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M82: Nearest Star Burst Galaxy

M82 X-1: 100-10000 Ms BH

Just after the collision with M81

2018/3/15

UC Irvine, Jan. 25-26, 2018

Composite of X-ray, IR, and optical emissions

NASA / CXC / JHU / D. Strickland; optical: NASA /
ESA / STScl / AURA/ Hubble Heritage Team; IR:
NASA / JPL-Caltech /Univ. of AZ / C. Engelbracht;
inset — NASA / CXC / Tsinghua University / H.Feng
et al.



Arrival Direction Map (Auger/TA)
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TA Hot Spot: UHECRs from M82°7?

He, Kusenko, Nagataki + PRD 2016.
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Source Name Source Type Distance  Aj Az P/Poes—fit

(Mpc) () (° ) (%)
—bostlfif . A 04 100
M82 starburst galaxy 3.4 17.6 9.6 99.8 I
UGC ObI0I star-forming galaxy  100.2 11.06 9.2 J0.Y
Mrk 180 blazar 185 19.9 9.3 91.3
UGC 03957 galaxy cluster 150.3 14.9 9.5 67.4
A 0576 galaxy cluster 169.0 17.0 94 63.4
Arp 55 star-forming Galaxy 162.7 1.9 9.7 55.3
Arp 148  star-forming Galaxy 143.3 10.5 10.0 41.8
Midied215 blazar V84 vine, Jan. 1528 2018 9.9 35.6 5
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Eruption of magnetic field
in an accretion disk

e A A

/| Tajima and Gilden 1987, ApJ 320, 741-745
Haswell, Tajima, and Sakai, 1992, ApJ, 401,
495-507
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Formation of extragalactic jets
from black hole accretion disk

Extragalactic
jet

Magnetic
field lines

Alfven Pulse a~1012 >> 1

Accretion . Linear Bow Wake Acceleration

UC Irvine, Jan. 25-26, 2018




Acceleration by
pondermotive force at “bow wake”
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cosmic ray acceleration and
gamma-ray emission

£=107° =10

log Mgy/Ms

Ligr = 1.3%10%%mm ergs™

e, Jan. 25-26, 2018



Nine nearby Fermi AGNs (Sky Map)
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Ebisuzaki and Tajima 2014, Eur. Phys. J. ® Seyfert Galaxy
Special Topics, 223, 1113-1120.
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Energy Flow and Spectra (M82 X-1)
Gravitational Energy

L~10% ergss AITVEN Wave  1:1

10% 10% Lx~10*' erg/s

Lcr~10%0 erg/s 100%  100% L,~10% erg/s
cosmic rays 1:1 gamma rays

~1039 10%
Lynecr~10 erg/sl ° Fyurcr ~3 UHECRs/100km2/yr

UHECRS 011 ~FHotSpot
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Light Curves

107 - 107 -
Ma2 NGC 253
@ . o
(o] —_— 'I'_| [
E ____I_T_' _ :] __________ — -IT'__J. ________________ E ,_[_, ' | '
=t -ll- '_I;‘ ] = “.'_'1;7 --------- _t"':{_—_'_'?{?-‘ ------
2 107} —— 2wt L l
L =@
[ l m
: 2 |
b5 =
il 1
o] L L -] L L
10 5000 55500 10 55000 5500
MJD MJD
107 : : 107 :
NGC 1068 NGC 4045
® ™
Lol [ ]
g 5
- T 2 ——
E 1{:'-E' l' + -| [E—— I " E I __l-__L_'
3 SN N . L I ® -
2 } =
0 ) , o . ' .
10 5000 EE500 10 55000 55500
MJD MJD
2018/3/15

UC Irvine, Jan. 25-26, 2018



T

49.0 69:40:50.0+

T
48.0

Pe— T

T
47.0

v,u,r
45.0 46.0

T r‘TT

440

T ™1

43.0

1

201803/15

An AGN-like Jet in M82?
X-ray/Radio (flare in 1981)

Xu et al. 2015 Ap] Letters 799, L28
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£ X Map (TA >57EeV, Auger > 57EeV)
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Huchra, et al, ApJ, (2012)
O Dots : 2MASS catalog Heliocentric velocity <3000 km/s

{ TA hotspot is found near the Ursa Major Cluster
O TA & Auger found no excess in the direction of Virgo.
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Astrophysical Implication

« Hot spot component came from M82
— too near for GZK (D=3.4 Mpc)
— mainly proton

« Magnetic deflection?
— B~10 nG for D = 3.2 Mpc

e 0 =05° (Mipc) (:;G) ~17.4°

. AG = 0.36 (Mipc)l/2 (l\f;c)l/z (f—G) ~9.4°

— Consistent with Local Supercluster structure




UHECR emission: Beaming?

