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Physics of Extended
Hi88s Sectors



Why one doublet?

There is no principle for one doublet field
— The minimal Higgs model For minimality

VEV can be shared by multiple number of
Higgs bosons

Such multi-Higgs structure provides various
new properties that the SM does not have

In fact, many new physics models predict
extended Higgs sectors



Strategy

Although the 125 GeV Higgs boson was found ,
we do not know the structure of the Higgs
sector yet

Many new physics scenarios predict special non-
minimal Higgs sectors

Comprehensive study of various extended Higgs
sectors is very important

Reconstruction of the Higgs sector by future
experiments at LHC, HL-LHC and future lepton
colliders

From the Higgs sector to new physics BSM!



Extended Higgs Sector

The “SM-like” does not necessarily
mean the SM.

Every extended Higgs sector can

contain the SM-like Higgs boson h in
its decoupling regime.



General Extended Higgs models

Multiplet Structure
D, +Singlet, @, +Doublet (2HDM),
D, +Triplet, ..

Additional Symmetry
Discrete or Continuous?
Exact or Softly broken?

Interaction
Weakly coupled or Strongly Coupled ?
Decoupling or Non-decoupling?




Multiplet Structure

If the Higgs sector contains more than one scalar
bosons, possibility would be

— SM + extra Singlets (NMSSM, B-L Higgs, ...)

— SM + extra Doublets (MSSM, CPV, EW Baryogenesis,
Neutrino mass, ...)

— SM + extra Triplets (Type Il seesaw, LR models....)

Basic experimental quantities:
— Electroweak rho parameter
— Flavor Changing Neutral Current (FCNC)



Electroweak rho parameter
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Electroweak rho parameter
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1. p=1 SM + doublets (}) (+ singlets(S)),  (Septet, ...)

2. p=1 SM + Triplets(A) o = 1+ 22 ~ 1 2?’22
tree 4v2
a) v,<<v, 1+ Vg

b) Combination of several representations
[ (ex) Georgi-Machasek model] V=V,

Multi-doublets (+singlets) seem the most natural choiceg?




2 Higgs doublet model

®.(1/2,1) ®,(1/2,1) | p,,.. = 1lissatisfied | ¢ 4
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SM-like Higgs
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2 Higgs Doublet Model
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Two Possibilities

A A

A A
A: Cutoff

M: Mass scale M —
irrelevant

2 2 2
to VEV My gt < M7+ A

cos(J—a)~0

M
gu ~ My, h gu ~my, |

2
U
»Ceff — »CSM + —0(6) [feff — LnonSl\/I + FO(@

Effective Theory is the SM Effective Theory is an extended Higgs sector
Non-decoupling effect



Flavor Changing Neutral Currents



FCNC Suppression

Multi-Higgs model: FCNC appears via Higgs mediation

2 Higgs doublet models:
to avoid FCNC, give different charges to @, and @,
Discrete sym. ®, — +®;, &, = -,
Each quark or lepton couples only one Higgs doublet
No FCNC at tree level

Barger, Hewett, Phillips

Four Types of Yukawa coupling Classified by Z, charge assignment
u u u u
d e d e d e d e
Type-| Type-ll Type-X Type-Y
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Type-| Fermiofobic 2HDM
Neutrinophillic 2HDM

Type-li MSSM, NMSSM, other
Extended SUSY Higgs models

()() 400 600 800 1000
m, - [GeV]

Aoki, SK, Tsumura, Yagyu (09)

Type-X  Lepton-specific2HDM
Radiative Neutrino mass -
Positron Excess

Type-Y Flipped 2HDM



Current LHC data v.s. Full ILC

CMS Prellmlnaw (s=7TeV,L<51fb" \s=8TeV, L'\ 196fb
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The ILC is really needed!
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Type2-2HDM (MSSM) Higgs couplings
VEV's: 0% 405 = 0% ~ (246 GeV)?

