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Introduction

* The Higgs sector is unknown.
- Minimal? or Non-minimal?
- The Higgs boson search is underway at the LHC.
The Higgs boson mass is constrained to be
115 GeV <mh <127 GeV or mh > 600 GeV.
- By the combination with electroweak precision data at the LEP,
we may expect that a light Higgs boson exists.

* There are phenomena which cannot be explained in the SM.

- Tiny neutrino masses
- Existence of dark matter
- Baryon asymmetry of the Universe

* New physics may explain these phenomena above the TeV scale.
- Extended Higgs sectors are often introduced.
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Explanation by extended Higgs sectors

* Tiny neutrino masses <> <> <¢>
- The type Il seesaw model ,;’*“;_\
/ \
- Radiative seesaw models \ ) L |
V ) [ ~ V . V. e, | eR Ve
(e.g. Zee model) Li Lj <p>

Dark matter

- Higgs sector with an unbroken discrete symmetry

Baryon asymmetry of the Universe

- Electroweak baryogenesis

‘ Introduced extended Higgs sectors

SU(2) doublet Higgs + Singlet [U(1),, model]
+ Doublet [Inert doublet model]
+ Triplet  [Type Il seesaw model], etc...

Studying extended Higgs sectors is important to understand
the phenomena beyond the SM.
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How we can constrain various Higgs sectors?

An Extended Higgs Sector

/ Affects ,1, \

Higgs Potential

Yukawa Interaction EW Parameters

" Flavor changing *Rho parameter
neutral current *Gauge boson masses

\ Compare /

Experimental Data

*Higgs boson mass
*Higgs self coupling

LEP, LHC, ILC, ...

It is necessary to prepare precise calculations for observables
in the Higgs sector in order to distinguish various Higgs sectors.
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How we can constrain various Higgs sectors?

An Extended Higgs Sector
/ Affects \l, \\

".I-"'

EW Parameters
*Rho parameter

‘ auge boson masses

\ Compare /

Experimental Data

Yukawa Interaction Higgs Potential

" Flavor changing
neutral current

*Higgs boson mass
*Hi If li
iggs self coupling

LEP, LHC, ILC, ...

In this talk, we focus on the renormalization of
electroweak parameters and the Higgs potential.
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The electroweak rho parameter

% The experimental value of the rho parameter is quite close to unity. pexp ~1

ﬁe-level expression for the rho parameter (Kinetic term of Higgs fieldsN

» [TE(E 1) — Y;Z] V2 Y; : hypercharge
Priree = S 2y 22 T; : 1sospin
‘E”””’,J’ "~\~\\~\\’§k V; . VEV
ptree = 1 ptree * 1
» Standard Model - Higgs Triplet Model
*Multi-doublet » Model with larger isospin
(with singlet) model representaion fields.
There is the custodial SU(2) sym. The custodial SU(2) sym. is
In the Kinetic term broken in the Kinetic term.

’ These sector affects &

the rho parameter by the

loop effects. [Yukawa interaction ]

[Higgs Potential ]
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Higgs Potential

Sl Discovery of extra Higgs bosons;
Direct evidence i.e., Charged Higgs bosons H™, ...

Non-minimal % Measuring the mass spectrum, decay branching ratios

of these extra Higgs bosons.

Higgs sectors

Deviation of (SM-like) Higgs couplings
> (hVV, hff, hhh)
Indirect signature from those predicted values in the SM.

% Once “SM-like” Higgs boson (h) is discovered, precise measurements
for the Higgs mass and the triple Higgs coupling turns to be very important.

