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X-rays from the Sun 

The first astronomical X-ray experiments were performed in the 
US in1948 and 1949 using captured WWII V2 rockets. X-rays were 

detected from the Solar corona by Herb Friedman and 
collaborators at the US Naval Research Lab (in Washington DC). 

 

. 
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Giacconi et al., 1962 

Sco X-1 

X-ray background 

The First Extra-Solar X-ray Detection 
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Riccardo Giacconi 
receives 2002 Physics 
Nobel Prize from King 

of Sweden 
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• IXAE on IRS-P3 

•  Launched on March 21, 
  1996 from SHAR  

•  IXAE PPCs on top deck  
   with remote sensing 

   instruments 
•  Stellar mode observations 
  for about 2/3 months in a 

  year 
•  IXAE switched off after 5 
   yrs of operation due to 

  depletion of fuel for  
   pointing control 
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ASTROSAT Mission  Overview 

•  Mission :  Simultaneous Multi wavelength Astronomy  
                      observations  visible to hard x-ray  

•  Orbit Altitude : 650 km, Inclination : 6 deg. – near equtorial 
•  Mass :1550 kg (~800 kg science payloads) 

•  Power: 2100 watts 
•  Payload pointing  :  0.05 deg 

•  Slew rate   : 0.6 deg/sec 
•  Launch: By PSLV XL,  –From Sriharikota 

•  Initially planned in October, 2015 
 preponed to September 2015 
•  Operational life : 5 years 
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ASTROSAT has total five science instruments and  LAXPC is one of the major instruments. It is a low resolution  
spectroscopy instrument with large effective area and very fine time resolution capabilities. There   are  three 
identical LAXPC units shown as red boxes in the figure. 

29/05/15 J S Yadav 9 



Design Goals 
•   All three detectors to use a common and accurate time 
reference. 
•  Three Independent and modular electronics systems for 
3 LAXPC Detectors.  

•  To ensure high reliability and adequate safety 
measures against single-point failures. 

•  To have adequate redundancy built into the electronics 
to overcome any failure of critical processing 
components.  

•  Optimum design in terms of power consumption , 
package size, weight and resources  utilisation like 
onboard storage memory.  
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n  Generate Stable & command selectable High 
Voltage  for detector operation. 

n  Detector background reduction : Only accept 
events, which are qualified through (a) Level 
Discrimination (b)Mutual coincident & (c) Anti 
coincident.    

n  Design evaluation by balloon flight in 2008. 
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Detector System Brief description 
 •  LAXPC Instrument consists of 3 

identical detectors. 
•  Each LAXPC has the following 
major components  : 
Field of View Collimator (FOVC)             
Window Support Collimator (WSC)                                      
Collimator Housing                                                                 
Anode Frames                                 
Detector Housing                         
Back Plate                                                                       
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Harness wiring of detector 
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Detector Front-End Electronics 	
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LAXPC Electronics 
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LAXPC	
  Flight	
  Packages	
  

LAXPC  
DETECTOR 1 
AS-LX-DT-10 

 
LAXPC  

DETECTOR 2 
AS-LX-DT-20 

 

 
LAXPC  

DETECTOR 3 
AS-LX-DT-30 

 

PROCESSING 
ELECTRONICS 1 

AS-LX-EL-10 

 
PROCESSING  

ELECTRONICS 2 
AS-LX-EL-20 

 

 
PROCESSING 

ELECTRONICS 3 
AS-LX-EL-30 

 

 
S. T. B. G. 

AS-LX-EL-40 
 

 
PURIFIER 

ELECTRONICS 
(XPDE) 

AS-LX-EL-50 
 

Ø  LAXPC	
  payload	
  has	
  8	
  flight	
  packages.	
  
Ø  Three	
  Detectors,	
  	
  
Ø  Corresponding	
  Processing	
  Electronics,	
  
Ø  Common	
  STBG	
  package,	
  &	
  XPDE	
  package	
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Flight model Electronics  On-Hold; Failure in hot cycle in Thermovac 
(both PE & STBG);  New card fabrication in progress 

 

In November 2012 

New Problems pop up: Capacitor issue, Pots issue, Purification issue 
ICs, noise current, clock speed  and many other 

The CDR review of all other ASTROSAT instruments (except LAXPC) were completed 
 in November 2012 when I was made in-charge of LAXPC instrument development.  
No CDR means that instrument design is not yet approved. One needs to develop first  
one unit and get CDR review  only then work on other units can be started. It took  
15 months to complete CDR review of LAXPC instrument. We worked  at card level,  
stack level and finally at instrument level to sort out various problems.  
 
