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GRB Polarization Measured by RHESSI

understanding of its signalling repertoire is
finally beginning to catch up. !
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G
amma-ray bursts (GRBs) are short
flashes of !-rays, typically tens of sec-
onds long1. First detected in the 1960s,

GRBs are observed at a rate of roughly one per
day. Although their sources are known to
reside in distant galaxies, several billion light
years away, what these sources are remains a
mystery. But a new clue is provided by Wayne
Coburn and Steven Boggs2, who, on page 415
of this issue, report the detection of polari-
zation — a particular orientation of the 
electric-field vector — in !-rays from a burst.
This discovery may shed light on the identity
of the sources of GRBs, as well as on the mech-
anism by which the !-rays are produced.

The huge energy release associated with a
GRB is thought to be created by the gravita-

tional collapse of a star to form a black hole or
neutron star3. The contraction causes gravi-
tational energy to be released. The typical
energy output of a GRB corresponds to the
conversion of about 1% of the Sun’s mass
into energy: in comparison, the energy out-
put of an atom bomb is equivalent to the con-
version to energy of about 1 gram of matter.

The energy released in the collapse seems
to be carried away from the source in the form
of a highly relativistic jet (Fig. 1), in which
particles move at nearly the speed of light. As
the jet reaches a radius of about 100 million
kilometres from its source, part of this energy
is converted to !-rays, which become the
GRB. At a later stage still, as the jet expands to
a scale of 10 billion kilometres, an ‘afterglow’

of lower-energy radiation, at X-ray, optical
and radio wavelengths, is produced.

The detection over the past few years of
GRB afterglows4 provides strong support 
for this picture. But as afterglow radiation 
is produced at a large distance from the 
collapsing object, key questions remain
unanswered3: what, for instance, is the
nature of the collapsing object? The most
popular candidate is a massive star, about ten
times the mass of the Sun, whose life ends
with the collapse of its core. How the gravita-
tional energy released becomes a relativistic
jet and how jet energy is converted to !-rays
are also not well understood.

From earlier observations of the !-ray
spectrum of GRBs1, it was concluded that the
most likely mechanism for !-ray production
is ‘synchrotron emission’ — the emission 
of radiation by highly energetic electrons
gyrating in a strong magnetic field. But other
mechanisms, such as thermal emission or
energy loss by relativistic electrons in intense
radiation fields, are also possibilities3. The
radiation released through synchrotron
emission is highly polarized, but the other
suggested mechanisms do not naturally 
produce large polarization. That Coburn
and Boggs detect a clear polarization in the
!-rays from a burst provides direct evidence
in support of synchrotron emission as the
mechanism of !-ray production.

Their observations also reveal more
about the nature of the magnetic field in
which synchrotron emission occurs. In a
GRB, the !-rays are produced in different
regions inside the jet (Fig. 2). These regions
are unresolved by detectors close to the
Earth, so the source appears to be point-like.
The detected polarization signal is, then, an
average over the polarization of radiation
produced at different points within the
source. If the direction of polarization varies
randomly from place to place in the jet, then
the observed polarization signal is likely to
average out to zero. But this ‘washing out’ of
the polarization signal will not happen if 
the polarization direction is the same every-
where. For polarization produced by the
synchrotron mechanism, this means that 
the !-ray-producing region is suffused by an
ordered magnetic field, oriented in the same
direction everywhere (Fig. 2a). 

The direction of polarization reported 
by Coburn and Boggs2 remained constant
throughout the duration of the GRB, but the
!-ray flux varied significantly. So it seems
unlikely that such a strong, constant, ordered
field could be generated in the region where
the !-rays are produced. Rather, this suggests
that the strong field originates near the col-
lapsing object, and is then carried by (or 
perhaps even drives) the jet outwards from
the source: the mechanism by which gravita-
tional energy is extracted and powers the jet
is, possibly, electromagnetic.

But there could be another explanation.

news and views
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Figure 2 Information-processing machinery in the retina. As well as the input (rods and cones) and
output (ganglion) cells, the retina contains a hugely diverse population of neurons. Each cell type is
thought to have a specific role in vision9. The most extreme diversity is exhibited by amacrine cells, 
a collection of which is depicted here: their differing shapes and sizes are reflections of their wide
variety of synaptic patterns. The widely spreading ‘polyaxonal’ amacrine cells, which come in several
subtypes and are highlighted at lower right, are the type that Ölveczky et al.