Higgs mixing
o1\ _[cosa —sSina [ H tang = 2
b |~ | sina cosa || A U1
SM 2HDM Type2

Gauge coupling: - hVV HVV
pVV (V =2Z,W) sin(f—a), cos(f — a)

7 Hbb

Yukawa coupling: anf cosS o
@bb = cos 3’ Ccos 3
) htT HtE
ott — COoS sin o

sin 3 sin 8’



hVV HVV

SM-like regime sin(f —a)  cos(f — )

Sin(f —a) ~ 1

Only the lightest Higgs h couples to weak gauge bosons
h behaves like the SM Higgs

SM
anwv — 9evv 9guvy — 0
SM
Untt = Yotz Yae — yqbtt cot 6 %
. >M Yo — oM tan s L =
Yoo — Yob Hbb ¢bb %
SM — tan
yhT T ?/¢7-7- YHrr beTT ﬁ <



h(125) as a probe of extended Higgs
sectors

How we experimentally study non-minimal Higgs sectors?

* Direct Searches of additional Higgs bosons
(H, A, H, H**, ...}

* Indirect Searches by detecting deviations in
various quantities

EW observables m,,s, 1, U, z§ wg, wwy, ...
h(125) couplings hWW, hZZ, hyy, hff, hhh, ...

They will be precisely measured at future experiments



Fingerprinting

The ILC is an idealistic machine for precision measurement
of Higgs boson couplings
Deviations with a pattern lead to identification of new physics



Future h(125)-coupling measurements

Facility LHC HL-LHC  ILC500  ILC500-up
Vs (GeV) 14,000 14,000 250/500 250/500
[ Ldt (fb~')  300/expt  3000/expt 2504500 115041600
% 5—7%  2-5%  8.3% 1.4%

Kq 6—8%  3—5% 2.0% 1.1%
Kow 4-6%  2-5%  0.39% 0.21%
Kz 4—6%  2-4%  0.49% 0.24%
Ke 6 — 8% 2 —-5% 1.9% 0.98%
Kd = Kb 10 — 13% 4 —-T7T% 0.93% 0.60%
Ky = Kt 14-15% 77— 10% 2.5% 1.3%

Snowmass Higgs Working Group Report 1310.8361



Current LHC data v.s. Full ILC

CMS Prellmlnaw (s=7TeV,L<51fb" \s=8TeV, L'\ 196fb
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Yukawa Coupling in Extended Higgs Sectors

Multi-Higgs model: FCNC appears via Higgs mediation

2 Higgs doublet models:
to avoid FCNC, give different charges to @, and @,
Discrete sym. ®, — +®;, &, = -,
Each quark or lepton couples only one Higgs doublet
No FCNC at tree level

Barger, Hewett, Phillips

Four Types of Yukawa coupling N ,
Classified by Z, charge assignment

u u u u

d e d e d e d e
Type-l Type-ll Type-X Type-Y
Neutrinophilic MSSM Radiative Seesaw 23

Inert Lepton specific



Pattern in deviations of g, ,,, and Y, ..

Model

u Tt b ¢ t gy
Singlet mixing ) L 1 1 1 1
2HDM-I R A
2HDM-II (SUSY) T+ 1T 1 1 1 1
2HDM-X (Lepton-specific) | T+ 1T | | 1
YHDM-Y (Flipped) VLol

cos(B-a) < 0
Singlet can be distinguished from the Type-l 2HDM

Y.5/9,=1in the singlet model but Y,./g, #1in the 2HDM-|

In the triplet model, quark-Yukawa couplings are universally smaller,
Lepton-Yukawa deviate universal. K, can be greater than 1

K, > 1 is a signature of exotic Higgs (with higher representations)

Extended Higgs models are distinguishable by
precisely measuring hVV and hff 24




Pattern in deviations of g, ,,, and Y, ..