_ 1 27,2 1 3 1 A
VHiggs T §ih + g)\hhhh‘ -+ I)\hhhhh + .-

Precise calculation of these physics quantities is very important to
discriminate various Higgs sectors.
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The Higgs Triplet Model

0] 2 1/2 0
The Higgs triplet field A is added to the SM. A 3 1 -2
. . . Cheng, Li (1980);
"Neutrino Yukawa interaction: Schechter, Valle, (1980);
: . Magg, Wetterich, (1980);
L y — hi.j L? : AL'}, Mohapatra, Senjanovic, (1981).
Higgs Potential: Lepton number breaking parameter <¢2 ,<d)>
V =m?®d + M2Tr(ATA) +@®T¢TQN ® + h.c. &
A
+ A (DTD)2 + Ay [Tr(ATA)] + A TH[(ATA)2) ) A
> <
+ M (PTO)Tr(ATA) + N\ PTAATD, Vi h. 1
ij

“Mass eigenstates:  (SM-like) h,  (Triplet-like) H¥*, H%, H, A

*Neutrino mass matrix

— hiij v, : VEV of the triplet Higgs

u(gb()) 2 M, : Mass of triplet scalar boson.
(Mmy)ij = hij——

A
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Important predictions (Tree-Level)

% Rho parameter deviates from unity. 1+ 2v?.~. 22
v, A

-I"'\J 1 —
ptree 1 + 4'”.& 'U%

% Characteristic mass relation is predicted.

2 — 2 ~ 2 — 2
mH++ mH+ _mH+ mA

Under v, << vq, (From experimental data p,,, ~ 1)

Case | (A; > 0) Case Il (A; < 0)
mi ~ 2\{v? Mass 4 Mass 4
—T-|A, H -T—| H™*
2
2 o M3 — S
(Y H 2
Mi = ol 2 —+| H* | H*
\/§(UA H+ =~ MA — —A5
mzAzm%:MA T(H” T A H

How these predictions are modified by the radiative corrections?
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Important predictions (Tree-Level)

% Rho parameter deviates from unity. 1 2'03. o
+ 02 24
o Piree = 4%’”1_”2
‘ Renormalization of the electroweak parameters 14+ = P
% Characteristic mass relation is predicted.
izati i i 2 — 2 ~ 2 — 2
- Renormalization of the Higgs potential m,,, m,? =m,, m,
Under v, << v, (From experimental data p,,, ~ 1)
Case | (A; > 0) Case ll (A; < 0)
m3 ~ 202 Mass 4 Mass 4
—— A’ H I — H++
2 . v
’UQI,L mH_,_+_MA—?)\5
jk{2 = _@9 > —+| H* —+| H*
A — o v
\/§’UA my .+ >~ MA — —As
—— ++ ——
m? ~ m% = M3 i DL

We first discuss renormalization of the EW parameters.
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Model w/ p,,.. = 1 and Model w/o p,,.. = 1

~

~

Model w/ | EW parameters are described by 3 input parametes: a,,, G¢, m,
Piree =1 and the relation: ¢,%=m,?/mz2. 5 W W
Counter term &8s, is determined as : :
27 (2 WW (2
Osiy _ si [omy 57”%1/] siy [117%(m%) U (may) N
si. Gy lmy o omE, 2 m% mi; P1-100p
One-loop corrections to the rho parameter measures the custadiatsym.

_/

\
P

Model w/o EW parameters are described by 4 input parameters:
Piree =1 Qo Ge, My and s,,2 - Blank, Hollik (1997)
/s\wz is defined by the Ze*e™ vertex: 7 1 — 482 (mz) = Re(ve)
_ 9 " Re(ae)
L= eﬂ(’ve')’u — Qe Y5)eZ e

A
To determine the counter term 6s,,2 , additional renormalization condition is necessary.
— Effects of the c/mj;ed-iﬁls/ym. is absorbed by the renormalization of 6§\W2 :

N

Lgne-loop corrections to the rho parameter does not measure the cus

sym.
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Radiative corrections to the rho parameter

Model w/
ptree =1

.

0p

g

/
w w
1 (my —my)? .
1671'2 TTL%V Custodial sym. breaking in the
Yukawa sector

J

Peskin, Wells (2001);
Grimus, Lavoura, Ogreid, Osland (2008);
Kanemura, Okada, Taniguchi, Tsumura (2011).

Quadratic dependence of the mass splitting appears as the effect of the custodial
symmetry breaking.

