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Why is GRB polarisation 
important?

• Prompt Emission mechanism largely 
unknown 

• Polarisation a key indicator of emission 
mechanism
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Basic things known about  
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Highly relativistic outflow (cf. compactness problem)
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Signature of additional “photospheric” 
component(s) in some cases

Is this  
Thermal?

Peak itself of thermal origin?
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Polarisation

Distinguish Thermal / Non-thermal 

Constrain emission mechanism 

Spectral and Temporal dependence 

Correlation with burst energetics



Polarisation of emission from an accelerated 
charged particle

⇥E ⇤ n̂ ⇥ [(n̂ � ⇥�) ⇥ ⇥̇�]

Net observed polarisation 
involves average over the 
particle’s trajectory, and over 
the distribution of emitting 
particles.

n̂

~�

~̇�



Polarisation of  
Cyclotron  
Radiation

Charged particle in a magnetic field

Ginzburg & Syrovatskii 1964
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Projection of magnetic 

% 
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Figure 4 7  Decomposition of synchrotron pohrization uectors on the p k  of 
the sky. 

For particles with a power law distribution of energies, Eq. (6.20), the 
degree of polarization can be shown to be (see Problem 6.5a) 

(6.38) 

6.6 TRANSITION FROM CYCLOTRON TO SYNCHROTRON 
EMISSION 

It is interesting to follow the development of the typical synchrotron 
spectrum as the electron’s energy is varied from the nonrelativistic through 
the highly relativistic regimes. Let us consider both the electric field at the 
observation point and the associated spectrum of radiation. For low 
energies the electric field components vary sinusoidally with the same 
frequency as the gyration in the magnetic field, and the spectrum consists 
of a single line, as shown in Figs. 6.8a and 6.8b (see Problem 3.2). 

When v /  c increases, higher harmonics of the fundamental frequency, 
wB, begin to contribute. It should be clear that the general spectrum, in 
fact, must be a superposition of contributions at integer multiples of a,, 
since there is periodicity in time intervals T=27r/ws. Problem 3.7 demon- 
strates the general property that a circulating charge produces radiation at 
harmonics of the fundamental and that increasing harmonics contribute at 

Synchrotron Polarisation: 
Single particle

Rybicki & Lightman 1979,2004 
Ginzburg & Syrovatskii 1964



178 Synchmtron Radiation 

Figurn 6 5  Synchrotron emission fmm a part& with pitch angle a. Radiation 
is confined to the shaded solid angle. 

The infinite limits on the integral are convenient and permissible, because 
the integrand is concentrated to small values of A0 about a, of order l / y .  
The above integrals can be reduced further (see Westfold, 1959 for details), 
and we can write 

where 

(6.3 la) 

(6.3 1 b) 

(6.3 lc) 

and, again x = w / w , .  

P1: SFN Trim: 246mm × 189mm Top: 10.193 mm Gutter: 18.98 mm
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215 8.6 The polarisation of synchrotron radiation

Fig. 8.10 The intensity spectra of the two polarisations I⊥ (solid line) and I∥ (dashed line) of the synchrotron radiation of a
single high energy electron.

When there is a distribution of pitch angles, however, all the electrons with velocity
cones within the angle 1/γ of the line of sight contribute to the intensity measured by the
observer. These contributions are elliptically polarised in opposite senses on either side of
the velocity cone. The total net polarisation is found by integrating over all electrons which
contribute to the intensity and, because the angle 1/γ on either side of the line of sight is
very small when the electron is ultra-relativistic, the components of elliptical polarisation
parallel to the projection of B cancel out and the resultant polarisation is linear. This means
that we obtain the correct expression for the linearly polarised component of the radiation
if we take averages of the j∥ and j⊥ components and neglect their time variation through
the pulse.

