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OutlineOutline

•• Laboratory ResultsLaboratory Results
•• Demonstration Model DevelopmentDemonstration Model DevelopmentDemonstration Model Development Demonstration Model Development 
•• Monte Carlo SimulationsMonte Carlo Simulations
•• Launch OpportunitiesLaunch OpportunitiesLaunch Opportunities Launch Opportunities 
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POLAR ReminderPOLAR ReminderPOLAR ReminderPOLAR Reminder

•• Novel Gamma Ray Burst Novel Gamma Ray Burst 
PolarimeterPolarimeter

•• Principle: Compton scatteringPrinciple: Compton scattering

•• Construction: uniform array ofConstruction: uniform array ofConstruction: uniform array of Construction: uniform array of 
40x40 low Z, fast scintillators40x40 low Z, fast scintillators

•• Signal conversion: new Signal conversion: new 
multimulti--anode photomultipliersanode photomultipliers

•• 3 x large: 3 x large: 

•• area ~ 600 cmarea ~ 600 cm22

•• field of view ~ 1/3 of the skyfield of view ~ 1/3 of the sky
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•• modulation factor modulation factor μμ100100 ~ 35%~ 35%
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E i i M d l ith SNFE i i M d l ith SNFEngineering Model with SNFEngineering Model with SNF

•• Proposal accepted by SNF Proposal accepted by SNF -- 804 kCHF, Kick804 kCHF, Kick--off meeting April 2007off meeting April 2007

•• Foundation Schmidheiny Foundation Schmidheiny –– 50 kCHF for PMs 50 kCHF for PMs ou dat o Sc d e you dat o Sc d e y 50 C o s50 C o s

•• Engineering/Qualification Model in 3 years until May 2010Engineering/Qualification Model in 3 years until May 2010

Ai d f l h t it d 2012Ai d f l h t it d 2012•• Aimed for launch opportunity around 2012Aimed for launch opportunity around 2012
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Pl ti S i till t BC400Pl ti S i till t BC400Plastic Scintillator BC400Plastic Scintillator BC400
l b f l•• Roughness: Roughness: 

Glass side highly, saw cut Glass side highly, saw cut 
id f i l ll li h did f i l ll li h d

Plastic bar profile

Åside fairly well polishedside fairly well polished

Height distribution STD Height distribution STD ≈≈ 50 50 ÅÅ
(glass) and 150(glass) and 150 ÅÅ (saw cut)(saw cut)
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(glass) and 150 (glass) and 150 ÅÅ (saw cut)(saw cut)

•• Light Collection:Light Collection:
Best results with 3MBest results with 3M 90Sr Test of Max Alu Coating

Length / μm

Best results with 3M Best results with 3M 
wrapping foilwrapping foil

•• Linearity:Linearity:

90Sr Test of Max, Alu Coating

250
300
350
400

Peak amplitude vs. source position

•• Linearity:Linearity:
Amplitude shift for Teflon, Amplitude shift for Teflon, 
Al and 3M foil wrappingAl and 3M foil wrapping 0

50
100
150
200
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HAMAMATSU MAMPT H8500HAMAMATSU MAMPT H8500HAMAMATSU MAMPT H8500HAMAMATSU MAMPT H8500

Threshold studies:Threshold studies:

•• Threshold of 5 keV possibleThreshold of 5 keV possible

•• Pulse height variations between Pulse height variations between 
anodes by a factor of 2anodes by a factor of 2

Vibration studies:Vibration studies:

•• Shaker at Bern UniversityShaker at Bern University

•• Levels for China Space LabLevels for China Space Lab

•• No performance worseningNo performance worseningNo performance worseningNo performance worsening

CHIPP Meeting, PSI 16-17 Oct 2007HW18



PAUL SCHERRER INSTITUT

D t ti M d lD t ti M d lDemonstration Model Demonstration Model 

POLAR concept with DM for POLAR concept with DM for 
2x64 channels2x64 channels

Testing functionality and Testing functionality and 
major characteristicsmajor characteristics