Model u

T ‘ I gv
Singlet mixing 1 L 4 1 1 |
2HDM-I 1 L 1l
2HDM-II (SUSY) o R A R
2HDM-X (Lepton-specific) | T+ 1T | | 1
YHDM-Y (Flipped) VLol

cos(B-a) < 0
Singlet can be distinguished from the Type-l 2HDM

Y.5/9,=1in the singlet model but Y,./g, #1in the 2HDM-|

In the triplet model, quark-Yukawa couplings are universally smaller,
Lepton-Yukawa deviate universal. K, can be greater than 1

K, > 1 is a signature of exotic Higgs (with higher representations)

Extended Higgs models are distinguishable by
precisely measuring hVV and hff 25




Fingerprinting the 2HDM (tree level)

Ky = ghVV(ZHDM)_ sm(B )
IhvV(SM)
X = cos(B-a) SM-like: x <<1
— 1 _ 2 1.8
ky=1- (1/2) x>+ ...
When a Fermion couples to @, 6|
Ke=1+cofBx+... |
and if it couples to @, Ky |
Ke=1-tanBx+ ...
Model u|lt blc t gy 1.0-—
2HDM-I 4 e 4
2HDM-II (SUSY) Ol OO R -
2HDM-X (Lepton-specific) | 1| + L [l | | 0.81
2HDM-Y (Flipped) VI oty 4

How do this result change
with radiative corrections?

20—

SK, K. Tsumura, K. Yagyu, H. Yokoya 2014
ILC Higgs White Paper 2013

0.6

| cos(B a) < O

hbb vs htt

1 099 \ EII|pse 68.27% CL
L/—/CBOG

Type-1f ,
0 . Type-X |
‘ " “ \"/' ’ KQ/ = (0.90,tan 3 =1 .

' LHC3000 /! 4 e .
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Ky



Fingerptinting the model (Exotics)

Universal Fermion
Coupling (k)

VS

hVV coupling (k)

Exotic models
predict k,> 1

We can discriminate
Exotic models

Ellipse = 68.27% CL

1.20 -
115}

105}

0.95F '

SK, K. Tsumura, K. Yagyu, H. Yokoya 2014

100F " 7,

||||||||||||||||||||||||||||||||||||||||

f;
K tand =1 \

7 "f — ~ \‘

\ \
Doub/et Septet Model ]

0.903
0.85} A
- / :,r"' '
D4 LHC300‘ Georg/-Machacek Mode/
0.80 e v b 0 A s A R, STt ————————
0.80 0.85 0.90 095 100 105 110 145 120

KDV 27



Deviation in hff

Singlet, Exotics,
Ak =-(1/2) x3, Ak =-(1/2)x%, Ak, = -(1/2) x?

Type | 2HDM

Ak,=+cotBx, Axk;=+cotBfx, Ak, =+cotfx
Type X (Lepton Specific) 2HDM

Ak,=+cotBx, Ax,=+cotfx, Ak_. =-tanf x

MSSM (Type Il 2HDM)

Ak, =+cotpx, Aky=-tanPx, Ak_. =-tanf x

T

MCHM4
Ak =-(1/2) x3, Ak =-(1/2)x%, Ak, = -(1/2) x?

MCHMS5

Ak, =-(3/2) x?, Ok, =-(3/2)x? Ak, = —(3/2) x?

-

If Ak, =1%
O(1) %

0(10) %

0(10) %

0(10) %

O(1) %

0(1) %



Summary of extended Higgs sector

Various possibility of extended Higgs sector

From the constraint from the rho parameter a multi-
doublet (plus singlet) structure is favored ex) 2HDM

Other exotics can also possible if the VEV is small

Mixing effect changes Higgs boson couplings from the SM
— Gauge couplings hVV (k,, < 1 in multi-doublet, k,, >1 in extotics )
— Yukawa couplings hff (deviations with a pattern)

Future precision data can be used to test models



Hig8s and Radiative Corrections



Higgs discovery in 2012

The mass is 125 GeV i
Spin/Parity O* i

Ay®
w

| Excluded h"n.