Exact results for the linear polarisation of synchrotron radiation can be found from the
formulae derived above. Consider first the emission of a single electron and work out the
total amount of energy in each polarisation. From (8.56) and (8.57), we find

I⊥
I∥

=
∫ ∞

0 [F(x) + G(x)] dx
∫ ∞

0 [F(x) − G(x)] dx
. (8.90)

Using (18.60) and (8.61) with µ = 0,
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216 Synchrotron radiation

Fig. 8.11 The polarisation ! of the synchrotron radiation of a single electron as a function of frequency.

Since "(n + 1) = n"(n),

I⊥
I∥

=

4
3

+ 1

4
3

− 1
= 7 . (8.92)

Thus, the energy liberated in the two polarisations by a single electron is exactly in the ratio
7:1, a result derived at an early stage in his analysis by Le Roux (1961).

We have already derived the formulae necessary for working out the fractional polarisa-
tion as a function of frequency for a single electron. The fractional polarisation is defined
to be

! = I⊥(ω) − I∥(ω)
I⊥(ω) + I∥(ω)

. (8.93)

Inserting the expressions for the emissivities in the two polarisations given by the expres-
sions (8.56) and (8.57), we find

!(ω) = G(x)
F(x)

. (8.94)

This function is displayed in Fig. 8.11.
The most useful result is the percentage polarisation at frequency ω for a power-law

distribution of electron energies. If the electrons have energy spectrum N (E) = κ E−p dE ,
we integrate over all energies which contribute to the intensity observed at frequency ω.
Performing the same type of calculation as in Sect. 8.4, the fractional polarisation is

! =
∫ ∞

0 G(x)x (p−3)/2 dx
∫ ∞

0 F(x)x (p−3)/2 dx
. (8.95)

Synchrotron Polarisation: 
Single particle
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Compton Scattering
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Self Compton:   Seed photons in the comoving frame

External Compton:   Seed photons in the ambient medium

Compton Scattering in GRB

Seed photons generated locally 
Scattering from random motion of particles 
Thermal / Non-Thermal

Seed photons from ambient radiation field 
Bulk comptotnisation from fast moving jet 
Also called “Compton Drag”
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Figure 2. Linear polarization degrees in the 60–500 keV band as a function
of q = θv/θj , where θv is the viewing angle of the observer and θj is the jet
opening angle, for several values of yj = (γ θj )2, calculated in the SO model
(synchrotron model with globally ordered magnetic field). The other parameters
are γ ν′

0 = 350 keV, α = −0.2,β = 1.2, and z = 1.

where x = (1 + z)ν(1 + y)/2γ ν ′
0, and

q = θv

θj

, yj = (γ θj )2, (12)

∆φ(y) =

⎧
⎪⎨

⎪⎩

0, for q > 1 and y < (1 − q)2yj ,
π, for q < 1 and y < (1 − q)2yj ,

cos−1
[

(q2−1)yj +y

2q
√

yj y

]
, otherwise.

(13)
The polarization degree, Π, in the waveband [ν1, ν2] can be
calculated if the geometrical parameters, yj , q, the spectral
parameters, γ ν ′

0,α,β, and the redshift, z, are given.
Figure 2 shows the polarization degree in the 60–500 keV

band as a function of q for several values of yj. The other
parameters are γ ν ′

0 = 350 keV, α = −0.2, β = 1.2, and
z = 1. The polarization degree is negligible for q ≈ 0, because
in this case the local polarization vectors are axisymmetric
around the line of sight, i.e., χ = φ (see the Appendix),
and the local polarizations are canceled out. For yj > 1, a
high level of polarization is obtained for y

−1/2
j < q < 1 (i.e.,

γ −1 < θv < θj ). In this case, only a fraction of the emitting
shell (i.e., θ < γ −1) is bright because of the relativistic beaming
effect, and the direction of the magnetic field is quite ordered
in the bright region. The contribution of the emission from
high latitude, θ > γ −1, is negligible, especially for yj ! 100,
so that the net polarization degree is determined only by the
emission from the bright region with θ < γ −1 and then it is
nearly constant. The results of our calculations for the case of
α = β and yj ! 100 are consistent with the results of Granot
(2003) and Lyutikov et al. (2003). For yj < 1, a high level of
polarization is obtained for q ∼ 1 + y

−1/2
j (i.e., θv ∼ θj + γ −1).