Critical design Review  

  UVIT payload                June 2011 
  CZTI payload                November 2012 
  SXT payload                 November 2012 
  SSM payload                November 2012 

                                    LAXPC payload           January 2014 
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Shipping of last LAXPC detector to ISAC; 27 Sept. 2013 



Qualification & Test sequence 
Ø  Initial Bench test 
Ø  EMI/EMC test 
Ø  Vibration test  
Ø  Thermovac test  
Ø  Purification 
Ø  Pre calibration Gain Equalisation  
Ø  Full chain Calibration 
Ø  Final Bench test 
Ø  Baking prior to AIT handover in clean room 
Ø  Interface test to satellite buses on open panel 
Ø  Disassemble mode test   
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LAXPC Full chain: Detector + 
PE & STBG on EMI/EMC Table 
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LAXPC Detector on vibration table 
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Thermovac test of LAXPC 

All the parameters and functionality 
found OK  

and tests successfully   completed 
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After completing all  electronic & detector tests  and final calibration,  
all three flight units of LAXPC instrument were handed over to ISRO 
for integration with satellite on 20th October, 2014. LAXPC instrument  
is the  second instrument  (after SXT) to be handed over to ISRO, 
although its development was way behind in Nov., 2012. 
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Alignment of LAXPC units;  two units of LAXPC instrument are 
being tested on satellite bus 
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ASTROSAT assembled test in AIT, ISAC; May, 2015 
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Test set-up 

n  Three radioactive sources, 
Iron (Fe55 ), Cadmium 
(Cd109 ) & Amer i c i um 
(Am241), were used for the 
calibration of LAXPC flight 
detector. 

n  The thermovac chamber 
pressure were about 
~1x10-6 mbar at various 
temperature. 

n  The complete chain (Flight 
Detector + PE + STBG) 
was setup. 
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Calibration scan profile 
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Study of collimator characteristics & 
GEANT4 simulation 

•  Better calibration by developing remotely controlled x-y motion and  on/off 
   of radio active sources from out side the thermvac chamber 
•    Study of Collimator characteristics  
•     GEANT4 simulation of LAXPC detector 
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GEANT4 simulation for LAXPC30 unit & 
 results for Am source (all 5 layers) 
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Sorting out  purification cartridge issue in LAXPC30 at ISAC  
on 20th August, 2014 
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DT-­‐30	
  (August-­‐Sept.	
  2014)	
  
After 3 hrs  purification Am241 source. 
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Lx20 & LX30 spectra of Cd109 from each cells  
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LAXPC payloads peak channel & 
resolution at 20°c 
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The energy resolution for LAXPC30 is plotted as function of  1/SQRT(E)  
In the low energy range (4-30 keV).  The 30 keV is due to double events 

Of 60 keV line. 

LAXPC energy resolution is similar to CZTI around 40 keV. While Below 
40 keV, LAXPC energy resolution is better  but  worse at higher energies 
( at 22 keV ~12% For LAXPC and ~31% for CZTI while at 60 keV ~14% 

for LAXPC and 8% For CZTI. 

Energy resolution 
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 RXTE/PCA is one of the most successful mission among all current/recent past X-ray  
space missions. LAXPC instrument will have four  times or more effective  area  above  
20 keV as compared to RXTE/PCA. It can detect 0.1 mcrab sources in few thousand second.  

Advantages of LAXPC over RXTE/PCA 
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Science goals: Spectroscopy and  temporal 
variability  in 3-80 keV energy range 

 

•    Active Galactic Nuclei   

•    Astrophysics of Compact Objects  
       Black hole and Neutron Star X-ray binaries           
•    Supernovae & Nucleosynthesis  

 

•    Origin and Nature of Gamma-ray Bursts  

•    Diffuse background  
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Einstein Schwarzchild Eddington Chandrasekhar Oppenheimer 

Τheory of  
gravitation: 
black holes  
should exist  

	



Ηorizon: 
Rs= 2 G M/c 

~3 M/ M¤ km 
	



White dwarfs: 
Rwd = RT 

 

Limit of mass  
for white dwarfs: 

Mwd < 1.4 M¤ ⇒  

Neutron stars:  
M > 1.4 M¤ 
R ~ 20 km  

Black holes: 
M > 3 M¤ 

Black holes have mass, angular momentum, charge (?), but no material surface 
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Accretor has mass M and radius R, gravitational energy release/mass is 

R
GMEacc =Δ

For accretion on to a neutron star 

)10,( kmRMM sun ==
gmergEacc /1020=Δ
42 
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compare with nuclear fusion yield (mainly Hà He)  

gmergcEnuc /106007.0 182 ×==Δ

Accretion on to a black hole releases significant fraction of rest—mass  
energy: 

2//2 22 cEcGMR acc ≈Δ⇒≈

      (in reality use GR to compute binding energy/mass: 
       typical accretion yield is roughly 10% of rest mass) 

 
This is the most efficient known way of using mass to get energy: 
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Eddington Luminosity 
 
 
 
 
 
 
 
Outgoing photons from M scatter material 

(electrons and protons) accreting. 

r M m 

F grav F rad 

Accretion rate 
controlled by 

momentum transferred 
from radiation to mass 

Newton
r
MmGFgrav 2=

Note that R is now 
negligible wrt r 
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thus accretion is inhibited once  gravrad FF ≥ , i.e. once 

serg
M
McGMm

LL
sunT

p
Edd /10

4 38==≥
σ

π

Eddington limit:  
bright quasars must have 

  
 

brightest X—ray binaries 
 
 
 

sunMM 810>

sunMM 10>
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Science  with LAXPC 