(5)
| M- j
% 1 —0.0275810.00035 ;

i % incl low Q7 data g
(" |

" Preliminary

It couples to yy, ZZ, WW, bb, Tz, ... ’s

0 100 300
m, [G

{

Higgs Mass indicated by LEP/SLC

& 1800

Measured couplings look o

> 2400
(152200”

h order polynomial

=7 TeV.det -481"

fs=8 Tev.f Ldt=59"

IIIH.lllllllllllllllllll‘

Il.]llll .Il.ll.lllll

consistent with the SM Higgs

Data - Bkg
8

within the current errors o

1 1 1 1
100 110 120 4130 140 150

H e

ATLAS/CMS July 2012 | New Particle !

160
m,, [GeV]




Radiative Corrections

Rho parameter (unity in the SM) Pexp = 1.0008 00007
My )
P= 372 5 -
Mz cos? Oy — "
Loop corrections
Ap = 126G [H?Q)Q =0) - IF (p* = O)]
W, Z W, Z

Loop effect of m, and m,,

3G ( m2; >
Ap >~ m? — M2 sin® Oy In —2-
P RV T A W

Quadratic Logarithmic



Case of the top quark

Quadratic mass dep. in p
parameter (T parameter)

Forget about m because

We knew the mass before discovery!

it is only logarismic

LEP1 says m,=150-200GeV
Discovery at Tevatron

(about 175GeV)

LEP('96) + SLC('96) + L.ENN.C.

20 LI LU AL L LILELEL
. | | T ]
- ijShﬂ \ -
- "'\‘ m=150 GeV_—
1.5 ¢ R m=125GeV
- o, o,free || []\225 o -
=~ . _ | ™N | ) 7]
10 o %003 N su@) 7
~ 5003 17 -
- <+ ™, -
[ 02 0 02 y" SUE) -
B v AUE 7
0.5 = { Nl SUE) g
- o\[1150 one doublet -
_ ! Technicolor ]
00 = 77 39%cL "cB.125 (peskin-Takeuchi '62)—]
-/ 90%cL My 3 ]
99% CL - _
05 L1 IR I I AT AT AT I B A A
-1.0 -0.5 0.0 0.5 1.

S
Hagiwara, et al

3G
Ap ~
P 8+v/272

(mf — M2 sin? Oy In —QH>

m 2

miy




It was repeated for Higgs at LEP2

. Ap ~ \3(21) (,,,g — M2 sin? 0y In ]']’I'f’ ) o s
Case of Higgs boson v PR 2=y
* Now we know top mass T °[' -
* Rho is a funcution of only my, 1\
* Precision measurement at T
LEP2 oia o
* 114GeV< mH <150 GeV! o WL
* LHC found new boson at JE ]
126GeV (Higgs boson!) b g y _
i
Victory of precision I _
measurements and theory JExcuded N rminary
calculations - 1% 30

m,, [GeV]
(V I VA l S M ) LEP Electroweak Working Group 2010



Decoupling Theorem and its breaking

Decoupling Theorem

Low energy observable O

Renormalized quantity O is a function of M
via loop contributions, but it decouples in

the large mass limit

O(M)

.

1
M

Ny

A

M e

100GeV-{-

New Particle

X

~

/

Ex) GUT scale (10'® GeV) physics does not affect TeV scale physics

Ex) Seesaw Mechanism (Dim 5) at the tree-level

L= —((DT v ) (v D)

X X
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QED | Example of decoupling theorem

One-loop contributions to the two point functions

eree Qe eQ - QQ
L2 J
e? J
04
17,2 2
e_zk _ Hnew(k ) M
Self-Energy M., (k?) has dim. 2, so that it can have M? or InM ,
dependence from power counting (non-decoupling effects) A¥ A
2
Thew(k*) = hew(0) + K°TT,,, (0) + - 1Y)
However from U(1) gauge symmetry I1__,(0)=0, and " ,,(0) is absorbed by renormalization
004 3 004

M ~

(e% _ H'(O)New) k2 — (k) &) 117 (kz) B eszz (k )? S 117 (O) 4o
R

new new

(0) is dim. -2, so that at most 1/M?  (Decouple!)

