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Outline of  Talk

• Scattering Polarimetry

• Summary of Experimental Results

• Survey of Upcoming Experiments
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Scattering Polarimetry
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The concept of using 
Compton scattering for 
measuring polarization 

is not new.

This figure is from
Evans’ The Atomic 

Nucleus (1955)



A detector (or series of detectors) surrounding a 
scattering element can be used to measure the 

azimuthal distribution of scattered photons.

Scattering Polarimeter
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Photoelectric Polarimetry

• Based on tracking 
of photoelectron.

• Photoelectron 
preferentially 
ejected parallel to 
the incident 
polarization vector.

• Effective at energies 
below ~30 keV.
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around the pulsar with two jets emerging from the
poles. High-energy electrons caught by an intense
magnetic field emit polarized synchrotron radia-
tion. The Crab Nebula has same degree and angle
of polarization from radio to X-ray, a clear
signature of synchrotron emission.

Unlike spectral data, polarization data are
strongly affected by general relativistic effects. In
a BH, surrounded by an optically thick and
geometrically thin accretion disk, higher energy
photons come from the smaller disk radii. As the
photon energy increases from 1 to 10 keV, the
plane of linear polarization will swing smoothly
through an angle of B27! for a 9 Solar Mass BH
and B40! for an extreme Kerr BH (for an
inclination of 41!).

This effect is due to the strong gravitational
bending of light rays (Fig. 2). In this paper a new

polarimeter based on the photoelectric effect is
described. The instrument is highly efficient in the
energy range 2–10 keV, particularly interesting for
X-ray Astronomy.

2. The Micropattern Gas Detector

The photoelectric effect is a process very
sensitive to photon polarization and with a large
cross-section at low energy. In the case of linearly
polarized photons, the differential photoelectron
cross-section has a maximum in the plane ortho-
gonal to the direction of the incoming photon:
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y is the polar and f the azimuthal angle (Fig. 3).
The photoelectron is ejected with maximum

probability in the direction of the photon electric
field with a cos2 f modulation. Fig. 4 shows the
principle of operation of the Micropattern Gas
Detector, developed to efficiently track the photo-
electron [6].

After the absorption of the photon in the gas
volume, the ejected photoelectron produces a track
of ion–electron pairs. Ions and electrons are
separated by the applied electric field and the
electrons drift towards an amplifying grid (the Gas
Electron Multiplier). The amplified charge is then
collected by read-out pixels (Fig. 5) individually
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Fig. 1. Polarization of SNR: the Crab Nebula seen by the
Chandra X-ray Observatory.

Fig. 2. Simulated view of accretion disk around a BH. Light
bending makes visible the bottom part of the disk. Doppler
boosting produces an increase of the intensity on one side.
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Fig. 3. Angular distribution on the detector plane (XY) of the
ejected photoelectrons.

R. Bellazzini et al. / Nuclear Instruments and Methods in Physics Research A 510 (2003) 176–184 177



Early Measurements
(1969 - 1983) 
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Intercosmos Polarimeter

7

Tindo et al. 
1970 - 1976

Be scatterer with
proportional counters

E ~ 15 keV 

4 different polarimeters

constant improvements
Intercosmos 7
polarimeter



Intercosmos Observations
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1969 Intercosmos I 3 flares P ~ 40%

1970 Intercosmos 4 3 flares P ~ 15-20%

1972 Intercosmos 7 3 flares P ~ 2-16%

1974 Intercosmos I1 3 flares P < ~5%

It is interesting to note that, as the 
instrumentation improved, the measured 

level of polarization decreased.

Tindo et al., Solar Physics, 14, 204 (1970)
Tindo et al., Solar Physics, 24, 429 (1972)
Tindo et al., Solar Physics, 27, 426 (1972)
Tindo et al., Solar Physics, 32, 469 (1973)



Intercosmos 4 Observations
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November 5, 1970 November 16, 1970



OSO-7 Polarimeter
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Be scatterer with
proportional counters

E ~ 15-30 keV 

in-flight threshold changes

analysis shows P ~ 10%
with large uncertainty 

Nakada, Neupert & Thomas, Solar Physics, 37, 429 (1974)



Shuttle STS-3 Polarimeter
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March, 1982

Li scatterers with
proportional counters

E ~ 5-30 keV

Several flares
P < 5 % 

Lemen et al., Solar Physics, 80, 333 (1982)



Early Measurements

• All at low energies (< 30 keV)

• Low levels of polarization

• Dominated by thermal emission

• High levels of polarization are 
generally not expected
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The RHESSI Era
(2002 - present)
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RHESSI as a Polarimeter

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

Spacecraft rotation facilitates polarization measurements.
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GRB 021206

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

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

NATURE |VOL 423 | 22 MAY 2003 | www.nature.com/nature 415© 2003        Nature  Publishing Group
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Rejuvenated interest in polarimetry.



