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Higgs physics/Cosmology interface
e Higgs physics at colliders

-Discovery of the Higgs boson(s)
-Coupling measurements (gnvv, gy s7. €tc...)

Higgs potential <= Higgs self-couplings Annn O(10 — 20)% accuracy (QILC)
[ACFA Higgs WG, Battaglia et al.]

e Cosmology
-Baryon Asymmery of the Universe (BAU) np/s ~ 10— 10

Attempts: GUTSs, Affleck-Dine, Leptogenesis, EW baryogenesis, etc...

Connection with collider physics

[Electroweak baryogenesis] based on the Higgs potential at 7" # 0

|l collider signals??

[Higgs self—couplingsj Higgs potential at 7' =0

We evaluate the hhh coupling in the possible region of EW baryogenesis.



Conditions for Baryogenesis

(Sakharov conditions)
e Baryogenesis in the electroweak theory

-B violation sphaleron process

-C' violation chiral gauge interation

-C'P violation KM-phase or other sources in the extension of the SM
-out of equilibrium 1st order phase transition

sphaleron process (AB = NyAN¢s)
A saddle point solution of 4d SU(2) gauge-Higgs system [Manton, PRD28 ('83)]

e [ransition rate

Fég)h ~ (awT)*e Fon/T  (broken phase)
Fé;{l ~ (awT)* (symmetric phase)

B violation process is active at finite temperature, but is suppressed at 7' = 0



e Strongly 1st order phase transition

= Decoupling of the sphaleron process at T' < 7% :

®)

Sph/Tc3 <H(T.,) = R

In principle, the SM fulfills all the three Sakharov conditions, BUT

e Phase transition is not 1st order (for my > 114 GeV) out of equilibrium x
e KM-phase is too small to generate sufficient BAU
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Extension of the minimal SM Higgs sector

2HDM, MSSM, Next-to-MSSM, SM with a low cutoff
In this talk we consider

e 2HDM simple viable model
e MSSM



Two Higgs Doublet Model (2HDM)

e Introduction of the additional Higgs doublet ®
e FCNC suppression = &; — &y, &5 — —Dy (Type |, Il Yukawa int.)

VTHDM — m%|<1)1]2 —|— m%|q)2|2 — (m%@{@g —|— hC)
A A
F o 1@t + Dol 4 A @1 2| Daf? + A @] o

. | ) ¢; (x)
4+ 7((131(1)2) —|—hC , (I)Z:LQ(CC) - ( %(?}Z—th(x) —|—ZCLZ(ZC)> ) .

e mZ, \5 € C (sources of explicit C'P violation)
In the MSSM: A1 = Ao = (g5 + 97)/4, A3 = (953 —g1)/4, M= g5/2,
A5 =0

7 independent parameters
mn, M, ma, mp+: CP-even, CP-odd and charged Higgs boson masses

a: mixing angle between h and H, tan 8 = vy /vq, (v=+/v% + v5 ~246 GeV)
M =

\/Sﬁ;%sﬁ (soft-breaking scale of the Z5 symmetry)



Setup

We consider the simplified case as [Cline et al PRD54 '96]
mi=Mo=m, A = A=A, (sin(ﬂ—a):tanﬁzl)

1
e order parameters = Higgs VEVs: (@1) = (P2) = D) ( g )

e Tree-level potential

2

Ao 1
V:cree(SO) — —%902 -+ 4H§O4, ,LL2 = m% — m2, )\eff — 1()\ + )\3 + )\4 + )\5)

e 1-loop effective potential (zero + finite temperature)

4 2 4
i (870 —3) * g 2wl 4l

2—bosons

Vi(p) = n;

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

IB,F(CL2) = /OOO dz x*log (1 == e—\/m)7 a(p) = @



Finite temperature Higgs potential

For m3(v) > M*m(v)  m3(p) = mi(v)%, (B=H, A, H*)

A
Vg ~ D(T? — T?)p? — BT + 2L

1 2
. 2FT., Veft

At T., degenerate minima: we =0, X :
T, i
pe 2k |

TC B )\TC b T>Tc

]. 3 3 3 3 3 0 T=Tc
= Grotag Omw 3mz & iy ma + 2mys )
‘ additional contributions 0 50 100 150 200 250 300

¢ (GeV)

e The magnitude of E is relevent for the strongly 1st order phase transition

e We examine the strength of the phase transition without the high temperature
expansion.



