
ines-Jones, K. 
Jahoda,T. Sakamoto, P. Kaaret, M. McConnell, P. Bloser, J. 

Macri, J. Legere, J. Ryan, B. Smith Jr., B. Zhang 
CRESSTIUSRA 

NASAIGoddard Space Flight Center 

University of New Hampshire 

University of 



Gamma-ray Burs 

me-Pr on Chamber 

POET: PO ers for Energe 



aunched in 
monitor the Atmospheric T 
Strange ses discovered 

of LANL 
assified unti 

mid-1960s to 
'est Ban Treaty 
in 1969 by Ray 



Compton Gamma-Ray 
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BATSE: 2609 bursts in 8.5 
years 



@ 

- About 1 per day 

- Powerful 
brightest y-ray object in sky 
Typically 1O5 I  ergs 

- Isotropic distribution 

- Bi-model distribution of durations 

- Unique lightcurves 

- Finite extent 
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-@- Gravitations apse of a massive star to form a 
ack-ho e- Long bursts 

+b Merger of two compact o BH-NS or NS-NS 
Short bursts 



$-. Highvariability: -ms 
Prompt Spectrum: 

Band Function 
+. Huge re ease of energy: 1 O5' erg 
g h  Relativistic process to avoid pair- 

production opacity paradigm 
Achromatic steepening imp ies GRB jet 1 

Energy 



ow observa ons we 

Deba es for promp on on-go 
shock mode ves the rapid variability prob 

Energy has to be extracted from KE of she 
Low efficiency 
Requires additional mechanisms 

External 
shock 

Prompt emission Afferglow 
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Cannon ba ected from centra engine 

nverse Compton scattering of ambient 

ear how the cannon ba d survive accn over 
arge dynamic range and Lorentz factors 



Unknown Fire Ba content 
\ Kinetic Energy or magnetically dominated 

Unknown ocation of where the prompt 
emission is produced 

Shocks - favored 

Unknown dissipation mechanism 
Shocks 
Magnetic reconnection 

Unknown radiation mechanism 
Synchrotron 
nverse Compton 





The theories on the GRB production mechanism can be constrained 
by different degrees of inear po arization (P): 

% g ' O  Fa~~33 /O C with optimum view 

P-80% shock accelerated synchrotron emission or a tuned 
Compton-drag mode 

% 20%<P<60clo imp ies synchrotro emission as the dominant 
source of radiatio n or as a resu of viewing the burst from 
just out-side the edge of the jet 

LOW degrc2es af poiarizz~ ion can be expected f ux with a 
high degree of po rization experiencing parti 

arization, e.g. e ectrons in a randomly orientate 
magnetic fie 



- OW do we measure m m . m  3 . 



X-rav DO arimetrv wi be a v 
diagnostic of high magnetic fie 
geometry and strong gravity.. . . . 

One definitive astrophysics 
measurement at two energies 
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GRB 021206 

BATSE A bedo Po ry System 
GRB 930131 P > 35% 
GRB 960924 P > 50% 

0 NTEGRAL 2 groups 
20  resu 
98 + 33% 
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photons are! 
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The photoe ectron is ected with a sin28cos2$ 
distribution a igned with the E-fie incident X-ray 

The phot ooses its ene 
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rimeter is an e ectron track imager: 
ements < mean free path 

Can on y begin to approach this in a gas 
detector 



$-ray 
X-ray interacts in the gas 

MPB multiplication 
-% cathoc 

and anode 
% Charge co ected at the 

readout 



Scattering mean free path - 0.1% X-ray 
absorption depth 

diffusion the drift region creates a 
tradeoff between QE, modu 

rimeter is an e ectron track imager with : 
ements < mean free path 

=> Gas Detector 
active depth > = absorption depth 

= > reso ution e ements < depth 

One Solution is T K  Polarimefer 





PI-obability distribution 
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arriving at the strips 

-___?_C- 

- --A- ,-_ -- _- 

24 275 31 34 5 38 24 26 28 30 32 34 36 38 

T~me Bin (40 ns) Time Bin (40 ns) 





1. Potentia for 100% quantum 
efficiency 

icity of construction 

3. Geometry enab 
instrument concepts 

Cons -- 

1 . Rotationally asymmetric: requires 
careful contro of systematic 
errors 

2. Not focal plane imaging 



Made from off-the-she f components: 
130 pm pitch 
13mm(w) x 30mm d) active area 

PB Drift velocity: 40 nsec bin = 130 ~ ~ r n  
er 460 Torr Ne:DME (50:50 

Interaction 
Second Pass Weconstruetisn 

I / Reconstructed 6.4 keV track images 1 
L 
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Make a sc c measuremen 

Low GOS proof-of-concep 
Launch -20 



Area: 144 cm2 
Depth: 5 crn 
FoV: 1 steradian 
Gas: Ne:CO,:CS, 
Pressure: 1 atm 

MDP averaged from 2 - l O  keV 



ar offers dua 
: Space qua ify a new techno 

Measure the po arization of severa 
Gamma-Ray -bursts 

Proposed exper 
rovide an exce ent chance of 
fying techno 

To provide reasonab e chance of exciting 
scientific resu 



U N H - P  Mark McConne 
UNH -GRAPE: 

50-300 keV 
Compton Scatter 

USRAIGSFC - LEP: 
+. 2-1 0 keV 

Photoelectric 
USRAIGSFC - MEP: 

15-30 keV 
Photoe 



definitive high E po arization 
measurements of transient sources. 

Broadband Polarimet 
Broadband Spectra: 2-300 keV 
Rapid Timing: msec 
Position: 3 deg 



CT IC with optimum view. 

I shock accelerated 

tron emission or a tuned 
Compton-drag model. 

8$1 synchrotron emission 

is the dominant source of radiation or 
viewing the burst from just out-side 
the edge of the jet. 

flux with 
a high degree of polarization 
experiencing partial depolarization, 
e.g. electrons in a randomly 
orientated magnetic field. 
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GRBs MDP 

21 10% 

60 30% 

72 50% 
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\ Feedback into a gorithm 
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Large area GEMS 
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C harged-partic 
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