_/

(" 1 )
Model w/o 5o ~ 1 My
P = 9 1 —
Piree =1 1671- Tnjb
Quadratic dependence of the mass splitting disappears by the renormalization,
L and only logarithmic dependence is remained. )
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One-loop corrected rho parameter in the HTM

Kanemura, KY, arXiv: 1201.6287 [hep-ph]

Ap = p— psm(miet = 125 GeV)
Ap“™P = 0.000632 + 0.000621

Case |

T IA H

—_—— H+

H+

Ap

my,. = 150 GeV, mh = 125 GeV

T T TII00] T T T TT1IT]
Am = -600 GeV

0.004 =

Am = -0 Ge¥V

0.002

-0.002

0004

Am =200 GeV
Am =-100 GeV’
i Am =0
L1 1 1t sl mll
1 1 10
v, [GeV]

Am = mH++' rnH+

v, is calculated by the tree level formula:

Ap

m,= 150 GeV, mh =125 GeV

0.002

=

T T T TTTTT] I T TTT]

Am=10
I~ Am =100 GeV’
Am = 200 GeV
T Am=400 GeV bS]

| Am =600 GeV

0002

0004

01

VA =

1
v, [GeV]

Sw(l—8w)

2T Olery

10

Case ll

—r— H++

—— H+

T |AH

V2

m — —
Z  AGp

In Case |, mH** = 150 GeV, 100 GeV <|Am| <400 GeV, 3 GeV <vA< 8 GeV is favored, while
Case Il is highly constrained by the data.
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Renormalization of the Higgs potential

Aoki, Kanemura, Kikuchi, KY, arXiv: 1204.1951
8 parameters in the potential 8 physical parameters
w,m,M,A;, A, A;, A, As V, Vy, My, My, My, my, m,
év, é6v,, 6m,, 2, 6m, %2, 6m,% é6m 2, 6m? , ba

Tadpole: 6T, 6T,

Wave function renormalization: 67

et 02y, 62, 62, 62,,...
I Renormalization of G and §,2 I ‘ ov, 5VA

Counter terms

IVanishing 1-point function I O =& +e---=0 5T(p, 5TA

I On-shell condition I . Or ¢

prog2 = 0 ém,,?, 6m,?%, 6m,% ém?, ém 2,

d ¢ ¢
dp? 'O- " p2= b2 =0 6ZH++, 5ZH+, 5ZA, 52/—/, 62/7,___
No-mixing ¢ ¢ _
condition \% P2= 2, " 0 oa, ...
where 2-point function is defined by  —~ 'O‘ - = Rt -
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Radiative corrections to the mass spectrum

Aoki, Kanemura, Kikuchi, KY, arXiv: 1204.1951

Case |

Ratio of the squared mass difference R

0.1

2

2

T | T
Lomy =125GeV, 0 =0

R — mH++ o mH+ 0.05]- Am=my - m- -
— 2 2 L
Mg — My o S ——
’02 %-0.0571_ -
Treelevel: R — 14+ (2 ) ~1 ol i ]
1)2
Less than 103 0.15F Am=-100 GeV -
,02 0200 130 200 250 300
Loop level: RI°oP — 1 4 AR+ _g m, . (GeV)
. v
Loop correction
AR — nghg—— [m%{++] QH};}H [ 4]+ Hlpl[( 4)tree]
p) 2
Mpg++ — Mg+
N . 5 5 (mQ ) _ 2m2 . m2
(Mp%)irecls determined by m, . and m,,*: Altree — H+ H++

In favored parameter sets by EW precision data: m,,, = O(100)GeV,
|Am|~100GeV, AR can be as large as 0(10)%.
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One-loop corrected hhh coupling

_ . . Aoki, Kanemura, Kikuchi, KY, arXiv: 1204.1951
On-shell renormalization of the hhh coupling:

N0 S

N . ~ ~
~ ~ ~

HTM
2 2 A 1 4 4 44
For vy~ <<v ;.}91?! ~ 1+ 1272m2 12 (2mp 4 + 2mp s +my +my)
hhh S

Quartic mass dependence of A-like Higgs bosons appears to the hhh coupling =
Non-decoupling property of the Higgs sector.