In this case, the bright region on the emitting shell is small, also.
The polarization is higher for softer spectra (i.e., larger α and

β). For example, for yj = 100, γ ν ′
0 = 350 keV, and z = 1,

the polarization degree at the plateau for q < 1 is ≃ 0.28
for α = −0.5 and β = 0.9, while it is ≃ 0.52 for α = 0.4
and β = 1.8. This is caused mainly by the dependence of the
synchrotron polarization on the spectral indices (Equation (8)).
The maximum polarization degree obtained in the SO model is
≃ 0.8 for yj ! 0.01, α " 0.4, and β " 1.8.

3.2. SR Model: Synchrotron with Random Field

If the magnetic field is produced at the shock itself within
the jet, the directions of the field would be random on a scale
as small as the plasma skin depth (Gruzinov & Waxman 1999;
Medvedev & Loeb 1999). It is quite plausible that the directions
of the field are not completely random, but have symmetry
around the direction normal to the shock. The less isotropic the
magnetic field directions behind the shock, the higher the local
polarization. We consider the extreme case in which the field
is random strictly within the plane of the shock. In this model,
the directions of the local polarization vectors on the shell are
axisymmetric around the line of sight (see below), so that no net
polarization remains if the visible region, θ < γ −1, is wholly
within the jet cone. However, if the observer views the jet from
an off-axis angle and the symmetry is broken, a high level of
polarization remains (Waxman 2003; Sari 1999; Ghisellini &
Lazzati 1999).

Similar to the SO model, we adopt the broken power-law
form of the spectrum: f (ν ′) = f̃ (x), where x = ν ′/ν ′

0 and
f̃ (x) is given by Equation (7). We assume that the energy
distribution of the electrons and the strength of the magnetic field
are uniform in the emitting shell. The local Stokes parameters
are given by averaging them with respect to the magnetic
field directions within the shock plane (see the Appendix).
Thus, we may write A0 = ⟨(sin θ ′

B)α+1⟩, where ⟨⟩ represents
the average. The local polarization degree is given by Π0 =
Πsyn

0 ⟨(sin θ ′
B)α+1 cos(2φ′

B)⟩/⟨(sin θ ′
B)α+1⟩, where

⟨(sin θ ′
B)α+1⟩ = 1

π

∫ π

0
dη′

[
1 − 4y

(1 + y)2
cos2 η′

](α+1)/2

,

(14)

⟨(sin θ ′
B)α+1 cos(2φ′

B)⟩ = 1
π

∫ π

0 dη′
{[

1 − 4y
(1+y)2 cos2 η′

](α−1)/2

×
[

sin2 η′ −
(

1−y
1+y

)2
cos2 η′

]}
.

(15)
The local polarization position angle measured in the lab frame
is given by χ = φ; therefore, we obtain the formulation for the
net polarization in the observed frequency region [ν1, ν2]:

Π =
∣∣∣
∫ ν2

ν1
dν

∫ (1+q)2yj

0
dy

(1+y)2 f̃ (x)Πsyn
0 (x)

×⟨(sin θ ′
B)α+1 cos(2φ′

B)⟩ sin(2∆φ(y))
∣∣

×
[∫ ν2

ν1
dν

∫ (1+q)2yj

0
dy

(1+y)2 f̃ (x)⟨(sin θ ′
B)α+1⟩2∆φ(y)

]−1
,

(16)
where q = θv/θj , yj = (γ θj )2, x = (1 + z)ν(1 + y)/2γ ν ′

0,
and Πsyn

0 and ∆φ(y) are given by Equations (8) and (13),
respectively.

