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My Travels Since Last Seminar

September 9-13: TAUP2019 @ Toyama

September 17-20: JPS meeting 2019 Fall @ Yamagata U
October 9-10: Soda Lab Seminar @ Kobe U

October 14-17: GWPAW2019 @ RESCEU

October 21-24: 4AM-COCOS @ Fukuoka U

November 8-10: £F LUV FOZD AHRE @ LLUPE

December 16-17: EU-USA-JAPAN International Symposium
on Quantum Technology @ Kyoto U

December 20-21: 2019F E F1OJCRCIHHKETBEY DV = —
T4 @ TS F1—TKNIR

December 25-27: 5532[0) IB5/28Y VNI DN @ RN B
January 6-10: QSFP School 2020 @ Durham U
January 14-17: GYSS2020 @ Singapore
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GYS S 2020 https://www.nrf.gov.sg/gyss/home

« 280 young scientists
(less than 35 years old,
mostly students and
postdocs) around
the world

« Award winning
Invited speakers

* Plenary lectures in
the morning, small ’
group discussions
In the afternoon e

* Hotel & Food provided
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https://www.nrf.gov.sg/gyss/home

GYSS2020 Highlights Video

https://youtu.be/fdzNBuC9zgw



https://youtu.be/fdzNBuC9zgw

Participants from UTokyo

Yukako Fujishiro MBI, +28 « &EH)

Saya Kashiwakura (=53 ERSR, ASH)

Keigo Matsumoto (IsEisISmRFEIX, EHE - S - 18)8H)
Yuta Michimura (me)

Jumpei Yamagishi (i8REERR SR, SFIEH)

Meeting with AE[ERELIZEE on Feb 3

Also from RIKEN, UEC,
Osaka U, NIMS
(mostly funded by JST)




Random Notes

* Princess of Thailand

« | don’t do science as a business, nor for the awards and
accolades. | do science because | like looking at a beautiful
math structure with good proof. -- Wendelin Werner

« Conference App; You can even search for participants
« What to do if you invented something? Kees Imminik
« (Got autographed book by Tim Hunt

« Learned a lot on attitude towards scientific research

« Many people can speak English and Chinese

|I-PROMO Pte Ltd

Obtical a:
PHicaldiscs: €D, Dy, g o
,,,,,,

Excite - Engage - Enable 7

GYSS 2020 7+



Visit to NUS

* Presidential Young Professorship
- Start-up grants of up to the following: $1m for STEM experimental;
$500k for STEM non-experimental;
- Additional, white space funding of $250k to provide additional
flexibility for appointees to purse their ambitious academic goals.

 Tables for Medicine,

of ageing at a cellular,
individual and societal

level, which will help the
OI I lpu er nglneerlng formulation and execution
of policies on ageing in
SMART NATION Singapore and Asia ASIAN STUDIES
| gy Develop strategic Develop special

expertise, insights and
connections relating
to key issues of critical
importance to Asia

capabilities in data

science, analytics and
optimisation, and
cybersecurity

Nation, . 8" MATERIALS SCIE}
ﬂr) of Sin ZI S ! Carry out innovative
- 9apore basic and applied

research that
enriches society and
business enterprise
in Singapore and

A key hub for
¥ medical and public
> health research

Research :{{"‘:'T
Clusters /' ¢

the world and advances, with
a focus on Asian
populations
MARITIME FINANCE AND RISK
Prof Chen Tsuhan Sustain cutting-edge MANAGEMENT
Deputy President (Research and Technology) and researcvh,' enhance Contribute to Slngapores
Distinguished Professor synergistic industry goal of becoming
istidg university partnerships a world-recognised
and contribute to the leading financial centre
Singapore model for NTEGRATIVE in Asia
. +65 6601 7308 maritime development USTAINABILITY
& dprtchen@nus.edu.sg Develop new integrated 8
sustainability solutions for

r‘ a rapidly urbanising Asia
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First international school on Quantum Sensors for Fundamental Physics