I ' I
On shell renormalization

N 150 - Effecti ential method /

Results for the renormalization of the EW =123 Gevaco T A= -100Gev /
parameter suggests m,,,, = O(100)GeV, b Am=mge-mg g

S
|Am| ~100GeV. = ool
In this set, deviation of hhh is predicted “ = Case |

<
more than 25% E

<

<

50

By measuring the mass spectrum
as well as the hhh coupling, = e T >
the HTM can be tested. m- (GeV) Umtaﬁ?i’é’ is
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Measuring hhh and the mass spectrum at the ILC

Measuring the hhh coupling

e*te - Zhh e*e" - hhvv
e 4 e > > \
0 oH
7 SNH
e" < < Y

0O(10)% precision may be expected.

Recent analysis was given by Suehara-san’s talk.

Measuring the mass spectrum

Case |

Ex. ete > H"*"H > W W*W-W-
- I*I*4jet + missing

Yasui, Kanemura, Kiyoura, Odagiri, Okada, Senaha,
Yamashita, hep-ph/0211047

Shs/As [%] Higgs self coupling sensitivity
60 - - ‘
Int(L)=1 ab”’
- 100% efficiency
e e ——=hhVV  eemeeee
40 e e ——=Zhh
combined ~ :
L 1 TeV SUOGeV_
/ 1.5TeV
¥
100 180 200
mh (GeV)

~ Transverse mass

N
/

— |nvariant mass

I’nH++
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Summary

Precise calculations of EW parameters as well as Higgs couplings (hhh, hVV,
hff) are important to discriminate various Higgs sectors.

The important predictions in the Higgs Triplet Model:

202
1+ == 202
v A 2 2 ~ 2 2
Priree = 4.% ~1- o2 Myt my,” =My, my
1 —I— ?3: P

Renormalization of the EW parameters

- 4 input parameters (not 3 as the SM) are necessary in to describe
the EW parameters.

= mA > mH+ > mH++ with Am=0(100) GeV is favored.

Renormalization of the Higgs potential
- One-loop corrected mass spectrum: AR = 0(10)%
- One-loop corrected hhh coupling : deviation from the SM
prediction can be as large as 0(100) %
These observables may be able to measured at the ILC.
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Transverse mass distribution

Ex.) Measurement for W boson mass Definition of the transverse mass

pp > WW~ - (I'v)(jj)

Mr(IYEr) = \/(P%Jr + pT)Z

y
~ [+ _
o (i) T/X JZPT Er(1—cosep)

0.05F

.09

in (GeWcE}_l

0.03 -

/o de/dm,

0.02 +

i
|
1

!

1

/

/

/

! -t
*
s
d
&
"
o
/j’
=
0.01 | = 1
=
I
- n

|||||||

mo in Ge‘n.hf‘t2 ¢

Smith,Neerven,Vermaseren,PRL(1983) myy




Cross section of efe- > H**H™

300 | | |

mH++ = 150 GeV

cross section (fb)

| | | | |
g(}(} 400 500 600 700

root(s) (GeV)



Large mh and mH** case (Case )

m;, = 125 GeV and mH** = 150 GeV

80.50

8045~

8025

| | |
0493510 02312 0314, 02316 0B 02320
Sw

m;, = 700 GeV and mH** = 150 GeV

8030

20.45

— 8040
=
o

< go3sf-

=
g 8030

2025

7 1 l 1 l 1 l I 1
0 omm oeE 0316 03 0232

Sy

m;, = 125 GeV and mH** = 300 GeV

80.50— :

8045 - 1o _
— 8040 —
- - i
E‘ 20,351 ~ '-.n:|=-¢iIIHJIG-eT_
= L ﬂfiﬁrc,:{g‘u GV |
= ""x.__h
8023

