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The main task of the group is to study the high-energy universe through X- and 
gamma-radiation and cosmic rays. 

Strategy of group and science goals

The fundamental scientific questions addressed concern particle acceleration 
and radiation processes in cosmic plasmas. 

Specific topics: 

• Search for dark matter

• Physics of gamma-ray bursts

• The origin of cosmic rays

• High energy emission from compact objects

The focus is on design and development of strategic satellite- and balloon-borne 
instrumentation. In particular, X/gamma-ray polarimeters. 
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CAPRICE (1990’s)
Cosmic antimatter

PAMELA (2006 - )
Cosmic antimatter

Fermi (2008 - )
Cosmic gamma-rays

PoGOLite (now!)
Polarised X-rays

PFD / ISS (2009, 2011)
Education

GRIPS 
Proposal

GRIPS 13

Fig. 9 GRIPS configuration in the two-satellite option, where the GRM is on one satellite

(left), and XRM and IRT on the other (right). The GRM satellite would just do the zenith

scanning all-sky survey, while XRM/IRT would re-point with the whole (second) satellite to

GRBs, similar to Swift.

4 Proposed Model Payload

GRIPS will carry three major telescopes: the Gamma-Ray Monitor (GRM), the X-

Ray Monitor (XRM) and the Infrared Telescope (IRT). The GRM is a combined

Compton scattering and Pair creation telescope sensitive in the energy range 0.2–

80 MeV. It will follow the successful concepts of imaging high-energy photons used

in COMPTEL (0.7–30 MeV) and EGRET (>30 MeV) but combines them into one

instrument. New detector technology and a design that is highly focused on the

rejection of instrumental background will provide greatly improved capabilities.

Over an extended energy range the sensitivity will be improved by at least an order

of magnitude with respect to previous missions. In combination with improved

sensitivity, the large field of view (FOV), better angular and spectral resolution of

GRM will allow the scientific goals outlined in § 2 to be accomplished. The XRM
is based on the mature concept and components of the eROSITA X-ray telescope,

which is scheduled for a space mission on the Russian platform Spektrum-XG in

2013. The IRT is based on the telescope as proposed for the EUCLID mission.

It uses the same main mirror and telescope structure (most importantly distance

between M1 and M2). Instead of the suite of EUCLID instrumentation, just one

instrument is foreseen: a 7-channel imager to determine photometric redshifts of

GRB afterglows in the range 7 < z < 35.

Table 1 Scientific requirement vs. payload property

large number of GRBs large FOV γ-ray detector

detect spectral lines 3% spectral resolution; high continuum sensitivity

detect polarisation record Compton events w. large scatter angle

onboard localisation computing resource

arcmin localisaton X-ray telescope

rapidly recognize high-z IR telescope
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Main recent results achieved from platforms 
that we have been involved in

NaI-0
NaI-1

BGO-0
BGO-1

LAT Back
LAT Front
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Identification of the jet photosphere in 
GRBs using the Fermi satellite

Nature 458,  607 (2009)

Discovery of an anomalous positron
fraction with the PAMELA satellite.

PRL 105, 121101 (2010)

Precision measurement of the
cosmic-ray antiproton flux 
with the PAMELA satellite.

ApJ 709, 172 (2010) 

Monday, 5 December 2011

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2010ApJ...709L.172R&db_key=AST&link_type=ABSTRACT&high=49e4351a0217611
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2010ApJ...709L.172R&db_key=AST&link_type=ABSTRACT&high=49e4351a0217611


Scattering

Cygnus X-1Synchrotron emission

Crab

• Synchrotron emission: 
• Rotation-powered neutron stars (e.g. the Crab pulsar)
• Pulsar wind nebulae (e.g. the Crab nebula)
• Jets in active galactic nuclei 

• Compton scattering: 
• Accretion disk around black holes (e.g. Cygnus X-1)

• Propagation in strong magnetic field:
• Highly magnetised neutron stars (e.g. Hercules X-1)

PoGOLite: Targets for a X/ polarimeter
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γ

KTH
Stockholm University
DST Control
SSC Esrange

Hiroshima University, 
Tokyo Inst. of Tech, 
ISAS/JAXA, Waseda Uni.

X-rays (Chandra), 
optical (HST), 
radio (VLA)

• 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.

• Flight terminated due to a leaking balloon 
after a few hours. Payload safely recovered. Reflight 
in summer 2012.

25 – ~100 keV

SLAC - KIPAC
Uni. of Hawaii

40 km

PoGOLite
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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

• Incident γ deposits little energy 
at Compton site

• Most deposited at 
photoelectric absorption site

• Large 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

PoGOLite Principles
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Hamamatsu R7899EGKNP

NIIC, Novosibirsk 

Eljen Technology

Eljen Technology

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

+ high-Z foils

2
0
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m

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)

PoGOLite: Scintillator array
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Polarimeter (rotates)

Star 
tracker 

Star 
tracker

Auroral 
monitor

Support frame (stationary)

Polyethylene 
shield

Flywheel Momentum dump

Elevation motor
(gyro on other side)

Roll motor

ACS 
electronics
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PoGOLite:  Polarimeter + ACS
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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
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ESRANGE: European Space Range
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Future work and collaboration

We have large experience in balloon launching from 
ESRANGE, such as planning, design, and logistics

We are interested in a collaborative effort for a future 
high energy mission, in particular involving a polarimeter

We have valuable experience from balloon missions, in particular 
from the recent PoGOLite mission campaigns 
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