olarization with the
POLAR detector.
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IHEP Beijing
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Tiangong 2 (REZ=7)

2011: TG-1 Launched
2012&2013 Docked
successfully

TG 2: July-August 2016
from Jiuguan with
POLAR on board
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GRB observables up to now

Duration positions Energy
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. I 'E'_‘ E .rf E 3
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G. Fishman et al., BATSE, CGRO, NASA  source: http://pohwww.in2p3. fr
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GRB prompt emission

.' wh/.

Relativistic Electric-field Plane of Direction of
jet direction polarization propagation

~ 100 million km - 10 billion km
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Polarization theory (Prompt)

Existence of a collimated jet.
Band spectrum (power law with breaks)
What is ejected:
e Matter dominated Kinetic energy >> EM energy -> internal shock (need
shell with different I factor)
e Poynting flux Kinetic energy << EM energy -> EM instability, magnetic
reconnections
Magnetic reconnection or internal shock accelerates particle. Electrons in B field
create gamma rays (synchrotron)
Some scenario possible with Compton scattering (Cannon ball)
If gamma rays produced in a region of high opacity then gamma ray are
converted in a thermal spectrum (sometimes observed?)
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If Poynting flux then we do expect order in magnetic field.
If internal shock some order is possible (B field in the shock plane)

Depend on geometry (sharp edges) and size of the visible emitting region
relativistic beaming 1/T")
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Predictions

e |f p>60% => Inverse Compton

e p>10% <60% Synchrotron or Synchrotron self Compton
with organized B fields

e p<10% random B fields
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GRB Prompt signal Models and
Polarization

K. Toma et 'aI., ApJ 2009
0.8 L Synchrotron ‘ordered’ * i
< Synchrotron ‘random’ . &
£ Compton drag ¥
8 0.6 g ¥ " ]
To discriminate between g *
g o . o 8o o
models, it is importantto be | €, | °% 63 63 . |
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0 ‘.C_U‘ B o)
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Previous measurements
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Other use: birefringence of vacuum

Quantum loop gravity predict birefringence of vacuum (speed of light depend on polarization and
energy)

Can create polarization from unpolarized signal (One pulse -> two identical pulses 100% circular
polarized)

Can destroy linear polarization of a polarized signal in source => if we see polarization it gives limits on
birefringence of vacuum

GRB are ideal because they are: cosmological, emit in all bandwidth
Prompt signal is better: short pulse, high energy

Afterglow: less interesting (long), dust can create polarization of optical light
Polarization of Crab can gives already interesting limits. (But Crab is near).

Best limits for the moment are direct measurement of enery dependent speed in a GRB
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Our goal

Measure 10 GRB linear polarization fraction
with an error < 10% per year

We will fly at least 3 years

This goal has been confirmed by Monte Carlo simulation of
the full realistic detector

This is enough to make a distribution and decide about models

POLAR is a polarimeter, it has terrible energy resolution
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Polarization & Compton Scattering

* Photons tend to Compton scatter at right angles to the
incident polarization direction (Klein-Nishina formula)

—( 1) = 2(E

E

E' E
) [—+——2sm 9-cos’
E E'

0: Compton scattering angle
n: Azimuthal angle

Modulation of 1
(period m)
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Modulation curve and principle of measurement
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where H,q is the modulation factor for 100% polarized photons
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POLAR concept

POLAR is a all plastic Compton polarimeter.

It will measure prompt polarization of GRB (several per year with a precision on
linear polarization fraction better than 10%)

We will do the easy stuff:
We expect possible large polarization in GRB.
We don't have to do imaging (point source).
We don't have to do long exposure...
We use very fast coincidence (50 nsec)

But collect large background from diffuse sky (3 sr)
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I\/Iodula design

25 modules of 64 bars
1600 bars
useful events are coincidence of 2 bars
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Module construction
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Module electronic
FEE: HV, ASCI and Interface PCBs
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Central computer (cold redundant)
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Overall detector, view from back
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FMS during thermal balance in Shanghai (April 2015)
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Monte Carlo
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Effective area

* Monte Carlo based study

. 250
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Monte Carlo Field of view

e The spacecraft is in Low-Earth Orbit: POLAR sees half sky (21)
e POLAR is designed to have maximum performance when GRBs are at its zenith;
performances degrade for larger angles
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! : —&— phi = 45 degree
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5 : ’“ﬁ-«.»,.__‘hh -- O --phi =90 degree
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Background during flight

e Permanent background:

O

@)
@)

 pctons (A 3 — one

) A Diff.Phot.Bg.
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Diffuse photons

Earth backscattering
Satellite backscattering
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Calibrations with polarized photons

Calibration confirm basic parameters from Monte Carlo
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Conclusion

Constructing a polarimeter is difficult

It seems that we will be able to reach performance as
described in our Monte Carlo papers.

We look forward to a launch in 2016

POLAR opened several collaboration opportunities with
China for university of Geneva (DAMPE, HERD, PANGU)

My personal feeling is that future is with Chinese launchers
or with commercial launchers
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Additional slides
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Thermal testing

POLAR in the thermal vacuum chamber

POLAR in climatic chamber:

Thermal test (CERN) Thermal grease in FEE
PGS sheets in FEE
(pyrolytic graphite sheets)
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Flight Model (FM)

Final FM was built starting January 2015

We did a calibration with synchrotron radiation
May 2015 (ESRF)

Dellvery of FM August 201 5

N. Produit Dec 2015




Modulation factors
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Thresholds optimized for 2 modules

Detection threshold

for beam test ESRF2014
Thresholds: 4.6 + 3.0 keV
Data analysis ongoing

Mod. factor depends on threshold

| horizontal polarization (run 0146) corrected I
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Modulation factor: 0.038 + 0.001
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Beam 535 keV; threshold ~5 keV
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