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< Science Drivers for GRB Polarimetry
< Small pixel CCD Polarimeters
4 Micropattern Gas Polarimeters

<+ Time-Projection Photoelectric
Polarimeter

Prototype Results
Plans for the Future
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Contex

< X-ray polarimetry will be a valuable
igh magnetic field
geometlry and strong gravity

nly one definitive astrophysical
[ (1978




5 Discovered in 1967 by the Vela
Satellites
< Data classified until 1973

> Gravitational collapse of a massive star
 to form a Black-hole- Long bursts

Merger of two compact objects (BH-NS |X,
or NS-NS) - Short bursts o

a r



High variability: ~ms
Prompt Spectrum: ,
4 Band Functon ¢ =-=1x1 [
Huge release of energy: 10°" erg

- Relativistic process to avoid pair-
_production opacity paradigm

Achromatic steepenlng implies GRB jet
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+ Low efficiency

¢ Requires additional mechanisms

Energy has tc:) be extracted frt)m KE of shells‘;’

Slow shell

Core collapse SNeI

Fast shell
/

central engine

NS-NS Merger

External
shock

Internal ,
shock (interaction with ISM)

(shell collislon)/

I |
~1014 cm ~107 em

Prompt emission Afterglow
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Gamma-ray Burst Polarization

The theories on the GRB production mechanism can be constrained
by different degrees of linear polarization (P):

1C with optimum view

- shock accelerated synchrotron emission or a tuned
Compton-drag model

iImplies synchrotron emission as the dominant
source of radiation or as a result of viewing the burst from just
out-side the edge of the Jet

ol deiraas St nbl - can be expected flux with a high |
degree of polarlzatlon expenencmg partial depolarization, e. g.
electrons in a randomly orientated magnetic field
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The Experzmental Landscape“
An Overview of Develapmenr Eﬂorts

Dedlcated Po/arzmeters

« Low-Z converter, High-Z abs sorber
{lower ?’} - »
+High-Z converter, absorber (higher E) ,
e Numerous development efforts Advanced Compton Te/escopes; .

» Numerous technical approaches

_ » All have good paianzat on sensitivity
Soft y » TPCs a component in some

Medium vy Hard vy

o .

 Pair (and triplet) Telescopes:
» Next generation soon to launch
» No polarization sensitivity
» Only notion for polarlmetry W/TPCs

Compton

— pair production

o,
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normalized countsfsec/iav [

e X-ray emission

FREGATE

Z of absorber

e X-ray is where the
photons are

e Photoelectric effect is
dominant process
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@The ,prhotoelectron is éje»ctéd}Wii“t»h} aS|n296032¢
~distribution aligned with the E-field of the incident X-
- ray ‘ |
% The photoelectron looses its energy with elastic and
inelastic collisions creating small charge clous

X-ray
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«é& Cépltallzés on: correlation ‘betWeen t‘her ‘ra‘y
electric field vector and the photoelectron
emission direction: .
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4 Fit function to the angular distribution:

N(¢)=A+ Bcos’ (¢ + ¢
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Polarimeter Figure of Merit

- Polarimeter Minimum Detectable Polarization
~ (apparent polarization arising from statistical fluctuations
in unpolarized data): |

I n (2eS+B)Y
ue S t

MDP =

+ Polarimeter Figure of Merit (in the signal
~ dominated case):
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Polarimeter Requirements

o }Cha!ienqe: both qood modulation and high Q

» ; . ‘ Ideal polarimeter is an electron track imager:
e resolution elements < mean free path

roach this in.




% X-ray interacts in the g
<+ K-shell photoelectron
ejected

< Photoelectron creates
Photoelectron electron C'OUd

.si(eos9) | 4 Electron cloud drifts to

Auger distribution

: | cathode o
Flectron = MPD multiplication o
< Electron multlphcatlon

Joitt Physics/Space Physics Seminat
University of lowa: 6th March 2007
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Polanzed 5 41 keV

.

