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PREFACE

SCIENCE GOAL.

ARE MOST OF THE GAMMA RAY BURSTS STRONGLY POLARIZED?
IN ATTEMPT TO SOLVE THE MYSTERY OF THE GRB TRUE NATURE

EXPERIMENTAL GOAL.:

PERFORM FIRST EVER SUCCESSFUL POLARIZATION MEASUREMENT
OF HARD PHOTONS IN SPACE
WITH HIGH STATISTICAL SIGNIFICANCE AND CONTROLLED SYSTEMATIC EFFECTS.

APPROACH OF THE PROJECT:

ANSWER A VERY IMPORTANT SCIENTIFIC QUESTION
DO IT AS SIMPLE AS POSSIBLE
USE PROVEN TECHNOLOGIES
DO IT FAST
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OUTLINE

* INTRODUCTION:

GRB POLARIZATION AND THE INTERNATIONAL CONTEXT

* A POSSIBLE APPROACH:

THE COMPTON EFFECT FOR THE POLARIZATION MEASUREMENT

e THE POLAR PROJECT:
~- THE INTERNATIONAL COLLABORATION

- WORKING PRINCIPLES AND PERFORMANCE

- SUB-SYSTEMS

- MILESTONES
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GRB POLARIZATION

e THE REAL EXCITING PHYSICS TAKE PLACE IN THE PROMPT SIGNAL,
BUT THERE IS NOT MUCH WE CAN OBSERVE.

e WE CAN OBSERVE:
— SKY POSITION (BUT THIS IS DONE BETTER WITH THE AFTERGLOW)|
— LIGHT CURVE
— SPECTRUM
— POLARIZATION

* DIFFICULT TO IMPOSSIBLE TO DO WITH ACTUAL DETECTORS

e WRONG MEASUREMENTS PUBLISHED IN THE BEST JOURNALS
(cLAIM 80%+- 20%)

e A LOTOF THEORETICAL INTERESTS

lapp)
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CURRENT GRB POLARIZATION MEASUREMENTS

« Polarization of the prompt y~ray emission from the y-ray burst of 6 December 2002
(RHESSI), Coburn, W; Boggs, S. E., Nature, 2003, 423, 415 (122 citations): P, =80
+ 20% (highly significant detection!)
— Re-analysis of polarization in the p~ray flux of GRB 021206, Rutledge, R. E.;
Fox, D. B., MNRAS, 2004, 350, 1288
 Statistical Uncertainty in the Re-Analysis of Polarization in GRB021206,
Coburn, W; Boggs, S. E., 2003astro.ph.10515B
— Gamma-Ray Burst Polarization: Limits from RHESSI Measurements, Wiggler, C.
et al, ApJ, 2004, 613, 1088
« Evidence of polarisation in the prompt y-ray emission from GRB 930131 and GRB
960924 (BATSE/GRO), Willis, D. R. et al, 2005, A&A, 439, 245

« Polarization studies of the prompt p-ray emission from GRB 041219a using the
spectrometer aboard INTEGRAL, McGlynn, S., 2007, A&A, 466, 895

lapp)

Important, rare, large uncertainty &
controversial!
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THE CRAB-NEBULA
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ABSTRACT

Two different types of X-ray polarimeters were used in a sounding rocket to search for X-ray polariza-
tion of the Crab Nebula. Polarization was detected at a statistical confidence level of 99.7 percent. If the
X-ray polarization is assumed to be independent of energy, the results of this and a previous experiment
lead to a polarization of (15.4 + 5.2) percent at a position angle of 156° + 10°. This result confirms the
synchrotran model for X-ray emission from the Crah Nebula.
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GRB POLARIZATION

 FIREBALL MODEL
HIGH VALUES EXCLUDED
P~ 1020 %

e CANNONBALL MODEL
FULL RANGE POSSIBLE
P ,w=0-100%

(DEPENDS ONLY ON 0.1")

e ELECTROMAGNETIC MODEL
WELL DEFINED, MODERATE
P .~ 50 %

lapp)
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From M.Lyutikov, 2003

See papers discussing various models:
T.Piran, A.Dar & A. De Rujula, M.Lyutikov, D.Eichler,
G.Ghisellini, D.Lazzatti, M.Medvedev, E.Rossi etc.
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POLARIMETER PROJECTS

 GRAPE GAMMA RAY POLARIZATION EXPERIMENT: Low Z
~HIGH Z HYBRID, 50-300 KEV; M.MCCONNELL ET AL.

