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Gamma-Ray Bursts

The most luminous objects in the universe,
which are at cosmological distances
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GRB Polarization: another frontier
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Recent reports of detections
I1, >30% at 20 (Yonetoku+
11;12; KT 13)

Late-time optical
afterglow I, ~ 1-3%
(Covino+03), I1. ~ 0.6
% !l(Wiersema,
Covino, KT+14)

Early-time afterglow (t < 1000 sec)

I1, ~30% !l (Mundell+13), IT, ~ 10% (Steele+09),
I1, ~ 10% (Uehara, KT, Kawabata+12)

I1, < 8% (Mundell+07)

No radio detection yet !!
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Late-time Afterglows
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Relativistic shock - synchrotron emission model
can explain the late-time afterglows



Relativistic Shocks

Forward shock

Afterglow!
Shocked, hot ISM Cold ISM
R —— Synchrotron
I' = 1/\/1 — (V/c)? emission
Lorentz factor
167 B
P iso =2 1—7R3F2nmp02 = I oc R3/2

Etot — Efy —ray (Blandford & McKee 1976)



As seen in the rest frame of the shock...

Large internal energy +
& ST bulk velocity
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(If no e-p interactions)

 Most of the energy is carried by protons

Relativistic
bulk velocity

Non-relativistic
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e e & p may not be fully thermalized

They are collisionless, interacting via electromagnetic fields
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Physics of Collisionless Shocks

(Sironi & Spitkovsky 2011)
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L amplification are still matter of debate




e-p interaction & B field amplification

dn All electrons energized by
- 27 interactions with protons
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Relativistic shock - synchrotron emission model
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can explain the late-time afterglows



Linear Polarization

Synchrotron emission has linear polarization as high as 70%
in the case of ordered magnetic field
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~ (KT, loka & Nakamura 2008)
Synchrotron self-absorption
@ Consistent with no radio

Blackbody polarization detection so far



Efficiency of e-p interaction

Not all the electrons are required to be accelerated
(Eichler & Waxman 05)
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In this case, GRB total energy is*.«¢| .20 = =
1/f times larger !! | | |
More massive progenitor star? Yo Mm o Mo | ",




Faraday effects within emitting region

©B Ay
+ _ /
/ Faraday rotation
3
Ay ~ Wnigczn(B COS 9)%1/_2 As

 Lower-energy electrons cause larger Faraday rotation
 Faraday rotation is stronger in lower frequencies



Faraday depolarization
Ax(v) >1

Synchrotron emission
~ AY

In lower frequencies, the emissions with different

Shocked, hot ISM

polarization directions are superposed, which lead to
I_I L low net polarization
vy Optical UV

Ax(vy) =1



Polarimetric Probe of low-energy e

Result of polarization transfer calculation for typical afterglows

at D=1 Gpc, t = 1day
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B field configuration

If the B field is ordered field +
random field
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The difference of optical and radio polari degrees depend on B field
configuration, which constrain the mechanism of B field amplification.



Summary & Proposition

No radio pol detection
yet

Radio polarimetry has a
potential for solving
some big problems in
collisionless shock
physics and GRB total
energy scale

Faraday depolarization
tests can be done for
bright ones by SMA
Earlier observations
may catch brighter,
higher-pol(?) reverse
shock emission
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Forward shock emission?
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