QSFP2020 QSFP 2020

« Durham University
« ~70 participants
« 8 lecturers

6 - 10 January 2020, Durham

https://conference.i .dur.ac.uk/
event/831/

Angelo Bassi - Tests and limits of the quantum superposition principle

Jonathan Braden - False vacuum decay and non-equalilibrigm QFTs

Edward Daw - Sikivie-style resonant axion haloscopes

Yuta Mishimura - Laser interferometer search for non-standard physics

IF1VN\T
Edinburgh
o

Marianna Safronova - EDMs, ions, atoms and molecular probes for new physics

Ralf Schuetzhold - Gravity Simulators

ot 2UFrRH— Michal Zawada - Atomic clocks and spectroscopy experiments

Dublin Manchester

syr @ YNT—
FANWS VR Z

Liverpool Jure Zupan - Beyond the Standard Model theories

P LRTIVY I
Amsterdam
@
ovRY 3527

London iRy Please register at htps:/iconference.ippp. dur.ac.uklelqsfp
@ /v ~
Brukelles Ty
Bru(s;se! K%In

e Organizing Committee:
Martin Bauer, Diego Blas,
Jon Coleman, Ruth Gregory, Denis

Martynov, Gavin Morley, Ruben Saakyan, 73 5
M " ( .& | Science & Technology Aq@

PR
Silke Weinfurtner Facilities Council
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https://conference.ippp.dur.ac.uk/event/831/

Using Quantum
Technology to Search
for Low-mass Particles
in the Hidden Sector

Participants/Collaborators »
Join this group »

Quantum Simulators of
Fundamental Physics

Participants/Collaborators »
Join this group »

LIST — Lorentz
Invariance Space Test

Participants/Collaborators 3
Join this group >

QSFP Consortium

« Started (probably) in 2018

« 32 UK Institutions, 7 international institutions and five
partners

* 11 Workpackages (all look very exciting!)

MaQsS (pronounced "Max")

Macroscopic quantum
superpositions for
physics beyond the
standard model

WP2 workshop slides »
Participants/Collaborators »
Join this group »

QSNET Networked
Quantum Sensors for
Fundamental Physics

Join this group >

Quantum sensors for
fundamental physics:
Collective quantum

excitations as quantum

s5ensars

Participants/Collaborators 3
Join this group »

AION A UK Atom
Interferometer
Observatory and
Network

Join this group >

Searches for a Fifth
Force and Dark Matter
using Precision Atomic
Spectroscopy

Join this group >

Ql: Quantum-enhanced
Interferometry for New

Physics

Absolute neutrino mass

Participants/Collaborators >

Join this group »

Fundamental physics
from precision studies
of exotic atoms

Participants/Collaborators >
Join this group »

Glasgow Strathclyde

http://gsfp.physics.ox.ac.uk/
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http://qsfp.physics.ox.ac.uk/

WP2: Macroscopic Quantum

« we seek to put 10-1000 nm particles into quantum
superpositions of different positions

Macroscopic Quantum Superpositions - MaQS

Is there a macroscopic limit to the quantum superposition principle?

Home  Contact Meetings People

13



WP9: Lorentz Invariance

* LIST: Lorentz Invariance Space Test Kai B \
al Bongs é
iming for Michel | Q
d - W UNIVERSITYOF ™ UNIVERSITY OF =
Almlng or M ICNhEISOoN Mor ey BIRMINGHAM ABERDEEN NPL QMI
experiment at 1e-19 level SYNSTEENEEN  pA| 5ol

2040 I i .

5020 | ® Interferometry experiments . 3 Inflation fc:
= . i i I Grand unification ©
S 2000 B Cavity experiments N - - i T I A w0
g 1980 |1 @ LIST (expected) & 1 B B R S—— ot
© ® : : . : Theories with untested
2| 1960 i o , :

& N ! phenomenological parameters for
S | 1940 o Electroweak theory . spacetime variations of ¢: standard
E 1920 ¢ e O . model extensions, string theory, loop
> | 1900 ©  SusY & WIMP i quantum gravity, Hofava-Lifshitz

1880 @ . ‘Dark Matter | i v gravity, brane world ...

