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Possibility of extended Higgs models

« Higgs boson has not been discovered.
— Various possibilities for extended Higgs sector

e Problems which cannot be explained in the SM

—Need to go the beyond SM . Hierarchy problem
—Extended Higgs models appear * Tiny neutrino mass

. . . * Dark matter

in low energy effective theories - Baryon asymmetry of Universe

Extended Higgs models @ New physicls




Two basic constraints from the experimental data

(D Electroweak precision measurements (LEP)
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Two-Higgs-Doublet Model (THDM)

- Simplest extended Higgs model
*SM . b, THDM : ©,, D,
- Physical states :  Hg,, h, H, A, H*

» MSSM, NMSSM, etc...
Possible models of DSB Holdom arXiv/0606146

THDM < Radiative neutrino mass model
m Zee, Phys Lett.B 93 (1980)

v

\ - m,+ DM Ma, PRD 73 (2006)
m, + DM % Aoki, Kanemura, Seto PRL 102 (2009)

So, 1t would be valuable to study collider phenomenology of THDM.




Higgs potential under the discrete symmetry

V (D1, By) = m2|dq| + m2| s — m2[®]dy + hec] b; = ( 0
1 / 1 y ¢ ¢ L ¢ ? L
+ 5)\1‘(1)1‘4 + 5)\2‘(1)2‘4 + )\3(1)1‘2‘(1)2‘2 + )\4‘@'1(1)2‘2
A5 4 ‘ Oy — +Py
+ ?((I)-Il(bg)z + h.c. Dy — — Dy
Physical degrees of freedom : 8-3=5 H®: A, H, h
T Charged CP-odd CP-even

Higgs mechanism

The physical states are defined by the mixing angles a and f.

cosl —sind

(el () m) ()ools) ool
ho h 2y A wa H* sinf  cos#

The ratio of vevs is defined by [tanJ = vy/v;

And the soft breaking mass parameteris [\/ = mn3/\/sin 5 cos 3] -
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Type of Yukawa interaction in THDM

Four types of Yukawa interactions
under the discrete symmetry (to avoid FCNC)

Oy | Oy Qi L 'u% dT;R t%

* Type-1I THDM: MSSM
®, couples to down-type quarks Typel | + | — |+ |+ | — | — | —
and leptons.

Typell | + | — |+ |+ | — | +
@, couples to up-type quarks.

_|_
b—sy bound is very strong TypeX |+ | — |+ |+ — | — | +
mm) Light H*is forbidden

TypeY |+ | — |+ |+ | — |+ ]| —
y Type—X THDM : AKS model Barger, Hewett, Phillips PRD 41 (1990)
@, couples to quarks
b—sy bound is mild —> Light H" is possible !

In this talk, we mainly discuss the Type-X THDM and the MSSM




b—sy

Aoki, Kanemura, Tsumura, K.Y
arXiv:0902.4665 [hep-ph]

L e I S B R S B IS S R NLO calculation
NLO tallB — 9 |- Ciuchini et al.Nucl. Phys. B 527, 21 (1998).
- - 5014
NNLO calculation
| Misiak, Steinhauser, Nucl. Phys. B 764, 62
— (2007).
‘lo . Misiak et al., PRL. 98, 022002 (2007).
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Light charged Higgs are possible in the Type-X and MSSM
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A decays

m,=my,=150GeV

Type-| Type-X Type-Y
g9 q9
s
cc
\ LU
10 1 10 10
tanp tanp tanp

Type-I, -I1, -Y — bb, Type-X — 1’1
(AlSO H decays when sin(B-a)=1 )




H™" decays

m,=my,=150GeV

Type-Y

tanp tanf

Type-L, -11, -X — tv, Type-Y — cb (hadron jets)




Discrimination between models
in the light charged Higgs scenario at the LHC

* Scenario
— — . 500 |

m,=my=my, :130~150GeV

SIH(B-(X):I % 400 -

M~ m AT MMy % 300 | allowed

£
Custodial symmetry exists,and perturbative 200 |
unitarity is satisfied with this condition.
100 | [3p|<10~?

| | | | |
100 200 300 400 500 600

* Single A/H production at the LHC m, [GeV]
» Higgs pair production (AH", HH™) at the LHC



Single A/H production at the LHC (30fb™!)

ATLAS TDR
tanf=10, m,=150GeV, MSSM ( :
gs>A/H— 1T pp—bbA/H — bbt™ T
Signal (after the cut) : 49 Signal (after the cut) : 72
Background (after the cut) Background (after the cut)
W+et 530 Wet 46
tt ; 7 tt ; 6
bb ; 14 bb ; 29
Z/y* ; 163 Z/y* ; 5
Sum ; 714 Sum ; 86

Kinematical cuts
- At least one tagged b-jet.
* At most two non-b jets with p>15GeV
and n<3.2.
* T 1’s invariant mass cut.
m_-1.50<m_<m_+1.5¢
0~39GeV

Kinematical cuts
» A veto against b-jets for p>15GeV
and n<2.5.
* T T’s invariant mass cut.
m_-1.50<m_<m_+1.50
o~27GeV




S/root(B)

Significance (S/root(B))

Aoki, Kanemura, Tsumura, K.Y arXiv:0902.4665 [hep-ph]
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Direct
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AH' (HH") production at the LHC (300fb1)

Vs=14TeV, CTEQ6L

0} (Ud—)HH"i‘)/\, 100 fb E zz \ - ig
30000 AH* (HH") events at 300fb ~ 10

150 200 250 300
m(p[GQV]

| bbrv final states detailed analysis: Cao, Kanemura, Yuan hep-ph/0402226
In the MSSM taking kinematical cuts there is possibility to detect this final states.

