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Main point:Dark Matter exists, but unknown type of matter

Search so far has been limited to tiny range of masses
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we challenge discovery space not studied
so far due to theoretical prejudices
revolutionize dark matter research in Japan
cross-field research beyond traditional barriers
exploit existing facilities in unanticipated fashion
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o world competitive experiments > $100M
* use excellent existing facilities in Japan

e exploitation for unforeseen purposes
« BO1 : KAGRA (UTokyo) black hole mergers

» BO2, BO3 : Subaru (NAOJ) galaxy evolution
e BO4 : XRISM (JAXA) supernova remnants

» BO5 : Belle Il (KEK) CP violation

» BO6 : Simons Array (intl team incl KEK, IPMU

etc) verify inflation theory
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KAGRA after earthquake

Masayuki Nakahata
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Topics & Announcements

B02, BO3

Back to Topics & Announcements D

Regarding the suspension of Subaru Telescope night observation (Final
Report)

We would like to inform you about the situation after the sixth report (February 15, 2024, Hawaii local time).

As previously reported, (D the abnormal reading of load sensors at the fixed points of the primary mirror was
resolved (restored to the nominal values) by replacing the load sensors, and @ the repair work for the damages on
the primary mirror was completed. Having confirmed these, we analyzed the accuracy of the telescope's pointing
direction and the shape of the primary mirror and confirmed that there were no problems. Therefore, we restored the

telescope and resumed night observations on March 3rd (Hawaii local time).

We sincerely apologize for the long period of inconvenience caused to those planning to observe. We will continue

to strive to create scientific results through various night observations under open-use observation.
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10°x10°, smoothed at 20’

Elichiro Komatsu
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‘New physics from the polarized light
of the cosmic microwave background

Eiichiro Komatsu@'-?
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Abstract | The current cosmological model requires new physics beyond the standard model of
elementary particles and fields, such as dark matter and dark energy. Their nature is unknown R -
and so is that of the initial fluctuations in the early Universe that led to the creation of the cosmic X AR
structure we see today. Polarized light of the cosmic microwave background (CMB) may hold the
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answer to these fundamental questions. Here, | discuss two phenomena that could be uncovered -
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in CMB observations. First, if the physics behind dark matter and dark energy violates parity
symmetry, their coupling to photons should have rotated the plane of linear polarization as the
CMB photons have been travelling for more than 13 billion years. This effect is known as ‘cosmic
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and analysed.

The standard cosmological model, called ACDM,
includes new physics beyond the standard model (SM)
of elementary particles and fields'. A denotes Einstein’s
cosmological constant, which is the simplest (yet one
of the most difficult to understand)** candidate for the
dark energy responsible for the accelerated expansion of
the Universe*’. CDM stands for cold dark matter, which
accounts for 80% of the matter density in the Universe®.
Neither the existence of dark matter nor that of dark
energy is predicted by the SM.

Yet this is perhaps not the most surprising thing
about the standard cosmological model. A less-known
underlying assumption, not contained in the name of
ACDM, is the idea that the origin of all structures in the
Universe (such as galaxies, stars, planets and life) was a
quantum-mechanical vacuum fluctuation generated in
the early Universe”™"". The observed properties of cosmic
structures, most notably those of the afterglow of the pri-
mordial fireball Universe called the cosmic microwave
background (CMB), agree with this idea'>".

The polarized light of the CMB may help to answer
questions such as what the physical nature of dark matter
and dark energy is, or what generated the initial quan-
tum vacuum fluctuation and how. These are impor-
tant questions, and there are already measurements of
CMB polarization from two space missions, the NASA
Wilkinson Microwave Anisotropy Probe (WMAP)'* and

birefringence’. A tantalizing hint of such a signal has been found with a statistical significance
of 30. Second, the period of accelerated expansion in the very early Universe, called ‘cosmic
inflation’, might have produced a stochastic background of primordial gravitational waves

(as yet unobserved). These might have been generated by vacuum fluctuations in spacetime or
by matter fields and could be measurable in the CMB polarization. The goal of observing these
two phenomena will influence how data from future CMB experiments are collected, calibrated

the European Space Agency (ESA) Planck”, as well as
from a host of ground-based'**' and balloon-borne*
experiments. The rate at which the sensitivity of CMB
experiments has improved over the past two decades is
staggering: the noise level has dropped by three orders
of magnitude, nearly exponentially with time.

Even more sensitivity is expected from upcoming
CMB polarization experiments, including ground-based
observatories such as the Simons Observatory”, the
South Pole Observatory** and CMB Stage-4*, and a
space mission, LiteBIRD*, led by the Japan Aerospace
Exploration Agency (JAXA). These experiments will
reduce the noise level by another order of magnitude.
At the current stage, not only the statistical uncertainty,
but also the systematic uncertainty (including both the
instrumental and astrophysical ones) must be controlled
with unprecedented precision. What kind of systematics
should be better characterized, and how well, depends
on what kind of new physics one wishes to discover from
such observations.

In this Review, I focus on two new developments
in the quest for new physics. First, CMB polarization
is sensitive to physics violating parity symmetry under
inversion of spatial coordinates”. I discuss a tantalizing
hint for such a signal, called ‘cosmic birefringence™ ", in
the polarization data obtained by Planck® . The statisti-
cal significance is currently about 3. If confirmed with
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https://www.nature.com/natrevphys

X00: Axion Dark Matter detection with superfluid sHe

Axion detection via superfluid 3He ferromagnetic phase and quantum measurement techniques
So Chigusa, Dan Kondo, Hitoshi Murayama, Risshin Okabe, Hiroyuki Sudo, arXiv:2309.09160

Motivation for axion is not just dark
matter but also the strong CP
problem

Essential to detect its coupling to :
nucleons, but difficult HPD o e |
A1 phase of superfluid 3He is
ferromagnetic

can detect axion coupling to
macroscopic nucleon spin

SIN1987A

further enhanced by quantum BT, — 30 sec, Gy = 0dB, M = 100 g, Q = 10f
. . 1 7. =30sec, G, =20dB, M =100 g, Q = 10°
information technology to beat the WE T, — 300 scc, Gy = 0 dB, M — 100 g, Q = 10°

standard quantum limit [ T = 300 sec, Gy =20 dB, M = 100 g, Q = 10°

T =30sec, Go=0dB, M =3 g, Q = 10°

mg eV]
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