* Po0GO PoLARIZED GAMMA-RAY OBSERVER: PHOSWICH OF
SLOW-FAST UNITS WITH AC, 30-100 KEV; 7.MIZUNO ET AL.

e SGD SoFTr GAMMA-RAY DETECTOR: COMPTON TELESCOPE OF
SI-STRIPS AND CDTE PIXELS AND AC, E<300 KEV,; H.TAJIMA

¢ CIPHER CoDED IMAGER AND POLARIMETER FOR HIGH ENERGY RADIATION: CDTE
ARRAY, E<1 MEV; R.CURADO DA SILVA

 RHESSI HicGH ENERGY SOLAR SPECTROMETRIC IMAGER: 9 LARGE GE,
ACTIVE/ PASSIVE MODES, E>10 KEV; M. McCONNELL, C. WIGGER

lapp)
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GEM: A PHOTOELECTRIC POLARIMETER (<10 KEV)

TRIGGER

X photon (E)

Auger
electron iR —||—|‘I conversion
T GEM

ADGC

Polarization information is derived from the
tracks of the photoelectron, imaged by a

finely subdivided gas detector.

A new device: the Micro Pixel Detector

developed at INFN-Pisa
lapp)
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GEM PROPOSED ON BOARD OF FUTURE X-RAY MISSIONS
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GRIPS A FUTURE PAYLOAD IN THE 2020 ESA COSMIC VISION...

MisSsion!

electronics

axis of Xfopt
sub-module

satellite bus

lapp)

GRIPS is a multi-instrument satellite
mission. The prime instrument will use
nearly 1000 kg of LaBr3 scintillator
crystals for measuring spectra of
GRBs, similar in measurement
principle to BATSE on CGRO.
Polarimetry will be performed via
Compton scattering off a silicon strip
tracker within the LaBr3 walls.
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A complete list of consortium members can be found at qtfp: 2 '
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X-RAY TIMING AND POLARIZATION MiIssION: XTP (CHINA) ‘

Multi-Objects —__ o RR Imagér
& /50 GRBs in 1-year

GRB

2olarimeter

S 10 GRBs <3%MDP
Telescope [@% in 1-year

4 m?

0.1%MDP for
1-Crab in 1-day
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POLAR INTERNATIONAL COLLABORATION

SWITZERLAND

ISDC - Geneva Observatory:

Dr. Nicolas Produit (PI)

Dr. Daniel Haas (POLAR PostDoc.)

PSI-Villigen:
Dr. Wojtek Hajdas
Dr. Aliko Mchedlishvili

University of Geneva:

Prof. Martin Ponhl

Prof. Catherine Leluc

Prof. Divic Rapin

Dr. Silvio Orsi (POLAR PostDoc.)
Estela Suarez (POLAR PhD student)

POLAND

IPJ:

Dr. Michal Gierlik

Dr. Radoslaw Marcinkowski

FRANCE

LAPP — IN2P3-Annecy:

Dr. Giovanni Lamanna

Dr. Jean-Pierre Vialle

Dr. Richard Hermel (Engineer)

LAM-INSU-Marseille:
Dr. Stephane Basa
Dr. Alain Mazure

LAPTH — IN2P3-Annecy:
Prof. Paschal Chardonnet

CHINA

IHEP

Dr. Shuang-Nan Zhang (PI)

Dr. Bobin Wu

Xiong Shaolin (POLAR PhD student)
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POLAR SCIENCE

GRB-PROMPT SIGNAL POLARIZATION

POLAR IS NOT TUNED FOR ANALYZING POINT SOURCE BUT
SOME MORE OBJECTIVES CANNOT BE EXCLUDED:

e POINT SOURCE (CRAB, CYG X-1)|
e SOLAR FLARES

* PARTICIPATE TO IPN

REMIND: POLAR NEEDS OTHER INSTRUMENTS TO
GET GRB POSITION OBSERVING
__SIMULTANEOUSLY THE SAME PATCH OF SKY.