1 suggest provide the
mechanistic basis of local motion detection. (Data for the rabbit, adapted from ref. 2.)

Astronomy

New direction for !-rays
Eli Waxman

The origin of energetic !-ray bursts is still unknown. But the detection of
polarization of the !-rays provides fresh insight into the mechanism driving
these powerful explosions.

© 2003        Nature  Publishing Group
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Why is Polarimetry Important?

Four measurable quantities of  EM radiation:

1. direction (where is it coming from?)

2. intensity (how bright is it?)

3. energy (what is it’s spectrum?)

4. polarization (geometry, radiation mechanism)

Polarization arises as the consequence of  some type 
of  asymmetry, either in the source region or in the 

intervening medium.

To some extent polarization can also provide clues about the 
radiation mechanism.
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What is Polarization?

The polarization of  an EM wave refers to the 
orientation of  its associated electric field vector.

Electromagnetic radiation can be represented as a 
transverse wave made up of  mutually perpendicular, 

fluctuating electric and magnetic fields.
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The Zoo of  Polarization States

In what follows we will concentrate 
exclusively on linear polarization

(at energies above 20 keV).
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Bremsstrahlung Radiation

The radiation associated with the acceleration of  a charged 
particle in the electrostatic field of  an ion.

Photons tend to be emitted perpendicular to electron’s 
plane of  motion. 

The polarization vector tends to be parallel to the 
direction of  acceleration.

Degree of  linear polarization can reach 80%.
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Polarization in Solar Flares

The hard X-ray continuum is dominated by electron 
bremsstrahlung emission.

Observations may be most effective at 
higher energies (> 100 keV), above thermal emission. 

Models predict polarization levels as high as 20 or 30%.

Model parameters include : 
1) pitch angle distribution
2) geometry of  the B-field 
3) viewing angle
4) atmospheric density profile
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Basic Principles of  Compton Polarimetry

Polarimetry relies on the fact that…

 photons tend to 
Compton scatter at right angles to the 

incident polarization vector
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The Polarization Signature

The amplitude of  the modulation defines the level of  polarization.

The minimum of  the distribution defines the plane of  polarization.

For a fixed Compton scatter angle (θ), the azimuthal distribution 
of  scattered photons contains the polarization signature.
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RHESSI as a Polarimeter

Two modes :
Low-Energy Mode (Be-Ge, 20-100 keV)
High-Energy Mode (Ge-Ge, >200 keV)

Spacecraft rotation facilitates polarization measurements.Spacecraft rotation facilitates polarization measurements.Spacecraft rotation facilitates polarization measurements.

Spacecraft rotation facilitates polarization measurements.
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RHESSI as a Polarimeter (20-100 keV)

A small (3 cm diam by 3.5 cm high) cylinder of  Be 
serves as a Compton scattering element that scatters photons into 

the rear segments of  the adjacent Ge detectors.

The Ge detectors measure the distribution of  the scattered radiation.
 

 Spacecraft rotation provides for fine sampling of  scatter distribution.
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The Polarization Signal - Simulation Results

40 keV 80 keV

We have used a modified version of GEANT3 to carry out Monte 
Carlo simulations of the polarimetric capabilities of RHESSI.

A valid polarimeter event is one which produces a measurable 
energy deposit in the rear segment of Ge detectors 1, 8, or 9.  

Detector 2 is not currently operating as a segmented detector.
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RHESSI Low-Energy Polarimetry

Relies on front/rear Ge segmentation.  Low energy solar photons 
(<100 keV) can reach rear segments only by scattering in the Be.

FoV is limited by the co!imation of Be block (~1°).

Be-Ge Scatter Events, 20-100 keV
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Nature of  the RHESSI Data

X4.8 Flare - 23 July 2002
00:26 – 00:42 UT  

Rear Segment Data
(20 – 40 keV)

dominated by spin 
modulation of atmospheric 

background and  albedo
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An Initial Approach to RHESSI Data Analysis

Three pairs of detectors with similar background : 
detectors 8/9, detectors 3/5 and detectors 4/6.  

The data from detectors 3-6 can be used as background estimate 
for the polarimeter mode detectors 8/9.

