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Figure 5. Plotted is a variation of the Fig. 2, with L, plotted against vW over an even wider range of parameter space. This allows us to identify the sources of
coherent radio emission (pulsars, fast radio bursts, certain emission from Jupiter and the Sun, etc.) for comparison with the more slowly varying synchrotron
transients. As can clearly be seen the correlation (Fig. 3, Table I, equation 6) applies only to the imaging/synchrotron sources, and cannot be used for classifying
beamformed/coherent sources.



Luminosity vs. Brightness Temperature

, 7 Further assumption:
] = 2"{-3?;” 4 2 r=c ot
Vo 2 u where ¢t is the shortest
time scale of variability.

v: frequency L, : Luminosity/

T, : brightness temperature r: source size



Luminosity vs. Brightness Temperature

, 7 Further assumption:
] = 2""-3?;” AT 2 r=c ot
Vo 2 't where 6t is the shortest
time scale of variability.

v: frequency L, : Luminosity/

T, : brightness temperature r: source size

Let T be the temperature of the radiating matter.



Luminosity vs. Brightness Temperature

Dkn T v?
~nB
LL‘ — - -

2
-

Artr

2

Further assumption:
r=c ot
where ot is the shortest
time scale of variability.

v: frequency L, : Luminosity/

T, : brightness temperature r: source size

Let T be the temperature of the radiating matter.

Then, for BB (blackbody radiation),
(thermal equilibrium, optically thick, incoherent).

Tb = Tm



Luminosity vs. Brightness Temperature

5 Further assumption:
2kp 1,v° 2 r=c ot
L, = d7tr©
V 2 where 6t is the shortest
time scale of variability.

v: frequency L, : Luminosity/

T, : brightness temperature r: source size

Let T be the temperature of the radiating matter.

Then, for BB (blackbody radiation), T,=1T_
(thermal equilibrium, optically thick, incoherent).

Optically thin BB case: T, <T.



Luminosity vs. Brightness Temperature

5 Further assumption:
2kp 1,v° 2 r=c ot
L, = d7tr©
V 2 where 6t is the shortest
time scale of variability.

v: frequency L, : Luminosity/

T, : brightness temperature r: source size

Let T be the temperature of the radiating matter.

Then, for BB (blackbody radiation), T,=1T_
(thermal equilibrium, optically thick, incoherent).

Optically thin BB case: T, <T.

Optically thin and non-BB (coherent) case:
no general relationship



Luminosity vs. Brightness Temperature

5 Further assumption:
2kp 1,v° 2 r=c ot
L, = d7tr©
V 2 where 6t is the shortest
time scale of variability.

v: frequency L, : Luminosity/

T, : brightness temperature r: source size

Let T be the temperature of the radiating matter.

Then, for BB (blackbody radiation), T,=1T_
(thermal equilibrium, optically thick, incoherent).

Optically thin BB case: T, <T.

Optically thin and non-BB (coherent) case:

no general relationship I, >>T_ possible
m



The variability time-scales and brightness temperatures of radio flares 1032 K B rightn ess temperature
from stars to supermassive black holes /

. 12
M. Pietka,!** R. P. Fender'-> and E. F. Keane®* MNRAS 446, 3687-3696 (2015) r 1(? K
52 o
1 1 1 I 1 1 1 - 1 I 1 1 - 1 1 I 1 - 1 1 /’
_—————‘i‘ e /
1015 ,,’4‘ "_-’ ‘N’\, 1035
K4 “ \\‘ -y o
Fast Radio Bursts . ¢¢ |- " AGN/Blazar/QS® 2
( , <
\ . ,".. A . L L -
\ J o 7 0
Soo s ; g GRBse °
10 Rl . . - g 30
10 K ~-J—;——‘ . ’ 10
. 5 . Pulsar-GRPs - 257,
L & 10 - .o . 107 N
luminosity g ; e . , , ,
S e Crab nanp-shots™ - , & R
> ’ . e Keane Burst GCRT 1745% @
— ’ ‘* RRATs e d‘,@ o
g p ; K )
10° e 1020 1
Pulsars,
f} ' )
107 10'5
10'10 — T — I 1010
10719 10 10° 10° 100

frequency *size v*(r/c) GHz*s

Figure 5. Plotted is a variation of the Fig. 2, with L, plotted against vW over an even wider range of parameter space. This allows us to identify the sources of
coherent radio emission (pulsars, fast radio bursts, certain emission from Jupiter and the Sun, etc.) for comparison with the more slowly varying synchrotron
transients. As can clearly be seen the correlation (Fig. 3, Table I, equation 6) applies only to the imaging/synchrotron sources, and cannot be used for classifying
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Figure 5. Plotted is a variation of the Fig. 2, with L, plotted against vW over an even wider range of parameter space. This allows us to identify the sources of
coherent radio emission (pulsars, fast radio bursts, certain emission from Jupiter and the Sun, etc.) for comparison with the more slowly varying synchrotron
transients. As can clearly be seen the correlation (Fig. 3, Table I, equation 6) applies only to the imaging/synchrotron sources, and cannot be used for classifying
beamformed/coherent sources.
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Figure 5. Plotted is a variation of the Fig. 2, with L, plotted against vW over an even wider range of parameter space. This allows us to identify the sources of
coherent radio emission (pulsars, fast radio bursts, certain emission from Jupiter and the Sun, etc.) for comparison with the more slowly varying synchrotron
transients. As can clearly be seen the correlation (Fig. 3, Table I, equation 6) applies only to the imaging/synchrotron sources, and cannot be used for classifying
beamformed/coherent sources.
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The variability time-scales and brightness temperatures of radio flares 1032 K Brightness temperature
from stars to supermassive black holes
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Pulsar = rapidly-rotating highly-magnetized neutron star
B=102~10'> G, spin period = ms ~ several s
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Moffet & Hankins, 1996
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R Biihler! and R Blandford? Rep. Prog. Phys. 77 (2014) 066901 (15pp)