Study modularity and data Study modularity and data 
flow from two PMsflow from two PMs

Development with industry Development with industry 
(PI Elektronik, Daettwil)(PI Elektronik, Daettwil)

CHIPP Meeting, PSI 16-17 Oct 2007HW18



PAUL SCHERRER INSTITUT

DM SchemeDM SchemeDM Scheme DM Scheme 
PM 1 8x8 PM 2 8x8

ASIC 2ASIC 1

PM 1 8x8 PM 2 8x8

ASIC 2

A
D

D
A

ASIC 1

A
D

D
A

Power pc XILINX Flash

RS232

C C C C

USB
M/SLAVE

XILINX
Virtex4 FX60Exp DSP

Flash
PROM

Voltage and 
Current 

Power
Control

SRAM 1 
512 KW

SRAM 2 
512 KW
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Control
Control 512 KW 512 KW
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DM A bl d B dDM A bl d B dDM Assembled Board DM Assembled Board 

VA64MAPMT ASIC VA64MAPMT ASIC 
from IDEAS with from IDEAS with 
PSI/HighTech PCBPSI/HighTech PCB
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POLAR DM from PSI/PIE
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M t C l Si l tiM t C l Si l tiMonte Carlo Simulations  Monte Carlo Simulations  
Single plastic

•• Model in GEANT4:Model in GEANT4:

Size 240x240x200 mmSize 240x240x200 mm33

Single plastic

Single plastics 6x6x200mmSingle plastics 6x6x200mm33

User defined:User defined:

Shielding and wrappingShielding and wrapping

Photon spectrum, direction Photon spectrum, direction Aluminum box Photon 

and polarizationand polarization

•• Modulation Factor results:Modulation Factor results:

Example for 150 keV:Example for 150 keV:

μμ100100 = 35= 35 ± ± 1 %1 %
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Analysis with ROOTAnalysis with ROOT
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MC Li ht C ll tiMC Li ht C ll tiMC Light Collection  MC Light Collection  
S i ill i d O i l PhS i ill i d O i l Ph

Incoming X-ray
•• Scintillation and Optical Photons Scintillation and Optical Photons 

packets in G4:packets in G4:

Photon yield, attenuation length,Photon yield, attenuation length,

Incoming X ray

Photon yield, attenuation length, Photon yield, attenuation length, 
refraction and roughnessrefraction and roughness

Reflective index of wrappingReflective index of wrapping

PM Gl hi k d fPM Gl hi k d fPM Glass thickness and surface PM Glass thickness and surface 
parameters & optical grease parameters & optical grease 

•• Results:Results: Tracks of optical photons in plastic bar

45% optical photons detected 45% optical photons detected 

Difference for topDifference for top--bottom bottom 
photon collection by 10photon collection by 10--20 %20 %photon collection by 10photon collection by 10--20 %20 %

Polishing of the scintillator Polishing of the scintillator 
surface crucialsurface crucial
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3M foil with reflective index 3M foil with reflective index 
> 0.99 best> 0.99 best

Simulation setup with γ-ray injection points
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MC O bit l St diMC O bit l St diMC Orbital Studies  MC Orbital Studies  
Orbit trajectory projection

Particle environments  from Particle environments  from 
NASA AP8/AE8 models and NASA AP8/AE8 models and 
Cosmic Rays Cosmic Rays 

Orbit trajectory projection

yy

Suitable orbit is LEO (ISS), Suitable orbit is LEO (ISS), 
except of SAAexcept of SAA

GEO has too high background GEO has too high background 
from electrons from electrons 

Cosmic Rays rate low ~1000 sCosmic Rays rate low ~1000 s--11, , 
further discrimination possiblefurther discrimination possible

Using CR for calibration underUsing CR for calibration underUsing CR for calibration under Using CR for calibration under 
studies (board design, PIF facility studies (board design, PIF facility 
verification)verification)
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P l BATSE GRB C t lP l BATSE GRB C t lPolar vs BATSE GRB Catalog Polar vs BATSE GRB Catalog 