8020 I | I | I 1 |
o230 02312 02514 . R 02316 02318 02320

Sw
m;, = 700 GeV and mH** = 300 GeV

80.50 T | T T T T T T T

- '\-\_\_\__\_\_ —
2045 -
— 8040
=
Z i
2, s03sk
= el
8030 .\ =500 Gev
F Am=-40) GeV
2025 Am=-200 GeV

Am =-10 GeV
ﬁ'TFn | ] | ] ] ] | ]
049310 0317 02314 . 02316 02318 03320

Sw




Renormalized p and m,,,

WWw IVI‘V oA ~vZ
—~p#1 = n22 d ) p2—0 C m2 VB
W I pe= ‘W 7
A VA 2
cw 5 (m%)
+ = 5 -+ fJV
SW 'T??-Z

One-loop corrected p and m,, are given by:

TTlem ( —|—A’]")

P = o A ) N
ﬁGmes%Vc%V \/EGFS%V




Approximately formulae of Ar

[ 2
Case I. A~ s (my+ +Inma —2Inmpg++) + -
| MA > mH* > mH** 167
4 2
Case Il 9
A r > s (Inmy++ +Inmy+ —2Inmp++) + -+
mH* > mH* > mA 167
\_
By using WZ?{++ — TTL%IJF — ?’T?J%Jr — TTL%;
2 2(|Am|? + 2|Am|myentest + M2 1.
Casel: Ay~ -2 ln\/_( "+ 2‘ bt 7 hghtebt)Jr---
167’1’2 nLlightest
with rnlightest = mH*™
2 2
g° 1 +v2+ mlightest/ (4Am~)
Casell: Ar~ 5 In 5 4.
1672 2+ V2 4+ mi o/ (AAM?)

Wlth rnlightest = mA



On-shell renormalization scheme

IPI diagram Counter term

IPI diagram Counter term
’\/\O/\/‘ = fvavv\ + AARQANAN )}«Aﬁ = b\«* + ><yw

On-shell renormalization conditions

p—i —_—

’\/\O./\/‘ =0

w .z pzzmt?v.z
”KQ? =0

=0

14 z p2=0

i [» p*=0
d2|:_'v:O~/\_/":| =0 PPy me
P

y y ,0230

From these 5 conditions, 5 counter terms (6g, 6g’, v, 6Z;, 6Z,,) are determined.



Radiative corrections to the EW parameters

ﬂ-aem
The deviation form  Mw S = V2Cr
can be parametrized as:
2 2 em
My Sty = 73 (1+ Ar)
2G
A 0Gp  00em 63%/ 5m%v
r=-— - -
2 2
G Qem  Sfy My

In models with p = 1 at the tree level, s,,? is the dependent parameter.
Therefore, the counter term for &s,,2 is given by the other conditions.

2

s —1—mW
w = m?2
A

=)

From the renormalization conditions;
Stem  d 25w I1T2 (0
o _ |+ 2w IO
Com, dp? p2=0  cw  my
6G IY"W(o) 5
— = — —0VRB
Gr ms
omyy, _ 1Y (miy)
miy miy
2 2 YA 2 WW 2
0syy Gy [HT (m7) B [y ™ (miyy)
2 .2 2 2
S Sw mz My

This part represents the violation of the custodial symmetry
by the sector which is running in the loop.




Y=1 Higgs Triplet Model:Kinetic term

Lian = (D, )} (D"®) + Te[(D,A) (DA

. G q N atyra :
Covariant D,d = (%—H%T WM—Hg—Bu)(I) DNA:8MA+Z§[T WM;A]+Z9’BMA

Derivative 2

1 0 1 0 0
VEVs (@):_2<vq)> <A>_E(®’A O)
Masses g° 2 g° 2 2
asses for 2 2 2 o
Gauge bosons My — A (U(b + QUA) My = 4(]082 QW (Ui) + 4UA
o + 21)"‘,-:\ o
—_ mW _ fvi ~ 1 ZUA
p parameter P = 5 2 = 1oz — 11— —5
mz cos® Oy 1 1 2¥a V%
Vs