36

Remaining M”

new



QED with spontaneously broken U(1)

1 , Q0
Mnee ~ Qekz_mieQ - %kz—vz
00 | |
M ~
1
e_zkz — v — Hnew(kz) Y

Self-Energy M., (k?) has dim. 2, so that it can have M? or InM A Av
dependence from power counting (non-decoupling effects)

Mpew (k) = Tpew(0) + &°TT, (0) + -

M
This time, U(1) is spontaneously broken, so that _.,,(0) is non-zero.
But this time, N_.,,(0) and ", (0) are absorbed by v (or m,) and e
Mo 00 _ 00
(& = 0 (0)) K2 = (2 + Ty (0) — EEITL, (0) + -+ k2 =2 — S22, (0) + -
R

Remaining N”’ .. (0) is dim-(-2), so that at most 1/M? (Decouplg!)

new



Non-vanishing non-decoupling effect

Electroweak Theory SU(2) x U(1) with SSB

Two point functions 6 nondec. d.o.f. H}w(pz) = 2T99(),

ff]/[HSQ( 2) %1 HQQ( 2)}-
95 [P (p?) — 255 T0° (07) + sy 129 ()]
?) = ¢’IiF (p°).

_ (i’
= Mg, +p*In New‘I‘"‘ 22
HT (£

)
WWw
iy = (p

)
’)

M2
Méew+p2ln%+...

péd

= % l New oo
New TP I =5 + 3 non-decoupling parameters:

% v M2 S,T,U (Peskin-Takeuchi)
e ——A4N—26w+p2ln—;;w oo

) 3Q" 5 =33/ o ,
§ = 16x[l° (p* = 0) - Ty (p* =0)],

Input parameters (a, GF, MZ) can absorb 3 of 6 non- INGer

decoupling effects. Ir=

33, —11, «
My (p° = 0) -1 (p* = 0)]
OEMm

i 33 —11’
Still, there are 3 non-vanishing non-decoupling effects U = 167[Il; (p> =0) - 11 (p° =0)],



Non-decoupling effects

Non-decoupling effects on various electroweak parameters
[, sinbw, m,, p, ...
are all described by S, T, U (at the leading level)

§ = 167 [T (p* = 0) — ﬁ?'(ﬁ_m]

4v2G ) )
VIGE 82— g) ~ T (2 = 0],

OEM
. X 33/ =11/
U=16x[ll; (p°=0)-1I; (p°=0)],

T =

Ap=p—1=aT
3Gr

Ap ~
P 8v/272

m3
m? — M3 sin? Oy In —ZH
miy
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Non-decoupling effects

What kind of new physics can produce non-
decoupling effects?

* Chiral Fermion Loop
m:=0 = me=y,v

* Higgs Loop
m,°=2 A v?

e Scalar Loop

2 — 2 2



Custodial Symmetry

SM Higgs Potential has the Global Symmetry after EWSB (Custodial Symmetry)

V(®) = +4°[@]" + A[@[*

: & gt
Define a bi-dobulet field M = (‘I), (I)) = ( _ 0 >
-~ ¢
Transformations M— g M(g, € SUQ2)L)

M — Mgi! (g, € SUQR)R)
The Higgs potential is invariant under SU(2), x SU(2), (= O(4)) transformations

2
V(D) = V(M) = +%Tr[M‘*‘M] + %(Tr[/w‘ M])2

By EWSB, SU(2), x SU(2)z = SU(2),, cCustodial symmetry

Note that the custodial symmetry is broken in general extended Higgs sectors



Yukawa sector does not respect SU(2),

Yukawa interaction in the SM can be written as

~ (fa B)L(yt(i)a }’bq))

