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Introduction to POLAR

Platformt onboard/ K A gpad@ab dTiangong2€ [Aaunchedon 15th Sep, 2016
CollaborationsChina(IHEP)Switzerland UNIGEPRPSI]SDC)Poland(NCBJ)

Main goat Polarizatiormeasuremeniof GRBorompt emissionswith highprecision
Extendeddetectionabilitiesin-orbit: PulsarsSolarflares,etc.

R&Dphases
A 2005-2010Q conceptand prototype
A 2011~2013 qualificationmodel
A 2013-2016 flight model
A 15th Sep 2016 launch
Stoppedon 1st April,2017dueto HVPS3ailure

Instrument Characteristics

OBOX size: 462462 262.5 mnt
IBOX size: 247160 85 mn?
Plastic scintillator bar size:

59 5.9 176 mn?

Mass: OBOX: 28 kg, IBOX: 3.5 kg

Energy range: 5Q 500keV

FOV: = 90£ ! © 90£

Orbit statistics

Orbit: ~400 km

Orbital inclination: ~42.78 |,
Period; ~ 92nins




Motivation of GRB polarization measurement

1Theoretlcal predlctlons of the polarlzatlon degree E',.)eak
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GRB polarization measurements before POLAF

Most of the results suffer from big systematic uncertainties except Cagl GAP

GRB Instrument/SAT PD(%) | Erange(keV) Comments
160530A COSlI < 46% 2005000 No evolution
110721A GAP/IKAROS 847; 70-300 No evolution
110301A GAP/IKAROS 700 22 70-300 No evolution
100826A GAP/IKAROS 270 11 70-300 Multi-peaks, PA evolution
021206 RHESSI 8201% | 1502000 B'j’nifrisz‘;'c
140206A IBIS/INTEGRAL >28 200-400
061122 IBIS/INTEGRAL >33; 250-800;

IBIS/INTEGRAL <4; 200-800; _ _
041219A|  IBIS/INTEGRAL 43 25: | 200-800: B'E’nifrimf‘;'c
SPI/INTEGRAL 98 33 100-350
960924 BATSE/CGRO >50 20-1000
930131 BATSE/CGRO >35 20-1000




Composition of POLAR

Back Plate

CFRP Socket (1 mm thick carbon prepreg)

PMT Seal

IBOX Back Seal
(247 160, 85 mn?)

OBOX
(462) 462) 262.5 mmd)




Detection theory

o ) | (§ 7 ¥ i ) B4 (5 61 % 7§ GERER R o M X B 14
120 |- -
100 - Photoe Pair production -
2 - domin dominant -
£ ol :
o i o
T 60 - -
¥ &
N 40 | mpton effect -
- minant -
20 |- o
= -
0 10§ O N 1 33 ) ) | oo L 1
0.01 .05 0.1 05 -1 B 10 50 100

Photon energy/MeV

Plastic scintillators
(low Z material)




I Construction of the detector modular unit (DMU)

A Main assemblyprocedure

(a) Matching of plastic scintillator
(PS)bars and the baffles, making
surethe PSbarsexceedd~1mm

(b) Assembly of the plastic
scintillator bars target, insert ESR
reflective films between eachtwo
barsandexposuresurfaces

(c) Couplingof the PStarget and
MAPMTFEE

(d) Packagingwith carbon fiber
socket
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Polarization measurement verification and calibration

U In2009 verifiedthe detectionprincipleof POLARvith a DMUmodelat ESRF

U In 2012 performedthe polarizationmeasurementcalibrationof POLARDM
at ESRFurther verifiedthe workingprinciple

U In 2015 accomplishedthe full polarization measurementcalibration with
POLARMat ESRF

U In 2016 installedthe in-orbit calibration?’Na sourcesin FM, and verified the

In-orbit calibrationmethod

Beam test in 2009 22Na source




I Main results of ESRF 100% beam test in 2015

Before geometry correction After geometry correction

110keV

Merlin Kole et al. NIMA, 2017
T