lap@
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THE POLAR DETECTOR

FoV > r
DEEP SPACE

TOP >

BOTTOM

Looking for large angle Compton scattering
inside the cubic (25 cm side) volume of the POLAR detector

’ uniform array of scintillator bars
app
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COMPTON POLARIMETRY: BASIC PRINCIPLES

Klein-Nishina A

2 2
do _L¢ (£+g—25in2 @ cos’n)
dQ 2 ¢

2 .2
rree 1 . i
=2~ (Z+&-sin®@+sin* 6

2 ¢
,/
3 ~

EF
e=E
‘g

0 is the Compton Scatter Angle

v

1 is the Azimuthal Scatter Angle

Distribution
of scattered X-rays
in X-Y plane

X

Polarimetry relies on the fact that... Polgr'irgior':i‘ﬁ/

photons tend to

Compton scatter at right angles to the Incoming X-ray

incident polarization vector
GRB-POLAR-2008 18/1/2008
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COMPTON POLARIMETRY: ASYMMETRY RATIO

Defines the quality of polarization signature.

Ratio of max and min
cross sections with respect to
azimuthal scatter angle (1)

o0 F

Asymm ety Ratt

10 F

2 _do(n=90°) (E,/E'+EE,)
do(n=0% (E,/E'+E[E,~2sin’ 6)

aa an 100 120
Scattering Angle (degrees)

Important Features:

1. Ratio is very peaked wrt Compton scattering angle (6)

2. Atlow-energies, ratio peaks near 6 = 90°

3. Peak moves to smaller 6 at high energies (= 45° at 10 MeV)
lopp,
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COMPTON POLARIMETRY: THE SIGNATURE

For a fixed Compton scatter angle (6), the azimuthal distribution

of scattered photons contains the polarization signature.

|| C)=Acos(2(7 -+ ) +B

2000_........,......:.,........,....
¥
[ C-max X
15,::'0 T LT P LR Tt B EETERTEPEP PSR [
I e M
_ 8 114
B [ '8 1
8 1000 LA \ X
] L | & J
4] | ! i
T S~ . X B
 C-min : 1
0'....|....|....|.fl.|....|....|....|' v
0 50 100 154 200 250 300 350
Azimuthal Jeatter Angle (degs)

Polarization angle: Corresponds to the minimum of

the scatter angle distribution (¢@) versus a predefined
direction

Modulation Factor for a 100%
polarized beam is an important
quality parameter for polarimeter’s
performance estimation:

Cmax — Cmin
U = —

A
Cmax T Cmin B

The amplitude of the modulation defines the /evel of polarization.
’d@ The minimum of the distribution defines the plane of polarization.

G. LAMANNA
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THE POLARIZATION MEASUREMENT

LEVEL of Polarization

_P = & — l Cmax (P} o Cnlin(P) \i

fu]ﬂ'ﬂ' a’u]{]{} Cmax (“!U}—i_Cmin{‘P)/J

400 = the modulation factor for 100% polarized flux
Up = the measured modulation factor
P = the level of polarization

lapp,

G. LAMANNA GRB-POLAR-2008 18/1/2008



THE POLARIZATION MEASUREMENT

MDP: Minimum Detectable Polarization

2(S+ B
wpp - Mo T. (. )
Hyo0 S I

= source counting rate
= background counting rate
= observation time

Wygo = modulation factor for 100% polarization

Sensitivity can be improved by :

1) Increasing S (efficiency or geometric area)
2) Decreasing B

3) Increasing T

’dp:P) 4) Increasing |, (optimize geometry)

G. LAMANNA GRB-POLAR-2008 18/1/2008



THE POLAR DETECTOR

Geometry of the large angle Compton
scattering.

The strategy is to look for the two bars _:
where interactions occur:

first Compton and second Compton or
Photoelectric.

0, and ¢, are the entrance angles of the
photon relative to a detector fixed coordinate
system. K

¢ is the measured azimuthal direction that
correlate with polarization direction p \.

