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Higgs Triplet Model l L4 0

Higgs potential /A ¥ SU(2) 1 triplet, ¥ =1, L#==2

/

V=-m3(®®) +miATr(ATA) + {u(®"i02AT®) + h.c} + (quartic terms)

2

v
va = V2(A%) ~ ‘; 51 explicit breaking of L# —— no NG-boson for k#
a (“Majoron”)

Yukawa interaction with a complex Hiqgqgs triplet

AJF/\@ AT+
hoe (—(fL)c( NN, ) () + h.c.

Majorana v, mass matrix

,02

(M) eer = V20A he =~ u—2 heer
A




Motivations I

Small (my ) gpr = ﬁb—Q her &= 4 Small Yukawa couplings hags

( Heavy triplet mass M
v? or

A or

| Small breaking parameter 1+ of L#

Small # option seems charming

=
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New particles can be light (ex. mg++ ~m, < TeV)
(cf. GUT scale Vg in the seesaw model)

— Interesting phenomenology at the LHC
See e.g., A.G. Akeroyd, HS, M. Aoki, PRD77, 075010

New coupling constants can be large (ex. |hee| < 1072)
(cf. Dirac v Yukawa coupling < 10~11)
— EXxotic decays of charged leptons

We want to suppress [ |/ *
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We want to supply the dark matter to the HTM
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Our Model I
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HTM <
SM +—

/ L P A 59 9 7 \
SU(2)r 2 2 3 1 1 2
Uy | 1/2 | 172 | 1 o | o | 1/2

L# 1 0 —2 —1 0 —1
\ 29 + + + + — — /

Only scalar sector is extended.

Dark matter

s

Z> 0dd particles :

\_

\

U

#H? is DM candidate
Lr




Suppression of 4, by utilizing DM candidate
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w(®1ioy AT®) at tree level
N Is forbidden by L# conservation.

~

0 ; N %(S?)Q((I)T?:O'QAT(I)) at 1-loop level
AN -
no~ T n ( A sy 9 n )
I SU2)L 3 1 1 2
A U(l)y 1 0 0 | 1/2
L# 2| -1 | o0 | -1
“A. Oryzae diagram” (©Moyashimon _ P P N
b= s Vs {1 B (Mo)3s (Mo)3, }
K 6472 {(Mo)2, — (Mo)2, } (Mo)2, — (Mo)7,  (Mo)z,




Estimation of Suppression of u I
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\_

Case of H) ~ Re(n") (inert doublet DM)

2 2
M50 — M
0 A0 HY

~

. 32m2v?

Example: my0 =~ 75 GeV, m 40 ~125GeV = LB

Ho

10~*

My, M 4o satisfy LEP-Il and WMAP
E. Lundstrom et al., PRD79, 035013 (2009)

Case of #{ ~ s) (inert singlet DM)
1} Az ’02

sbn“s

pn,  64m2m2,

Example: m 40 ~ vs ~1TeV, A\ g, ~107° =




Hopeful Probe of tnat the LHC : ¢jjiET I £
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H** _ ¢+ : The most interesting decay because of (m,,) = V20 he

Good for BG reduction by imposing m(¢£") = m 44

J
va < 0.1MeV => Negligible H**+ - w*w*, (H= = W=2)

Myzs = Mgs(=myo 40) => No H¥** - w g% (H= 5 W H°, etc.)

Mp+s < 2Mgye = No H** — HEH*



Hopeful Probe of inat the LHC : ¢jjEr I DAL
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e~
f
-~
&
o
=
o
%r]"\‘
=

7

f?
&S

(F=2

u/p, <1 — Negligible contribution from nt AATy

e (£) (&) (=)
I'(H* — HEHY) [ VA Wity
100GeV\* / 0.1eV
10 keV 100 GeV

2
For example, (10“4)2 ( ) ~ 10~* — Negligible



Hopeful Probe of Kyat the LHC : ¢/jjiET I 4055

H) ~ Re(n°) e
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c.f. usual HTM for the case of H** — (/' S22y

H™ —>1/

Wt H ™~ Additional leptons likely to exist.




Summary I

The Higgs Triplet Model is extended.

Dark matter candidate

one-loop p(@Tig, AT®)
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Backup I



Scalar Potential I

V=VW+Vs+V,

1
—mg, 811" + 5mi, (53)” — mg ®T® 4+ my i+ mj tr(ATA)

(1t n'ioe ATn) +h.c.

Mo (BT@)% + Ay (070)% + Miaa (2T) (') + Man (BT0) (0T @)
+ Ao [tr(ATA)]? + A3 tr[(ATA)?]

+ Mo (BT@) tr(ATA) + Mgy (p'n) tr(ATA)

+ Xsa (PTATAD) + X5, (nTATAR)

+ Aar 87"+ As2 (59)" + Aaz [87]°(55)?

+ Asa1 |27 (2T®) + A a2 (s9)2 (2TD)

+ Xsm1 1837 (070) + Aenz (9)* (') + {Asay 57 55 (nT @) + hc.}
+ AsA1 |31 |2tr(ATA) + AsA2 (82) tr(ATA)
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H3
M3

Masses of 7,-Odd Scalars I

_ (cosb)
~ \sinfj

cos 6, S5

— sin 96) (ﬂg) : g 296 = \/5)\3@7] UV Vg

(Mo)ss — (Mo)3,
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(Mo)fm = m% + (M1os + Man) '02/2 + Aon1 ’03/2

(MO)gs = mig =0 Asg ’Ug =+ AS@Q ’02

. {(Mo)?m F (Mo, 4/ {(Mo)2, — (Mo)2,} + 2

1
2

1

2
— (MO)in,
- (MO)??'G_

= 5 { M+ Mo — (M, - Mo} 4 2

2
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Masses of Z,-Even Scalars I s
Y\  [cosby
HOY ] ~ \sinf,

— Q] 0
SmBo) (q%r) e Asd1 U Vs

cos Siy As102 — A\ ¥?

2

12

2

R

R

Aapv? + Aslfug — \/(Al@vz — A31v§)2 + )\gq)lqu vg,\

Mav® 4+ A1v2 + \/()\1(1)'02 — )\5103)2 + A2g, 0% 02

1
m%{i + Z)\5q>’l)2,

1 1
m2A + Z(Q)qq) + )\5@)’02 + §A3Alvga

1
m%Ii— — ZAM)UQ /
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