Ac/c 10 10° 10 10* 10* 10*¥* 10* 10* 10 10Y 10%*® 10" // 10% // 1028
E(GeV) 0.1 1 10 102 10° 104 10° 108 107 108 10° 1010 // 1016 // 10
Sca!e/ Ba ryc.)n Higgs Electroweak epoch 1st separation GUT Planck

Cosmic era formations mass of forces scale scale

Figure 1. Given an energy scale E, if Quantum Gravity effect is important then Lorentz Invariance would cease to be valid.

As a result, an anisotropic and inhomogeneous speed of light with Ac/c = E,y, /E is expected, where E,, is the photon energy.
Without a complete quantum theory of gravity, E is a model-dependent parameter. For 1e\/-photons used by Michelson-Morley
experiments, the Lorentz Invariance of various theories with the corresponding energy scale up to 10° GeV have been tested.
LIST aims to achieve at least the 107 level for Ac/c anisotropy and probe Lorentz violation induced by Standard Model
Extensions and spacetime fluctuations for a minimum E = 10%° GeV. This scale covers the entire electroweak epoch and the
crucial separation stage of strong and electroweak forces. The anticipated results of this work package would therefotelset an
important marker in testing our fundamental understanding of the Universe.



optical lever
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WP11: Quantum-enhanced
Interferometry

e AXIONns (possible enhancement by white light cavity?), 1€St of holographic
principle, Semi-classical gravity, ALPS detector %A -—
uxiliary
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WARWICK

THE UNIVERSITY OF WARWICK

University of Birmingham: Dr Denis Martynov, Dr Haixing Miao, Dr Vincent Boyer

Cardiff University: Prof Hartmut Grote and Dr Katherine Dooley
The University of Warwick: Dr Animesh Datta
The University of Glasgow: Dr Dmitry Morozov and Prof Robert Hadfield 5

University of Strathclyde: Prof Stuart Reid




L ectures

Atomic clocks by Michal Zawada
- DM search through fine-structure constant measurement
- Optical clock search for Lorentz violation
Nature 567, 204 (2019)

Atoms and molecular probes by Marianna Safronova
- Based on RMP 90, 025008 (2018)

Review on CSL by Angelo Bassi
- non-interferometric test is also important

| gave lectures on

Lorentz invariance test, axion,
macroscopic guantum mechanics,
and KAGRA



https://www.nature.com/articles/s41586-019-0972-2
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.90.025008




Other Topics
(on Equivalence Principle)



Equivalence Principle in Quantum

« Equivalence Principle

d2 m(;M
— =G
i dt? r2
 Weak EP do not hold in Quantum Mechanics?
ov [ h? 52 mM
h— — G 1\
"ot - 2m Ox? r

(h/m always remains in Schrodinger equation)
* Possible connection with gravitational decoherence?

19



Gauge Boson DM Search

 |If there's a vector field which couples to B-L (barion

ma(eV)

number minus lepton number), MIITOI'S 1070 07107 10 0% 1070 10

are shaken at oscillation period |
* If two cavity mirrors are apart .°7
or two mirrors are made of N/
different material with different .l ~
B-L, we can search for the signal ;;g:ijw S
Dl}[ﬁ wave :Z:
s - t
D Utas
bW, Graham+, PRD 93075029 (2018) © " " wm  © © "
A. Pierce+, PRL 121, 061102 (2018) 20

D. Carney+, arXiv:1908.04797



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.075029
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.061102
https://arxiv.org/abs/1908.04797

With KAGRA

 Much better search could be done with KAGRA
power recycling cavity
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Scalar DM Search through a

 H. Grote & Y. V. Stadnik, PRR 1, 033187 (2019)
Aol

+  Fifth—force scarches

Can do better
with MICH?
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FIG. 1. Simplified layout of a dual-recycled Michelson inter-
ferometer, such as GEO 600 [13,14] and the Fermilab holometer
[15.16]. Dual recycling denotes the combination of power recycling
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https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.1.033187

Limits from

EP Tests

. A. Hees+, PRD 98, 064051 (2018)

e Static search for

1 b

Yukawa-type potential _ _,|
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with MicroSCOPE
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.064051
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.231101