The Higgs Triplet Model (HTM)

The Higgs potential & — Pt
T | HZletvtix)

V =m?dTd + M>Tr(ATA) + [H,(I)T?:TQAT(I) + h.c.]
At A+
+ A (OTD)? + Ny [T1~(NA)]2 + A3 Tr[(ATA)?] A-( A s )
+ A (PTR)TH(ATA) + N PTAATD,

There are 10 degrees of freedom of scalar states.

ot cos B+ —sinf _ 2vua
( AT ) ( sin Bi cos ﬁj ) (%) tan v

0 o 0 2
()= (ke )& b= =2
0

AO—L(M—U + in)

sin By cos 3y CA"

[ cosa —sina fan 20 — A 20 (\g + \s) — 4MZ
o0 ) 7\ sina  cosa v 202\ — MZ —vi (A2 + A3)
10 scalar states can be translated to 3 NG bosons, 1 SM-like scalar boson

and 6 A-like scalar bosons.

'6 A-like scalar bosons > H*+, H+, A and H
Doubly-charged Singly-charged CP-odd  CP-even




Custrodial Symmetry

The Higgs doublet can be written by the 2 X 2 matrix form

Y= (P,d) = ( 9% o7 )

¢~ Qo
1 ~ T ~ g gl
Lign = 5 Tr [(DHZ) (D“Z)} D% =0, +idr W5 ~iLB,5r,
In the limit of g’ - 0, /
The kinetic term is invariant under SU(2), X SU(2), 2= X = ULZU}{

After the Higgs field gets the VEV,
Only the symmetry of SU(2), =SU(2); =SU(2),, remain.
This SU(2),, is called the custodial symmetry. ( L0 )



Kanemura, Yagyu, arXiv: 1201.6287 [hep-ph]
Prediction to the W boson mass at the 1-loop level

mH* = 150 GeV mH* = 300 GeV Am=m,,,-m.,
++ +

m, [GeV]

ase I m_—~ = 13 V. m, =125 GeV, tanc = “ase I: = eV, =125 GeV, tandt =
Case I: m- = 150 GeV, m, =125 GeV’ 0 Case I: m- = 300 GeV, m, =125 GV 0 ase
80.50 80.50 T T T T T T T T T A
80450 80.45- —
[ - - A, H
— 8040 — 8040 —
> i -
o o 1
< s03s5- <, s035\- —
F T N 7 —_ +
£ g030/- 2 g030/- < H
80250 80.25 -
5 | L | A . — ++
039510 omz o 02316 02318 02320 804950 03317 02314, 02316 02318 0130 H
Sw Sw
Case IT: m, = 150 GeV, m, = 125 GeV, tano =0 Case IT: m, = 300 GeV, m, = 125 GeV, tanct =10 Case I I
80.50 . , : : : , : 80.50
F Am=10 i 4 A
8045 Am =100 CaV . s0.43- [ Am = 100 GeV __
[ Am=200GeV ] Am =200 GeV
L _— 8040} _
8040 s =400 c@\' ] _ b Am = 400 GV . H++
20. 35- Am = 600 GeV - % 0. 35 Am = 600 CeV -
. 80. 30 4 © so30-
I 1 > I
80.251- - £ 8025f "
8020 ] 80.20|- H
8015 - 80.15}
L 1 | L L 1 L [ L | 1 | L | L 9
8049315 03512 {)¢314 03316 02318 8049510 02312 02314 02316 02318 A H
T
Sw Sw ’

mA = 150 GeV mA = 300 GeV

In Case |, by the effect of the mass splitting, there are allowed regions .
Case Il is highly constrained by the data.