Figure 3 shows the polarization degree in the 60–500 keV
band as a function of q for several values of yj. The other
parameters are γ ν ′

0 = 350 keV, α = −0.2,β = 1.2, and
z = 1. The results of our calculations for the case of α = β are
consistent with those of Granot (2003) and Nakar et al. (2003). A
high level of polarization is obtained for q ∼ 1+y

−1/2
j (i.e., θv ∼

θj +γ −1) for each value of yj. Since the local polarization vectors
are axisymmetric around the line of sight, the local polarizations
are canceled out if the line of sight is within the jet cone. If the jet
is observed from an off-axis angle, the net polarization remains.
The local polarization degree is highest for emission where
θ = γ −1, so that the net polarization has a maximum value. The
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Figure 1: Left: Polarization degrees as functions of q = θv/θj in the SO model, where
θv is the viewing angle of the line of sight and θj is the jet opening angle. yj ≡ (Γθj)2,
where Γ is the bulk Lorentz factor of the jet. Typical parameters are adopted for the
emission spectrum (see [4] for details). Right: Schematic picture of the jet with the
toroidal component of the magnetic fields (thin lines). Only a fraction of the emitting
shell, θ < Γ−1 around the line of sight is bright because of the relativistic beaming
effect.

uniform over the shell, but consists of multiple patches with characteristic angular
size much smaller than jet opening angle, θp ≪ θj [6] (see Figure 2). In the case of
Γ−1 ∼ θj , it is natural that one sees multiple patches with different magnetic field
directions, and observes significant PA changes. On the other hand, if Γ−1 ≪ θj , one
only sees a limited range of the curved magnetic fields, which leads to no significant PA
change even if the emission is patchy. In such a scenario, GRB 100826A corresponds
to the case of Γ−1 ∼ θj , while the other two bursts with no PA change correspond to
the case of Γ−1 ≪ θj .

We may consider an alternative scenario in which the initially ordered helical
fields get distorted during the energy dissipation phase, making different field direc-
tions within the bright region of θ < Γ−1 [22]. The PA changes can naturally occur
in this scenario, but when the emission duration is short, the PA change does not
necessarily occur. Another scenario is that the GRB jets consist of multiple shells
which have globally ordered transverse (not helical or toroidal) magnetic fields with
a different direction for each shell. It has been recently claimed that such impul-
sive shells can be accelerated to relativistic speeds [23]. In this scenario also, the PA
changes naturally occur for long duration bursts with large number of emitting shells,
but do not necessarily occur for short duration bursts with small number of emitting
shells.

4

Synchrotron with ordered field

Ghisellini et al 1999, Granot 2003, 
Toma et al 2009, Toma 2013

yj = (�✓j)
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Figure 3. Same as Figure 2, but in the SR model (synchrotron model with
small-scale random magnetic field).

maximum Π is higher for smaller yj, because the contribution
of the emission from high latitude points (θ > γ −1), with a low
level of local polarization, is smaller.

Similar to the SO model, the polarization is higher for
softer spectra, mainly because of the dependence of the local
polarization degree on frequency (Equation (8)). For example,
for yj = 1, γ ν ′

0 = 350 keV, and z = 1, the maximum
polarization is ≃ 0.32 for α = −0.5 and β = 0.9, while it
is ≃ 0.49 for α = 0.4 and β = 1.8. For yj ! 0.01, α " 0.4, and
β " 1.8, the maximum polarization degree in the SR model is
≃ 0.8.