●● Realistic distribution of Minimum Realistic distribution of Minimum 
Detectable Polarizations in 1 year Detectable Polarizations in 1 year 

Using GRBs parameters providedUsing GRBs parameters provided●● Using GRBs parameters provided Using GRBs parameters provided 
by BATSE CGROby BATSE CGRO

●● Bursts frequency: 210 bursts/yearBursts frequency: 210 bursts/year●● Bursts frequency: 210 bursts/yearBursts frequency: 210 bursts/year

●● Strong GRBs seen in POLAR FOV:Strong GRBs seen in POLAR FOV:

FFt tt t > 10> 10--55 /erg/cm/erg/cm22
100

 

MDP with 3σ level

BATSE GRB total fluence distribution 1991-2000 

FFtottot > 10> 10 /erg/cm/erg/cm

~ 12 GRB /year ~ 12 GRB /year 

MDP ~ 10% (3MDP ~ 10% (3σσ)) 40
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MDP with 3σ level
 short GRB
 long GRB

MDP  10% (3MDP  10% (3σσ))

●● Mission objectives fulfilled Mission objectives fulfilled 
in 2in 2--3 years3 years 10-7 10-6 1x10-5 1x10-4
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Energy fluence (erg/cm2)

POLAR MDP sensitivity curve with 2 BATSE GRBs: 
5563 – short and 6763 - long
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Fli ht P ibilitiFli ht P ibilitiFlight Possibilities Flight Possibilities 
Chinese Space Lab

• Proposal for Flight Model with
SSO PRODEX program

Chinese Space Lab 2012• Chinese Space Lab, ∼2012
- Collaboration with Institute for 

High Energy Physics and China
Academy of Science established

International 
Space 

Academy of Science established

• International Space Station

T i ill b t d t Station- Topic group will be created at 
ESA for POLAR on Columbus

- Call for proposals in 2008
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Columbus Module
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Road Map for China’s Space Astronomy and Solar Physics
From presentation of S N Zhang during IHEP Beijing meeting on 18th Sep 2007From presentation of S.N. Zhang during IHEP-Beijing meeting on 18th Sep 2007

Astrophys Res.：data analysis, theory & computation based on space astronomy data
Capacity building and enabling technology: platform, detector, electronics, telescope
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The Sun as 

Capacity building and enabling technology: platform, detector, electronics, telescope
Education and public outreach: future space scientist, public understanding of science
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SSSummarySummary

•• Manufacturing of POLAR EM secured by SNF (3 years)Manufacturing of POLAR EM secured by SNF (3 years)

•• Team with 3 Swiss institutes created Team with 3 Swiss institutes created 

•• International collaboration establishedInternational collaboration established

First set of feasibility studies successfully finishedFirst set of feasibility studies successfully finished•• First set of feasibility studies successfully finishedFirst set of feasibility studies successfully finished

•• Comprehensive Monte Carlo model developedComprehensive Monte Carlo model developed

•• Demonstration Model (2x64) under first tests (PSI, PIE)Demonstration Model (2x64) under first tests (PSI, PIE)

•• FM financing and flight opportunities definedFM financing and flight opportunities defined•• FM financing and flight opportunities definedFM financing and flight opportunities defined
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Thank You !Thank You !
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POLAR Goals and FirstsPOLAR Goals and FirstsPOLAR Goals and FirstsPOLAR Goals and Firsts
P l i i i l d d !Polarization in γ-rays neglected to date ! 

First systematic and accurate determination of polarization 

Providing final observable to find true nature of GRBs –
biggest explosions in the universe

P bi ti fi ld t th d t l d i bi th fProbing magnetic field strength and topology during birth of 
Black Holes

Testing Quantum Gravity theories with experimentTesting Quantum Gravity theories with experiment

Verifying of the Lorenze invariance

Looking into Universe Dark AgesLooking into Universe Dark Ages
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