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Higgs and cosmology

We discuss EW baryogenesis in light of recent LHC data.



Higgs and cosmology

We discuss EW baryogenesis in light of recent LHC data.



(1) Baryon number (B) violation
(2) C and CP violation
(3) Out of equilibrium
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Many possibilities

o Electroweak baryogenesis (EWBG) < Higgs physics.

It scenario that we can verify or falsify with experimental data.



B violation:

C violation:

Out of equilibrium: EWPT
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EW Baryogenesis mechanism

symmetric phase (®) = 0
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1. Thermal loop driven case
thermal boson loop
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2. Tree driven case

can be negative!



Origins of the negative contributions in Ve

1. Thermal loop driven case
thermal boson loop

hgg
- hyy hhh
2. Tree driven case
HVV
Hff hhh

can be negative!
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Current status of EWBG
- SM EWBG was excluded.

“C > 1 not satisfied
1c

- MSSM EWBG was excluded.

- > 1 not satisfied
1o

- Not enough data to exclude other models (2HDM, NMSSM etc).



What's next?

We will consider a simple case, SM+SU(2) singlet Higgs.



in collaboration with Kaori Fuyuto (Nagoya U)
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Real singlet-extended SM (rSM)

Higgs potential:

Scalar fields:



Real singlet-extended SM (rSM)

Higgs potential:

Scalar fields:

H-S mixings are important to have strong 15'-order PT.



Minimization (tadpole) conditions:

Mass matrix:



Minimization (tadpole) conditions:

Mass matrix:

125 GeV Higgs
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Vacuum structure

various vacua:

[Funakubo, Tao, Toyoda, PTP114, ('05) 369]

Global min. condition:

For example,

However,
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Higgs couplings

Higgs-gauge bosons

Higgs-fermions

Normalized couplings:
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Effective potential




Patterns of EWPT

B: SYM — I’ = EW
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Type-B PT

v

thermal loop origin tree origin
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Sphaleron decoupling condition

Espn/T

- Sphaleron energy gives the dominant effect.

- We evaluate E(Tc), C (Tc).



Sphaleron decoupling condition

Espn/T

- Sphaleron energy gives the dominant effect.

- We evaluate E(Tc), C (Tc).
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hhh coupling

[ hhh coupling in the SM.

The dominant one-loop correction comes from top loop

3 hhh coupling in the rSM.

Larger a gives the larger deviation from the SM value.

(To have strong 1st order PT, (Ayg, [t s) have to be large.)
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S2 S3 S4
H-S mixing parameters AIS AHS, LHS NS, LHS LTS
PT type D B B B
mr, [GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vg [GeV] 200 90 100 200
is [GeV] 0.00 ~80.00 ~80.00  -310.72
i [GeV] 0 30 30 0
K 0.79 0.94 1.0 0.94
At i %) _93.7 31.8 0.58 41.1
logo(A/GeV) 3.90 9.68 13.78 3.90




Z2-syymmetric
q1 S2 S3 S4
H-S mixing parameters A S AHS, LHS AOS, LHS LLETS
PT type D B B B
mr, [GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vg [GeV] 200 00 100 200
is [GeV] 0.00 ~80.00 ~80.00  -310.72
i [GeV] 0 30 30 0
K 0,79 0.94 1.0 0.94
At i %) _93.7 31.8 0.58 41.1
logo(A/GeV) 3490 9.68 13.78 3.90




Z2-syymmetric
g1 S2 S3 S4
H-S mixing parameters A S AHS, LHS AOS, LHS LLETS
PT type D B B B
mi, |GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vs |GeV] 200 90 100 200
urs |GeV] 0.00 —80.00 —80.00 -310.72
We [GeV] 0 —30 —30 0
K 0{79 0.94 1.0 0.94
ANg, Hy By V0] —23.7 31.8 0.58 41.1
logo(A/GeV) 3490 9.68 13.78 3.90
excluded




g1 S2 S3 S4

H-S mixing parameters A S AHS, LHS AOS, LHS LLETS
PT type D B B B
mi, |GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vs |GeV] 200 90 100 200

urs |GeV] 0.00 —80.00 —80.00 -310.72

We [GeV] 0 —30 —30 0

K 0{79 0.94 1.0 0.94

ANg, Hy By V0] —23.7 31.8 0.58 41.1

logo(A/GeV) 3490 9.68 13.78 3.90

excluded




S1 S2 S3 S4
H-S mixing parameters A S AHS, LHS AOS, LHS LLETS
PT type D B B B
mp, |GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vg [GeV] 200 90 100 200
urs |GeV] 0.00 —80.00 —80.00 -310.72
We [GeV] 0 —30 —30 0
K 079 0.94 1.0 0.94
AN, i, V0] —23.7 31.8 0.58 41.1
logo(A/GeV) 3490 9.68 13.78 3.90
excluded no significant deviation




