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Overview
● Basic features

1)coded aperture mask

2)Collimator

3)CZT Detector

4)Alpha and veto detector
● Data reduction process

1. file structure

2. level1 to level2

3. cleaning of data

4. formation of products: image, lightcurve, 
spectrum, response files.

5. Data quality check

6. GRB 160325A detection

CZTI (AstroSat)
http://astrosat.iucaa.in/czti/?q=home



  

● CZTI is a hard X-ray imaging 
telescope

● Divided into four 
independent quadrants

● Can observe the source with 
20 micro-sec time resolution

● Good energy resolution 

Coded aperture mask

Collimator

CZT module

Veto detectors

Alpha–tagged 241 Am 
sources



  

Coded aperture mask
● It is at the top of the detector
● Incident X-ray photons reach the detector 

through this and collimator
● It consists of a structure of holes of square and 

rectangular shape
● Its shadow on the detector is used to find the 

location of the source
● It is used for imaging purpose
● It is made of Tantalum
● At higher energy, photons can pass through all 

direction and CZTI becomes open sky detector



  

Collimator
● X-ray photon reach on 

the CZT detector through 
collimator: made of 
tantalum and aluminum

● It restricts the field of 
view by 4.6 x 4.6 degree.

Collimator



  

Effective area of CZTI
● The effective area of CZTI 

depends on energy range and 
direction of incident photons

● Large decrease at energy ~ 
60 keV is due to Tantalum

● Effective area increases after 
100 keV because it becomes 
open detector at high energy

AstroSat Handbook Ver 1.11 page: 105



  

Veto detector

● It is used for background reduction
● It is a 20 mm thick CsI(Tl) scintillator
● Signals are amplified by a photomultiplier tube
● When high energy charged particle or photon 

hit the detector
● It generates light emission
● PMT amplifies the signal
● Time of incidence is noted
● Any event reach on the detector at that 

instance is removed

Veto detector



  

alpha–tagged radioactive
sources

● It is used for calibration purpose
● Radioactive source Am 241 is embedded with scintillator CsI (Tl) crystal
● Alpha particle emission is detected in the scintillator which was modified by amplifier
● 59.5 keV X-ray photons emitted during the disintegration of radioactive material 

pass through Scintillator and reach on the detector
● Pulse created by the alpha particle is time tagged so we can find the 59.5 keV 

photons.
● We already studied 59.5 keV line at different conditions (like temperature, pixels 

behaviour, voltages) when it was on the ground
● We use this information for the purpose of calibration



  

Data reduction process
● Download: software, CALDB, and data
● File structure
● Level1 to level2
● cleaning
● Formation of image
● Formation of lightcurve, spectra and response files



  

Sotware and CALDB: download
● Download software and CALDB from AstroSat 

Science Support Cell
● http://astrosat-ssc.iucaa.in/?q=cztiData
● Follow the instructions given in pipeline user guide

http://astrosat-ssc.iucaa.in/?q=cztiData


  

Data download



  



  



  

File structure
Level1 data contents

● AS1G05_167T01_9000000456czt_level1_mcap.xml (text file)
● AS1G05_167T01_9000000456czt_level2.mkf
● Aux (directory)
● LEVL1AS1CZT20160515G05_167T01_9000000456_dqr_V1.

2.xml (text file)
● ModeM0 (directory)
● ModeSS (directory)

Modes of data:
ModeM0: default mode: science data
ModeM9: during SAA region
ModeSS



  

aux
Aux1 folder

Aux2 folder

Aux3 folder

.tct file .att file

.orb file

.lbt file

.orb file

modeM0 Science data, fits file
modeSS Temperature information 

every 100 sec

.tct file

.att file



  

Level1 to Level2 event file
● Level1 data: packets of 2048 bytes
● Extract information and write into level2 event 

file
● Level2 event file: contain information about 

time, position and energy of each event in 
tabular format



  

● Level1 to level2 is done by the task cztscience2evt
● Input:1. level1 event file

         2. tct file
● Output: 1. header file

             2. bunch file

             3. level2 science data file



  

Cleaning
● Charged particle background
● Hot and noisy pixels
● SAA region
● Earth occultation



  

Particle background issue
● Bunched event: multi-hit event: events occurred within 30 micro sec
● Identified and recorded onboard
● Only single and double event are recorded others are removed
● Remove all events occurred within 0s time difference
● For less than or equal to bunch length threshold (20), ignore 0.001 

sec after the end of the bunch from module
● For greater than or equal to bunch length threshold (20), ignore 

0.001 sec after the end of the bunch from all modules



  

● Events correspond to 
charged particle are 
removed by the task 
cztbunchclean

● Input file: 1. event file    
               2. bunch file

● Output file: 1. bunch 
cleaned event file

               2. livetime file



  

      We switch off detectors in SAA region

Typical lightcurve with/without 
particle background correction

Veto detector  is used to remove the events 
due to charged particle
CZTI communicates with CPM and switch off 
the detector during SAA region



  

Pixel behaviour
● Dead pixel: no sensitivity to detect X-ray
● Noisy pixels: shows large fluctuation in counts 

