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the concordance ACDM cosmology

Supernova Cosmology Project
Amanullah, et al., Ap.J. (2010)
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What 1s A?

The Einstein eq.

1
R, — éRgW =G, =81GT,, + Ag,,

Space-time curvature Energy densrcy 74% Dark Energy
of matter

* Energy-momentum tensor proportional to the metric tensor

* Physical meaning: vacuum energy density

* Repulsive force in contrast to matter gravity OIS
 Static universe possible (Einstein 1917)

* Exponential (accelerated) expansion « exp(Ht)



Thoeretical Problem of Cosmological Constant

* Problem 1: the smallness
* A is vacuum energy density pvac ~ (energy)? in the natural units from the viewpoint
of quantum field theory

* observed pA ~ Pmatter ~ (MeV)7 1n the present time we exist

* pvac ~ (Planck scale = (hc?/22G)172 ~ 1019 GeV)4 ~ 10120 g 5p¢er
* puvac ~ (electroweak scale = 100 GeV)4 ~1050 ppagter

* Problem 2: the coincidence
* There may be some mechanisms to cancel A, but its observed value is not exactly
zero!
* furthermore, somehow pA ~ pmatter Just in our present time

* no known first-principle-based explanation about this



Proposed models/explanations

* Proposed solutions?
* the cosmological constant A
 dark energy, a generalized form of vacuum energy
* e.g. a potential energy of a particle field (like inflation)
* not necessarily constant, but variable in time

* modihied theory of gravity
* no persuasive solution based on the first principle
* energy scale too low

* dithcult to explain coincidence

* anthropic argument?



the anthropic argument for A

A may be stochastically determined when the universe is born

e theoretically possible, e.g. multiverse motivated by string theory

galaxies do not form when A >> Aobs, so no observer

* Barrow and Tipler 1986; Weinberg 1987; Efstathiou 1995; Martel et al. 1998; Garriga et al.
2000; Peacock 2007; ...

universe will collapse within 10 Gyr when A < -Agbs, so no observer

so IAl <~ Aobs 1s expected.

* perhaps the only one explanation of the smallness & coincidence problem

without fine tuning



Probability Distribution of A?

* a natural prior probability distribution of A: “flat” about A
e dP,.i/dA = const. around A=0
* because physically natural scale of A >>>>>>>>> Agbs

* coincidence problem solved: A << Aqbs 1s statistically disfavored because P(<A) « A

* observable distribution dPobs/dA « n(A)x dPpri/dA

* n(A) : number of observers appearing in the universe

* observable distribution can be calculated by astrophysics!



Galaxy formation 1n the universe

* Driven by cold dark matter

* Formation of dark halos by gravity

* Gas cooling, star formation, and feedbacks

* Theoretical prediction (e.g. galaxy number density) now in good agreement

with observations at various redshifts

time
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A distribution from galaxy formation theory

e Sudoh, TT+17

* using a semi-analytic model of galaxy formation
* assuming n(/\) « stellar mass, we found

P(A<Aobs) = 6.7%, with the distribution peak at
A/ Aobs ~ 20

Barnes+'18
* using the EAGLE numerical simulation of

galaxy formation, they found P(A<Acbs) = 2%
and peak at A/Aobs ~ 60
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P(A<Aobs) to small?

* If we assume that all stars produce an observer equally, the
probability of finding the small A as observed 1s small:
P(A<Aobs) ~ 2%

* What options do we have?
==t oract the anthropic argument. Search other
explanations for A.
* Well, we just drew a relatively small odds of 2%.
* There may be other anthropic effects to make Aobs
smaller?

¢ Supernova explosions may be one!
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the Galactic habitable zone

* habitability depends on:

e amount of stars

Gonzalez+'01; Lineweaver+'04; ...

* sufhicient age for evolution of life

e sufficient metal abundance for rocky
planet formation

* no hazardous supernovae / gamma-ray

bursts




effect on life by a nearby supernova

* asupernova within ~10 pc would have a significant impact on the ozone layer of
Earth Ruderman 74; Whitten+'76; Reid+'78; Gehrels+'03; ...
* gamma-ray/cosmic-ray radiation produces free IN atoms, subsequently
producing nitrogen oxides (NOx) in the atmosphere

* nitrogen oxides catalytically destroy ozones NO + O3 — NO, + O,

NO; +0 — NO + 0O,

net: 0340 —-0,4+0,.
* land organisms could be significantly damaged

* the number of SNe within 10 pc from the Sun?
* about one in 0.5 Gyr (time after the complex land organisims emerged on Earth)
 An interesting coincidence! — we are living on the edge of habitable region

about stellar density, implying that the supernova effect is actually working?



Stellar density in galaxy formation

Halo virial density pvir ~ 200 puniverse at any z
e PR by angular momentum conservation

When A is large, galaxy formation stops earlier
* eg. if A =125 Aobs, galaxy would not form after z

~4 (p « (1+2)3 ~ 125)

If A/Aobs = 50, internal density of any halo 1s ~20
times larger than the halo forming at ~10 Gyr in our

universe.

Totani+ '18
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galaxy formation simulation 1n high A universe

LAMDIE X 3; [ = DADS LYY, DOX = U.D pMpe

£=12.5 Gyr

Barnes+'18




probability distribution of A with the nearby SN effect

Nep: the eXpected number of lethal supernova around a

star during the time of evolution of life to an observer

e assuming Nexp = Pstar = Pvir

* life survival probability: exp(-Nexp) (Poisson distrib.)

