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Outline

� MeV astronomy

� Compton telescopes
� NCT

� Data processing pipeline

� Monte Carlo simulation
� 2009 flight data analysis

Part II – simulation & data analysis of NCT

Part I -- Introduction



MeV astrophysical sources
� Cosmic Accelerators (non-thermal continuum)

� Nucleosynthesis (Nuclear gamma-ray line)

� Polarization

Galactic and extragalactic diffuse background
Spectral luminosity maxima of some EGRET/COMPTEL Blazars
non-thermal spectra in black-hole binaries, micro-quasars
GRB spectra

Gamma-ray bursts
Gamma-ray pulsars
Solar flares
The Crab Nebula
Active Galactic Nuclei
Galactic Black Hole Candidates

SN/massive stars:  nuclear reactions/isotopes
Extended galactic radioactivity: 26Al, 60Fe
Young SNRs: 44Ti
847 keV: SN Ia
511 keV:novae, supernovae,



MeV gamma-ray telescopes

� Compton scattering
e.g. CGRO/COMPTEL, NCT, ACT

� Spatial modulation (coded mask)
e.g. INTEGRAL/SPI

� Temporal modulation
e.g. RHESSI

� Focusing
e.g. GRI
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The gamma-ray cross-sections for germanium
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Limits of Compton telescopes

� measuring error
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� Doppler broadening
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Differential Compton cross-section
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(Unpolarized)

(Polarized)

Klein-Nishina cross-section as a 
function of the Compton scatter 
angle for different energies
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Electric vector

200 keV 500 keV

2000 keV

Differential cross-section of 100% polarized photon beam
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Gamma-ray polarization measurement

/ =

To retrieve the expected polarization signal from the azimuthalscatter distribution, 
the bias from geometry and detector efficiency must be corrected. The correction 
was applied by normalizing the distribution with non-polarized source simulation.
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Typical spectrum of Compton telescope

Simulated spectrum with 3.0 MeV incident photon energy.

Red: multiple events
Blue: single events
Green: all events
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Scattered photon spectrum deposit energy spectrum

Incident photon energy = 1500 keV

Probability distribution of scatter energy
Scattered photon Energy Scatter angle probability distribution



Typical spectrum of Compton telescope

Incomplete absorption events dominate lower energy range.

1 photon escaped pair event

2 photons escaped pair eventFrom pair event on 
passive material

Photons scattered 
from passive material

Photons escaped



Challenges of Compton telescopes

� Ambiguity of incident direction 

� Ambiguity of Compton scattering sequence

� Incomplete absorption

� High radiation background



How to improve performance

� Improve measurement accuracy

� Measuring as much information as possible
-- Multiple scattering
-- Electron tracks
-- Time-of-flight

� Background suppression
-- 99% photons of COMPTEL are background



Multiple Compton scattering

� The energy of this gamma ray is uniquely determined by the 
energy losses of the first two interactions, L1, L2 ,andQ2.



Background
� External background

-- Cosmic ray
-- Secondaries induced by cosmic ray interaction with atmosphere
-- Galactic and extragalactic diffuse background

� Internal background
-- activation and subsequent decay
-- radioactive isotopes

� Incompletely absorbed events
-- first interaction in passive material
-- photon escapes detector

� Others
-- miss-reconstructed events



Background suppression

� Choosing radiation environment of flight
� Passive shielding
� Active shielding
� Minimize passive material
� Choosing materials of structure
� Measuring as much information as possible

-- Multi-scattering
-- Electron tracks
-- Time-of-flight



The nuclear Compton telescope (NCT)



Cross strip Ge detector

• 37x37 strips
• 2-mm pitch
• 16-mm thickness
• 84000 mm3 volume
• 1 mm3 localization
• 1-2 keV spectral resolution
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Cross-strip Ge detector

� Position -> triggered strip pair, depth
� Depth -> time difference of pair strips
� Energy -> ADC

