CP violation and Baryon asymmetry
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BIRCPiEA 5B-mesogenesis

Heavy-flavor probes of baryogenesis
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B-mesogenesis

G. Elor, M. Escudero, A. E. Nelson, Phys. Rev. D 99, 035031 (2019)
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® A long-lived particle decays and produce B-mesons and anti-mesons out of equilibrium

® CP violation from B? — B? oscillations generates a matter-antimatter asymmetry

® B meson (5.3 GeV) decays into baryon + anti-baryon(dark matter)+ dark matter

® Yields net excess of baryons in the visible sector and excess anti-baryons in the dark sector

® Baryon number in the whole universe is conserved



B-mesogenesis

The baryon asymmetry is related to the B meson decay rate into baryon+invi and B meson

oscillation CP violation Ag,
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o
® SM CKM is enough to provide the CP violation, but v,
® B meson decay into baryon+invisible (BaBar, Belle, LHCb) BOO — A

® Measurement of the CP violation of B meson is important



B-mesogenesis

Collider Signals of Baryogenesis and Dark Matter from B Mesons: A Roadmap to
Discovery, G. Alonso-Alvarez, G. Elor, M. Escudero, Phys. Rev. D 104, 035028 (2021)
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Type-l seesaw: SiFEREFERIGIAFHERIE

High-scale seesaw and cosmological signatures
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Kobayashi and Maskawa(2008 Nobel prize) {lEI&iFE ], MMRPHFBHRE, BFIEHvlgeBd CcPiih
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Seesaw mechanism

Origin of neutrino masses: seesaw mechanism
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® Natural prediction of small neutrino masses

® Explain the baryon asymmetry of the universe: leptogenesis

Baryogenesis Without Grand Unification, Fukugita and Yanagida, 1986’
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Leptogenesis

Baryogenesis Without Grand Unification, Fukugita and Yanagida, 1986’

G.F. Giudice, et al,

1 Nucl.Phys.B 685 (2004) 89-149
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Mass of the right-handed neutrino should heavier than 10° GeV
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Seesaw mechanism
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my
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If the Yukawa coupling is O(1)(as predicted by the GUT), the seesaw scale Mg should

be around 10'3-14 GeV, which is much beyond the reach of particle experiments.

How to test such high scale seesaw?

Two cosmological signatures in this talk

® Local-type non-Gaussianity from Higgs-modulated reheating

® Cosmological-collider signal from RH-neutrino loops
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Testing high scale seesaw

CH, H. He, L. Song, J. You, arXiv: 2412.21045(PRDL), 2412.16033(PRD)
Minimal model incorporates inflation and seesaw
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Testing high scale seesaw
CH, H. He, L. Song, J. You, arXiv: 2412.21045(PRDL), 2412.16033(PRD
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Testing high scale seesaw

Colored curves indicating future searches
® Parameter space with Yukawa O(1) could be
probed by future observations

® Interplaying with neutrino experiments(JUNO,

M/Hinf

DUNE for neutrino ordering)
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Cosmological collider signals X. Chen and Y. Wang, JCAP 04 (2010)027
N. Arkani-Hamed and J. Maldacena, arXiv:1503.08043

® Inflation can act as a high-energy collider sensitive to particles with mass ~ H
® Their mass and spin are encoded in non-analytic features of the squeezed bispectrum

® Particles with m~H produce oscillatory signals, whereas heavier states are increasingly suppressed
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1 1 1 X. Chen and Y. Wang, JCAP 04 (2010)027
cosmOIog Ica I COI I Ider Slg na I S N. Arkani-Hamed and J. Maldacena, arXiv:1503.08043

Prediction of cosmological collider signal: help to identify the mass of the right-handed neutrino

Fermion-Loop Calculation Is Challenging

® The fermion mode functions in de Sitter space are nontrivial
® The loop-momentum integration must be handled carefully to isolate the nonlocal signal

® A controlled calculation therefore requires more than a simple benchmark estimate
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What Earlier Work Assumed

X. Chen, Y. Wang, and Z.-Z. Xianyu, JHEP 09 (2018) 022
A. Hook, J. Huang, and D. Racco, JHEP 01 (2020) 105

The cosmological collider signal only emerges in specific soft limits, which can be factorized.
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® The TL was estimated with a saddle-point approximation

® The bubble subdiagram was approximated using a typical
loop momentum ks instead of the full integration

® Under those assumptions, the loop signal looked

potentially observable.

