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Overview

• A secondary HERD science goal: Gamma-
ray bursts 

• PoGOLite - a Compton polarimeter for 
point sources

• Possible contributions to HERD



Gamma-ray bursts with Fermi







Axelsson et al. 2012

Ryde et al. 2010



Example GRB110721A Axelsson et al. (Fermi collab.)2012

The highest observed peak energy
10 keV 100 MeV





Axelsson et al. (Fermi collab.) 2012

Blackbody
(photosphere)



Gamma-ray burst polarimeter GAP
 (Yonetoku et al. 2006) on board the IKAROS solar power sail (Kawaguchi et al. 2008)



GAP observations of GRB110721A
Yonetoku et al. 2012

Synchrotron emission from globally ordered magnetic fields?
Polarisation from the photosphere?

Change in polarisation angle over time?



Monitoring of GRBs is a highly interesting science goal

An energy range extending down to ~MeV energies is 
useful

Polarisation signal in the emission is a strong diagnostic 
for the emission mechanism and emission site
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• Polarisation is a powerful diagnostic for source emission 
mechanisms. However, essentially no measurements in the X-/gamma-
ray band.

• PoGOLite is optimised for point sources (e.g. Crab pulsar, Cygnus X-1). 

• Measures 10% polarisation in 200 mCrab sources in a 6 hour balloon 
observation.

• Maiden flight of scaled down (less effective area) ‘pathfinder’ took place 
in July 2011 from Esrange Space Centre, Sweden. Early termination due to 
balloon failure.

• Retry summer 2012. No launch attempt due to poor weather.

• Will try again summer 2013...
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18 Chapter 1. The PoGOLite experiment

confined within the last open magnetic field lines of the of the neutron star. The
outer gap model predicts that the charged particles are accelerated in vacuum gaps
in the outer magnetosphere and in this case, the observed high-energy emission is
assumed to be from pair production-induced cascades. The geometry of the system
and the regions of emission predicted by these three models are shown schematically
in Figure 1.12.

Figure 1.12. Emission regions for the polar cap, caustic and outer gap models [25].
The angular velocity vector Ω and magnetic field vector B have been indicated, and
are separated by the angle α, i.e. the rotation axis and magnetic field axis are not
parallel.

Emission characteristics (intensity, polarization angle and polarization degree)
predicted by these models for the Crab pulsar, one of the most prominent pulsars
on the northern hemisphere and a prime target for observation with PoGOLite, are
shown in Figure 1.13.

X-rays (Chandra), 
optical (HST), 
radio (VLA)
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Figure 1.13. Intensity (top row), polarization angle (middle row) and polarization degree (bottom row) as a function of the phase
(33 ms) as predicted for the Crab pulsar by the polar cap model (left column) caustic model (middle column) and outer gap model
(right column) [2]. The two regions between the vertical lines correspond to the first and the second pulse observed in the emission,
P1 and P2, respectively.
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• γ from a polarised source 
undergo Compton scattering 
in segmented detector material 

• Higher probability of being 
scattered perpendicular to 
the electric field vector 

• Observed azimuthal 
scattering angles are 
modulated by polarisation

γ
E

(2) Photoelectric 
absorption

(1) Compton 
scatter

Array of plastic scintillators: 
large area with low 
mass

PoGOLite principle

• Incident γ deposits little energy 
at Compton site

• Most deposited at 
photoelectric absorption site

• Energy difference can be 
distinguished by simple plastic 
scintillators (despite intrinsic 
poor energy resolution)

MF=difference/average

minimum 
detectable 
polarisation signal rate

background rate

observation timemodulation for 100% polarised source



• Slow plastic collimators: narrow 
field-of-view (5 deg2): low 
aperture background

• Poly-shield + BGO: low γ + 
particle backgrounds

• Plastic scattering scintillators: 
large area (~200 cm2 @ 50 keV) 
and reasonable MF (~30% @ 
50 keV) 

Implementation

valid 
event neutron 

BG
γ-ray BG

•Yellow: Polyethylene neutron shield
•Orange: Side and bottom BGO (217+54 units)
•Pink: Phoswich Detector Cell (217 units)

γ-ray BG



Scintillator array

Hamamatsu R7899EGKNP

NIIC, Novosibirsk	
  

Eljen Technology

Eljen Technology

Reflective wrappings: 
 VM2000 (plastic) / BaSO4 (BGO)

+ high-Z foils
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NIIC, Novosibirsk	
  

Phoswich Detector Cells 
(~30 kg)

Side anticoincidence, BGO
~150 kg

@ 25 keV only 1-3 keV Compton 
deposited - single p.e. detection 
(PMT has 0.05 p.e. ripple @ 106 gain)

Pathfinder instrument 
(61 units)



19 units

19 phoswich 
detector cells

1 segment of the side 
anticoincidence shield

PoGOLite beam test

MF

(31.3±0.4)%

(37.9±0.7)%
(40.2±0.8)%

Inner 6 units

Outer 12 units
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Neutron background
• Neutron background is found to 

dominate (Geant4 simulations)

• Neutrons are absorbed and 
thermalised by a thick polyethylene 
shield

• Neutrons monitored during flight by a 
novel LiCaAlF6 (‘LiCAF’) detector in a 
Phoswich arrangement with BGO

• n+6Li (low Z!)→T+α (MeV line), 9000 
γ/n, τ~1.5µs (BGO ~0.3µs) 

 

 

 

Figure 4.5: Valid and background event rates for 

(top) the 61-PDC set-up at an overburden of 5g/cm
2
; 

(bottom) the 217-PDC set-up an overburden of 

4g/cm
2
. Expected signal rates are for (black solid) a 1 

Crab source; (gray) a 100 mCrab source. 

Backgrounds are for
 
(blue dotted) total; (red dotted) 

neutron; (green dotted) gamma-ray.  
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Polarimeter + attitude control
Polarimeter (rotates)

Star 
tracker 

Star 
tracker

Auroral 
monitor

Support frame (stationary)
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shield

Flywheel Momentum dump

Elevation motor
(gyro on other side)

Roll motor
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GPS antennae

Iridium antennae

Solar cellsBallast hoppers LOS antennae

Radiator

Batteries, power + communications 
electronics

‘Hercules’ launch vehicle

Polarimeter + ACS

Star trackers

Magnetometers

Crash pads

2011



2011



2011
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• Goal: a circumpolar flight.  
• Pioneering! ~15 days aloft.

• Alternative: 5 day flight to Victoria Island, Canada. 
• Multiple observations of Crab, Cygnus X1 and 
backgrounds.



EsrangeCut

Landing

Kiruna

T0

T0 + 2.5 hr



2012

Launch 
window 
opens

Launch 
window 
closed
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Possible contributions to HERD?

• HERD design well matches our experience with 
scintillator-based detectors. 

• Design qualification balloon flight from Esrange Space 
Centre (a la Fermi/GLAST BFEM)? 

• Adding dedicated small lightweight GRB monitors... 
ideally with polarization capability ... would be very 
interesting.

• HERD science goals are well 
aligned to Oskar Klein Centre 
in Stockholm (e.g. dark matter 
search).  