’a One does not need to know in which order the
PP interactions occur, thanks to 1 symmetry of —

azimuthal distribution

G. LAMANNA Gl



THE POLARIZATION MEASUREMENT

The ultimate goal is :

to measure GRB polarization with POLAR
detector based on analysis of the

reconstructed modulation curve: I B e B =
1200 - Unpolarized Data .

Extraction of Compton scattered events (large
angle) and building histograms with modulation

800+ n
pattern using the azimuth angle around the photon mhﬂlﬂfm]mw

. . . . 0
incoming direction 0 50 100 150 200 250 300 350
Azimuthal Scatter Angle {degs)

Counts

>

1200 Polarized Data 7

In practice, a measured distribution must also be

corrected for geometrical effects based on the 8001 -
corresponding distribution for an unpolarized 4ﬂﬂm
beam. ! -

0 1 | | 1 1 1 1 |

0 50 100 150 200 250 300 350
’ ap P Azimuthal Scatter Angle (degs)

Counts
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THE POLAR DETECTOR

PS bars: 8x8*6mm*6mm*20cm

BC400: rad-hard and
chemically stable

100 //\

BC-400
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Pair production —
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Lieiu (I N}

0
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Photon energy/MeV

Light, fast and low Z plastic
(in favor of Compton effect)

v

PS PMT | Weight | Dimension
Bars | (mm)| (kg) (cm)
40*40 | 55 20 30*30

MAPM H8500
(8*8 anode pixel)

Wavelength 420 nm
(Peak)

Uniformity 2-3

G. LAMANNA
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LIGHT COLLECTION STUDY

e LIGHT COLLECTION GOALS:
— REASONS OF LOWER COLLECTION THAN THEORETICALLY EXPECTED
— MAXIMIZING LIGHT OUTPUT AND OPTIMIZING SIGNAL UNIFORMITY

e PHENOMENA AFFECTING LIGHT COLLECTION:
— SCINTILLATOR ATTENUATION LENGTH AND SURFACE ROUGHNESS
— SCINTILLATOR AND WRAPPING REFRACTIVE INDEXES
— REFLECTIVE INDEX OF WRAPPING
— PM GLASS THICKNESS & OPTICAL GREASE
— PHOTOMULTIPLIER (PM) SURFACE

lapp)
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THE POLAR DETECTOR:. SPACE KNOW-HOW

lapp)

l.‘ L
1\

AMS-ECAL @ LAPP:
OPTICAL COUPLING

G. LAMANNA
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THE POLAR DETECTOR

- PLASTIC OPTICAL COUPLING (SPACE QUALIFIED)
~ CARBON-FIBER FRAME FOR MECHANICAL TARGET ASSEMBLING

~ OPTICAL INSULATION AND THIN (= 1 MM) CARBON FIBER OUTSIDE

SHIELDING (STOPPING ELECTRONS WITH E< 500 KEV OR PROTONS E< 13
MEYV)

- NO ACTIVE SHIELDING;, BUT OUTER LAYERS CAN BE USED IF NEEDED FOR
A (“TOPOLOGICAL”) TRIGGER

e WORKING PRINCIPLES
VALIDATED BY MONTE CRALO
SIMULATION WITH GEANT4
PACKAGE (CERN)

’a@ Aluminum Box

G. LAMANNA GRB-POLAR-2008 18/1/2008




LIGHT COLLECTION STUDIES

J SIMULATIONS PREDICT:

1. AROUND 45% OF THE OPTICAL
PHOTONS REACH PM (THE
REST IS ABSORBED OR
ESCAPES)

2. DIFFERENCES FOR INCOMING
GAMMAS AT TOP OR BOTTOM:
10-20 %

3. POLISHING OF THE
SCINTILLATOR SURFACE IS

VERY IMPORTANT Incoming
5 keV photon

¢ EXPERIMENTAL MEASUREMENTS ARE FINISHED FOR 2 AND 3 AND
THEY AGREE WITH THE SIMULATIONS.

lapp)
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LIGHT COLLECTION MEASURMENTS

e GOAL: OPTIMIZE LIGHT OUTPUT LINEARITY
e SOURCES: 241 AM, 137Cs, 20SR

e WRAPPING: NO COATING, AL, TEFLON, M3
FoIL

* RESULTS:

— LESS THAN 10%-15% AMPLITUDE
CHANGE BETWEEN ENDS

— M3 WRAPPING CLEARLY MAKES LIGHT
OUTPUT HIGHEST AND SHOULD BE USED

e RESULTS ARE CONSISTENT WITH MC
SIMULATIONS

lapp)
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THE POLAR DETECTOR: ELECTRONICS

Plastic Scintillator

8x8 Flastic
Array

MAPMT
HB500

MAPMT (H8500)

L

WA TRIGGER WA
55"”_ . MaPMT .

