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PSF in-flight calibration - MOS 1 - MOS 2

ENERGY RANGES:

0.3 keV [200-400] eV
0.6 keV [400-800] eV

1.0 keV [800-1200] eV
1.8 keV [1200-2400] eV

3.7 keV [2400-5000] eV
6.5 keV [5000-8000] eV

10.0 keV [8000-12000] eV

SOURCES:

ON-AXIS
CAPELLA EXO0748-67  3C273

GX13+1 HR1099        PKS0558
LMC X-3 PKS0312       PSR0540

OFF-AXIS     (> ~ 2 arcmin)

HR1099 6.44 (arcmin)

CAPELLA 9.00; 4.48

(Capella) 9.48

GX13+1 5.53; 9.00;9.18;1.92
(GX13+1) 11.89; 2.74; 6.26

3C273 6.31;1.55
PSR0540 9.83

(HCG016) 11.52
(LMC) 11.9; 5.63

OMC2/3 0.34 --> 10.44

THE DATA SET
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PSF in-flight calibration - MOS 1 - MOS 2

Building the radial profile

FOR EACH MOS

•we merged the observations having
•the same source target

•the same pointing position
•different filters and/or operative mode --->  

---> different pile-up levels

•The centroid is determined accounting 
•for the mask of the detector

•For each curve a good fitting range 
•must be defined (points suffering 

•for pile-up must be excluded).
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PSF in-flight calibration - MOS 1 - MOS 2

Algorithm for the averaged radial profile

•Energy selection and pattern (0-12) selection

BASIC METHOD
We bin the image (with larger bins at larger radii)

RADIAL PROFILE: dN/dA (the area is not 2ππrdr because of the mask) 

each (squared) pixel is assigned to the (round) bin to which its 
CENTER belongs

for these pixels it works fairly

these pixels belong to two different bins in comparable fractions

the effect is less important at larger radii

ADDITIONAL RECIPE ADDED TO THE BASIC PROCEDURE
We enclose each pixel in a circle.

If the circle is fully enclosed in the bin then the pixel is too.

If the circle is partly enclosed in another bin, the pixel may 
belong to two bins: we divide such pixels in NSUBPIXELS
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PSF in-flight calibration - MOS 1 - MOS 2

m we want an analytical function to describe the PSF

m according to the ground calibration results (FM1)

PSF = KING + GAUSS

m In orbit PSF

PSF = KING + GAUSS + BKG

BKG in the data is high and Gauss component becomes negligible. Fitting is 
Gauss parameters-insensitive

m Data often suffer of pile-up. The King slope is well sampled but a large 
set of data is not useful for the core radius.

A Model for the PSF
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PSF in-flight calibration - MOS 1 - MOS 2

King profile

core slope

Two shape parameters: core radius and slope.

IT CAN BE INTEGRATED ANALYTICALLY IN rdr!!!
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I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

I n  o r d e r  t o  e n h a n c e  t h e  s t a t i s t i c s,  w e  f i t  s i m u l t a n e o u s l y  t h e  d i f f e r e n t  
c u r v e s  w i t h  d i f f e r e n t  p i l e- u p  l e v e l s

P S F  =  K i n g  +  B K G

αα e r c a r e  t h e  s a m e

f o r  t h e  d i f f e r e n t c u r v e s

B K G  a n d  t h e  n o r m a l i z a t i o n

a r e  d i f f e r e n t  f o r  e a c h  c u r v e  

f o r  e a c h  e n e r g y  a n d  o f f - a x i s  a n g l e  w e  d e r i v e  αα a n d  rc .

F i t t i n g  t h e  r a d i a l  p r o f i l e s



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U S :  

t e n d s  t o d e c r e a s e  w h e n  

e n e r g y  i n c r e a s e s  ( L I N E A R ).

S L O P E :S L O P E :S L O P E :

t h et h et h e s l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g ys l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g ys l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g y

((( s l i g h t l y  d e c r e a s i n g  s l i g h t l y  d e c r e a s i n g  s l i g h t l y  d e c r e a s i n g  --- L I N E A R ) .L I N E A R ) .L I N E A R ) .

F O R  F I X E D  O F F - A X I S

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

O F F - A X I S  =  0 . 1 5  ( a r c m i n)



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U S :  

t e n d s  t o d e c r e a s e  w h e n  

e n e r g y  i n c r e a s e s  ( L I N E A R ).

S L O P E :S L O P E :S L O P E :

t h et h et h e s l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g ys l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g ys l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g y

((( s l i g h t l y  d e c r e a s i n g  s l i g h t l y  d e c r e a s i n g  s l i g h t l y  d e c r e a s i n g  --- L I N E A R ) .L I N E A R ) .L I N E A R ) .