91 S2 S3 S4
H-S mixing parameters A S AHS, LHS AOS, LHS LLETS
PT type D B B B
mp, |GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vg [GeV] 200 90 100 200
urs |GeV] 0.00 —80.00 —80.00 -310.72
We [GeV] 0 —30 —30 0
K 0{79 0.94 1.0 0.94
AN, i, V0] —23.7 31.8 0.58 41.1
log1o(A/GeV) 3{90 9.68 13.78 3.90
excluded no significant deviation




31 S2 S3 S4
H-S mixing parameters A S AHS, LHS AOS, LHS LLETS
PT type D B B B
mur, [GeV] 500 170 148 500
a |degrees] 38 —20 0 20
vg [GeV] 200 90 100 200
urs |GeV] 0.00 —80.00 —80.00 -310.72
We [GeV] 0 —30 —30 0
K 0479 0.94 1.0 0.94
At iy %) 937 31.8 0.58 41.1
log1o(A/GeV) 3490 9.68 13.78 3.90
below GUT scale  gxcluded no significant deviation
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MSSM EWBG

below 120
GeV

Prediction: (2-3)

-0(gg -> H -> VV)

IS inconsistent.

ruled out
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Sbottom pair production, 51 — Db %2
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Z'-ino-driven EWBG in the UMSSM

grivv=(0.8-0.9)
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Experimental constraints on light leptophobic Z°

[ Electroweak precision tests (see e.g. Umeda,ChoHagiwara, PRD58 (1998) 115008)
-> In our case, no constraint since Z-Z' mixing is assumed to be small.

3 All dijet-mass searches at Tevatron/LHC are limited to M;;>200 GeV.

3 Z' boson (<200 GeV) is constrained by the UA2 experiment.

UA2 bounds on mz
UA2 Collaborations,NPB400: (1993) 3 M. Buckley et al,PRD83:115013 (2011)
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Fig. 5. Excluded region to 90% for Z’' — qq, (excluded region is hatched). The branching ratio is (GeV)

given as a fraction of standard model branching ratio. The solid line shows a branching ratio of 1
for Z' — qq whilst the dashed line shows a branching ratio of 0.7.



“ready to fall”
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= m/2 = saddle point configuration (spahaleron)




Energy functional
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Equations oF motion for the sphaleron
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Higgs couplings measurements@ILC

ILC(250)  ILC(500) ILC(1000) ILC(LumUp)
/5 (GeV) 250 250+500 250+500+1000  250+500+1000
L (fb—1) 250 2504500 250+500+1000 1150+1600+2500

Yy 18 % 8.4 % 4.0 % 2.4 %
gg 6.4 % 2.3 % 1.6 % 0.9 %
WW 4.8 % 1.1 % 1.1 % 0.6 %
YA 1.3 % 1.0 % 1.0 % 0.5 %
tt — 14 % 3.1 % 1.9 %
bb 5.3 % 1.6 % 1.3 % 0.7 %
Tt~ 57 % 2.3 % 1.6 % 0.9 %
cC 6.8 % 2.8 % 1.8 % 1.0 %
wrpT 91% 91% 16 % 10 %
Cr(h) 12 % 4.9 % 4.5 % 2.3 %
hhh — 83 % 21 % 13 %
BR(invis.) <09% <09% < 0.9 % < 0.4 %

ILC can probe EWBG-favored region.



Measurement of A

A hhh €can be measured by double Higgs productions.

At linear collider:
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Production cross sections

[E.Asakawa, D.Harada, S.Kanemura, Y.Okada, K.Tsumura,

PRD82(2010)115002]
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For J/s=1TeV, production cross section is O(0.1)fb
For «/s>1TeV, WW-fusion is also important.
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