R

yt+yb( b)LM( ) +y[;yb(f,l_9)LM73( t)
R R

b

SU(2); is broken gL7-3g}_zl ?é T3
Only when y, =y, (namely when m,=m,)
the Yukawa sector is invariant under SU(2), x SU(2),
T ~ (my — mb)2

3G r m2
Ap ~ M2 sin? Oy In —£-
» P o (mf Z sin” 6y In - ‘21>

42



Non-decoupling effect

Example (Electroweak T parameter) 4<W,Z >T,,Z

m
p = W __ Ap=p—-1=aT

Data |T]| <0.1 W, Z W, Z

02—

(SM

New physics
Power-like

- ( \
ATy . ~/—In mh=100 | mass _
nggs I \\ contribution
o2l 300 | i
i N 2HDM ' 500
Quadratic mass contribution ( ) - _ l
Peskin, Wells 2001

(non-decoupling effect) B T
S



?IE%ET*LIiEL\tVﬁ‘Z(i‘IE

mih 500G eV

Ma [GeV]

Am m A —m H*E ;31 - ):/ :
= 500G eV ' e
sin(f —a) =1 T unA
0 e
un’tar’ty _ m?q = m H = M 2 0.05 '\-: :-
Stability 001; i \
02 Mos (;.1 015 02 0.25
pr——— S

—=sp0Gev— S

(EEE Am(HRNFAT LS ERE )
D) DR T. SMEIE VS R

NENSATLEBRET —5%

KEREE'—C“%% )
ntl:feybgij' SK, Okada, Taniguchi, Tsumura, 2011

FL\SMBIEYT R15(LA]EE
« REGH+EADBEENEKRIND
o TINREEYD Ri5 (AF) IZBEED EREDL "




It was repeated for Higgs at LEP2

3Gp

Ap = —=
8v2m=

2 2 .92
- <nz; — M7 sin” Oy In —;

< LjaD%C.L.

Case of Higgs boson
* Now we know top mass

* Rho is a funcution of only m,,

* Precision measurement at
LEP2

 114GeV< mH <150 GeV!

e LHC found new boson at 126

GeV (Higgs boson!)

Victory of precision
measurements and theory
calculations

(VIVA! SM)

%ClL.

i i =—0.0275810.00035
%} ++0.0274910.00012

ik ans incl. low Q° data
- .-

Ay®

Excluded o, Preliminary

300
m,, [GeV]

LEP Electroweak Working Group 2010



All SM parameters are found

Next target is new physics!
* Importance of Radiative Correction calculation

* Future precision measurements
— S, T, U (GigaZ Mega W)
— Top (e.g. ttZ) couplings
— Couplings of the discovered Higgs
hgg, hyy, hWW, hZZ, htt, hbb, htt, huu, hcc, ..., hhh

At ILC, we may be able to distinguish models by detecting a
pattern of deviations in the h couplings from the SM values!

Fingerprinting new physics models



Non-decoupling effect on the Higgs

couplings
Top-loop contribution
in the SM
hww ~ % (1 sl mtz)
Y 967 V2
R V2my 1 Ne mj
Jhif T T, ( 1272 v2>

How about the new physics loop contributions?
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Current LHC data v.s. Full ILC

CMS Prellmlnaw (s=7TeV,L<51fb" \s=8TeV, L'\ 196fb
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The precision must be improved
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The ILC is really needed!

48



All SM parameters are found

Next tareet is new nhvsics!

Experiments Theory
hVvV -

hbb Minimal
Singlet Models
R 2HDMs

_’""_.:.“f““:%“':r ‘ Triplet Models

hTT

etc...