Limitations :
• Does not use detector #1
• Assumes symmetric geometry
• No modeling of Earth albedo

• Need relative count rate corrections 



RHESSI Data Analysis Workshop - October, 2004  

-1.0°

-0.5°

0.0°

0.5°

1.0°

Y-
loc

ati
on

-1.0° -0.5° 0.0° 0.5° 1.0°
X-location

Flare Aspect - 23 Jul 2002
00:26 – 00:42 UT

X4.8 Flare of 23-July-2002X4.8 Flare of 23-July-2002

5000

4000

3000

2000

1000

0

co
un

ts
 /

 s
ec

00:28 00:32 00:36 00:40

Time (UT)

23-Jul-2002
20 – 100 keV

Flare location :  S13E72

rear segment count ratelocation vs. time within FoV



RHESSI Data Analysis Workshop - October, 2004  

“Background”-Subtracted Data vs. Energy

X4.8 Flare, 23 July 2002, 00:26 - 00:42 UT  
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Polarization Analysis

Two Component Analysis

1. Systematic Component:

• Single sinusoid component.

• Dominates the response at high energies.

• Appears to be due to vignetting of the source by spacecraft 
rotation (collimation effects).
• This component averages to zero.

2. Polarization Signal
• Double sinusoid component.

Polarization signal Systematic Component

� 

f (η) = A + B sin2(η −ϕ) + C sinα(η −ψ)
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20 - 40 keV Analysis
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X4.8 Flare, 23 July 2002, 20 - 40 keV
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Systematic Issues

Detector Set A (dets 8, 3, 6)
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Systematic Issues

Background Check (det 4 - det 5)
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“Background” Subtracted Data

X8.3 Flare, 02 Nov 2003, 17:10 - 17:40 UT  
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Be-Scattered Flux Spectrum
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RHESSI High-Energy Polarimetry

BGe-Ge Scatter Events, > 250 keV
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A Surprising Announcement

..............................................................

Polarization of the prompt g-ray
emission from the g-ray burst
of 6 December 2002
Wayne Coburn* & Steven E. Boggs*†

* Space Sciences Laboratory, and †Department of Physics, University of
California, Berkeley, California 94720, USA

.............................................................................................................................................................................

Observations of the afterglows of g-ray bursts (GRBs) have
revealed that they lie at cosmological distances, and so corre-
spond to the release of an enormous amount of energy1,2. The
nature of the central engine that powers these events and the
prompt g-ray emission mechanism itself remain enigmatic
because, once a relativistic fireball is created, the physics of the
afterglow is insensitive to the nature of the progenitor. Here we
report the discovery of linear polarization in the prompt g-ray
emission fromGRB021206, which indicates that it is synchrotron
emission from relativistic electrons in a strong magnetic field.
The polarization is at the theoretical maximum, which requires a
uniform, large-scale magnetic field over the g-ray emission
region. A large-scale magnetic field constrains possible progeni-
tors to those either having or producing organized fields. We
suggest that the large magnetic energy densities in the progenitor
environment (comparable to the kinetic energy densities of the
fireball), combined with the large-scale structure of the field,
indicate that magnetic fields drive the GRB explosion.

We used the Reuven Ramaty High Energy Solar Spectroscopic
Imager (RHESSI)3 to make these g-ray observations of GRB021206.
RHESSI has an array of nine large-volume (300 cm3) coaxial
germanium detectors with high spectral resolution, designed to
study solar X-ray and g-ray emission (3 keV–17MeV). RHESSI has
high angular resolution (2 00) in the ,18 field of view of its optics;
however, the focal plane detectors are unshielded, open to the whole
sky. Thus, while the chances are small that RHESSI will see a GRB in
its imaging field of view, it measures them frequently in the focal
plane detectors themselves. These observations provide high-
resolution spectra, individual photon times and energies, as well
as the potential for polarization measurements. RHESSI is not
optimized to act as a g-ray polarimeter, but several aspects of its
design make it the most sensitive instrument to date for measuring
astrophysical g-ray polarization.