Kanemura, Yagyu, arXiv: 1201.6287 [hep-ph]

Heavy mass limit

Ap = p—psm(m
Ap=P = 0.000632 4 0.000621

ref

£ =

|
(ZmHP -Am)Am

0.002
Case |
Case ll 0
g SM
A - 2 2 . ..
C%/V N, c'\/§ 9 -0.002 5= -(500) GeV _|prediction
po = L+ g e G
v v :—*‘ ##### --TIZ=-T E=100' GeV' |
¢°N, 0004 __-=2Z2=""" £—300° Gev* |
~ T £ =500" GeV’
ﬂHTM—1+16 anmt N i
(l 100 300 500 1000 3000
mlightes‘r [GGV]

When we take heavy mass limit, loop effects of the triplet-like scalar bosons disappear.
Even in such a case, the prediction does not coincide with the SM prediction.




Decoupling property of the HTM

ud . ATd

(v, 20)

/HTMwith)lé(p.:tO) A 4

- p#1atthe tree level

- 4 input parameters

HTM with L# (i = 0)

- p=1atthetreelevel (v,=0)
* 3 input parameters (a,, Grand m,)

with s, 2 = 1-m,,2/m,?

~

%

\ (a,., G, m, and s,,2) y L
Heavy A-like fields limit
Heavy A-like fields limit vy O-like T Imi

4 SM ™

= L#is conserved.

- p=1atthe tree level

3 input parameters (a,,, G and m, )
\_ With sy’ = 1-m,,2/m,? y




Kanemura, Yagyu, arXiv: 1201.6287 [hep-ph]

Higgs — two photon decay

H N\NY ’ H*:,(\/\/\Y
w
H}V\/\/‘Y H*Y AN Y

SM contribution Triplet-like scalar loop contribution
mH** = 150 GeV, mh = 125 GeV mH** = 300 GeV, mh = 125 GeV Case |
0.54 ——————— 0.56 —— : — A
g 2
T-|A, H
0.52 . 0.55F
SR o054 —+| H*
048 . 0.53- — H.|..|.
0460 — 00 200 300 400 300 600 05200 200 300 400 500 600
|Am| [GeV] Am| [GeV]
I'(h — 2
R, = ( YY) HT™ N 2m?,, \ 2miey
['(dsm — 77Y)sm AnH+H- = . hH++H-—— = .

The decay rate of h = yy is around half in the HTM compared with that in the SM.




Branching ratio of H™

Am =0 Am =10 GeV
0 0
10 F T 1 T T T~ 1 T 5 T 1111 10 q 21
S N U . .
B —> M g -
my;, =500 GeV /- My, = 150 GeV i
—_— [ / L = n —_ I —
{ iy m\,,, 300 GeV ; =150 GeV
T 0 ," = T o'k
% = S 3 % - =300 GeV
L / _| M B
i S B i
i -. | ), = 300 GeV
S 2\ 3 : o s
107 — '““"‘4 L Ll ""“l_% SE— s INNTHT AT YT ISRYTh ¥ AT ETHT 10 1/ RRRH! T TR
107 10 10" 10 10”7 10° 107 10° 107 10™ 107 107 10" 10” 10
v, [GeV] v, [GeV]

v, = 0.1 MeV, m,,,, =200 GeV

10 F T T T T 1115
- HW 1 Chakrabarti, Choudhury, Godbole, Mukhopadhyaya, (1998);
_ 10_1; ; Chun, Lee, Park, (2003);
i: - 7 Perez, Han, Huang, Li, Wang, (2008);
=z L 1 Melfo, Nemevsek, Nesti, Senjanovic, (2011)

B
€+
€+
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Branching ratios of H", H and A

Am =10 GeV
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Phenomenology of HTM with the mass splitting

at the LHC

Aoki, Kanemura, Yagyu , Phys. Rev. D, in press (2011)

Cise Il Cascade decays of the A-like scalar bosons become important.
—— H++
H** > H*W* 5 A (H)W*W* A (H) > H"W- > H*WW-
d () W PAHW H* > H"*W-
A (H) - vvor bb H** = I*I* or W*W*
A H (mA~100 GeV case)
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By using the M; distribution, we may reconstruct the mass spectrum of A-like scalar bosons.

—> We would test the Higgs potential in the HTM.
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