F O R  F I X E D  O F F - A X I S

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

O F F - A X I S  =  5 . 6 6  ( a r c m i n)



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U S :  

t e n d s  t o d e c r e a s e  w h e n  

e n e r g y  i n c r e a s e s  ( L I N E A R ).

S L O P E :S L O P E :S L O P E :

t h et h et h e s l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g ys l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g ys l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g y

((( s l i g h t l y  d e c r e a s i n g  s l i g h t l y  d e c r e a s i n g  s l i g h t l y  d e c r e a s i n g  --- L I N E A R ) .L I N E A R ) .L I N E A R ) .

F O R  F I X E D  O F F - A X I S

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

O F F - A X I S  =  1 1 . 8 9  ( a r c m i n )



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

t e n d s  t ot e n d s  t ot e n d s  t o d e c r e a s e  w h e n  d e c r e a s e  w h e n  d e c r e a s e  w h e n  

e n e r g y  i n c r e a s e s  e n e r g y  i n c r e a s e s  e n e r g y  i n c r e a s e s  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

t h e s l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g y

( s l i g h t l y  d e c r e a s i n g  - L I N E A R ).

F O R  F I X E D  O F F - A X I S

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

O F F - A X I S  =  0 . 2 5  ( a r c m i n)



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

t e n d s  t ot e n d s  t ot e n d s  t o d e c r e a s e  w h e n  d e c r e a s e  w h e n  d e c r e a s e  w h e n  

e n e r g y  i n c r e a s e s  e n e r g y  i n c r e a s e s  e n e r g y  i n c r e a s e s  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

t h e s l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g y

( s l i g h t l y  d e c r e a s i n g  - L I N E A R ).

F O R  F I X E D  O F F - A X I S

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

O F F - A X I S  =  1 . 7 2  ( a r c m i n)



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

t e n d s  t ot e n d s  t ot e n d s  t o d e c r e a s e  w h e n  d e c r e a s e  w h e n  d e c r e a s e  w h e n  

e n e r g y  i n c r e a s e s  e n e r g y  i n c r e a s e s  e n e r g y  i n c r e a s e s  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

t h e s l o p e  i s  r o u g h l y  c o n s t a n t  w i t h  e n e r g y

( s l i g h t l y  d e c r e a s i n g  - L I N E A R ).

F O R  F I X E D  O F F - A X I S

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

O F F - A X I S  =  1 0 . 4 2  ( a r c m i n )



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U S :  

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e  ( L I N E A R ).

S L O P E :S L O P E :S L O P E :

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l ea x i s  a n g l ea x i s  a n g l e ((( L I N E A RL I N E A RL I N E A R ).).) .

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w  d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w  d a t a  a r e  a v a i l a b l e .

E N E R G Y  =  1 . 0  k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U S :  

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e  ( L I N E A R ).

S L O P E :S L O P E :S L O P E :

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l ea x i s  a n g l ea x i s  a n g l e ((( L I N E A RL I N E A RL I N E A R ).).) .

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w d a t a  a r e a v a i l a b l e .

E N E R G Y  =  3 . 7  k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U S :  

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e  ( L I N E A R ).

S L O P E :S L O P E :S L O P E :

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l ea x i s  a n g l ea x i s  a n g l e ((( L I N E A RL I N E A RL I N E A R ).).) .

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w d a t a  a r e a v a i l a b l e .

E N E R G Y  =  6 . 5  k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l e  a x i s  a n g l e  a x i s  a n g l e  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e ( L I N E A R ).

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w d a t a  a r e a v a i l a b l e .

E N E R G Y  =  1 . 0  k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l e  a x i s  a n g l e  a x i s  a n g l e  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e ( L I N E A R ).

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w d a t a  a r e a v a i l a b l e .

E N E R G Y  =  3 . 7  k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l e  a x i s  a n g l e  a x i s  a n g l e  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e ( L I N E A R ).

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w d a t a  a r e a v a i l a b l e .

E N E R G Y  =  6 . 5 k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  r c ( E ,  ϑϑ )

αα =  αα (E ,  ϑϑ )

C O R E  R A D I U SC O R E  R A D I U SC O R E  R A D I U S :  :  :  

i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  i s  r o u g h l y  c o n s t a n t  

w i t h  o f fw i t h  o f fw i t h  o f f --- a x i s  a n g l e  a x i s  a n g l e  a x i s  a n g l e  ((( L I N E A RL I N E A RL I N E A R ).).) .