10

0.100¢}

S

0.010} [/ .~
0.001}

10—4- u

A = (5,4,3,2)¢.>

22



Our Controlled Reanalysis

CH, H. He, L. Song, J. You, arXiv: 2604. XXXXX

® We compute TL analytically rather than using a

saddle-point approximation o

® We evaluate the bubble contribution through o

104

cc
INE

103

the full loop-momentum integration

106

® With these improvements, the old benchmark is 1o’

108

Original old method (A = 120Hiy¢)
Revised old method (A = 120H;y¢)

reduced by roughly six orders of magnitude o o method (4 = 12000

If one corrects only the old benchmark contribution, the cc signal appears hopelessly small
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Missing Diagrams Matter

The old literature evaluated only a subset of diagrams

ﬁ ki 66_ \4’
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Result of Cosmological-Collider Signal

® New diagrams can dominate over the
old benchmark contribution

® In part of parameter space, the total
RH-neutrino loop signal reaches an

observable level
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Triplet scalar dynamics and testable leptogenesis
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Leptogenesis in Type Il seesaw ?

[ ] [ 3
VOLUME 80, NUMBER 26 PHYSICAL REVIEW LETTERS 29 JUNE 1998 500+ citations

Neutrino Masses and Leptogenesis with Heavy Higgs Triplets

Ernest Ma
Department of Physics, University of California, Riverside, California 92521

Utpal Sarkar ﬁﬁ%ziﬁﬁﬁﬁ?gﬁﬁ‘l 01 0 Gev

Physical Research Laboratory, Ahmedabad 380 009, India
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Type Il seesaw leptogenesis

HEM=ESENENTF, EFHFIRABANEIEERILRERK),

MToSEERAR T4 Rl (@i ADHLE!)

PHYSICAL REVIEW LETTERS 128, 141801 (2022)

Affleck-Dine Leptogenesis from Higgs Inflation
Neil D. Barrie®,"” Chengcheng Han " and Hitoshi Murayama 345

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 FAS
7 4

Neil D. Barrie,* Chengcheng Han’ and Hitoshi Murayama®®<:!

e AR,
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® B-mesogenesis: BiEBREHRHEBHFGIGRE
® Type-l seesaw: local non-Gaussianity ¥lcosmological collider{§5t83&

® Type-ll seesaw: {tREAIHEIEAYSEE T RIALEY
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B-mesogenesis

The baryon asymmetry is related to the B meson decay rate into baryon+invi and B meson

oscillation CP violation Ag,

Br(B -y +B+M) A
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SM prediction: EXP:
A |sm = (—4.7+0.4) x 107* A = (—214+1.7) x 1073
Afplsm = (214£0.2) x 107° S = (—0.6+£2.8) x 1072
.0
o
® SM CKM is enough to provide the CP violation, but v,
® B meson decay into baryon+invisible (BaBar, Belle, LHCb) BOO — A

® Measurement of the CP violation of B meson is important

35



IR AL

ATEREPHFRE, BIASINFRRIRIF

Type |
(H) (H)
Dyg g
: :
L Yv MR Yv VL

M, =~HY¥Y MY,

SM +3 singlets fermions

Minkowski, Gell-Mann,
Glashow, Yanagida

Type I Type Il
(H) (H) (H) (H)
..... B “n"
'.r“ E E
FA ‘Y, I
L Y, L V. Y Mg Y; W

M, =(HY?Y /M4 M, = - (HY2Y MY
SM+1 triplet Higgs SM+3 triplet fermions

Magg, Wetterich Foot, Lew, He, Joshi

SIANSFRIF AL EFERRSRBRE—RERFERME

36



Complementarity of the Two Signature

(k1/k3)* S (ky, kg, ks)
N

30 35 40 45 50
ks / k1
® Local-type non-Gaussianity probes reheating dynamics induced by the seesaw sector

® The cosmological-collider signal probes the heavy RH-neutrino mass more directly

® Together, they provide complementary cosmological tests of the seesaw mechanism
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