Fingerprinting new physics models
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Radiative Corrections

In future, the Higgs couplings will be measured with
much better accuracies

Clearly, tree level analyses are not enough

Analysis with Radiative Corrections (including quantum
effect of the 2" Higgs/BSM particles) is necessary

Theoretical predictions Precision measurements
at loop levels X at future colliders

New Physics !




Scale Factors (1-loop level) in 2HDM

2

Mixing parameter x = cos(p-a) [Sin(ﬁ _a)=1-L] SM-like

2 X << 1
Scale Factor AKy=Ky—1
of the hVV Couplings N 1 /
Pne ARy =~ —§x2 — A(mz, M?)
mixing loop

Loop Effect

| | 1 1 m%) M2\ ? m.2=M2+ A. 2
4_1(’”(1)J[> — — 62(—‘»(1) , ]. - — 9 1), /
2 mg, ((I) — Hi‘r’l, H)

N | <z (M>>V) Decoupling!
a(aey [

o< mg (M~ v) Non-decoupling!



Which Yukawa Type ? (tree)

Model

Singlet mixing

2HDM-1

2HDM-II (SUSY)
2HDM-X (Lepton-specific)
2HDM-Y (Flipped)
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What is going on with radiative correction?
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Which Yukawa Type ? (loop)

- iy __ T
Model uilt bl c t gy L4 Type Y 4' TYI)?,II ” 4
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can also be done at loop level ! S.K., M. Kikuchi, K. Yagyu,

PLB731 (2014) 27 53



Comparison of

1. 2HDM-I

2. Doublet-Singlet Model (HSM)
3. Inert Doublet Model (IDM)

Scan of inner parameters (mass, mixing
angles) under the theoretical conditions of
Perturbative unitarity

Vacuum stability

Condition for avoiding wrong vacuum (HSM)

These models may be distinguished,
as long as a deviation in k,
is detected

Ellipse, +10 at LHC3000 and ILC500
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Slide by

EXtraCtion Of I!arameters Mariko Kikuchi

In the future,
how much precise can we extract values of inner parameters
by using LHC3000 and ILC500 data ?

03

Case A |c3000 1Lcs00 10 o2
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0 .

We survey parameter regions by o2 01
scanning inner parameters AK‘I:
x, tanpB, my, M ®=H"H,A 21/24




Extraction of parameters * =~

Errors are from Ay — Aicy = _tanB X

InPUt Snowmass 2014 Rep.
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New mass scale can be extracted! = mg <800 GeV .

In addition to the type, parameters x and tan3 can be extracted !!



Another example of non-decoupling effects

Higgs potential



Self-Coupling Constant

It is very important to know hhh coupling to reconstruct
the Higgs potential

1 1 1
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Tree level coupling 5 =~ — —_%

Effective Potential

Vet (90) — Vtree(‘p) +

Mi(p))? 3
NN (— 1M [ (( ©) —-)]

6472 0> 7

V2

Expand the V . by h ©=vy+h

Top quark effect M,

iy | N. v (h  Th* 13K
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2
Renormalization 8_V -0 Vv —
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Case of Non-SUSY 2HDM

* Consider when the lightest h is SM-lik |
[sin(B—c)=1] Q. h - AL

* At tree, the hhh coupling takes the "’

same form as in the SM O =H, A H!
* At 1-loop, non-decoupling effect m,*
(lf M < V) SK, Kiyoura,c%kada, Senaha, Yuan, PLB558 (2003)
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Correction can be huge ~ 100% Non-decoupling effect Decoupling
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Summary of Radiative Corrections

In order to really test theory calculation by using future
precision data, evaluation with radiative corrections is
inevitable

Radiative correction to EW parameters (S, T, U) revealed
mass of top and Higgs before their discovery!

Radiative corrections to Higgs boson couplings in various
new physics models make it possible to fingerprint models
by future precision data

The hhh coupling is essentially important to explore the
Higgs potential. The coupling can deviate largely by the
new physics loop effect