Multiplexed =MaF'h:"IT1 —
ASIC ASIC
Voltage Divider Board / ""Eiﬂ? EJJ

ASIC Interface Board

Anafogus OUT

ASIC Board MWE E j L

Trigger Board e
jE TMTC

Slow Control Board emee

Payload Interface Board BLOCK FUNCTIONALITY
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MAPMT UNIFORMITY STUDIES

* LACK OF UNIFORMITY AFFECTS
THE MODULATION FACTOR

e MC FOR 100% POLARIZED

PHOTONS COMING FROM ABOVE TO _ L
A CENTRAL BAR 100% Modulation factor vs. Uniformity
50
,;\;
e CONCLUSIONS: < 40 -
— NON-UNIFORMITY OF PM HAS 2 20
A STRONG INFLUENCE ﬁ ’ /
— POOR ENERGY RESOLUTION % 20
FROM SCINTILLATORS DOES = / —— Non-Uniform
NOT INFLUENCE SO STRONGLY S 10 / —— Ideal
= —— Energy Smearing
0 ‘ ‘
e EFFECT SHOULD BE MEASURED IN 0 100 200 300
LAB AND CORRECTED FOR
Energy (keV)

lapp)
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MAROC ASIC

MAROC (LAL-IN2P3) : 64 channels ASIC for ATLAS (CERN) Iuminometye‘i’"

Layout of PMT64_lumi

« Characteristics
— 64 PMT channels input
— Variable gain
— 64 GTL outputs
— Multiplexed direct signal output

— Multiplexed charge output with variable
shaping 20-200ns and Track&Hold.
Dynamic range 100 photoelectrons

— Fast unipolar shaping : 0.25-5 ns,
dynamic range 10 photoelectrons

— 3 thresholds loaded by 10bit DAC

* Technology : AMS SiGe 0.35um
— Area 12 mm?
— _Dissipation O(100 mW)

lap@

G. LAMANNA GRB-POLAR-2008 18/1/2008




MONTE CARLO RESULTS

ANALYSIS USES TWO LARGEST ENERGY o '
DEPOSITS WITH E_,_= 5 KEV Direction and Spectrum known

(CORRESPONDING TO ELECTRON RECOIL ENERGY Implies less systematic, less MC simulated
FROM 50 KEV PHOTON SCATTERED AT 90°) cases for cross-checks. .

40—

e GRB POSITION IS KNOWN (E.G. GCN)

] ®  Modulation Curve

e FIT FUNCTION: 1
N=A-cos(2(n-¢)+/zn)+B . 1

¢ — POLARIZATION DIRECTION

Counts (a.u.)

\

° MC PREDICTS CLEAR MODULATION SIGNAL ]
WITH PERIOD 1 10—

0 30 I 6|0 I 9|0 I 1é0 I 1|50 I 1E|30
Azimuth Angle ¢
e UNPOLARIZED PHOTONS CREATE PATTERN
WITH PERIOD TE/Z gmw

= % % i
600
400
a : - y
oD 50 100 150 200 250 300 350
Azimutal augle £
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MULTIPLICITY AND TRIGGER CONCEPT (MC RESULTS)

e MOST PHOTONS DEPOSIT ENERGY
IN SEVERAL BARS e
« THRESHOLD SET ATE,, = 5 KEV 1 Photon Eneray | |
54 (1 20keV
« UPPER THRESHOLD E_ < 300+ " = ke
KEV (TOTAL SUM) (TBC) =" [l wokey
* TRIGGER ACTIVATION: AT LEAST 2 7 (P
CHANNELS " 02
e SELECTION OF TWO HIGHEST E o 1 2 3 4 5 6 7 8 9 10
DEPOS]TS Number of reacting bars
¢ REACT]NG PIXELS DEF[NE 1.04 | | Distance between two largest | ]|
GEOMETRY energy depositions
0.8-
e FURTHER (ON/OFF-LINE) CUTS -
2 064
POSSIBLE s
3 044