3.3. CD Model: Compton Drag Model

The prompt emission from GRBs could be produced by bulk
inverse Comptonization of soft photons from the relativistic
jet (Lazzati et al. 2004; Eichler & Levinson 2003; Levinson
& Eichler 2004; Shaviv & Dar 1995). The local polarization
position angles are symmetric around the line of sight, similar
to the SR model. Therefore, this model also requires an off-axis
observation of the jet to achieve a high level of polarization.
However, the CD model is different from the SR model in
the fact that the CD model can, in principle, achieve Π ∼ 1
under the most optimistic geometric configurations, whereas
the maximum Π is ∼ (β + 1)/(β + 5

3 ) ∼ 0.8 in the SR model.
We assume that the seed radiation is unpolarized and has a

nonthermal, isotropic spectrum, and the scattered radiation has
the broken power-law spectrum f (ν ′) = f̃ (x), where x = ν ′/ν ′

0

and f̃ (x) is given by Equation (7). If the intensity of the
seed radiation and the electron number density of the shell are
assumed to be uniform, then we may write A0 = (1+cos2 θ ′)/2,
and Π0 = (1 − cos2 θ ′)/(1 + cos2 θ ′) (Rybicki & Lightman
1979; Begelman & Sikora 1987). The polarization vectors in
the comoving frame are perpendicular to both incident and
scattering directions of photons, so that we obtain χ = φ + π/2
in the lab frame. Therefore, we achieve the formulation for the
net linear polarization in the observed frequency region [ν1, ν2]:

Π =
∣∣∣
∫ ν2

ν1
dν

∫ (1+q)2yj

0
dy

(1+y)2 f̃ (x) 2y
(1+y)2 sin(2∆φ(y))

∣∣∣

×
[∫ ν2

ν1
dν

∫ (1+q)2yj

0
dy

(1+y)2 f̃ (x) 1+y2

(1+y)2 2∆φ(y)
]−1

,
(17)

where q = θv/θj , yj = (γ θj )2, x = (1 + z)ν(1 + y)/2γ ν ′
0, and

∆φ(y) is given by Equation (13).
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Figure 4. Same as Figure 2, but in the CD model (Compton drag model).

Figure 4 shows the polarization degree in the 60–500 keV
band as a function of q for several values of yj. The other
parameters are γ ν ′

0 = 350 keV, α = −0.2,β = 1.2, and
z = 1. The results of our calculations for the case of α = β are
consistent with those of Lazzati et al. (2004). The results are
similar to those of the SR model, but the polarization degree is
higher than in the SR model.

The polarization is higher for softer spectra, although the
local polarization degree is not dependent on the frequency in
this model. For instance, for yj = 1, γ ν ′

0 = 350 keV, and z = 1,
the maximum polarization is ≃ 0.66 for α = −0.5 and β = 0.9,
while it is ≃ 0.71 for α = 0.4 and β = 1.8, but the variation is
smaller than for the synchrotron models (see Sections 3.1 and
3.2). This variation is caused by the kinematic effect. The local
polarization degree is a maximum for θ = γ −1 (i.e., θ ′ = π/2).
Thus, the net polarization is higher when the contribution of the
emission from higher latitude with θ > γ −1 is smaller. The high
latitude emission is dimmer as the radiation spectrum is softer.
Therefore, the net polarization is higher when the spectrum is
softer. This effect also arises in the SO and SR models, although
in those models the intrinsic dependence of polarization on the
spectrum (Equation (8)) is rather strong (see Sections 3.1 and
3.2). For yj ! 0.01, α " 0.4, and β " 1.8, the maximum
polarization degree for the CD model is ≃ 1.0.

4. STATISTICAL PROPERTIES

In this section, we show the results of our Monte Carlo
simulation of the GRB prompt emission polarization. First,
in Section 4.1, we give the values of the model parameters
so that the observed fluences and peak energies of simulated
bursts are consistent with the data obtained with the HETE-
2 satellite. In Section 4.2, we examine the properties of the
polarization distribution of bursts detectable by the POET
satellite, regardless of instrument MDP. Next, in Section 4.3, we
show the distribution of polarizations that can be measured by
POET, and discuss how we may constrain the emission models.

