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Introduction

e Higgs physics at colliders
-Discovery of the Higgs boson(s) (@Tevatron, LHC)

gauge bosons

fermions
O(1)% accuracy (@ILC) ACFA Rep. TESLA TDR

-Measurements of the Higgs self-couplings (reconstruction of the Higgs potential)
O(10 — 20)%accuracy (@ILC) ACFA Higgs WG, Battaglia et al

-Measurements of the Higgs couplings with (mass generation)

o Connection between collider physics and cosmology

Barvon Asvmmerv of the Universe (1). B-L-gen. above EW phase transition (Leptogenesis, etc)
/ g / (2). B-gen. during EW phase transition (EW baryogenesis)

-dark matter

> Since the EW baryogenesis depends on the dynamics of the phase transition, we
can naively expect that a collider signal of it can appear in the Higgs self-coupling.

> We investigate the region where the EW baryogenesis is possible in the THDM,
and calculate the deviation of the self-coupling constant from SM prediction in
such a region.



Conditions of Baryogenesis

Evidence of the BAU
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e 3 requirements for generation of the BAU (Sakharov conditions)

1. baryon number violation

2. C and CP violation
3. out of equilibrium

2 scenarios
(1) B-L-generation above EW phase transition. (Leptogenesis, etc)

(2) B-generation at the electroweak phase transition. (Electroweak baryogenesis)

-based on a testable model



Baryogenesis in the electroweak theory

e baryon number violation sphaleron process
e (' violation chiral interation

e (P violation KM-phase or other sources
in the extension of the SM

e out of equilibrium 1st order phase transition
with expanding bubble walls

In principle, SM fulfills the Sakharov conditions, BUT

e Phase transition is not 1st order for the current Higgs mass bound (m; > 114

GeV)

e KM-phase is too small to generate the sufficient baryon asymmetry
— Extension of the minimal Higgs sector

THDM, MSSM, Next-to-MSSM, etc.

> THDM is a simple viable model not so constrained



Two Higgs Doublet Model (THDM)

Higgs potential
Vieow = m2|®1)% + m2|®]? — (m2®Idy + h.c.)
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Yukawa interaction
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To avoid complication, we consider [Cline et al PRD54 '96]

mi=ma=m, A = Ay= A\, (sin(ﬂ—a):tanﬁzl)

e Higes VEVs: (@) = (@y) = % ( 2 )

e Tree-level potential
2 A 1
=t p’=mz3—m?  Ag= Z()\—FQ\S—F{%—I—)\@)

v
‘/jcree(go) — _?902 + A V2R

= 345

> Mass formulae of the Higgs bosons

1
m; = §(>\ + A345)0,

2
Jz§

mi = —\sv% + M2, > Two origins of the masses : Z c;\;v? and M2,
5 i
H




1-loop effective potential
e Zero temperature

4 2 3
Vip) = mnglgg) (10% mé?(f) - 5)

(nw =6, nz =3, ng=—12, ny=ng=na =1, ng+ = 2)
e Finite temperature

Vi, T) = 2T—7:;[ > nidpla®) + mlp(a)]

2—bosons

where 1 r(a?) = /O T dr 2 log(1 F eV, (a(gp)zw)

> High temperature expansion (a? < 1)

ad 2 T at a? 3
In(a?) = T T 2 T os/p @ () 9 O(a®

Tt 2 at a? 3
In(a?) — T2 (102 —2) 1 0a® (1 — 921og(4)r — 2 )
fa?) = o -pat = (s ) +0(a), (logarm = 2log(t)n - 21z

p°-term comes from the “bosonic” loop



Finite temperature Higgs potential

2
For m3(v) > M? m3(v) m3 () @ mg(v)%, (®=H, A, H)

A
Ve ~ D(T? — T2)p? — ET® + 2L

4
where 1 3 3 3 3 3
F = 127w3(6mw+3mz+ @H+mA+2mH£ )
additional contributions
Veff

2FT., |

At T., degenerate minima: Pe=— :

Te ]

e The magnitude of F is relevent for the strongly .
1st order phase transition i

T<Tc

e Strongly 1st order phase transition: ~— > 1 6 5 a0 iio 2o o a0o
@ (GeV)