(GeV)

(GeV)

T. and . vs heavy Higgs boson mass

mp = 120 GeV, me = myg = mag = my+, sin(f —a) =tan3 =1

200

150}

100

50 ¢

‘M=0

Te

0

200}

150+

100

50 ¢

60 180 200 220 240 260 280 300 320 340
Mo (GeV)

M =100 GeV

0 L L L L L L L L L L
160 180 200 220 240 260 280 300 320 340

M (GeV)

200+

150+

(GeV)

100+

50 ¢

M =50 GeV

0
1

60 180 200 220 240 260 280 300 320 340
Mo (GeV)

200 ¢

— 150

(GeV

100

50 f

M =150 GeV

Tc

0 1 1 1 1 1 1 1 1 1 1
160 180 200 220 240 260 280 300 320 340

Mg (GeV)




Contours of ©./T. in the mg-M plane
sin2(a —f)=tanB =1, mp =120 GeV, me =mag =myg = my=+

Contour plot of /T in the mg-M plane
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e For m% > M2,m,%,

Strongly 1st order phase transition is possible due to the loop effect of the heavy

(Pc/Tc =1

sin(a-B) = -1, tanf = 1
mh = 120 GeV
Moé=MH=Ma=MH?

| | | | | | |
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Higgs bosons (@3-term is effectively large)

Question

e How large is the magnitude of the Ay coupling at 1" = 0 in such a region?



Quantum corrections to the hhh coupling

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

e hhh
h h o f h
h_.__. Q = hooo_ .. < + h . .. ¢ f + counter terms
h h ¢ f ) h

(¢: h? H7A7 Hj:7GO7 Gj:? f:t7 b)
e For sin(f — a) =1,

2
Imy

e _ ., (same form as in the SM)
v
3m2 c m4 M2 3
\ o h 1 D 1 — — d=H. A H:l:
Lhh » [ + 1972 m2v2( mé) ] ( y 41, )

(c = 1(2) for neutral(charged) Higgs boson)

For m2, > M? m3, the loop effect of the heavy Higgs bosons is enhanced by my,
which does not decouple in the large mass limit. (nondecoupling effect)
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Contour plots of AAppn/Apnnk in the mg-M plane I

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

Contour plot of Ak /Apnn @nd /T, in the mg-M plane
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For m3 > M? m3,
e Deviation of Ay coupling from the SM value becomes large.

e O(100)% deviation is allowed under the theoretical and present experimental
constraints.  (vacuum stability, perturbative unitarity, p parameter)
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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+
[S.Kanemura, Y.Okada, E.S.]

Contour plot of Ak /Annn @nd /T, in the mg-M plane
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For m3 > M? m3,
e Phase transition is strongly 1st order, AND
e Deviation of hhh coupling from SM value becomes large. AN, un/Annn = 10%
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Contour plots of AAppn/Anrkr and . /T, in the mg-M plane I

Sin2(a—ﬁ) =tan( =1, me =mag =myg = Mg+

my, = 100 GeV myp, = 160 GeV
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The correlation between ¢./T. and AXppn/Anpn is almost same as my, = 120 GeV
case. AAhhh/Ahhh Z 10%

cf. In the SM with a low cutoff: A)\hhh/)\hhh ~ O(lOO)%
[C. Grojean, G. Servant, J. Wells, PRD71('05)]
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Electroweak phase transition in the MSSM

e Light stop scenario [Carena, Quiros, Wagner, PLB380 ('96)]

MC% > Mz m?, m% > m% (sin(8 —a) ~1)