Crab pulsar

High energy pulse profile > 50-400GeV
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Radiation from shock-accelerated relativistic electrons in the Crab nebula
Radiation from e+/e- accelerated within the pulsar’s magnetosphere
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Radiation from shock-accelerated relativistic electrons in the Crab nebula
Radiation from e+/e- accelerated within the pulsar’s magnetosphere
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Radiation from shock-accelerated relativistic electrons in the Crab nebula
Radiation from e+/e- accelerated within the pulsar’s magnetosphere
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A GRP observed in all frequency GRP #2677

t=0 at 01:32:29.295078900 TDB on September 7, 2014
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A GRP observed in all frequency GRP #2677
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A GRP observed in all frequency
bands between 325MHz and 8.4GHz

_NETIZHEINT=
b TEOMP GRPODH
(Mikami+2016)

FlLEMARINLIE
ZIZIREHRTHS

N T R

10?

GRP #2677

10°

| | I T T 1 | [T 1T 11
- litate/P
325MHz
B Spectral index -2.2
- Kashima/L
= Usuda/sS
- "o 2.3GHz
- Takahagi/C
6.7GHz
P
- ‘l"E Usuda/X
- i 8.4GHz
— | | I I I | | I I I
3
10 10*

Frequency [MHz]
Mikami+2016
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frequency bands between 325MHz

dn

_NFETIZH

d 8.4GHz

=gy (W f=

UL DMP GRPD

Al D151
(Mikami+201

FrRIEEE

6)

L ABE:

4960

1 MWW

t=0 at 01:22:41.702820810 TDB on September 7, 2014

GRP #2520

— 10micro sec ave —— 125nano sec ave —— 1micro sec ave
P 325MHz
- L B | |
LL 1.6GHz
LH1.7GHzHr

16314 |g 2 3GHzH

Jy
-285 e B e e e S ot e L L L e Y e i \ﬂwwww
10274 | ¢ 6.7GHzTH
Jy
783 | WMWJ Angoheontil
1488 |y 8.4GHzE
Jy
236 WWMMMWM“WWWMWWM
50 0 50
100us Mikami+2016




Another GRP observed in all
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Crab/N )L Y —E R DEF TALEXIZHEEERHY (Eilek&Hankins, 2016 JPP)

HESELT. NIV —HBESBE7SXAYRNICEFE—LABREBEEINT-ET DI
ZLDETILD X BEDRIIR, TDIE.

‘Strong plasma turbulence (SPT) ... Solar 1L R/ \—ANEE{EL ? ‘
Free-electron-maser emission (FEM)

Cyclotron instability emission (CIE) . B EIRFELL?

SPT

Solar ILINER/N\—AFDIZE . BFE—LICKYURpEINfzLangmuirlENEHETHY.
7°5X7?J§Eﬂ§ﬂh\¢2ﬁtﬁcfb\é

SNV —DZENEFE—LIZEDAETFEHEDZEZH (Gedalin +, 2002)
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NILY—HE S B Dpair plasmaf TOE — LR RZEETILDOHI
Gedalin, Gruman, Melrose (2002) PRL 88, 121101; MNRAS 337, 422-
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Gedalin, Gruman, Melrose (2002) PRL 88, 121101; MNRAS 337, 422- =
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Gedalin, Gruman, Melrose (2002) PRL 88, 121101; MNRAS 337, 422-
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Crab/N )L Y —E R DEF TALEXIZHEEERHY (Eilek&Hankins, 2016 JPP)

HESELT. NIV —HESBEI7SAIAIZCEFE—LABREESNT=ETHDIE

ZLDETILO K BDRHIE, TDIE.

‘Strong plasma turbulence (SPT) ... Solar 1L R/ \—ANEE{EL ? ‘
Free-electron-maser emission (FEM)

Cyclotron instability emission (CIE) . B EIRFELL?

SPT

Solar ILINER/N\—AFDIZE . BFE—LICKYURpEINfzLangmuirlENEHETHY.
7°5X7?J§Eﬂ§ﬂh\¢2ﬁtﬁcfb\é

SNV —DZENEFE—LIZEDAETFEHEDZEZH (Gedalin +, 2002)

> Langmuirglitfepl(e.g., T 2T ELRAF ., TiEfMh2005. RS FE5TE)
> RSN TF=SPTMHLDERST (Weatherall 1997, 199875 &)




Crab/N )L Y —E R DEF TALEXIZHEEERHY (Eilek&Hankins, 2016 JPP)

HERELT. NIV —HRB IS XYRHNIZEFE—LIABMEEINT=ETHDIE

(-

ZLDETILO K BDRHIE, TDIE.

Strong plasma turbulence (SPT) .. Solar ILINEE R/ N\—AREEEL 2
| Free-electron-maser emission (FEM)

Cyclotron instability emission (CIE) ... R EEIRFALL?
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