� Charge sharing effect
� Cross-talk effect

� Guard ring
-- energy and timing of signal changed when photon hits on adjacent strips

-- to drain off leakage current of surfaces



Low level data reconstruction

� ADC -> Energy
� Strip pairing
� Time difference of each side strip -> depth
� Triggered strips, depth -> position

� Charge sharing correction
-> summing energy of adjacent strips

� Cross-talk effect correction
-> correcting depth, energy



Cradle BGO Shield

Liquid Nitrogen Dewar
Liquid Nitrogen Dewar

Cradle

Sun shield
Sun shield

BGO Shield

Ge Detector

BGO

Mass model



Data processing pipeline



The flow chart of data process

Original process pipeline New process pipeline



The detail flow chart of Nuclearier

[Detector effects]
Position => detector #, strip #
E => ADC
depth => Dt
Energy and timing trigger
Guadring veto trigger
Charge sharing effect
ADC & timing noise
Additional information (voltage, dead strips, et al.)

[Energy calibration]
ADC => E

[Strip pairing]
pairing +/- strips to hits according to energy

[Depth calibration & position reconstruction]
(detector #, strip #, E, Dt) => (x,y,z)

[Aspect]
update time information
add pointing aspect information



MEGAlib
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Image reconstruction
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Monte Carlo simulation

� Introduction
� Performance prediction
� Response simulation
� Background simulation



� �������$
"�!
*��/�!� �$
��� ������
�"
������!��
��� �������

� ��������!��
� ���
����������
�"
�#�
5�!�!��
�����
� 6�%7�
�6�����(

6�%389(
:98�:�(
89);��
<
�����

�� �%7����!����
��!�����
��$
�����!���������
����!���� ���
"!��
�*� �
�1
/�& ��
�
"�'
��&
� �%389��#�$!���� ����!�������
� 98�:���$���=��������
�"
�=����$
� ����
� 9);����!�$������,�
��������
�!�$ �����
� ��%>��!�$������,�
$�����

Monte-Carlo Simulation

� Cosima (included in MEGAlib)
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� GLECS and GLEPS (GEANT3 Low-Energy Compton Scattering Packages)

� MGGPOD



Expected Performance
(Gamma ray burst)

Input:
spectrum: BPOW a=-1 b=-2.5 Ebr=150
Time = 10 sec
Fluence(0.1 – 2MeV) = 4.3 X 10-4 (erg/cm2) = 1.06 X103 (ph/cm2)
Polarization: 100%, 0%
Photon background was considered.
Atmospheric absorption was considered.

����	���
� ssss ����������������� � ?4
@
�1 �2 ��!���� � �
� ssss ���������������!""#�$�	
��
����� ?�
@
�1 �� ��!���� � �
%&���� ��
��� !'(�$��������

��������	
����
�����
	 ������������������ �
����� �������
����!�-�$�
 ����	�� ��������!�-�$�
 ������ ��!!����$

��������	
������
���



Expected Performance
(Crab)

Results:
[Crab nebula]

Detection: ~20ssss
Minimum detectable polarization(3 ssss): 34%

[Crab pulsar]
Detection: ~2s
Polarization: not possible

Input:
Source: Crab and its pulsar
Duration = 2 days
Polarization: 100%, 0%
Elevation during the flight mission was considered.
Photon background was considered.
Atmospheric absorption was considered.
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� Simulation
-- software: Cosima
-- Mass model – set D0 as passive material
-- Source: mono-energetic (662 keV) source with isotropic incidence

� Selection
-- Only events which are totally absorbed by sensitive volume to 
exclude the events which are incomplete absorbed, scattered from
passive material or vetoed by shield.

� Tracking and accumulating events into a 2D histogra m.