* Radio galaxies:
Angle to Line of sight 6>10-20°
—M87 43° : off-axis
—Cen A 50-80° :off-axis
* Blazers: 6<10°

e No information for M82 X-1
— Single jet?
> 0<10° on-axis

2018/3/15 UC Irvine, Jan. 25-26, 2018 18



£ X Map (TA >57EeV, Auger > 57EeV)
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Background Component:

Numerous number of Distant Sources
Ebisuzaki and Tajima 2014

* Distant Blazers
— Local gamma-ray Luminosity of blazers:
l, = 10°7-10%° ergs™! Mpc~>
> Oypecr~0.1 particles/(100 km? yr sr)
GZK (if mainly protons)
> ®yypy,~5 particles/(100 km? yr sr)
for Eypgy > 10%° eV
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B Feorescence: 7262
- Cerenriay (scat) 1804
[l Ce-ereov (ren): 530
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(b) Time profile

Atmosphere
Cherenkov
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Science of K—EUS(I)” “

. Study of UHECR fux :; E E
from space with uniform :: ettt |
response s L ? '”’ ]

2. flux E>3 10 eV - + Ta®
north & south w | e 92 HH ]
3. Anysotropy A A

4. Earth observations,
bioluminescence

5. Debris tracking and
removal
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NS-NS merger/GW burst
GW170817

.
g L
1.7 seconds delay in
Lighteurve [rom Ferms JGBM (10 — 50 keV)

o S il gamma-rays
Pl 1 * Lorentz invariance test:

—3x1071°
+7x10716

times of speed of light

J between GW and photons

2500
-
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NS-NS merger—-> GW burst

111111111



NS-NS merger—->BH + Disk

neutrinos neutrinos

AT 2 x 1T 2

disk Black hole disk

Alfven wave

2018/3/15 UC Irvine, Jan. 25-26, 2018 28



Conclusions

M82: the nearest starburst galaxy
— M82 X-1: Intermediate Mass Blackholes (102-10* Ms)
=possible origin of the northern hot spot
Bow Wake Acceleration
— Accreting BH+disk+jet
= Astronomical Linear Accelerator
— Bursts of Intense Alfven waves <Laser
— Jet &<wave guide
Bending by magnetic field
— B~10nG in the cosmic filaments of local supercluster
— Study of supercluster magnetic field
K-EUSO
— Confirmation of south-north anisotropy
— ldentification of M82 and other sources
GW burst from NS-NS merger: GW170817
— BH+accretion disk->Alfven burst of 10°2 erg/s
— —>Central engine of the entire GRB/Hypernova



3-D relativistic MHD simulation
see our poster

B =Pg/Pm

(T [ ] t=00000 GM/cA3

beta: -2-10123 45
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ADVANCED SCHMIDT OPTICAL DESIGN
LAYOUT

Spherical mirror

Corrector plate / L

D =400cm

_|_
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Focal Surface

428cm

Entrance aperture
Double Donut Schmidt Camera (named by P. Mazzinghi)



Neutrino and gamma ray flux
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GW150914

* Merging of Binary BH: 36Ms+29Ms
* Distance:410 Mpc=0.410 Gpc (Z=0.09)
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w00, SNR=10, spin parameter averaged
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Shinkai, kanda, and Ebisuzaki, 2017, ApJ, 835, 276-283.
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Radio/X-ray nots in Cen X-1 Jets

Hardcastle et al. 2003, ApJ 903 160-183
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How about neutrinos?

Greisen-Zatsepin-Kuz'min Process
Greisen1966; Zatsepin and Kuz’min1966
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* Extremely relativistic
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Relativistic coherence
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2MASS galaxy distribution
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Fermi mechanism
requires bending—>synchrotron loss

Synchrotron radiation

\ [/‘/ Synchrotron radiation

By Department of

Synchrotron radiation  gpergy. Office of Public
Bikermi, ApJ 119 (1954) 1. UC Irvine, Jan. 25-26, 2018 Affairs e

Synchrotron radiation



Difficulties of Fermi acceleration
in UHECR

1. Bending is inevitable

—>synchrotron loss

2. Confinement is difficult

—>no acceleration
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Difficulties of Fermi acceleration
in UHECR

1. Bending is inevitable
—>synchrotron loss

2. Confinement is difficult
—>no acceleration

3. Escape problem

—>magnetic field does not disappear without
adiabatic loss

2018/3/15 UC Irvine, Jan. 25-26, 2018
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1D Particle-in-Cell simulation

with the code by Nagata2008
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