2 sin? X, |2
mZ (¢, 8) ~ ME + O(m3) + 2 /3(1_| /|

)@27 (Xt = Ay — pcot )

2
2 Mg
e High termperature expansion
For Mg ~0, (mg ~my)
Lmd /X2
AE{ ~ ——1— 5
L 2103 Mg

Stop contribution makes the phase transition stronger enough for successful

electroweak baryogenesis.
Collider signals = mgy <my, mp < 120 GeV

Y

In this scenario, how large is the magnitude of the Ay coupling?
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Deviation of the )\, from the SM value

e Leading contribution of stop loop [Hollik et al, PRD66('02)]

A)\hhh(MSSM) N m? - |Xt|2 3 B Iyt (AE~ )2
Anhn(SM) - 27T2v2m% Mgg - m%m% ) -
c 2E .
% = >\—Tc > 1 gives
AXppp(MSSM)
2 6%.  (f = 120 GeV
N (SM) < %. (for my, eV)

In the MSSM, the condition of strongly 1st order phase transition also leads
to large quantum corrections to the hhh coupling constant.

16



Summary

We have studied the collider signature of the successful electroweak baryogenesis.

In the 2HDM

For m2, > M2, m? [EW baryogenesis}

e Phase transition is strongly 1st order. [l

from the SM prediction becomes large.
(A)\hhh/)\hhh > 10%)

due to the nondecoupling effect 1
of the heavy Higgs bosons
[Large loop correctlon} Va0, 0)

to the A\ppp coupling

e The deviation of the App, coupling
[phase transition

Strongly 1st order
g y } V;ff(gpv T)

In the MSSM with light stop scenario

A)\hhh/)\hhh 2 several % U

Such deviations can be testable at a ‘ Measurement of Appp QILC }

future eTe~ Linear Collider.
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Sensitivity of the hhh coupling at Linear Colliders

e — . Ve
*
w= . - h
O M
S o }’
W= !
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[Y.Yasui et al ACFA WG]
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Measured A/Agy

Se

nsitivity of the hhh coupling at Linear Colliders
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Sphaleron process

e A saddle point solution of 4d SU(2) gauge-Higgs system
[Manton, PRD28 ('83)]

Energy
A
sphaleron
_/ Instanton
-1 0 1 Ncs

(AB = NfANCS)
e [ransition rate

)

sph ™ (@WT)4€_ESPh/T (broken phase)

Fgf))h ~ (awT)* (symmetric phase)

B violation process is effective at finite temperature, but is suppressed at 1" = 0
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Baryogenesis mechanism

e Asymmetry of the charge flow of the

0, particle ( due to C'P violation)
Vwall | [} |
g 9 5o H e Accumulation of the charge in the
™ «H SF% Jﬁ symmetric phase
Sp +
broken symmetric generation via sphaleron process
phase phase )

- e Decoupling of sphaleron process in the
2 broken phase

e Strongly 1st order phase transition

= Decoupling of the sphaleron process at T' < 7% :

r /18 < H(T.) = Pe s
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Ring-improved Higgs boson masses

S 90212

mi, (o, T) = §mh(’0)ﬁ - §mh(v) +aT?,
2 | 2 I 2 902 2 2 2
myg(e,T) = |my(v)+ §mh(’0) - M o2 §mh(v) + M* + aT”,
1 2
(e T) = |m() + gmie) < M| % - Smie) + M2 4 a1
m2 ( T L 2 1 2 . M2 90_2 a2 M2 T2
Hi @7 ) _ mH:t(,U) _|_ th(v) 'U2 th(v) —|_ _I_ a 9
1 2 1
mgo(e,T) = mEe(p,T) = 5mi(v) 5 = Smi(v) +al”
where
1 2
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Magnitude of the self-couplings \;

The magnitude of the self-couplings (sin(B-a)=tanp=1, m,=120 GeV)

7\«1 I/4TC=>L2/47IT=?L3/4TC

500 600
Mg (GeV)

700

800 900

1000
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