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Standard model

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Rapid expansion of the universe in the early time

® Flatness problem
® Horizon problem
® Monopole problem?

® Seeding the primordial anisotropies in CMB
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Assuming a scalar field, with equation of motion
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Generating quantum fluctuations(anisotropies in CMB)

Such small fluctuations finally develops the large structure of our universe
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Tensor-to-scalar ratio (79.002)
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V(®) = —p2®Td + \(DTD)?
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Anthropic Bubbles

one possible solution to the anthropic dilemma is the numerious bubble
universes produced by inflation. Each bubble universe may have its
own physical constants, which determine the evolution within the bubble

weak strong force
- no fusion

no matter
intelligent life

strong weak
farce — too much
radicactivity

noatomic
bonds

high gravity, all
black hales

weak gravity — no
planets

the evolution of intelligent life is extremely sensitive to the initial
conditions, but since number of bubble universes is also large, the
possibility is finite and our existence is not a big mystery
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MRICFHRE AT LIERAZIESITRE, AYURLERETREND

V(p)=ModTp—vH)? A~013 v~ 174 GeV

d\ 1 9g2  9g? 995 2797 993g?
— X120 2 Y92 Y91 )\ |_4q,4 2 1 291
2 = (an)? [ ( +6yi ) Vet 96 200 T 40

ye: top Yukawa coupling
g2, gv: weak gauge coupling

g3: strong gauge coupling
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To study the vacuum structure of the Higgs, RG-improved effective potential:

For h > v

I'(h) = / Y(w)dIn p

7Y is the Higgs field anomalous dimension

Higgs quartic coupling A
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CERNIZiEH¥{FGian F. GiudiceFRIM: ZINMNESHEEFHFIRIRARERN (FHKRIER), BELLIIEA]
BEEFENSEHRL TR, slRBeRiZXiE

V(p)

The cosmological Higgstory Fmdm‘/ )
of the vacuum instability

José R. Espinosa®’, Gian F. Giudice®, P Quantum fluctuations

letastable 6 ~H
Enrico Morgante?, Antonio Riotto?, Leonardo Senatore®, Vasaum. P
Alessandro Strumia’¢, Nikolaos Tetradis” ¢
. . e The probability depends
1505.04825(250 citations) ~ the value of H.
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V(h) N =60 e—folds, &y =0

1 1
VEW h

Surviving probability 1 — (1 — P)®

For Ny = 60, Niot = 1000, we need Hips < 1072A;
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EAINIELM, MRBEHRIEEESHFEHESE—E, JINEFRIHEFERANTA, M)
BERIERE

V(d,H) = e~ € ()\ (|7-l|2 _ ,02)2 + A) (&> 0) Quintessence saves Higgs instability
Chengcheng Han?, Shi Pi®*, Misao Sasaki® "¢

Phys.Lett.B 791 (2019) 314-318
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What is the Universe made of?

o [HREER(TA? SHFIIEIREREBRXEK?

o [EYIREMTA? BEAR—MEFRF?

® At AvIWYIGRHEREF, REFEMT?
(EF AL or IERVIBRAIIFRIE)
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RS R (BBN) (T~1 MeV, t~3 5344) , ERTTRRIARL, FEXRIFRERIER
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FHARIENEE: FHAESRIES(CMB)(T~0.1 eV t~387F)
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KRR HETAEARMEF, TMREBRK—FHAE, INHELHAABZ—NHAET, FE2ERALZE
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Nucleated bubble
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o TEHISSITEIRINFRIRER 7 (FB55IE—H1HE)
® EFMYCPIEIR

XISt PR
EHFEDMNE (< 4.1%10-3° e.cm)

Is electroweak baryogenesis
dead?

James M. Clinel?2

LCERN, Theoretical Physics Department, Geneva,

Switzerland
2Department of Physics, McGill University, 3600 Rue

University, Montréal, Québec, Canada H3A 2T8

Challenge in model building
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o FIEHIEE—BHMNERTERF
o RIKTEIREIARLI

o HIEHREM? (RUNSEIFHIEHEBIARIER)
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Bezrukov and Shaposhnikov, Phys.Lett.B 659 (2008) 703-706
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Juv = Q(gb)nguu 0% =1 + —=
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PHYSICAL REVIEW LETTERS 128, 141801 (2022)

Affleck-Dine Leptogenesis from Higgs Inflation
Neil D. Barrie®,"” Chengcheng Han " and Hitoshi Murayama 3454

We find that the triplet Higgs of the type-II seesaw mechanism can simultaneously generate the neutrino
masses and observed baryon asymmetry while playing a role in inflation. We survey the allowed parameter
space and determine that this is possible for triplet masses as low as a TeV, with a preference for a small

Type Il Seesaw leptogenesis ESE

c,del

Neil D. Barrie, Chengcheng Han” and Hitoshi Murayama
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H(2,1/2),

+ + ++
A(Bv )7 L(27_1/2) HZ( Z )’ A:<AA/O\/§ _AA—I—/\/§

1 _
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!

1
§yij AODCV + h.c.

® Giving neutrino mass matrix with vev of Delta

® Delta get a lepton number -2

)
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V(H,A) = —m%ZHH+ M g(H'H)? +miATr(ATA) + X\ (HTH)Tr(ATA)
+ X2 (Tr(ATA))? + XsTr(ATAY? + N\ HTAATH

[ + [w(HTio?ATH) + h.c] + ... j

U(1)L breaking term

<AO> ~ MU%W
 2mA4

EW precision measurement

O(1) GeV > |[(A%] > 0.05 eV

L d
L “

M, =(H)?Y /M4

required by neutrino masses
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To be consistent with inflation, we add non-minimal couplings(similar to Higgs inflation)

£ _ Lymg _Q(H, A)Ia— g (D, H) (D, H)

/_g 2
—g" (D, A (D,A) —V(H,A) 4+ Lyukawa
1 . 1 .
h=—pge*" AV = —_pret?
\/ﬁpH \/QPA

1 1
F(H,A) = &g|h|® + EalA"? = 55HP%{ + §§APZA
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During inflation(Oleg Lebedev and Hyun Min Lee, arXiv:1105.2284)

PH =tanoa =

PA

2A0Em — AgAéA
22 gEA — AgAéH

PH = @SInQa, PA =  COS

£ = €y sin® a + €a cos®

Effective a single field inflation
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£=300,\=45-10"7°
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® Lepton number is generated during inflation

® After inflation, Lepton number is conserved
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