•    New transient sources (scan mode) 
•   Outbursts (only 3-4  sources fully covered) 
•   Number of X-ray states  
•   X-ray state corresponding to highest accretion rate 
•   Flares/ bursts   (origin of these X-ray bursts) 
•    Transition of low hard to high soft state 
•   Low and high QPO 
•   accretion disk and radio jet  connection; prediction 
    of transient radio jets 
•   transient sources;  black hole and neutron star binaries 
•   Many more 
 

Outburst  
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Frequent outbursts; two sources 
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Similar scan program for LAXPC instrument  
(sensitivity around 0.1 mCrab). LAXPC instrument 
is likely to discover many new transient sources. 
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Transients 
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Black hole X-ray binaries 
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Belloni   2006  

Remillard   & McClintock  2006; 

X-ray outburst  evolution & X-ray states  GX 339-4 
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Fender and Belloni 2004;    jet line , Unified jet model 

Outburst: X-ray and radio jet connection  
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Left vertical branch of  
Outburst for two source 

(HS) 

Lower horizontal  branch of  
Outburst for three sources 

(HIMS) 
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IXAE  June-Aug. 1996-2001 
Data of GRS 1915+105 observed in June 1997 

J. S. Yadav  et al  ApJ (1999) v. 517,p 935 
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Pahari, Yadav and  Bhattacharyya ApJ (2014) 783, p141 

Now two sources show such X-ray bursts 
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Bursts  are explained as removal  
And replenishment of matter forming 
Inner disk due to a  thermal-viscous  
instability 
Belloni et al  1997,  Paul et al 1998, Yadav et al 1999 
 
But it does not explain the source of  hard 
X-rays 
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Eikenberry et al 
1998; 

Mirabel et al 1998 
 

Yadav J S, ApJ  
(2001) 548,876 
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QUASAR-MICROQUASAR ANALOGY 
                                        

 
 

 
n  The scales of length and time  
     are proportional to MBH  
     Rsh = 2GMBH/c2  ; ΔT α MBH

 

n  The maximum color 
temperature of the accretion 
disk is Tcol α (M/ 10M¤)-1/4   

QUASAR                       MICROQUASAR	

   Mirabel & Rodriguez, 

 Nature 1998, 392  
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Connection between accretion disk  and  
large superluminal radio jets  

Yadav J S ApJ  (2006) 646, p385 
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Neutron star X-ray  binaries; cyclotron line 
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Spin period evolution of GX 1+4 (Gonzalez-Galan et al. 
A&A 2011) 
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The solid line denotes the relation, f (Hz) = 1862(MBH/M⊙)−1 derived from three X-ray binaries 
(Remillard & McClintock 2006). The long-dashed line denotes the relation, f (Hz) =2030.8(MBH/
M⊙)−1 for a model of 3:2 resonance and spin parameter a = 0.996; the dotted-dashed line denotes 

the relation, f (Hz) =3068.9(MBH/M⊙)−1 for a model of 3:1 resonance and spin parameter a = 
0.996; dotted line denotes the Kepler frequency for a non-spinning Schwarzschild black hole at the 

innermost stable circular orbit. 

Relation 
between QPO 
Frequency and 

BH Mass 
(Zhou et al. ApJ 

Lett, 2014) 
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Conclusions 
1.   All three LAXPC flight units were handed over to AIT 

on 20th Oct. 2014 after successfully completing all 
space qualification tests. This hand over was within 9 
months of LAXPC payload CDR held on 27th January, 
2014.  

2.  Now all Astrosat payloads are assembled at AIT, ISAC 
and the LAXPC payload has been tested successfully in 
May, 2015. 

3.  We have achieved  detector performance as  proposed 
initially. All observations are done in scan mode which 
is close to orbit mode. 

4.  In event mode, we have achieved 10 micro second 
resolution and all issues related to timing are resolved. 
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Conclusions 
  
    LAXPC instrument is about 4-5  times  more sensitive then PCA/

RXTE and hence it has capabilities to define thermal and non 
thermal component  contributions  much better.  LAXPC  will have 
important contribution to  X-ray binaries (black hole and neutron 
star binaries)  and AGNs. In case of black hole binaries,  

     LAXPC will contribute to  
Ø  Discover many new transients. 
Ø  Full coverage of outbursts for many more sources ( 3-4 sources at 

present) 
Ø  Our understanding of X-ray states (state corresponding to highest 

accretion rate. 
Ø  X-ray burst in many more sources and their origin 
Ø  Low and high QPOs in many sources 
Ø  X-ray and radio connection for superluminal jets and many more 
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 Thank you  
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 Anti Anode A10 of AS-LX-DT-10 package made in-operational  due to 
HV loading  in Anode 10 during Post vibration thermovac.  
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Timing characteristics: In event mode, there is no problem and 
10 micros time resolution is achieved LAXPC   10  AND 30     RXTE/PCA 

Black line when period is n*10 µs 
Red line when  period is (n+0.02)*10µs  

Folded spectra 
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