0.2
0 5 10 15 20 25
Distance (bar width unit)
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PERFORMANCE (MC RESULTS)

* MAXIMUM EFFECTIVE AREA FOR
MONOCHROMATIC PHOTONS

g A = A ~200CM? (32x32 BARS)
(A = 350 CM2 WITH THE NEW GEOMETRY)

e POLAR ANGULAR DEPENDENCE VARIES
WITHIN 15% ONLY

 MAXIMUM MODULATION FACTOR IS 30% -
40%

e CONSTANT VALUES KEPT UP TO
ey= 30° FOR OFF-AXIS GRB

0BT T T T

0.36 ® Mean Modulation Factor 1

0.18 T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70
’aPP Polar Angle (deg)

350 T T T o T T T T T
i ] Effective Area
| —e— at 0’
R
250
e
E o
— 200
g |
150
g
‘.E o
100
i, )
50 4
D T T T - T g T
0 50 100 150 200 250 300
Energy (keV)
0.6 T T T T T T T T T
Modulation Factor
0.5 —e—at0" .
--o- at45’
0.4 -
S
8
w 0.3 _
=
i
= 02 4
-
(=]
=
0.1 o
0.0 T

7 T T T T T T T T
50 100 150 200 250 300
Energy (keV)
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BACKGROUND SOURCES

« Cosmic rays removed by upper
energy threshold

- Diffuse background E, ,,>10 keV
F,~=2.46 /cm?/sr/s — 430 coinc./s

 Non-GRB y sources — e.g. Crab
Feop=0.7 /lcm?/s

 S/C induced y's — ISGRI estimated
F..s=0.02 /cm?/sr/s

lapp

Photon Flux (a.u.)

=

S
N

ul

=

)
)

ul

=

S,
A

ul

—— GRB (10° erg/cm’/s) 4

T T T T T
100 200 300

« Weaker GRBs at lower energies Energy (keV)
require careful background
suptraction
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‘MINIMUM DETECTABLE POLARIZATION

« MDP = n_/,S-/(S+B)/T

100 -
B - background rates from S/C induced 80__ ot GRa,
and diffuse = 500 s . O long GRE
n.= 3, Ajz = 100 cm?, Lo = 30%, -
T =0.3, 20 s (short/long GRB) g
s 404
S — signal rate from Band spectrum _
EPeak= 320 keV, (X= '1 .6, B: '25 204
0-. — i — e} — e}
10" 10° 1x10° 1x10*

« E=10"°erg/cm? — MDP,_= 10%
example LTC GRB060418 by RHESSI

Energy fluence (erg/cm?)

 Several measurements per year !

lap@
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ANALYSIS CUT OPTIMIZATION

One year observation of POLAR

180
160 Tsz‘/DMzF‘ov=2‘np”§ 77777 A L A
e
5 1200 b
20 E S S N 7 ] DM2/TS2/ FOV = 2m
O R B e B A A DM2: 40*40 bars, 28*28cm, 20kg
S - TS2: Edsec >=5keV &
= “ o the total Ed < 400 keV &
77777 exclude the adjacent case
200
0 | |

| | | 1 | | |
0 10 20 30 40 50 60 70 80 90 100
Minimum Detectable Polarization with 3o (%)

DP
5% 10% | 15% 20% 25% 30%

M
’WM GRB in 1 year 29 12.7 24 4 36.8 48.6 59.4
J
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ORBITAL AND BACKGROUND STUDIES

¢ GEO ORBIT: VERY HIGH BACKGROUND DURING ALL ORBIT

e LEO ORBIT: GOOD ONE.
— LOwW BACKGROUND EXCEPT FOR THE SAA.