� To do effective area calculation

� To smooth distribution

Field of view simulation
(angular dependence of effective area)



Effective area map

NCT field-of-view at 662 keV

Effective Area (cm2)
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Effective area curve fitting

NCT field-of-view at 662 keV in 
polar coordinates (top hemisphere)

Front

Back

� Effective area curve

-- Random fluctuation ~4%

� Simulation/data points

-- Nuclearizor

-- Alan’s “Selection 2 criteria”

� Fitting function

fideal (q) : Linear interpolation of the histogram
A: Efficiency factor which depends on 
photo/Compton ratio, hardware efficiency, 
reconstruction rate, selection criteria, et al. is 
supposed as a function of energy but not incidence 
direction.

)(*)( qq idealfAf =

Zenith



Effective area curve fitting

� A = 0.38
� Effective area curve is fitted to simulation points 

well except a point (q=0) due to interpolation.
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Background simulation

� Not yet…

Comparison of TGRS spectrum with Mote Carlo simulation.



Response files for analysis

� RMF (redistribution matrix file)

� ARF (auxiliary response file)

� Point spread response



2009 flight data analysis

� Spectrum

� Exposure maps

� All sky image in detector coordinates

� All sky image in galactic coordinates

� Light curves 



Spectrum

The observation duration was 
about 8 hours. The highest 
spectral line is the 511 keV
annihilation line, while the lines 
around 842 keV and 1014 keV
are possibly from the 
aluminum solar shields. The 
spectral line around 600 keV
has not been determined. 



Exposure maps (galactic coordinates)
A simple field of view is assumed.

q < 60o : uniform effective area
otherwise: insensitive

Atmospheric absorption is not considered.

Period 1
Start : 09-05-17 7:43
End: 09-05-17 10:45
Comment: during launching

Period 1
Start : 09-05-17 7:43
End: 09-05-17 10:45
Comment: during launching

Period 2
Start: 09-05-17 10:45
End: 09-05-17 18:18
Comment: Crab

Period 2
Start: 09-05-17 10:45
End: 09-05-17 18:18
Comment: Crab

Period 3
Start: 09-05-17 18:18
End: 09-05-18 01:27
Comment: 3 AGNs

Period 3
Start: 09-05-17 18:18
End: 09-05-18 01:27
Comment: 3 AGNs

Period 4
Start: 09-05-18 7:00
End: 09-05-18 13:13
Comment: syg X-1, cas A, Crab

Period 4
Start: 09-05-18 7:00
End: 09-05-18 13:13
Comment: syg X-1, cas A, Crab



d > 0 cm

d: distance between first two interactions

All sky image in detector coordinates (Period 2)

d > 3 cm

Strange feature

d > 1 cm

Strange feature

Phi

Theta

?



Effective Area (cm2)
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Field of view

Image

All sky image in detector coordinates (Period 2)



All sky image in galactic coordinates
(Period 2)

Exposure map

All sky image



All sky image

It applied an energy selection (0 ~ 500 keV) and a distance selection (> 
1cm). The expected crab position has been circled by a red circle in the 
image. It is hard to say there is a significant point source before any further 
analysis.



Light curves

Period 1
Start : 09-05-17 7:43
End: 09-05-17 10:45
Comment: during launching

Period 1
Start : 09-05-17 7:43
End: 09-05-17 10:45
Comment: during launching

Period 2
Start: 09-05-17 10:45
End: 09-05-17 18:18
Comment: Crab

Period 2
Start: 09-05-17 10:45
End: 09-05-17 18:18
Comment: Crab



Polarization calibration

� First time to successfully measure 
polarization in laboratory.
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Something else shall be done…

� Bad data filtering
� Background simulation
� Response files for analysis
� Image reconstruction 
� Analysis tools
� Calibrations



Thank you!!Thank you!!



Some simulation examples



Knödlseder, 1997, Oberlack,1997, Plüschke, 2001

Comptel all sky image of 26Al 
(1.8MeV)

multiresolution regularized 
expectation maximization

maximum likelihood

maximum entropy
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