GRB Polarization
Coburn & Boggs, Nature, 423, 415 (2003)

RHESSI High Energy (double scatter - GeGe) Mode

P = 80(±20)%     0.15 - 2 MeV  GRB021206  

crosses - data
diamonds - simulated (unpolarized)  
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Two subsequent publications (including 
one from the RHESSI team) found no 
significant evidence for polarization.

GRB Result Met with Skepticism 

17



Solar Flare Polarization
Boggs et al., ApJ, 638, 1129 (2006)

RHESSI High Energy (double scatter - GeGe) Mode

18

The minimum in the modulation curve corresponds to a di-
rection of the polarization vector of ! ¼ 101" # 15" (north of
east). This polarization vector is parallel to the direction from the
disk center toward the solar flare (Fig. 10), corresponding to a
negative polarization by convention.

Correcting for the modulation factor, the fractional linear po-
larization for this flare is !s ¼ $0:11 # 0:05 in the 0.2–1 MeV
band. (The average measured photon energy over this band is
0.50 MeV.) Once again, we have also plotted in Figure 9b the
modulation amplitude for a 100% polarized signal, demonstrat-
ing that we are strongly constraining the polarization level for this
flare. At the 99% confidence level (3 "), we constrain this po-
larization to lie within the range $26% to +4%.

4.7.3. Null Results

As a critical test of our polarization techniques and charac-
terization of potential systematic errors, we need to verify that
signals we expect to be unpolarized do not show significant mod-
ulations. These signals include both our chance coincidence back-
grounds and our true scattered-photon backgrounds, neither of
which we would assume a priori to be modulated.

For the background scatters in Figure 6, we determined the
best-fit modulation amplitudes to be 3 # 2 for the 2002 July 23
flare and 5 # 3 for the 2003 October 28 flare. Correcting for
the modulation factor, these modulations correspond to effective
polarizations of 5% # 4% and 4% # 3% for the two flare back-
grounds, respectively. These results demonstrate that our back-
ground scatters are not polarized and that systematic modulations
are restricted for real photon-scatter events in our analysis below
the 5% polarization level.

For the chance coincidence events in Figure 5, we also de-
termined the best-fit modulation amplitudes to be 2 # 3 for the
2002 July 23 flare and 10 # 5 for the 2003 October 28 flare.
(Note that the fits to the 180" modulations are not significantly
affected by the orthogonal 360" components.) Once again correct-

ing for the modulation factor, the effective polarizations corre-
sponding to these modulations for the chance coincidences alone
are 4% # 6% and 12% # 6% for the two flare periods, respec-
tively. However, when we compare the absolute value of these
best-fit modulations with those measured for the background-
subtracted flareASADs above,we can see that the potential effects
of these chance-coincidence modulations on the overall measured
flare photon polarizations are 2% # 3% and 4% # 2% for the two
flares, respectively. Therefore, we can also limit the effects of sys-
tematically induced modulations from the chance-coincidence
events to below the 5% polarization level.

As a further check of null results, we repeated the polariza-
tion analysis for large-angle backscatter events in the instrument
(Fig. 11). For the analysis above (ultimately deriving Fig. 9) we
only accepted scatter events that were consistent with Compton
scatter angles in the range 45"–135" (step 8 of our analysismethod).
This range of Compton scatter angles is the most sensitive to po-
larization modulations, and hence this cut helped maximize the
signal-to-noise ratio. Small-angle scatters (0"–45") and large-
angle backscatters (135"–180") are less sensitive to the incoming
photon polarization, and therefore with our marginal sensitivities
we expect null results for modulation curves in these cases. For
our data cuts, small-angle scatters are dominated by chance coin-
cidence events (due to favorable low-energy coincidences), while
for backscatter events the chance coincidences are nearly negli-
gible. Since we have already limited the systematic polarizations
for chance coincidences, we repeated the full analysis for back-
scatter events to verify null results. For steps 8 and 9, wemodified
the Compton kinematic cut criteria so that if either of the poten-
tial interaction orderings were consistent with a Compton scat-
ter angle in the range 135"–180", then the event was accepted for
further analysis. The measured modulations for these back-
scatter events, shown in Figure 11, are #m!s ¼ 0:06 # 0:06 for

Fig. 11.—The 0.2–1 MeV background-subtracted ASADs for the two flares,
using only backscatter events (x 4.7.3). Shown for comparison are the best-fit
modulation (solid line) and the average (dotted line). Since backscatter events
are less sensitive to polarization than events chosen in step 8, modulations on
these ASADs should not be significant.