e ELECTRONS AND PROTONS AT
LEO FROM NASA MODELS

e SPECTRA TAKEN IN THE MIDDLE
OF SOUTH ATLANTIC ANOMALY
SAA

e FLUX — COUNTING RATE STUDIES
ACROSS THE SAA PASSAGE

lapp,
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BACKGROUND SUMMARY

Source Flux Accidental Ede Ede Maximum of the
P P
(detections coincidences Mean Max Spectrum at:
S-1 bar—1) (3-1) |n POLAR
GEO 53516 230000 280 keV | 2200 keV | 115 keV
Electrons
SAA 700 100 108 keV | 1600 keV | 5 keV
Electrons
SAA 50 - 5 MeV 20 MeV | 3 MeV
Protons
Cosmic 0.8 - 1600 keV | 10 MeV | 1200 keV
Ray

I Prokﬁ\j
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PROJECT MILESTONES

DEMONSTRATOR 2x64 channels

Validation for beginning of 2008

- MC studies

- Electronic (ASIC, Trigger, Firmware — FPGA) and Scintillator testing
- Radioactive sources tests

- Polarized source final tests

POLAR Engineering Qualification Model
June 2007- June 2010

- Requirements definition

- Subsystems R&D

- Read-out and software project development

- Space qualification of the elements and global tests of the EM
- Payload specification

POLAR Flight Model

June 2009 — June 2011
- Commissioning

- Ground segment definition
’a@ Ready for launch
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IN PREPARATION: DEMO MODEL TESTS

* 64 HIGHLY POLISHED SCINTILLATING
BARS

 DEMO = 2 OUT OF 25 MODULES:
-2 X (8X8) SCINTILLATOR ARRAY
-2 X 64 BC400 BARS (6x6x200 MM3
EACH)
-2 X H8500 MAPM

e SPECIALLY DESIGNED ELECTRONIC
BOARD

e DAQ: LABWINDOWS ROUTINES

e TEST WITH POLARIZED y-RAYS FROM
SOURCE

* PSISLS SYNCHROTRON POLARIZED Y-
RAYS

— VARIOUS ENERGIES UP TO MANY TENS

lap@m

G. LAMANNA GRB-POLAR-2008 18/1/2008



NEAR-TERM GOALS

DEMONSTRATOR
- Final results report and publication
- Involvement of IHEP/TSING HUA (Review in China)

POLAR Engineering Qualification Model

- Requirements definition
Towards : MoU and Technical Report

Subsystems R&D
Scintillator production definition

Mechanics
ASIC definition

Read-out and software project development
MC and event reconstruction

Space qualification of the elements and global tests of the EM
Sites and laboratories definition

lapp)
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EUROPE-CHINA AGREEMENT

Chinese
‘ Spacelab




SUMMARY

e POLAR — COMPTON HARD X-RAY GRB POLARIMETER USING LOW Z
SCINTILLATORS

e A40Xx40 HOMOGENEOUS ARRAY OF 6X6X200 MM3 PLASTIC BARS

e FoOV =" OF THE SKY AND LOW Yy ENERGY THRESHOLD E,,, < 50 KEV
e A_.=400 CM?2AND Lo, = 40% AT 200 KEV

« MDP5, = 10% FOR GRB TOTAL ENERGY OF 10° ERG/CM?Z; TENS OF
DETECTIONS/YEAR

* FIRST ASYMMETRY RESULTS OBTAINED DEMONSTRATING POLARIMETRIC
CAPABILITY

e ENGINEERING QUALIFICATION MODEL UNDER DEVELOPMENT

e COLLABORATION WITH IHEP 1O INCLUDE POL AR IN FORTHCOMING
~SATELLITE EXPERIMENTS

lapp
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CONCLUSIONS

 WE TRY TO SOLVE AN IMPORTANT SCIENTIFIC
PROBLEM

e THE DETECTOR IS SMALL AND USE PROVEN
TECHNIQUES THAT WHERE FLOWN ALREADY IN
SPACE

e FIRST INTERNATIONAL SCIENTIFIC COLLABORATION
IN THE CHINESE SPACE MANNED PROGRAM.

* WE EXPECT SCIENCE RESULTS PUBLISHED IN 2013

lapp)
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