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We propose a new hypothesis that

“Galactic’
BH accretion disks

supply the PeV cosmic-rays
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Particle acceleration in accretion disks

1. collisional relaxation time << accretion time in ADAF
* non-thermal distribution is allowed

2. MHD turbulence

e.g. Stawarz &
Petrosian (2008)

Yuto Teraki (Kyoto unv.)



Galactic Black Holes
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Expected cosmic ray luminosity
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PeV CR
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Models

ADAF (original Advection Dominated Accretion Flow)
Disk { Narayan & Yi 1994

MAD (Magnetically Arrested Disk)

Narayan, lgumenshchev & Abramowicz 2003 Pp(k) oc k™1
K41 (Kolomogorov 1941) q=5/3
Turbulence < |K (iroshnikov 1964, Kraichnan 1965) q=2/3
GS95 (Goldreich &Sridhar 1995) anisotropic

Stochastic Gyro resonance
Acceleration Transit time damping
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Examples of Time scales ADAFka1 |™ = Mgn/Mo
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Maximum energy diagram for ADAF & K41 Pp(k) o< k~°/%

log M ?
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Maximum energy diagram for MAD & IK  Pp(k) o< k=27
46 —

0 1 2 3 4 5 6 7
|Og1o m mEMBH/M@

Yuto Teraki (Kyoto unv.)




Summary

Galactic BH accretion disks can
supply the PeV cosmic rays
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Summary

Galactic BH accretion disks can
supply the PeV cosmic rays

Necessary conditions m = Mgn /Mg
IBHs : MAD for Ecp >Pey | = M/Mea

XRBS : Fine tunedto 1M ~ 1073 for Ecr > PeV

Sgr A* : Mc® > 10°7erg/s to fulfill the energetics
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Thank you!



back up
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m = MBH/MG

Maximum energy i = M/ Mgaq

C. Low accretionrate: m < 1072

* escape limit

L Wmax,esc X (mm)1/2 X M1/2

~

_
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Maximum energy

mEMBH/M@
m = M/MEdd

C. Low accretionrate: m < 10

* escape limit

k Wmax,esc X (mm)1/2 X M1/2

S

Y,

/- High accretion rate : i, > 103

-> cooling limit

14+ . 246u+3¢q

m2+r—a \/J 10(¢g—2—p)

Ymax,cool X 1 . —gq
k m3—a M 26—a)

| )

py cooling ADAF

* ,U : power law index of
background photon spectrum

synch. cooling MAD J
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Maximum energy i = M/ Mgaq

C. Low accretion rate : 1 < 1072 R

* escape limit

K Wmax,esc X (mm)1/2 X M1/2

"+ High accretionrate : 7, > 1073 | )
* cooling limit

Ltp - 246ut5¢_ p~y cooling  ADAF

m2+r—a \/J 10(¢g—2—p)

* lu : power law index of
background photon spectrum

“Ymax,cool X . . —g
\_ m3—a M 26-9 synch. cooling MAD y.
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PeV gamma-rays from XRBs

* L., ~ 10%erg/s

Ecr > PeV conversion rate
I e, = 0.01

& -
1073 L, =eMec

CTA design sensitivity

3 x 1071?[TeV /cm? /5] *

Detectable!

5 x 10%%erg /s
@ 10kpc

m ~ 1073

If we see them In “weak”vvtburst state
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Electron acceleration
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Timescales

R VUoh \ —2 Ry, °q B
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Parameters

B2
—0 _3
0B
Uph
P —1/2
=1/
@I|SCO

Back ground photon spectrum

Mahadevan 1997

—K
ICrange L, xv A=1+ 40, + 160>
K = _ lnTeS . ee — kTe/meC2

In A

Tes : optical depth to
electron scattering
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Injection to acceleration cycle

Main process: magnetic reconnection
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have large part of the energy



Wind feedback

Accreting matter can be blown away !

EWMBH62 > Mout V2

€., > 1072 : energy conversion rate to wind

Y

e.g. Yuan et al. 2015

* Duty cycle?
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