Fig. 10.—Diagram of the solar disk, showing the location of the two flares
studied in this paper (gray circles). The #1 " limits on the 0.2–1 MeV polar-
ization directions (black lines) are shown, as well as the radial direction from the
disk center to each flare for reference.

SOLAR GAMMA-RAY POLARIMETRY 1137No. 2, 2006

X4.8-class flare
Π = 21% ± 9%

X17-class flare
Π = 11% ± 5%

200 keV - 1 MeV



Solar Flare Polarization
Suarez-Garcia et al., Solar Physics, 239, 149 (2006)

GeGe Mode / 100 - 350 keV / 7 events

19

164 E. SUAREZ-GARCIA ET AL.

Figure 9. Asymmetry curves of all flares analyzed, extracted for photon energies between 100 and
350 keV. The thick lines show the best fits with the function from Equation (4). The angle of the
minimum in the fit curve indicates the flare polarization direction in heliocentric coordinates.

2% ± 14% 28% ± 12%

36% ± 26% 28% ± 25%



Solar Flare Polarization
Suarez-Garcia et al., Solar Physics, 239, 149 (2006)
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164 E. SUAREZ-GARCIA ET AL.

Figure 9. Asymmetry curves of all flares analyzed, extracted for photon energies between 100 and
350 keV. The thick lines show the best fits with the function from Equation (4). The angle of the
minimum in the fit curve indicates the flare polarization direction in heliocentric coordinates.

54% ± 21% 21% ± 10%

6% ± 25%

GeGe Mode / 100 - 350 keV / 7 events



Solar Flare Polarization

RHESSI Low Energy Polarimetry (Be Scatter) Mode
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Never published.  Result was not internally consistent.



CORONAS-F
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when a flare begins or can operate in continuous mode
if the dry contacts of the light/shadow relay are closed,
i.e., under light.

The patrol detector is designed for monitoring mea-
surements of the intensity of solar X-ray radiation in the
energy range 15–100 keV. X-ray radiation is recorded
by a (
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) CsI(Na) crystal with an overlying
cylindrical collimator that provides a narrow detector
field of view, within 
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. To protect the crystal
against charged particles, it was placed behind an anti-
coincidence shield of a plastic scintillator (phoswich).
The count rates in the patrol detector channels are mea-
sured continuously and independently of the measure-
ment cycle of the polarization detectors and the modes
of SPR-N operation. The signals from the patrol detec-
tor in the 20–40 and 40–100 keV channels and the
count rates of the anticoincidence cap of a plastic scin-
tillator are written both in the polarization information-
digital arrays (together with the polarization detector
signals) and in separate patrol information-digital
arrays with a more detailed (a factor of 
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 shorter than
the exposure time) time resolution.

TELEMETRY AND CONTROL
Telemetry data from the instrument were obtained

with the scientific data acquisition system (SDAS) spe-
cially designed and constructed at the Center for Space
Information Technologies (CSIT), the Institute of Ter-
restrial Magnetism, Ionosphere, and Radio-Wave Prop-
agation (IZMIRAN). The main purpose of this system
is to continuously collect information from the Coro-
nas-F instruments and to store it during the absence of
a radio link with the ground station; to this end, the
SDAS has 128 Mbytes of solid-state memory. The sys-
tem supports a complete cold backup and consists of
two symmetric i486SX-based modules. The system
also provides time referencing for all onboard measure-
ments with an accuracy of 1 ms.

Accumulated information is transmitted to Earth by
preloaded commands from the Earth using two
1.7-GHz transmitters, each with a power of 8 W. The
total volume of transmitted information is of the order
of 150 Mbyte per day. Information is received by the
satellite information reception station at Neustreliz
(DLR), Germany. Subsequently, the received informa-
tion is sent via the Internet to the IZMIRAN, where it is
processed and becomes available for users of the scien-
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 The functional diagram of the SPR-N detection unit.
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Bogomolov et al., Space Sys. Res, 37, 112 (2003)
Bogomolov et al., IAU Symp., 223, 447 (2004)



CORONAS-F
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Bogomolov et al., IAU Symp. 223, 447 (2004)



Coronas-Photon
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Launched Jan 30, 2009
Contact lost on Dec 1, 2009; never fully recovered.