4.1. Model Parameters

We performed Monte Carlo simulations to obtain the dis-
tribution of the observed spectral energies and fluences in the
three emission models. Such simulations have been developed
to discuss the empirical correlation between spectral peak ener-
gies in the cosmological rest frame and isotropic γ -ray energies

Synchrotron with random field
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Figure 3: Left: Polarization degrees as functions of q = θv/θj in the SR model (see
[4] for details). Right: Schematic picture of the jet. The net polarization property is
determined by the bright emission from the points with θ ∼ Γ−1 around the line of
sight, whose polarization vectors (represented by the thick arrows) are axisymmetric.

patches observed with θvp <
∼ θp decrease the net Π. On the other hand, the bursts we

observed are all very bright, which implies that some patches are seen with θvp <
∼ θp.

Therefore, the SR model is not favored to explain the observed Π >
∼ 30%.

3.1.3 SH model

The internal shocks may also produce strong magnetic fields with random directions
on hydrodynamic scales, much larger than the plasma skin depth scales, through e.g.,
the Richtmyer-Meshkov instability [28, 25]. We call this the “SH model” (synchrotron
model with random fields on hydrodynamic scales). If the field directions are isotrop-
ically random, the net polarization degree is Π ∼ Πsyn

max/
√
N , where N is the number

of independent patches with coherent field in the bright region with θ ∼ Γ−1 around
the line of sight, and the PA change can be naturally realized. Unlike the SR model,
the emission from patches seen with small θvp can have high Π, so that this model is
in agreement with the high brightness of the bursts.

By utilizing the MHD simulations of internal shocks with initial density fluctua-
tions, Inoue et al. (2011) [28] deduced N ∼ 103 from the typical scale of the coherent
magnetic fields, which did not appear to be consistent with the observed Π >

∼ 30%.
However, the recent detailed analysis of the numerical simulation suggests that the
magnetic fields perpendicular to the shock front are selectively amplified, which might
increase the net Π [29]. The aim of this recent simulation is to explain the radially
aligned fields observed in some young supernova remnants, e.g., [30], in which the
shock velocity is non-relativistic, although probably the properties of the amplified
fields may not be different in the mildly-relativistic case like the internal shocks of
jets (T. Inoue, private communication).

6

Ghisellini et al 1999, Granot 2003, 
Toma et al 2009, Toma 2013
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Figure 3. Same as Figure 2, but in the SR model (synchrotron model with
small-scale random magnetic field).

maximum Π is higher for smaller yj, because the contribution
of the emission from high latitude points (θ > γ −1), with a low
level of local polarization, is smaller.

Similar to the SO model, the polarization is higher for
softer spectra, mainly because of the dependence of the local
polarization degree on frequency (Equation (8)). For example,
for yj = 1, γ ν ′

0 = 350 keV, and z = 1, the maximum
polarization is ≃ 0.32 for α = −0.5 and β = 0.9, while it
is ≃ 0.49 for α = 0.4 and β = 1.8. For yj ! 0.01, α " 0.4, and
β " 1.8, the maximum polarization degree in the SR model is
≃ 0.8.

3.3. CD Model: Compton Drag Model

The prompt emission from GRBs could be produced by bulk
inverse Comptonization of soft photons from the relativistic
jet (Lazzati et al. 2004; Eichler & Levinson 2003; Levinson
& Eichler 2004; Shaviv & Dar 1995). The local polarization
position angles are symmetric around the line of sight, similar
to the SR model. Therefore, this model also requires an off-axis
observation of the jet to achieve a high level of polarization.
However, the CD model is different from the SR model in
the fact that the CD model can, in principle, achieve Π ∼ 1
under the most optimistic geometric configurations, whereas
the maximum Π is ∼ (β + 1)/(β + 5

3 ) ∼ 0.8 in the SR model.
We assume that the seed radiation is unpolarized and has a

nonthermal, isotropic spectrum, and the scattered radiation has
the broken power-law spectrum f (ν ′) = f̃ (x), where x = ν ′/ν ′