tttv final states BR(H—1" 7)~100% BR(W*—1v)~10%

Tﬂ\

; _| h30000 e — N\~
v ~6300
BR(H"—1tv)~100%
it BR(Z—7" 1)~3% events

bbtv—MSSM (Type-II) Ttrv—>Type-X




Physics of the Type-X THDM
at the ILC



c(e'e — AH) [fb]

Discrimination of the models at the ILC

10 e A
root(s)= 350GeV
'-""-...‘* a==a 100t(5)= 500GV
307 ™, === 100t(s)=800GeV
Pt ===root(s)=1000GeV
iiiii Z
10 n “H
m,=m,=150GeV, sin(B-a)=1, tanp=10
and root(s)=500GeV
N - Type-1I | Type-X
10 100 150 300 500 ype b
m, (=m,)) [GeV] BR (A/H—11) 0.105 0.995
BR (A/H—pp) O (104) | 0.003

Type-X branching ratio of leptonic decay 1s much larger than Type-II one.
The Ttpp and TrtT mode are valuable to study

the Type-X Yukawa interaction.




Signal background analysis for Ttuu events

The pp invariant mass distribution

] 1I my, | E_4§ 1
= 8 L3 :\
8§ E4s . | : A/H Signal !
S ] f1° l 2, '
& i + I ++ | I_:sl_ E_5-E HhH.HJ ‘ I
= Rl I = ] I
s B3 LH« +rh++ ", ‘ I = ] +H M
= Ei bl Al b it M“( h ﬂ‘ iy
= 1 : LA *ﬂﬁ: E—6 - k ”hﬁﬂjf i Hﬁ +lt+f+ htﬂ
60 90 120 M,,[GeV] 120 150 180 M, [GeV]
Tpiprr |ID) AH ZZ | Zv | For L=5001b"!
No cut 0.192 [0.954 | 2.60 | 1.72 After invariant mass cuts
[cos 0] < 0.99 0.190 | 0912 [ 1.67 | 0974 | S-96
|cosd| < 0.9 0.179 0.647 | 0.103 | 0.585 B~9
M,, <mgz£5GevV || 0.191 | 0.002 | 0.009 | 0.007

Taking kinematical cuts we can obtain S/Sqrt(S+B) ~ 9



Signal background analysis for Tt 1t events

The Tt invariant mass distribution

I
' i
' I
> 0.01; ' m, | |
@, . | A/H Signal !
S i : [
A= ' I
3 —34 L l
S ! IER H]l } ]l niy, o
© 1, othd U T et b g T 4
CE_4 HHH][ HH | 11LJr’rfﬁ f ijhjhfllhl Hﬂl Jf i 1’rﬂlJer
9'0 120 150 M__[GeV]
(TTTTT [fb] AH VA Z"}’ Yy For LZSOOfb_l
No cut 27.0 | 0.482 | 0.804 | 0.371
[cos ] < 0.99 26.5 | 0.449 | 0.645 | 0.269 After cuts
| cosf| < 0.9 25.0 | 0.324 | 0.423 | 0.171 S~7350
M. s mg £15 GeV 14.7 |1 0.021 | 0.039 | 0.021 B~41

Taking kinematical cuts we can obtain S/Sqrt(S+B) ~ 85 !!
But we assumed that tau tagging efficiency 1s 100%
—  Realistic simulation study is necessary.



Summary of the model discrimination

in the light H* scenario
SM

1 low tanf} Type-X ‘

‘ H* discovery

‘Top-quark deca}" / " Mid tanB{ Leptonic signal->Type-X

Single A/H production /
30fb! @ LHC
AH', HH", AH production
300fb! @ LHC,

500fb! @ ILC




Summary

In the THDM, there are four types of Yukawa interaction under the
discrete symmetry to avoid tree-level FCNC.

The Type-1I THDM corresponds to the MSSM Yukawa interaction, while
the Type-X is motivated such as in the TeV scale model of neutrino, dark
matter, and baryogenesis.

In the Type-X, b—sy bound is very mild.
—Light charged Higgs scenario 1s possible.

By measuring single A/H production (LHC) and AH*, HH", AH
production (LHC and ILC) , one could test the Type-X THDM.

Extended Higgs models < New physics



b—sy

Type-1.Y Type-1,X

StH— ?Vjﬁ; [mstan 3Pr, + my cot BPg] ?V}t [—mscot BPp + my cot 3PR]

thH thb [mptan 3P + my cot 3Py ] @th [—mycot PR + my cot P ]

Type-II, Y Barger, Hewett, Phillips PRD 41 (1990)
apyGam? m? m? m? :
D(b— s7) = —o Lt v“v;b{m ( f)ﬂ-(;}{( L )+cot2 363, ( -
1287 m? W M+ my, +
Type-I, X

2

2 2 2

-m my 9 m

==L 0 v;g/;b G —cot” 3Gy | —— | + cot” G | —
nu TTIHi mHi

In the Type-X THDM, destructive interferences occur between the W and the H* contributions.
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B—1v —{“ H-
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tanf

‘ Type-X no bound \
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& 200

100t
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If m,>100GeV, then tanf=60 is allowed

D.s.Du arXiv:0709.1315 [hep-ph]
Krawczyk, Sokolowska arXiv:0711.4900 [hep-ph]
Aoki, Kanemura, Tsumura, K.Y arXiv:0902.4665 [hep-
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