PENGUIN-M, a hard X-ray polarimeter-spectrometer
20-150 keV polarimetry.

No reports of polarization measurements(?).



IKAROS – Solar Sail Mission
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Figure 2. A schematic view of the GRB polarimeter. A central dodecagonal plastic scintillator works a gamma-ray
scatterer, and the angular distribution of scattered photon is measured by the surrounding 12 CsI scintillators.

2.1. Design of Gamma-Ray Polarimeter
Assuming the non-relativistic case, for instance, the cross section of the Compton effect is due to the Klein-
Nishina formula;

dσ

dΩ
= r2

0(1 − sin2 θ cos2 φ). (1)

Here, r0 is a classical electron radius, and θ and φ denote altitude and azimuth angle measured from the incident
photon propagation vector, respectively. In the case of 100 % polarization, the amplitude of the modulation
is proportional to the function of sin2 φ in the θ = π/2 plane. If we obtain this modulation curve from the
astronomical phenomena, it is equivalent to the direct measurement of the polarization degree.

In figure 2, we show the basic concept of our gamma-ray polarimeter. A dodecagonal plastic scintillator with
the photo-multiplier tube (e.g. R18407) is attached at the center, and twelve CsI scintillators with PMT (e.g.
R7400p7) are set around it. Each scintillator is wholly polished and is covered by ESR reflection sheets. The
central plastic works as the Compton scatterer, and the angular distribution of scattered photons coinciding with
the plastic scintillation are measured by side CsI scintillators with the angular resolution of 30 degree.

We designed the depth of plastic as 5 cm because it satisfies one Thomson length to scatter 100 keV photons
effectively. Since the scattered photons should escape from the plastic and reach CsI, its radius also should
be shorter than one Thomson length. Since the CsI scintillators have to stop the scattered photons with high
efficiency, we set their thickness as 3 mm whose stooping power is 88 % for 100 keV photon. These CsI counters
can detect the prompt GRBs outside of the field of view, and play a role of the IPN detector together with the
other satellite, e.g. GLAST, works in the same era.

In figure 3, we show both couples of scintillator and PMT. Assuming the Compton effect of incoming 60 keV
photon, the energy deposit of the recoil electrons is only 6.3 keV. Therefore we provide the energy threshold of
plastic scintillator as 7 keV at least. Using the detector configuration shown in figure 3, we measured the lower

!"#$%&#'&(!)*&+#,%&-.--&&-.--./01

Yonetoku et al. , SPIE 6266 (2006)

Japanese engineering verification satellite was launched in May, 2010.
6 year cruise to Jupiter plus 5 years to Jovian L4 Trojan asteroids.

IPN detector (GAP) with polarization sensitivity.
Large plastic scintillator surrounded by 12 CsI detectors.

50-m solar sail



Future Prospects
(in development)
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Gamma-Ray Polarimeter Experiment (GRAPE)
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50 - 500 keV energy range

Bloser et al., NIM, 600, 424 (2009)
Legere et al.,SPIE 5898, 413 (2005)

McConnell et al., IEEE TNS 46, 890 (1999)



GRAPE Balloon Payload
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The balloon payload 
incorporates a design that 

provides for back-and-
forth rotation of the 

detector array within the 
pressure vessel.

First flight in Fall, 2011 will 
look at Crab.  Subsequent 

LDB flights from 
Antarctica for GRBs and 

solar flares.



Polarimetry of  High ENErgy X-rays (PHENEX)
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Kishimoto et al. , IEEE TNS, 54, 561 (2007)

Array of plastic and CsI (Tl) read 
out by a single MAPMT.

Polarimetry from 40 - 200 keV.



POLAR
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recoil electrons in the given photon energy range
as well as the required angular resolution. This
segmentation matches well the anode dimensions
of modern metal mesh multi-anode photo multi-
pliers (PM), which have already found wide-
spread use in space missions and provide the
performances required.

4. The POLAR detector

The detector is an active target of outer
dimensions 192! 192! 200mm3. The target ma-
terial is plastic scintillator, i.e. doped polystyrene,
chemically and mechanically stable and supporting
high total radiation doses with little degradation.
The target is segmented into 2304 elements of
dimension 4! 4! 200mm3, with their long axis
facing the preferred photon entry direction. The
target elements are optically insulated from each
other by applying a thin double layer of reflective/
diffusive paint.

