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Image of Pulsar (NASA)

Induced Compton Scattering



Induced Compton Scattering

Interaction between rarefied plasma & bright radiation JEEACHRECREE

 Rarefied plasma (A < Ap, w > w,,)
» Scattering of photons by an electron

* Cross section is given by Klein-Nishina formula T o
T, (100 MHz) 2 10 K

Pulsed radio emission

» Bright radiation (kgT}, > m.c?)
* kgT,(v) = hv n,,(v) = E/(AtAv)

° 1n,, > 21s possible for Boson < induced process g
rather than exclusion one! n;, ~ 10?7 for pulsar!! '

dnph(y)

— . 3\
p !‘Q-.'I“' % “\1 .
gy N A
,& N

T X 1pn (4 ) (L4 10 (V) = npn (V) (14 npn (v-)) - SR S
0 0 T3, (100 THz) > 10°°K
"'ph (V+> spontaneous + induced terms Lasér L
Nph (V)

nph(”—)




Spontaneous vs. Induced

/o
electron (density: T )
[
ion or positron
<4
EM wave
K(brightness temp.:73,)

~

_

Thomson scattering

° L4 IOwne
&
* °  low T;
O Y b
.O °
4\/\/\/\/\/@\/—\
O
@ oe

Induced Compton scattering



ICS & PSR
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e.g.,

ICS has potential to constrain
N: particle number flux
0: magnetization
y: bulk Lorentz factor
of the pulsar wind
Lgpin = N@A+0)ym.c?

Interaction between radio

pulse (laser) and pulsar

wind (plasma).
=> Characteristic signature?
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Basic Equation



Kinetic Equation for Photon

Compton scattering off photons n;,(k) by plasmas f(p).

<% + cQ) - V> n(k) = Cnpl/dgpf(p)/dgkl

Boltzmann-Uehling- X [UKN(kla I{:, p)n(kl)(l + n(k))
Uhlenbeck Equation —
— okn(k, k1, p)n(k)(1 + n(k1)))

induced
Cross-section for Compton scattering term

(Klein-Nishina formula)

= . P Compton effect:
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Kompaneets equation

uniform + isotropic + 15t order in hv << m.c?, kgT. << m.c?

Kompaneets 1957

on(z) 1 0 4 5 on(x) ~ hv kT
oy 22 0x (n(:z;) Tni(z)+ Ox v kBTpljy T mec? 1ot
® Photon number conservation
® Bose-Einstein distribution as equilibrium solution
® No Thomson scatt. (ot order) because of isotropy.
® 15tterm = Compton effect hv
TComp ~ oplng X =
(energy loss for photon) MeC

® 2nd term = Induced Compton kg1 (v)

(energy loss for photon) MeC?
® 34 term = Inverse Compton A kple
: Tic =~ OptTipl X 5 ~Y
(energy gain for photon) meC
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The case for n, >>1 .|

x

nO X min(1,z) > 1 )
34 94 2*order 7 dg 170 0 1406, _0°
29 _9g2Y = 27 9g2Y = —Z(zg)—
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hv
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dg o — Bl
B Mec2’
Y g(x) = 2°n(z)

order of (hv)®/(m_c?)?

Solitary structures in spectrum
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Four Constraints on Plasma

« Typical optical depth for ICS (blue)

16T mec® At Avw

T1ce > 0.1 » ne > 0.1 X

6O'TE)\3

« Doppler width (Ag) of solitary waves

A Av 2
© » ]{BTe - Sme (’IUQAV)

_<_

2 % 2
* No screening effect (e.g., Galeev & Syunyaev 1973) (red)
2
TMe AV

« Non-collective scattering

A < Ap » kT, > 4me N\n,



[Laser Facilities

Tanaka+2@PTEP

©'J-KAREN-P

Allowed plasma parameters are
found in yellow region.

| Tres<

High-power short pulse laser is
favored for ICS experiments rather
than high (total) energy laser.

We can draw the same plot for other
=°10° { facilities of the given parameters!

' ® [ total energy

At: pulse width

Av: band width

Ww,: minimum waist

T [eV]

A\: central wavelength




incident

Predictions

Spectra of transmitted
(scattered) light
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Initial Experiment

July 2017, National Central
University @ Taiwan
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J-KAREN experiment

What do we try to observe?

spectrum of scattered light (redshifted compared with incident one)
no side- & back-scattering, no change of polarization

dependence on electron density (optical depth)
dependence on electron temperature

acceleration of electrons (radiation reaction limited)
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Spectrometer

He gas-jet
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Imaging (Thomson scatterin

~22 Jlaser, ~18 J laser
He gas-jet He gas-jet

~3 J laser '; } ~0.5 J laser
He gas-jet 5 He gas-jet




Summary
® J-KAREN PL—H—ZR\=-FEa T BELDEERZ1To1=,

® Spectrometer: FBNARTRILEFEMF P, FE IV T HELICZK
BHERFEILZ AR MIVERIEE LR TETULVELY,

® Imaging (Thomson scattering): £t R {HEIZT X THUVELATEEME
N&H b,
® 2021 F18ICHHBR/ETREEDRIERRZITI.

® RiFMICHEMZED TRDEERICEITS!
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Varlous light scattering processes

Geometric optics limit: R > A, R = size of scatterer, A = light wavelength

« Mie scattering: R ~ A
« Rayleigh scattering: R < A
 Brillouin scattering: Phonon, ion acoustic wave
« Raman scattering: Plasmon, vibration and/or rotational level of a molecule
« Compton scattering: an electron Y + e — Y + €

« Thomson scattering: classical limit of Compton (h = 0, elastic)

* Induced Compton scattering: induced counterpart, redshift

« Nonlinear Compton scattering: multiple photon absorption, blueshift

Ny+e—v+e

* Double Compton scattering: photon splitting, redshift

vy+e—>2vy+e



Induced effect in laser vs. ICS
* number in state i: [V, N. 9

« pumping rate to state 1: (I)z U ggj\z hw
* decay rate from state i: 7; >

« Einstein’s B coefficient: B v N 1
« energy level between state 1 & 2:

* photon energy density at w: /(w)

induced term

dN

d—t2 = ®3 — 12Ny — (N2 — V1) BU(w)

dN

d—tl — (I)l - ’YlNl —+ (N2 . Nl) BU(CU)
dnph(u)

dt X Npn (V4 ) (1 + npn(¥)) — npn () (1 + npn(v-))

D T o 00) = ) + () = () ()