S L O P E :

i s  r o u g h l y  c o n s t a n t  

w i t h  o f f - a x i s  a n g l e ( L I N E A R ).

F O R  F I X E D  E N E R G Y

A t  h i g h e r  o f f - a x i s  a n g l e s  f e w d a t a  a r e  a v a i l a b l e .

A t  h i g h e r  e n e r g i e s  f e w d a t a  a r e a v a i l a b l e .

N o  d a t a  f o r  h i g h  E N E R G I E S  A N D  O F F - A X I S  A N G L E S .

N o  c a l i b r a t i o n  i s  p o s s i b l e  f o r  t h e s e  v a l u e s.

E N E R G Y  =  6 . 5  k e V



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  a  +  b  ·  E +  c  ·  ϑϑ +  d  ·  E ·  ϑϑ

αα = x  +  y  ·  E +  z  ·  ϑϑ +  w  ·  E ·  ϑϑ

2  D I M E N S I O N A L  F I T  
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P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

K i n g  C o r e  R a d i u s  f o r  M O S  1



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

K i n g  S l o p e  f o r M O S  1



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c =  a  +  b  ·  E +  c  ·  ϑϑ +  d  ·  E ·  ϑϑ

αα = x  +  y  ·  E +  z  ·  ϑϑ +  w  ·  E ·  ϑϑ

2  D I M E N S I O N A L  F I T  
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P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

r c a n d  α a r e  f i x e d  t o  t h e  b e s t  f i t  p a r a m e t e r s .

T h e  n o r m a l i z a t i o n  a n d  t h e  b a c k g r o u n d  a r e  f r e e  p a r a m e t e r s .
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r c a n d  α a r e  f i x e d  t o  t h e  b e s t  f i t  p a r a m e t e r s .

T h e  n o r m a l i z a t i o n  a n d  t h e  b a c k g r o u n d  a r e  f r e e  p a r a m e t e r s .
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R a n g e  o f  A p p l i c a t i o n

C a l i b r a t i o n  h e r e  i s  w e l l  s a m p l e d  
a n d  t h e  m o d e l i z a t i o n  p r o v i d e s  a 
g o o d  d e s c r i p t i o n  o f  t h e  P S F .

F e w  s c a t t e r e d  d a t a  w i t h  l a r g e  
e r r o r s  a r e  a v a i l a b l e  h e r e .  T h e  
m o d e l e d  P S F  m u s t  b e  u s e d  w i t h  
c a u t i o n.

N o  d a t a  a r e  a v a i l a b l e  h e r e .  
N o  c a l i b r a t i o n  i s  p o s s i b l e  i n  
t h i s  r e g i o n.

D O N ’  T  U S E  T H E  M O D E L  
F O R  T H E S E  V A L U E S .



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

E N C I R C L E D  E N E R G Y  F R A C T I O N

E E F  a l s o  f o r  p i l e d - u p  s o u r c e s .

E E F  I S  A N A L Y T I C A L

R a d i i  e n c l o s i n g  5 0 %  a n d  8 0 %  o f  t h e  e n e r g y  

a t  1 . 5  k e V,  8  k e V ,  9  k e V  f o r  t h e  o n - a x i s  P S F .



I F C / C N R M i l a n o , N o v e m b e r 7 t h ,  2 0 0 1

P S F  i n - f l i g h t  c a l i b r a t i o n - M O S  1  - M O S  2

• A n  a n a l y t i c a l  m o d e l  f o r  t h e  P S F  a n d  t h e  E E F  h a s  b e e n  p r o v i d e d  

•U s i n g a  w i d e  s e t  o f  d a t a ,  t h e  b e s t  f i t  p a r a m e t e r s  a r e  p r o v i d e d  a s  
f u n c t i o n s  o f  t h e  e n e r g y  a n d  o f  t h e  o f f - a x i s  a n g l e .

•A  r a n g e o f a p p l i c a t i o n o f t h e m o d e l i s  d e f i n e d :

•A t  h i g h  e n e r g i e s  a n d  o f f - a x i s  a n g l e s n o  c a l i b r a t i o n  i s  p o s s i b l e .

•T h e  m o d e l  m u s t  b e  u s e d  w i t h  c a u t i o n  a t  i n t e r m e d i a t e  
e n e r g i e s / o f f - a x i s  a n g l e s

• F u l l  d e t a i l e d  r e p o r t  a v a i l a b l e  a t

S U M M A R Y

N E X T PN  !

h t t p : / / w w w . i f c t r . m i . c n r . i t / ~ s i m o n a / P S F _ i n o r b i t M O S. p s