Unpolarlzed 5.9 kev
u=0.05+/-1.47%

Angular Distribution - iteration 1
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Polarimeter Requirements

~ ¢Challenge: both good modulation and high QE |

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

< Electron diffusion in the drift region creates a
tradeoff between quantum efficiency, modulation

deal polarimeter is an electron track imager with:
< resolution elements < mean free path
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A Time-Projection Chamber (TPC)
X-ray polarimeter




ime-Projection

Gas
Electron
Muitiplier

X-ray

Photoelectron Auger

electron

sin?(t )cog(¢)
probability distribution

Strip e " Drift Electrode

anode Drift Direction (y)

Joint Physics/Space Physics Seminat
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Trade-offs in a TPC polarimeter

Cons
9 Potential for 100% quantum 1. Rotationally asymmetric: requires
~ efficiency » careful control of systematic

errors
2. Not focal plane imaging

‘».The TPC polarimeter measuresf
the *rorthogonal’ coordinates in
fundamentally  different ways,

making it rotatxonally asymmetnc
Care is requwed :to prevent the;j
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Pass

~ Interaction
__ Point
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Polarization Phase Measured Parameters
Modulation (%) | Phase (degrees) | X.?
unpolarized 0.49 +0.54 44.6 £ 28.7 1.2
0° 450 £1.1 0.3+0.6 1.1
45° 453+ 1.1 452+ 0.6 1.0
90° 447 + 1.1 -89.9+0.6 1.4

% Uniform response
4 No false modulation
% Modulation consistent

with gas pixel detectors|

Joifit Physics/Space Physics Sem
University of lowa: 6th March 2007
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TPC Spectral Response

Spe@?c’tral response from the cathode (or
strip electrode)

< Typical proportional counter resolution

i
o

. Cathode‘ SFe

~ Spectrum. AE/E=~22%
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GRB X-‘-myPowl‘arimeter

4 Make a scientific
measurement

< Multiple band pass
possible

4 Low cost proof-of-
concept:

< Measure the expected h|gh
levels (10-80%) of
polarization of very b




Mldex/Smex

rea: 35 x 35 cm?
epth: 30 cm
L steradian

int Physics/ Sﬁaé_e Physics
University of lowa: 6th Mat

Polarization averaged over energy band

Number of bursts in a year

larisation from randomly

ceppo

P~10%: Partial

orientated B-fields |

20%<P<60%:
Synchrotron emission

40
MDP(%)

Shock Accelerated Synchrotron

P~80%

2-10 keV
e 15-50 keV

or tuned Compton Drag model




2-10keV
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< MidStar offers dual opportunities:
< Space qualify an exciting technology

< Measure the polarization of several
Gamma-Ray bursts

_ + Proposed experiment is sized:

< To provide an excellent chance of qualifying
technology

To provide reasonable chance of exciting




~ Further Work
4 |n-situ drift velocity calibration and
monitoring

< In the lab (rapid turn-a-roun

<+ On-orbit
configuration

4 Alighnment
~ < Mounting




Build a gas chamber based on TPC design

4 12""x12"x12" transparent chamber

< Provide hands on experience for visitors

4 Show how tracks differ for Cosmic-rays, Alpha-
particles and Beta-particles and X-rays

< Will show different properties of radiation
Demonstrate different stopping materials for the
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’ Polarzmetry Prospects in X ;my
»T,mmg _ Astronomy (1 keV-I 00 keV)

L »s,,.ﬁwa«ﬁ“’“l’%“ll‘ l"'Nx "‘

5
*’ ’M«\ ey

%& Remains the only largely unexploited tool

4 Instruments have not been sensitive enough
warrant investment

Two unambiguous measurements of one source
(Crab nebula) at 2.6 and 5.2 keV

Best chance for pathfinder (SXRP on Spectrum-X F
mission ~1993) never flew

% Interest and development efforts have
exploded in the last 10 years

4 As other observational techniques have matured,
need for polarimetry has become more apparer

_ Controversial polarization rneasurements for G
nd solar flares _




Polarization addresses fundamental
' physics and astrophysics

N

> How :mpartam IS particle
icceleration in supernova

| ///N remnants?
. How is energy extracted

from gas flowing into black
holes?

4 Does General Relativity

predict gravity’s effect on
_polarization ?

4 What is the hlstory of the black hole at the center of the
galaxy?

< What happens to gas ’near accreting neutron stars?
éf Do magnetars show polarization of the vacuum’?
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. f%%v Rotation Mo,dfulatibn Collimat»or”prov’idés»
few arcsecond i imaging of extended sources
Wiﬁ‘ﬁ a non-imaging detector .
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X-ray Polarimetry
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