In the soft g-ray range of ,0.15–2.0MeV, the dominant photon
interaction in the RHESSI detectors is Compton scattering. A small
fraction of incident photons will undergo a single scatter in one
detector before being scattered and/or photoabsorbed in a second
separate detector, which are the events sensitive to the incident
g-ray polarization. Linearly polarized g-rays preferentially scatter in
directions perpendicular to their polarization vector. In RHESSI,
this scattering property can be used to measure the intrinsic
polarization of astrophysical sources. The sensitivity of an instru-
ment to polarization is determined by its effective area to scatter
events, and the average value of the polarimetric modulation
factor4,5, m(v, Eg), which is the maximum variation in azimuthal
scattering probability for polarized photons. This factor is given by
m¼ ðdj’ 2 djkÞ=ðdj’ þ djkÞ; where dj’, djk are the Klein–
Nishina differential cross-sections for Compton scattering perpen-
dicular and parallel to the polarization direction, respectively, which
is a function of the incident photon energy Eg, and the Compton
scatter angle v between the incident photon direction and the
scattered photon direction. For a source of count rate S and
fractional polarization P s, the expected azimuthal scatter angle
distribution is dS=df¼ ðS=2pÞ½12 mmPs cosð2ðf2 hÞÞ&; where f

is the azimuthal scatter angle, h is the direction of the polarization
vector, and mm is the average value of the polarimetric modulation
factor for the instrument. Although RHESSI has a small effective
area (,20 cm2) for events that scatter between detectors, it has a
relatively large modulation factor in the 0.15–2.0MeV range,
mm < 0.2, as determined by Monte Carlo simulations described
below.
In comparison with other g-ray instruments (COMPTEL,

BATSE) that have attempted to measure polarization in the
past5,6, RHESSI has the major advantage of quickly rotating around
its focal axis (centred on the Sun) with a 4-s period. Rotation
averages out the effects of asymmetries in the detectors and passive
materials that could be mistaken for a modulation. Because polari-
metric modulations repeat every 1808, any source lasting more than
half a rotation (2 s) will be relatively insensitive to the systematic
uncertainties that typically plague polarization measurements.
Finally, although the RHESSI detectors have no positioning infor-
mation themselves, they are relatively loosely grouped on the
spacecraft, allowing the azimuthal angle for a given scatter to be
determined to within Df ¼ 138 r.m.s. This angular uncertainty will
decrease potential modulations by a factor of 0.95, which is included
in our calculated modulation factor.
Prompt g-ray emission from GRB021206 was detected with

RHESSI on 6 December 2002 at 22:49 UT (Fig. 1). This GRB was
also observed7 with the Interplanetary Network (IPN), which
reported a 25–100 keV fluence of 1.6 £ 1024 erg cm22, and a peak
flux of 2.9 £ 1025 erg cm22 s21, making this an extremely bright
GRB. The IPN localized8 GRB021206 to a 57 square-arcminute

Figure 1 RHESSI light curves (in total measured counts) in three energy bins for
GRB21206. The IPN localized8 this GRB to 188 off solar, which precluded optical afterglow

searches; however, the brightness, duration, and proximity to the RHESSI rotation axis

made it an ideal candidate to search for polarization. The shaded region shows our 5-s

integration time for the polarization analysis.

letters to nature
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The Data for GRB 021206

22:49:12 22:49:14 22:49:16 22:49:18 22:49:20 22:49:22
0

200

400

500

300

100

0

200

400

600

800

co
u
n
ts

/(
0
.0

3
1
2
5
 s

ec
)

0

200

400

600

800

co
u
n
ts

/(
0
.0

3
1
2
5
 s

ec
)

co
u
n
ts

/(
0
.0

3
1
2
5
 s

ec
)

25-150 keV

0.15-0.5 MeV

0.5-2.0 MeV

UT

Figure 1: RHESSI light curves (in total measured counts) in three energy bins for

GRB21206. The IPN localized8 this GRB to 18◦ off solar, which precluded optical af-

terglow searches; however, the brightness, duration, and proximity to the RHESSI rotation

axis made it an ideal candidate to search for polarization. The shaded region shows our 5 s

integration time for the polarization analysis.
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Figure 2: The azimuthal scatter distribution for the RHESSI data, corrected for spacecraft

rotation. Counts were binned in 15◦ angular bins between 0◦–180◦, and plotted here twice for

clarity. The top plot shows the raw measured distribution (crosses), as well as the simulated

distribution for an unpolarized source (diamonds) as modelled with a Monte Carlo code,

given the time-dependent incident flux. The bottom plot shows the RHESSI data with the

simulated distribution subtracted. This residual is inconsistent with an unpolarized source

(dashed line) at a confidence level > 5.7σ. The solid line is the best-fit modulation curve,

corresponding to a linear polarization of (80 ± 20)%.
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Fairly strong, short burst.

18° off-axis  –  minimal attenuation

Coburn & Boggs, Nature, 22 May 2003, 423, 415