¢ controlling model parameter: Nexp, ® (Nexp for the Sun)

* Nexp® ~O(l) from SN rate around the Sun

¢ with Nep@=0—>1—3,

* distribution peaks at A/Aops ~20 >4 — 2
* P(A<Aobs) Increases to 6 — 19 — 41%

10°
<
= 1071
1072
0.5
0.4r
<
£ 0.3
3
QS 0.2
©
0.1
0.0

T T T TR T

=== Nexpo =0.3
Nexp,o =0 (no SN effect)

-

-
. . -
pasntiiny e T

1072 107! 10°

Totani+'18




Part I: Concluding remarks
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DNA & RNA
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optimization of the replicase. Addition of an
RNA-coded linking function, such as alipid-

synthesizing ribozyme, completes the cellular
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structure.
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Cosmic inflation: what 1s it, & why do we need 1t?

* The universe is surprisingly homogeneous and isotropic...

* It is a problem! Why?

cosmic microwave background sky map

(the universe 380,000 yrs after Big Bang)

fractional density fluctuation only ~1/100,000

galaxy distribution within 2 billion light yr



the homogeneity problem
* cosmic “horizon” = the observable universe, (light speed) x (age of the universe)
* it 1s 13.8 billion light yr radius now
* horizon expands with time, with respect to matter/galaxy distribution

* In the early universe, only a tiny fraction of the currently observable universe could be

causally connected (by light speed)

* Then why the universe 1s so homogeneous? You need a very fine tuning.

®horizon diameter

e R R TN .
A 5




A natural (and currently only one) solution: Inflation

* In the very early epoch (t ~ 1/10% s), the universe expanded exponentially

* size expansion by a factor of exp( N;)

* driven by “vacuum energy”, naturally expected in this early time based on particle

physics theory
> causally connected region expanded by the same factor
* 1if N; > Nimin ~60, the homogeneity problem is solved by e®0-fold expansion

e horizon at that time ~ 3x10-27 cm

* — ~1 cm by inflation, then phase transition to normal, big-bang universe

* — 13.8 Glyr now

* Strongly supported by rich data of precision cosmology

e Almost all cosmologists accept Angular scale
90° 18° 1° 0.2° 0.1° 0.07°
6000 F ' ' ' ; ]

5000 scale-depegdence of density fluctuation
n good agreement
with the generic prediction by inflation

2 10 50 500 1000 1500 2000 2500
Multipole moment, ¢

0
Planck collab.
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SRR/ Kk dispersion measure
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2) ORI ERME 22 H B What is the Reionization Era?

A Schematic Outline of the Cosmic History
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Figure 1. Illustration of using dispersion measure to probe the epoch of
Galaxies evolve reionization of He1. Top and bottom panels show DM and its derivative as
a function of redshift, respectively. A sharp H1 and He1 reionization at z ~ 6
and a sharp He 11 reionization at z ~ 3 are assumed.
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Table 1
Tabulated summary.
Progenitor Mechanism Emission Counterparts Type References
Mag. brak. - GW, sGRB, Single Totani (2013)
NS-NS Mag. recon. Curv. afterglow, X-rays, Both Wang et al. (2016)
Mag. flux - kilonovae Both Dokuchaev and Eroshenko (2017)
NS-SN Mag. recon. - None Single Egorov and Postnov (2009)
NS-WD Mag. recon. Curv. - Repeat Gu et al. (2016)
Mag. recon. Curv. - Single Liu (2018)
5 WD-WD Mag. recon. Curv. X-rays, SN Single Kashiyama et al. (2013)
b0
g WD-BH Maser Synch. X-rays Single Li et al. (2018b)
NS-BH BH battery - GWs, X-rays, Single Mingarelli et al. (2015)
y-Tays
Pulsar-BH - - GWs Single Bhattacharyya (2017)
KNBH-BH Mag. flux Curv. GWs, sGRB, Single Zhang (2016a)
(Inspiral) radio afterglow
KNBH-BH Mag. recon. Curv. GW, y-rays, Single Liu et al. (2016)
(Magneto.) afterglow
NS to KNBH Mag. recon. Curv. GW, X-ray Single Falcke and Rezzolla (2014)
afterglow & GRB Punsly and Bini (2016)
Y Zhang (2014)
E NS to SS B-decay Synch. GW, X- & y-ray Single Shand et al. (2016)
S NS to BH Mag. recon. Curv. GW Single Fuller and Ott (2015)
SS Crust Mag. recon. Curv. GW Single Zhang et al. (2018)
Giant Pulses Various Synch./ - Repeat Keane et al. (2012)
Curv. Cordes and Wasserman (2016)
= Connor et al. (2016)
é Schwinger Pairs Schwinger Curv. - Single Lieu (2017)
;’ PWN Shock - Synch. SN, PWN, Single Murase et al. (2016)
g (NS) X-rays
PWN Shock - Synch. SN, X-rays Single Murase et al. (2016)
(MWD)
MWN Shock Maser Synch. GW, sGRB, radio Single Popov and Postnov (2010)
(Single) afterglow, high Murase et al. (2016)

Nag.)

energv v-ravs

Ivubarskv (2014)
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On the After-shocks of Earthquakes.
by
F. Omori, Rigakushi.

1. General Considerations.

§ 1. A strong earthquake is almost invariably followed by
weaker ones and when it is violent and destructive the number of
minor shocks following it may amount to hundreds or even thousands.
When after-shocks are not reported to have happened it is probably
because they were deemed unimportant to record. Or it may be that
the seat of origin of the earthquake being very deep or far out under
the ocean-bed, the after-shocks did not reach the observer.

Complete records of after-shocks were obtained, I believe, for the
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