1) Some pixels are noisy constantly 

2) Some pixels are noisy during the observation

3) Some pixels are noisy for short duration
● Bad pixels: bad energy resolution
● 7.27 percent of the total pixels are disabled

Total no of pixels disabled upto 31/11/2017
AstroSat Handbook Ver 1.11 
page: 105



  

● Detector lightcurve: remove data when the rate is 25 count /sec

● Pixel lightcurve: remove data when the rate is 2 counts/s
● This issue is solved by the task 

cztpixclean
● Input file: 1. event file, 

               2. livetime file 

               3. badpix file from                
         CALDB

● Output file: 1. corrected event file

                  2. livetime file

                  3. badpix file
● We can provide external bad pixel 

file also: cztflagbadpix



  

SAA region, earth occultation
● SAA region, earth occultation or large angular offset, etc are considered 

using the task cztgtigen
● Input file: 1. event file

                2. mkf file

                3. mkfthreshold file
● Output: 1. gti file

        ( both quadrantwise and common)
● This gti is applied by the task cztdatasel



  

Add PI and nominal energy column 
in the event file

● Use gain, offset, and ebounds from caldb
● Use SS mode event file: temperature of pixels
● E = gain  PHA + offset∗ PHA + offset
● From Ebounds, find to which PI bin does the computed energy belong
● This task is done by the command cztpha2energy
● Input files: 1. event file

                 2. event file with SS mode data
● Output files 1. Event file with Energy and PI columns added 



  

Remove events correspond to veto 
count and alpha particle

● Task: cztevtclean
● Input file: event file
● Ouput file: modified event file



  

Image formtion
● pointing direction of czti: cztgaas
● The patteron of total counts on each pixel: detector plane 

histogram (DPH) cztdpigen
● DPH corrected by the effective area of pixels: detector plane 

image (DPI) cztdpigen
● Cross-correlation of mask pattern with the DPI using Fourier 

technique produces a crude image of the field.
● Remove spurious noise



  

● Image formation is done using three tasks cztgaas, cztdpigen, 
and cztimage

● Cztgaas: input file: 1. event file

                              2. mkf file

                              3. teldef file from CALDB

                              4. gti file

output file: aspect file



  

cztdpigen: 
● Input file: 1.event file 

             2. efective area file from CALDB
● Output file:  1. Detector plane histogram (dph)

                   2. Detector plane image (dpi)

DPH

DPI



  

● cztimage: 
● Input file: 1. dpi file

               2. mask pattern  
                   from CALDB

● Output file: Image



  

Lightcurve, energy spectrum, 
response files

● These files are generated by the task 
cztbindata and cztrspgen



  

Single command to do all the task

cztpipeline



  

Data quality information
● Dqr webpage:

http://www.iucaa.in/~astrosat/czti_dqr/

http://www.iucaa.in/~astrosat/czti_dqr/


  



  

● Detector plane histograms are available for all the four quadrants separately. 
● It can give the idea of the distribution of noisy and dead pixels.



  

● Images of all the quadrants are given on 
DQR page.

● Before analysis, we should check whether 
source is visible or not.

● In the cases of faint sources we do not see 
such image



  

● Variation of 
large no of 
house keeping 
plots are given

● It also indicates 
acceptable 
range

● We can find out 
the time when 
detector shows 
abnormal 
behaviour



  

An example
GRB 160325A detection

"At 06:59:21.51 UT on the 25th of March 2016, the 
Fermi Gamma-Ray Burst Monitor triggered and located 
GRB 160325A (trigger 480581965 / 160325291), which 
was also detected by Swift (Sonbas et al. 2008, GCN 
19222). The GBM on-ground location is consistent with 
the Swift position. (gcn circular 19224)

● Ra= 15.697 (01:02:47.3)
● Dec= -72.702 (-72:42:07.2) (SWIFT/BAT)



  

● CZTI was observing a source 2E 0102-7217
● Luckily, it was pointing almost towards the GRB
● We took this data and applied a time filter 
● It is not necessary that CZTI should point toward GRB for detection
● At higher energy, it becomes an open detector
● GRB photon can be incident not only from collimator but from other directions also



  

Time when 
Fermi started 
seeing GRB

Time (sec)

V
et

o 
co

un
t

GRB lightcurve for 100 sec time 
interval from triggering time



  

SWIFT/BAT

BAT also observed this GRB.
GRB profile detected by AstroSat is 
consistent with BAT

Ref: 
https://swift.gsfc.nasa.gov/archive/grb_table/fullvie
w/160325A/



  

SWIFT/XRT

Afterglow ~120 sec
It started looking after 66 
sec from the trigger time



  

Konus: Gamma-Ray Burst Monitor

http://www.ioffe.ru/LEA/GRBs/
GRB160325_T25162/

It is a GRB monitor
It is launched on the spacecraft “GGS-
wind spacecraft”
It also observed double peak profile in 
44 sec.



  

AstroSat GRB archive
● http://astrosat.iucaa.in/czti/?q=grb

http://astrosat.iucaa.in/czti/?q=grb


  



  



  

Thank You
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