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"ultimate theory”
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Yasunori Ryo Saito Satoshi Shirai Syuhei lguro
Nomura (Yamaguchi) (IPMU) (IPMU -> Karlruhe)
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Activity of Hired PD

Syuhei Iguro (2021/Apr — 2021/Sep, move to Karlsruhe )

Expert of flavor and collider physics:

Precision calculation of flavor observables:

Idea of detection of monopole cosmic ray:
arXiv:2109.10811

arXiv:2111.12091

*“Revisiti tteri tributi to B(s)—D M
; evisi ’|'ng rescattering contributions to B(s)—D(x)(s) +“Monopoles From an Atmospheric Collider”
ecays,

2111

2109 § 2111

High energy collider test o‘f flavor anomalies:
arXiv:2111.04748

+“Non-resonant new physics search at the LHC for the
b—c 1 v anomalies,”




Unified approach to
secondary CMB B-mode polarization

[BO6]
[A02] [CO1] [C02]



Cosmic Microwave Background (CMB) anisotropies
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: a source of rich information on the early
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« Anisotropies of order 10

universe, calculable by cosmological perturbation theory
« Recent precise measurements — Small, nonlinear effects



Curve-of-Sight (CoS) approach :
A new approach to compute all secondary (non-primordial)
nonlinear effects to CMB anisotropies in a single framework.

« A solution to the Boltzmann equation of CMB photons at nonlinear orders

( An extension of the Line-of-Sight approach [Seljak & Zaldarriaga 96] at the linear
order. )

 Weak gravitational lensing can be integrated to the Boltzmann equation.
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Application : an accuracy test of the remapping approach

The standard remapping approach is reliable to subtract the lensing B
mode to detect the primordial GWs in upcoming CMB experiments.

B-mode power
spectrum
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Estimation of all nonlinear
effects

not in the remapping approach.
Redshift, time

delay,:--

 The correction is
0(0.01) %
~ Inflationary B mode with
the tensor-to-scalar ratio r =

0(10%)



Yasunori Nomura

What ensures the stability of dark matter?

e

existence of the interior of an evaporating black hole

— Any linearly realized global symmetry must be explicitly broken
with O(1) strength at the string scale (the cutoff scale of low energy field theory).

Y.N., Phys. Rev. D101 (2020) 066024
-+ suggests specific candidates for dark matter
* string axion

 particle whose stability is ensured by an accidental symmetry
-+ occurs naturally for composite dark matter



Yasunori Nomura

Chiral Dark Sector

A very simple, perhaps the simplest, model of composite dark matter
with the properties consistent with the black hole physics.

SU(N) U(1)p
vy O 1 the most general Lagrangian
%’2 E —1 consistent with gauge symmetry
\Ifl [] —a .
— — — stable dark matter with the correct abundance
Vo L a (dark pion, dark nucleon)
(0<a<1)

K. Harigaya and Y.N., Phys. Rev. D94 (2016) 035013
R. T. Co, K. Harigaya and Y.N., Phys. Rev. Lett. 118 (2017) 101801

- rich phenomenology
possibility of two-component dark matter (dark pion and nucleon), dark radiation fora = 0, -

Plan

* detailed study of the model
.-+ |latest constraints, prospect for future observations, ---

* analysis of general features of the class of similar models

.-+ effect of U(1) gauge symmetry on the confining phase transition in the early universe, -+
with Shirai et al.



Examples of MY’s Recent Research

Holography for ensemble averages of CFTs

(as suggested by “wormholes” in 2d gravity / black hole information paradox)

M. Ashwinkumar, M. Dodelson, A. Kidambi, J. Leedom, MY (JHEP '21., and to appear )

Revisiting © -angles/axions in Yang-Mills

R. Kitano, R. Matsudo, N. Yamada + MY (‘21) and in progress
Implications? Cf. Y. Nomura + T. Watari + MY (‘17), M. Ibe + T.T. Yanagida + MY (‘18) [e.g. A017?]

Refining/quantifying some swampland constraints?

Ongoing discussions with J. Leedom, T. Rudelius and others

More constraints from UV completion / positivity, causality, unitarity ---

Discussion with T. Noumi (part of this scheme), K. Aoki, J. Tokuda and CO1 group



Dark Sector Jets

DM + dark phOton U<1>_D /D/ dark photon: mediator for SIDM
4 dark fermiOn Charged Undel’ U(l)_D better for large-scale structure?

f7( explain positron excess?

@ PAMELA/FERMI-LAT/AMS-02 ?

/ / UHECR??
PRI 1

quantum dark sector shower, leading to characteristic signal
<e-g- |ept0n JetS Wlth 4, 61 87 ,U ,S> [Many papers recently; cf. Tanaka-san’s talk]



Classical Monte Carlo:
insufficient because of quantum interference effects

(only approximate, e.g. large Nc limit, small off-diagonal flavor coupling,:-+)
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Important quantum interference effects between different flavors

Quantum processes are better
simulated by quantum computers!

cf. [Bauer, de Jong, Nachman, Provasol (‘19)] |
as a toy model for QCD So Chigusa
(UC Berkeley)




From [Chigusa-MY], to appear
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Sometimes dramatic enhancement for n-dark-photon events for large n
(e.g. 2n uevents); implications for DM collider search @ e.g. FASER?

[cf. Otono-san’s talk]



Dark Matter + Quantum Computers? Quantum Sensors?

new ideas / questions / collaborations welcome!

2022 ~ MY as member

(E%%E?&ﬁ%) ibm_Kawasaki @ Utokyo
21 qubit machine