The front face of the target is shielded by a 1mm
carbon fiber shield to absorb very low energy
photons and charged particles. Likewise the sides
are passively shielded by a 1mm thick carbon
fiber, which also provides a mechanical enclosure.
On the back, a flat panel metal mesh photo
detector is directly coupled to the scintillator
elements. With the associated power distribution
and front-end electronics, the photo detector is

thick enough to shield the detector from photons
entering from the back.

5. Trigger strategy

The signal for a Compton scattering consists of
at least two energy depositions, from the recoil
electron in a large angle scatter and from a
subsequent photon interaction via additional
Compton scattering or photoelectric effect. The
trigger logic thus requires at least two coincident
channels each with at least 5 keV energy deposi-
tion. The two elements with the highest energy
deposits define the geometry of the event. The
photon entrance angles are assumed to be known,
they are derived from the knowledge of the
spacecraft attitude and from the GRB sky
coordinates given by another spacecraft or the
GCN. The azimuthal angle of the straight line
connecting the two highest energy hits around the
entrance axis thus defines the x angle sensitive to
polarization. There is no requirement of maximum
distance between the two highest energy deposits,
but a criterion could be defined without large
acceptance losses (see Fig. 3).
A charged cosmic ray traversing the detector

will hit several plastic bars and deposit in each of
them at least 800 keV. To get rid of this back-
ground the trigger requires that the total energy
deposition in the target is less than 300 keV.
This cut has little effect on the signal photons

ARTICLE IN PRESS
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Fig. 2. Schematic view of the POLAR detector.

N. Produit et al. / Nuclear Instruments and Methods in Physics Research A 550 (2005) 616–625 619

r

r
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Hajdas et al.,SPIE 6266 (2006)
Produit et al., NIM, 550, 616 (2005)

10 - 300 keV
Scattering between 5-mm plastic elements.
Plastic is read out by an array of MAPMTs.



Modular phoswich design provides narrow FoV (~5°) 
for looking at individual sources with high S/B.
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astronomical sources. Its design is based on the well-type
phoswich technology proved to be very effective in
reducing cosmic-ray and atmospheric g-ray backgrounds
shown in Fig. 1. A maiden balloon flight of PoGOLite is
scheduled at a high altitude ð"40 kmÞ in 2009.

2. Detector system

The instrument (PoGOLite) consists of a hexagonal
close-packed array of 217 Phoswich detector cells (PDCs)
and side anti-coincidence shields (SASs) made of BGO
crystals surrounding PDCs as shown in Fig. 1. Each
hexagonal PDC consists of a slow hollow scintillator
(decay time constant "230 ns), a fast scintillator ð"2 nsÞ
and a BGO crystal ð"300 nsÞ connected to a photomulti-
plier tube (PMT) at the end. The slow, fast scintillators and
BGO crystal, respectively, act as a collimator, a Compton
scattering site and a bottom shield. Since they have
different time constants, respectively, the signals from the
fast scintillator and those from the slow/BGO scintillator
can be discriminated by their temporal profiles (Pulse
Shape Discrimination).

We conducted beam tests on a prototype three times
[2–4]. The design of PoGOLite has almost been completed
and currently we are fabricating flight models. For the fast
scintillator where Compton scattering is expected, its goal
is the detection of a few keV to observe at the lower energy
limit of 25 keV (90$ scattered photons with the energy of
25 keV deposit a few keV in the scatterer). In the case of
measurement by PMT, this signal level is equal to around
one photoelectron. Thus, we have to detect the signal of
one photoelectron level with fast scintillator to achieve the
detection of 25 keV’s photon from astronomical source.
For the slow scintillator and bottom BGO shield, these
scintillators act as a rejector of background. The perfor-
mance assessment of these rejectors have to be done by

Monte Carlo simulation, because it is impossible to create
the background where PoGOLite will be activated (e.g.
cosmic X-ray and atmospheric g-ray).

3. Estimation of light yield

To estimate the performance of the PDC, which consists
of a fast scintillator, a slow scintillator, a BGO crystal and
a PMT, we used a radioisotope 241Am (59.5 keV) and
concentrated X-ray beam (50 keV), then estimated the light
yield for each scintillator.

