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Goal 1: COMPLETE A CENSUS OF BLACK HOLES Objective 1-1: Coevolution between SMBHs and Galaxies
ACROSS COSMIC TIME AND MASS SCALE : — —

Objectives

1. Survey accreting supermassive black holes
(SMBHSs) in the Universe over the redshift

Key Population: Buried AGN

« Covered by Compton thick material with large solid angle

— Narrow line regions are little developed because UV lights do not leak
— Sometimes AGN can be identified only by using X-rays (ex. NGC 4945)

« Hard X-rays are the best band to catch such AGNSs, thanks to

» Black holes: key players of cosmic
evolution

— Galaxies are shaped by tight
interaction with central SMBHs
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. . . . 5 — NuSTAR results suggest a few times more CT AGNs than in the
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— Right :  that seen with10 arcsec resolution (1000 deg?) - Requirements to FORCE « FORCE will resolve a majority (>80%) of the X-ray
« Crucial in studies of extended emission (point source removal) — Flux limit: to cover redshifts where the space number density peaks, background at its energy density peak
ASCA was great! However, we cannot go back there once we 3x10°1% erg cm® s (10-40 keV) — Finally solving the 60 year mistery of X-ray Astronomy
know new world seen with XMM-Newton/Chandra — Survey area: to detect 10 CTAGNSs in each luminosity bin — Quantitative estimate of contribution from Compton thick AGNs
Objective 1-2: Search for Intermediate-Mass Black Holes Objective 1-3: Finding Missing Stellar-mass Black Holes

« IMBHs (Mgy~10%* Mo): missing link
between SMBHs and StMBHs

* No firm candidate yet: discovery of a
single IMBH will give a large impact

xv. \9 .
ULX-1 ok e et 2——-—=1 « Targets: Ultra-Luminous X-ray
p sources (ULXs)

* Energy spectra above 10 keV are
key to discriminate IMBH vs StMBH
(sub- or super-critical accretion)

* Increase a ULX sample with broad- e
band X-ray spectra to 100 (~10 times Expected Hardness Ratio Distribution (flux ~107 cgs)
the NuSTAR one): L,~3x10%° erg s ’ 1+ Spectra above 10 keV are
at D<30 Mpc = requirement for key to discriminate between
spectroscopic sensitivity, F,~3 x 1013 CVs (white dwarfs) and

X-ray Images of the Galactic Center

e Assuming 0.01 SN per year,
~107 StMBHs should exist in
our Galaxy, among which
only 20 are known !

 Faint StMBHs with advection
dominant accretion flows
have hard spectra (I'~1.5-2)

P il : « StMBHs in dense molecular
with XMM-Newton (~15”)  with NuSTAR (~1’) clouds have Lx ~1032 erg s-1

NGC 1672 — StMBH low state
-+ NGC 1672 ULX-1
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|t will also allow to construct mass . ]+ Final goal: the black hole
function: Are IMBHSs a distinct or I | - 2 : | mass distribution by
continuous population from StMBHs? [7.5-10keV]/[5-10keV] [15-50keV]/[5-50keV] multiwavelength follow-up

(e.g., with TMT, ALMA)

Goal 2: Measure the energetic content _ _ _ : : :
of relativistic particles in the Universe Particle acceleration in SNRs Clusters of galaxies: radio relics

- Origin of cosmic rays = long- e e —  SNRs have Ionggeen p_)romlsmg candidates for origins of Galactic cosmic rays up to * Radio relic (northwest) of A3667: prominent merger shock with 47= 3.
: , : A | A the energy of 10" eV (= PeV) (Baade & Zwicky 1934). : : : :
standing problems in the field of A0 (particieim®s66) | »  vate-wemtanay : : « Superior angular resolution of FORCE will reduce the cosmic X-ray
: s FTTRTT vy * Recent X-ray and gamma-ray observations support the hypothesis (e.g., Koyama et al.

astrophysics. PP G N 7468 N N ) [ 1995; Ackermann et al. 2013). background (CXB) to about half the level of ASTRO-H.
» Occupies significant portion of S il o ——r « FORCE will give answers to unsolved questions, what is the total energy of cosmic  FORCE will enable us the first clear measurement of the inverse Compton

energy density in interstellar space. &0 L] o mtmane-s s rays that each SNR can produce, and what is the highest energy that particles spectrum from radio relics, as shown by the simulated spectrum: giving both
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Goal 3: Understand the explosion mechanism
and nucleosynthesis in supernovae

SN Studies: Type la SN Studies: Core Collapse

Asymmetry = a key ingredient to make core-collapse SN explode?

« Sources of the elements around us and energy in interstellar space - Yields neutron-rich elements such as Ni ™ . T h din th ¢ d
« Type la SNe important also for distant indicators used in cosmology. = Sensitive indicator of central density tracl;’esry(?ftazSIriemel’?r t (g;gpeenr;?:tite F;?r;OQgJﬁgta’ can serve as a goo
«  Nevertheless, the explosion mechanisms largely unknown for both type la of the white dwarf at the onset of the Ia =) / . T -

and core-collapse SNe. explosion (Yamaguchi et al. 2016; Hitomi  FORCE will reveal most detailed 3D mapping of line emissions from

radioactive decay of *4Ti (T, = 60 yr) at 68 keV and 78 keV.

«  Comparison with distributions of Fe K—shell line (°Ni) essential to study
the explosion mechanisms (e.g., Wongwathanarat et al. 2017).
Grefenstette et al. (2014)

i . - L. . . Collaboration 2017).
 Obj-3-1: Measure the spatial distribution of ejecta . e
« High sensitivity and angular/energy

elements synthesized in SNe | | resolution of FORCE will enable us to
7B obtain Ni line maps of la SNRs.
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