= Not wash out the baryon density after EW phase transition

> C'P violation at the bubble wall = Asymmetry of the charge flow



‘ Contour plot of ¢./T, in the mg-M plane |

sin(a — B) =tan B =1, my, = 120 GeV, me = ma = myg = my+

Contour plot of /T in the mg-M plane
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Strongly 1st order phase transition is possible due to the loop effect of the heavy

Higgs bosons (non-decoupling effect). (@>-term is effectively large)

e \WWhat the magnitude of the Ay coupling at T=0 in such a region?
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Radiative corrections to )\,

[S. Kanemura, S. Kiyoura, Y. Okada, E.S., C.-P. Yuan PL '03]

e hhh
h - h o f h
h ... Q — h o __ {' + h - . o f + counter terms
o b AN

(¢:h7H7A7H:|:7 f:t7b)

e For sin(f — a) =1,

3 2
en = — mh, (same form as in the SM)

v

3m? c  m: M2\ °
A ~ ——hi] ?(1—-— d=H A H*
wn ~ | (1) | @A

(c — 1 for neutral Higgs, ¢ = 2 for charged Higgs)

For m2 > M? m?, the loop effect of the heavy Higgs bosons is enhanced by mj,
which does not decouple in the large mass limit. (non-decoupling effect)
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Contour plots of AAppn/Anrkr and . /T, in the mg-M plane I

sin(a — B) =tan B =1, my, = 120 GeV, me = ma = myg = my+

Contour plot of Ak /Annn @nd /T, in the mg-M plane
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e Phase transition is strongly 1st order, AND

e Deviation of hhh coupling from SM value becomes large.
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Summary

We have investigated the region where the
electroweak phase transition is strongly 1st
order, and calculate the radiative correction

to the triple Higgs self-coupling constant in
the THDM.

2 2 2
For mg > M* my

e Phase transition is strongly 1st order.

e Deviation of hhh coupling from SM value
becomes large. (ANunn/Annn = 10%)

due to the non-decoupling effect
of the heavy Higgs bosons

Such deviation can be testable at a Linear
Collider.

[EW ba ryogenesis}

Y
[Strongly 1st order} Vie(o, T)

phase transition

Y
Large loop correction
Veff(% O)

to Annn

Y
‘ Measurement of Ay, OILC }
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Definitions of the mass eigenstates I
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(

‘ Renormalized h and H I

cosap  sinagp ) ( ZlB ) = R(—aa)R(—aR)(

—sinap cosap 2B
— R (Zan)
R(—6a)R(—a ( Z;Z )
R(—8a)ZR(~ (212> z R( aR)ZR(aR))
2

(

1 da 72 5A Hp
—oa 1 §A Z,ll/2 hr
1+ %52}{ 0A + da Hp
0A —dar 1+ %5Zh hgr 7
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On-shell renormalization in the Electroweak Theory I

e Gauge sector

g2, gi, U < Ay Mz, GF Aemy Mz, MW

my, mw, Gg Qem, Mz, SInOy, etc...

e Higgs sector

Renormalization conditions for o, § and M., (our scheme)

Relyp(m3) = Relyu(m¥) =0 = Z2, 2,47,
where Z}2 = 6A+ 60, Z}12 =6A —ba

Rel yo(m%) = Relaz(m%) =0 = ZMY2%, 7'/

oy GOA’ AG01'/2
where Z ., =0B+0d0, Z/0=0B—00

oM. < MS scheme
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Ring-improved Higgs boson masses

2 3 9 p? 1 2 2
mp, (e, T) = 5’”%(”‘}0)? - §mh(vo) +al”,
0
2 - 1 5 2 p? 1 2 2 2
my(e, T) = |my(vo) + §mh(7)0) — 2mj3 2 §mh(’UO) +2m3 +al”,
! 0
2 2 1 2 p? 1 2 2
mA(e,T) = |mA(vo) + 5mi(vo) — 2m3| Sy — Zmd (vo) + 2m3 + aT?,
! 0
2 R 1 2 p? 1 2 2 2
my(p,T) = |miz(vo) + §mh(7}0) —2m o2z imh(UO) + 2m3 + al’™,
! 0
2 2 1 5 p? 1 2 2
meo(e, T) = me(p,T) = §mh(’00)v—g - §mh(?}0) +al™.
where
1
=15 [Gmﬁv(’uo)—|—3m22(vo)—|—5m,2l(vo)—I—m%(vo)—l—mi(vo)—iﬂm?{i(vo)—8m§ .
0
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