[5 5. +5.54] 3

Mg, ~

S: Z, odd singlet with F-term — p,p’~TeV (SUSY br. scale) *‘:

from non-canonical Kahler (Giudice-Masiero mechanism)

(similar model was suggested by R. Kitano, PLB 539, 102 (2002).)
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(. summarg

- We overview vHDM (non-SUSY: 2HD, SUSY: 4HD)

¥ tiny v mass is originated from tiny VEV of vHD, @, H,
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(. summarg

- We overview vHDM (non-SUSY: 2HD, SUSY: 4HD)
¥ tiny v mass is originated from tiny VEV of vHD, @, H,
w @, H, only havey,, and y, is non-small anymore.
w H* is almost composed by @, H, — LHC, ILC phenomenology

w low energy thermal leptogenesis works
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(. summary

- We overview vHDM (non-SUSY: 2HD, SUSY: 4HD)
w tiny v mass is originated from tiny VEV of vHD, @, H,
w @, H, only havey,, and y, is non-small anymore.
w H*is almost composed by @, H, — LHC, ILC phenomenology
w low energy thermal leptogenesis works
w VEV hierarchy is preserved against radiative corrections.

Y GUT embedding naturally explains why TeV2~m xMg !