0

and f̃ (x) is given by Equation (7). If the intensity of the
seed radiation and the electron number density of the shell are
assumed to be uniform, then we may write A0 = (1+cos2 θ ′)/2,
and Π0 = (1 − cos2 θ ′)/(1 + cos2 θ ′) (Rybicki & Lightman
1979; Begelman & Sikora 1987). The polarization vectors in
the comoving frame are perpendicular to both incident and
scattering directions of photons, so that we obtain χ = φ + π/2
in the lab frame. Therefore, we achieve the formulation for the
net linear polarization in the observed frequency region [ν1, ν2]:

Π =
∣∣∣
∫ ν2

ν1
dν

∫ (1+q)2yj

0
dy

(1+y)2 f̃ (x) 2y
(1+y)2 sin(2∆φ(y))

∣∣∣

×
[∫ ν2

ν1
dν

∫ (1+q)2yj

0
dy

(1+y)2 f̃ (x) 1+y2

(1+y)2 2∆φ(y)
]−1

,
(17)

where q = θv/θj , yj = (γ θj )2, x = (1 + z)ν(1 + y)/2γ ν ′
0, and

∆φ(y) is given by Equation (13).
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Figure 4. Same as Figure 2, but in the CD model (Compton drag model).

Figure 4 shows the polarization degree in the 60–500 keV
band as a function of q for several values of yj. The other
parameters are γ ν ′

0 = 350 keV, α = −0.2,β = 1.2, and
z = 1. The results of our calculations for the case of α = β are
consistent with those of Lazzati et al. (2004). The results are
similar to those of the SR model, but the polarization degree is
higher than in the SR model.

The polarization is higher for softer spectra, although the
local polarization degree is not dependent on the frequency in
this model. For instance, for yj = 1, γ ν ′

0 = 350 keV, and z = 1,
the maximum polarization is ≃ 0.66 for α = −0.5 and β = 0.9,
while it is ≃ 0.71 for α = 0.4 and β = 1.8, but the variation is
smaller than for the synchrotron models (see Sections 3.1 and
3.2). This variation is caused by the kinematic effect. The local
polarization degree is a maximum for θ = γ −1 (i.e., θ ′ = π/2).
Thus, the net polarization is higher when the contribution of the
emission from higher latitude with θ > γ −1 is smaller. The high
latitude emission is dimmer as the radiation spectrum is softer.
Therefore, the net polarization is higher when the spectrum is
softer. This effect also arises in the SO and SR models, although
in those models the intrinsic dependence of polarization on the
spectrum (Equation (8)) is rather strong (see Sections 3.1 and
3.2). For yj ! 0.01, α " 0.4, and β " 1.8, the maximum
polarization degree for the CD model is ≃ 1.0.

4. STATISTICAL PROPERTIES

In this section, we show the results of our Monte Carlo
simulation of the GRB prompt emission polarization. First,
in Section 4.1, we give the values of the model parameters
so that the observed fluences and peak energies of simulated
bursts are consistent with the data obtained with the HETE-
2 satellite. In Section 4.2, we examine the properties of the
polarization distribution of bursts detectable by the POET
satellite, regardless of instrument MDP. Next, in Section 4.3, we
show the distribution of polarizations that can be measured by
POET, and discuss how we may constrain the emission models.

4.1. Model Parameters

We performed Monte Carlo simulations to obtain the dis-
tribution of the observed spectral energies and fluences in the
three emission models. Such simulations have been developed
to discuss the empirical correlation between spectral peak ener-
gies in the cosmological rest frame and isotropic γ -ray energies

Compton Drag

Lazzati et al 2004, Lazzati 2010, 
Toma et al 2009, Toma 2013
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• Polarisation rises away from jet axis, but 
power falls 

• Strongly polarised GRBs should have less 
observed flux 

• GRB intrinsic luminosity distribution is wide 

• Correlation exists between luminosity and 
Epeak 

• Given a flux limit, polarisation should display 
correlation with observed Epeak 

