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1. Introduction–R&D history and mission goals
Project: aboard TG-2, CN-EU collab (China, Switzerland, Poland)
• R&D history：

– 2005~2010, experiment concept and prototype development, Ref.: N.
Produit et al. 2005, NIMA; S. Xiong et al. 2009, NIMA; S. Orsi et al. 2011,
NIMA; E. Suarez-Garcia, 2010, PhD thesis

– 2011~2013, qualification model, Ref.: S. Orsi et al. 2014, Proc. of SPIE; J.
Sun, 2012, PhD thesis; H. Xiao, 2012, Post-doc report

– 2013~2016, flight model, Ref.: J. Sun et al. 2016, Proc. of SPIE; M. Kole et
al. 2016, Proc. of IEEE; H. Xiao, 2016, Astroparticle Physics

– Sep. 15th/2016, launch onboard TG-2! Latest Ref.: X. F. Zhang et al. 2018,
NIMA; N. Produit et al. 2018, NIMA; M. Kole et al. 2017, NIMA; 郑世界等,
2017, 中国科学; S. Xiong et al. 2017, Proc. of ICRC; H. Li et al. 2017, Proc. of
ICRC; Y. Wang et al. 2017, Proc. of ICRC

• Original scientific goal:
– Precise polarization (PL&PA) measurement of GRB prompt emissions

• Extended scientific goals:
– Test of pulsar navigation with POLAR data
– Search of gravitational wave high-energy electromagnetic counterpart
– Observation of Solar Flare



1. Introduction–instrument, installation, launch

Detector (OBOX) Electric cabinet (IBOX)

Installation on TG-2 Launch of TG-2 Docking of TG-2 and 
Shenzhou-11 space ship



1. Introduction-instruments composition

IBOX

OBOX

CT

LVPS

DMU

PS bar screen

PS target assembly

PS targets

Naked DMUDMUs

HVPS



1. Introduction-detection theory

Compton Scattering with polarization

Klein-Nishina equation:
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2. In-orbit Operation and Tests

• Sep. 16th/2016, first powering on - IBOX

• Sep. 22nd, powering on of OBOX, start the commissioning phase

Summary Time (hrs) Comments

Total time 4567 2016.9.22~2017.4.1

Time without data 993 Power off or data missing

Time with data 3574 Obs. time including SAA

Normal obs. time 1536 Normal mode observation

Single bar obs. time 1644 Single bar mode observation

In-orbit calibration time 394 In-orbit calibration

Summary of tests during POLAR commissioning phase (until April 1st/2017)

Science 
Obs.

Calib.

• In-orbit calib.: response of detector, efficiency, system time precision, etc.

• GRB detection: 55 confirmed GRB, 49 GCN circulars

• Crab pulsar detection: more than 27 million pulsar photons

• Solar Flare detection: ~9 obvious SFL events



2. In-orbit Operation and Tests

• During the commissioning phase
– 6.5TB total data size, 5188 data files: 6.4TB 0B data, 99GB 0C data

– Implemented ~60 times commands upload operation, all succeeded



2. In-orbit Operation and Tests

• POLAR detected 55 confirmed GRBs, ~132 GRBs per year

List of GRBs detected by POLAR (confirmed by other instruments)

S. Xiong et al. 2017, Proc. of ICRC



2. In-orbit Operation and Tests

T90 distribution of the 49 GCN circulated GRBs detected by POLAR

S. Xiong report. 2017



2. In-orbit Operation and Tests

• 10 relatively bright GRBs detected by POLAR

POLAR GRB catalogue – 10 relative bright ones

S. Xiong et al. 2017, Proc. of ICRC



2. In-orbit Operation and Tests

• Light curves of the 10 bright GRBs



3. In-orbit calibration

• POLAR in-orbit calibration requirements:

(1) Performance variation of the detector
 Gain variation due to the shipment, launch and space environment

modification

• Gain of PMT

• Coupling status between PS target and PMT

 Light output reduction of PS bars due to the irradiation effect in space

• ~ 5% reduction in 2 years for estimation

 Aging effect

• PS bars, PMT and electronics

(2) Influence of the performance variation
 Direct influence

• Pedestal and noise, gain, crosstalk, etc.

 Indirect influence

• Low threshold, and even polarization measurement error!

• Therefore, we need calibration for POLAR during flight!



3. In-orbit calibration
• POLAR in-orbit calibration includes:

(1) Energy calibration

 Gain vs HV

 Energy vs ADC channel

(2) Systematic effects calibration

 Pedestal and noise, crosstalk, nonlinearity, threshold

(3) Temperature dependence calibration

 Study on the calibration parameters vs temperature in space

(4) Timing calibration

 POLAR instrument system timing calibration with Crab pulsar signals

(5) GRB Localization

 Cross check with other satellites

(6) Detection efficiency

 By using the GRB data

(7) Events filtering

 To exclude the bad or abnormal events



3. In-orbit calibration

• Energy calibration
– 4 22Na radioactive devices

– Total activities ~ 350 Bq

22Na source 
installation



3. In-orbit calibration

• Energy calibration
– Applied 5 different HVs to measure the gain vs HV

– Application of gain vs HV to normal GRB observation mode

Log10CE = p0 + p1*Log10HV

Compton edge positions 
of 1600 channels



3. In-orbit calibration

• Systematic effects calibration

Pedestal

Common noise

Intrinsic noise

Crosstalk matrix

Nonlinearity

Low threshold



3. In-orbit calibration

• Temperature dependence calibration

Pedestal vs temp.

Common noise vs temp.

Intrinsic noise vs temp.

Low threshold vs temp.

Gain vs temp.

Nonlinearity and 
crosstalk vs temp. can be 

negligible

Zhengheng Li, et al. 
2018, submitted



3. In-orbit calibration

• Timing calibration with Crab pulsar
– Precision better than 100 μs

• GRB localization
– Cross calibration with other instruments in-orbit, precision ~ 5 degrees

• Events filtering
– Cosmic events will be tagged and removed during the data analysis

– The post cosmic events are mostly abnormal therefore need to be tagged and
filtered out also. A method has been developed to filter out more than 95%
such events



4. Summary and outlook

• POLAR has accomplished the commissioning phase tests: has 

finished the in-flight calibration and data analysis (a paper 

has been submitted), detected 55 confirmed GRBs, detected 

the Crab pulsar signals and carried on the preliminary 

navigation study, detected ~ 9 obvious SFL events

• First GRB polarization analysis results are almost ready

• Outlook

– GRB polarization data analysis and MC simulation

– Crab pulsar navigation study and polarization analysis

– SFL data analysis

Fore more info., please refer to and contact
http://polar.ihep.ac.cn
E-mail: wubb@ihep.ac.cn, or sunjc@ihep.ac.cn

Thank you for 

your attention！

http://polar.ihep.ac.cn/
mailto:wubb@ihep.ac.cn
mailto:sunjc@ihep.ac.cn

