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3D Structure of Disk and Jet
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Event Horizon Telescope (2020) Tajima Shibata (1997) p. 387



Plasma Astrophysics (Tajima, 2020)

* Class 9: Checking the observations and
interpretations / predictions

® -Do we have (or will have) localized UHECRs? €
-What properties do they have? <
such as
high energies? (such as ~ or > 10° eV?)
spatial localization?
time structures?
accompaniment of other waves (y, X, radio, light)?
cosmic rays other than protons (such as neutrinos)?
-Are they explainable by the new theory?
- Are there some concerns or questions?
Are facts doubled checked?
Can we write a short report on each astrophysical object?



Preparatory writing on the possibilities of
Localized UHECRSs and associated
phenomena related to wakefields

Each object name (and the team names):

- Category of the astrophysical object

- Chief characteristics of observed phenomena (or emissions)

- Typical energy or other numbers (such as gammas, radio,...)

- Observed (or lack of) localized UHECRs

- Other detailed characteristics, such as the time structures,
coincidence (or lack) of other obsrevations

- Other comments, reservations, special significances, etc.



Assigned Example

Greg
Blazar X
M82
Cen A X
NGC 0253
SS 433

Our teams

Wenhao
X

Gabe

Michael

X

Noor

X X



cosMic ray acceleration

and gamma-ray emission
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BH Astronomy with Ultra High Energy CRs



Background theory formulas
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Fig 4 The total luminosities of accreting blackholes are plotted against the
blackhole mass (in the unit of solar mass) for various maximum attainable energy
W (S0lid lines) for the case of I' =20 and £ — 1072, Dashed lines are drawn for
the values th— 107,107, and 107" The grey triangle represents the parameter sets
which allow the acceleration of UHECRs (> 10™ eV). We set the upper limit of 1 to
be around Q1 for the pondermotive/wakefield acceleration to work since the
accretion disk becomes radiation dominant as th approaches unity, and the Alfven
wave pulse becomes weaker than the estimate in the present paper.

Ebisuzaki, Tajima Astro. Part. 56, 9 (2014).

Table 1
Major features of pondermotive acceleration in an accreting supermassive blackhole.
Values Units

2% feom 2.0 x 107 (th/0.1)(m /10%) s
1/va 1.0 x 10%7~" (m/10%)
D, /e 12 x 10°(1/0.1)* (m/10%)"
Wan 2.9 x 1022(I/20)(h/0.1)¥* (m/10%)"" eV
Lece 12 x 10® (1h 0. 1)(m/10*) ergs’
La 12 x 10%n(th j0.1)(m/10") ergs™’
L 12 x 10 (K /0.1 )(1h 0. 1) (m/10%) ergs™’
Lurec 12 x 10% (gl /1072 )(1h/0.1)(m/10%) ergs™’
Luscn/Lane 1.0 x 107 (qxy/107%) -
Lusecn/L, 1.0 x 107(£/0.1) -

£ LyfLase, 1 = VaZo/Va, K = Ecx/Ea, and { = bt(W e/ (10°7€V) ) /It (W auee /W s ).

Dy

Wonax =2 /o FymdD (24)
=46 x 10" z(I'/20)(/0.1)/*(m/10°) ” (D, /3R,)'? eV
=29 x 102 2(I/20)(1/0.1)**(m/10°)™" eV, (25)

where

Fpm = IMecama (26)

luminosity is, therefore, found to be as:
L, ~ kEsva = 1.6 x 10**(x/0.1 )yrinm erg s ™. (33)



CINCrgy rcicasc Py wakcelicit (e.g.VMocs
X-1)

Gravitational Energy

Lo~10 ergs Alfven>EM 1:1
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cosmic rays 1:1 gamma rays
Lungcr~10°’ erg/sl 10%

FUHECR ~3 UHECRs/lOOka/yr

UHECRS O0.1:1 g,
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Localizable brightest cosmic rays by
wakefields ?

Localized UHECR? ®m Radio Galaxy
thus Localized neutrinos? ® Seyfert Galaxy
not as a spread background O Starburst Galaxy

(B) Model Flux Map - Starburst galaxies - E > 39 EeV
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1. Specific examples €< our theory

. Blackhole (BH) as an engine of AGN [textbook p.387]

. Blazar y-emmission = protons (UHECR); time-structured,
coincidental with vy, neutrino

Cen A (radio galaxy)
M82 (starburst galaxy)
NGC 0253 (starburst galaxy)

. SS 433 (microquasar)

[Canac, et al. 2020;IceCube, Science, 2020]
[see refs. inside]
[see refs. inside]
[see refs. inside]

[Abeysakara et al., 2018]

[other refs. are also inside of these slides]



Astrophysical plasma (and lab) parameters
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Wakefields: Bow and Wake

Density:n, =1.14x10"cm™

(Bulanov, Esirkepov)

Coherent, collective,
robust, huge amplitu

Bow Wave
Ponderomotive acceleration

Wakefield acceleration

Wake Wave
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Ultrahigh Energy Cosmic Rays
(UHECR)
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Fermi mechanism runs out of steam
beyond 10'° eV
due to synchrotron radiation
Wakefield acceleration
comes in rescue i3
prompt, intense, linear acceleration0
small synchrotron radiation
radiation damping effects?
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Astrophysical wakefield acceleration:
Superintense Alfven Shock in the Blackhole Accretion Disk
toward ZeV Cosmic Rays (a,~ 10°-10%°, large spatial scale)

ap = eEy/ mcwy >> 1 : normalized EM wave amplitude
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Formation of extragalactic jets
from black hole accretion disk Fermi’s ‘Stochastic Acceleration’
(large synchrotron radiation loss)
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N b Coherent wakefield acceleration
W 7 (no limitation of the energy)

Extragalactic
jet

Magnetic
field lines

Accretion
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Nature’s LWFA : Blazar jets : B \ > > @
extreme high energy cosmic rays (~10%1eV) . o | y
episodic y-ray bursts observed . . 4 .
consistent with LWFA theory . ' : . .

Ebisuzaki-Tajima (2014)



Halo and jet acceleration
In an accretion disk

®
®
Halo heating and

acceleration
- low energy X, v, v

3uImQud-

Tajima and Gilden 1987, ApJ 320, 741-745 15
Haswell, Tajima, and Sakai, 1992, ApJ, 401, 495-507