• Study of a large population of GRBs is needed
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Figure 1: Distribution of predicted polarization values (as measured in the 50–500 keV energy
range) as a function of Ep for three models for the jet physics. [Figure adapted from Toma
et al. (2009).]

nisms, such as thermal blackbody emission from the expanding photosphere
(Lundman et al., 2014; Ryde, 2005) or inverse Compton emission (e.g., Eichler
and Levinson, 2003; Shaviv and Dar, 1995), may also play an important role.
The relative importance of two mechanisms may be discernible with energy-
dependent polarization measurements, since the various components have dis-
tinct polarization signatures.

The temporal evolution of polarization properties also carries essential in-
formation with which to diagnose the GRB mechanism. For example, in the
Internal-Collision induced MAgnetic Reconnection and Turbulence (ICMART)
model of GRBs (Zhang and Yan, 2011), each broad pulse in the GRB light curve
is related to one event that destroys the ordered magnetic fields to produce ra-
diation. One therefore expects a decrease of the polarization with time across
the broad pulse. For bursts with multiple broad pulses, one expects a possible
variation of ⇧ with time that is broadly correlated with the light curve. For the
geometric models, the polarization degree is determined by the viewing angle
direction, and is not expected to vary significantly, but may undergo a 180� flip
in the photosphere model (Lundman et al., 2014), or show a periodic pattern if
the jet precesses.

3. Compton Polarimetry

In the energy range that corresponds to the peak output of GRBs (10 keV
up to several MeV), Compton scattering is the dominant mechanism for photon
detection. Compton scattering is also an e↵ective means for polarization mea-
surements, which takes advantage of the fact that photons will tend to scatter
at right angles to the incident electric field (polarization) vector. The experi-
mental challenge is to accurately measure the azimuthal distribution of scatter

4

Toma et al 2009, McGlynn 2016
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Detection of Hard X-ray Polarisation

Compton Polarimetry
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GRB polarisation: reported detections

021206       RHESSI                  150-2000 keV   80±20%    
                                                                               < 4.1%      
                                                                               41 
                       Scattering between multiple Ge detectors 
                              uncertainty in scattered Event selection 

930131       CGRO/BATSE      20-1000 keV     35-100%   
960924       CGRO/BATSE      20-1000 keV     50-100%   

                  Used scattering from the Earth’s atmosphere 
                                        Not all systematics clearly known  

+57 
-44 %     

Coburn & Boggs ’03, Rutledge & Fox ’04, Wiggs et al ’04

Willis et al ’05
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GRB polarisation: reported detections

041219a     INTEGRAL/SPI    100-350 keV      60±35% 
                    INTEGRAL/IBIS   200-800 keV      43±25% 

061122       INTEGRAL/SPI    100-1000 keV    < 60% 
                    INTEGRAL/IBIS   250-800 keV      > 60% 

140206a     INTEGRAL/IBIS   200-800 keV      > 48% 

                               Limited statistics, detector systematics 
                                                cannot be entirely ruled out 

McGlynn et al ’07,’09;  Gotz et al ’09,’13,’14 
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GRB polarisation: reported detections

100826a     IKAROS/GAP       70-300 keV        27±11% 
110301a     IKAROS/GAP       70-300 keV        70±22% 
110721a     IKAROS/GAP       70-300 keV        80±22% 

                                                 Scintillator array 
                                                 Dedicated GRB polarimeter 
                                                  Yonetoku et al ’11,’12
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ASTROSAT

CZT Imager: an all-sky, polarimetry-capable, GRB detector 

Over 100 GRBs detected till date 
11 subjected to polarisation analysis, from year 1 data 

Results in presentation by Santosh Vadawale 

POLAR results will start coming shortly 

We are entering the era of population study of GRB  
polarisation  -  will begin to constrain emission models