3.1. Fast scintillator

Our aim is to detect polarized X-ray photons above
25 keV, then we have to detect the signal of one
photoelectron with the fast scintillator as described in
Section 2. To estimate the light yield of the fast scintillator,
the fast scintillator of a complete PDC was irradiated with
59.5 keV X-ray photons of 241Am from the side.
The result is shown in Fig. 2 and the right peak around

channel number "180 corresponds to the signal of
59.5 keV. In addition, we clearly detected one photoelec-
tron around channel number "10. We found that the
signal of one photoelectron corresponds to that of "3 keV.
Therefore, this result shows that we can detect the signal of
a few keV, which satisfies our request.

3.2. Slow scintillator and BGO crystal

The background, originated from cosmic X-ray, atmo-
spheric g-ray and high energy charged particles (p, e%, eþ,
m%, mþ etc.), will be rejected by the slow scintillator and the
BGO crystal.
The light yield of the BGO crystal was measured by

irradiation with the concentrated X-ray beam (50 keV) at
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Fig. 1. The PoGOLite detector array. Vertical cross section (left) and top view (right).
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25 – 80 keV

Polarized Gamma-Ray Observer (PoGoLite)
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10% polarization in 200 mCrab
6-hr balloon flight

32

Polarized Gamma-Ray Observer (PoGoLite)

25 – 80 keV



Various detection 
technologies used for both 
the tracker and calorimeter 

components.

 1) silicon strip detectors
2) Ge strip detectors

3) CdZnTe strip detectors
2) liquid Xenon

Many future designs are based on a well-type geometry.
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Compton Telescope Designs



Spring, 2003, Duke University
High Intensity Gamma-ray Source (HIGS)

0.7 to 50 MeV, 100% polarized

Azimuthal scatter angle !

Incident Energy = 710 keV
Modulation = 0.31 ± 0.03
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Medium Energy Gamma-ray Astronomy 
experiment (MEGA)

Kanbach et al., SPIE, 4851, 1209 (2003)
Bloser et al., New Astr. Rev., 46, 611 (2002)



Semiconductor Multiple-Compton 
Telescope (SMCT)

Tajima et al., Nucl. Instr. Meth., A511, 287 (2003)
Takahashi et al., SPIE, 4851, 1228 (2003)

Based on a shielded stack of Si detectors.
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Side View Top View

 NeXT / Soft Gamma-ray Detector (SGD)

Figure 1. Conceptual drawing of SGD.
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Figure 2. (a) 3D view of SGD detector units. (b) Conceptual drawing of a SGD detector unit.

“Compton rings”. We can determine the location of point sources as intersections of multiple rings. The angular
resolution is limited to ∼4◦ at 100 keV due to the Doppler broadening, which is comparable to the FOV of
the BGO collimators. Although the order of the events can be uncertain, for the lower energies we can use the
relation that the energy deposition by Compton scattering is always smaller than that of the photo absorption
for energies below Eγ = 256 keV (Eγ = me/2). This relation holds above this energy, if the scattering angle θ
is smaller than cos−1(1 −me/2Eγ). The major advantage of employing the Compton kinematics, however, is to
reduce the background. By having a narrow FOV, and by requiring the Compton ring of a valid aperture gamma-
ray event to intersect with the FOV, we can reject most of the background events. This dramatically reduces the
background from radio-activation of the detector materials, which is a dominant background term in the case
of the Astro-E2 HXD (Hard X-ray Detector).12, 13 Furthermore, we can eliminate Compton rings produced by
bright sources located outside the FOV, which could produce significant background in some circumstances.

3. BASIC POLARIZATION PERFORMANCE
The EGS4 Monte Carlo simulation package14 with low energy extension15 is used to study the SGD performance.
We performed several measurements and verified its predictions16, 17 as described in section 5. In this section,
EGS4 simulation studies of basic SGD performance for the polarization are described.

Proc. of SPIE Vol. 5488     563

This design is to be used 
for the soft gamma-ray 

detector on Astro-H (also 
known as NexT), to be 

launched in 2013.

Also possibly for the CAST 
mission (2015-2020)



Nuclear Compton Telescope (NCT)
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Boggs et al., SPIE, 4851, 1221 (2003)
Boggs et al., AIP 587, 877 (2001)

Ge strip detectors

0.2-10 MeV

recently showed first 
image from the Crab

no polarization data

recent balloon 
launch failure



Gamma-Ray Imaging Polarimeter for 
Solar Flares (GRIPS)
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200 keV - 10 MeV

modulation imaging 

12 arcsec 
angular resolution

first balloon flight 
in 2013



Flare Polarization Measurements

• Observations to date of limited quality

• Considerable interest in polarimetry

• Several experiments in development

• Observations during current cycle?!?
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