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In order to determine ho w m uc h of the 
ux in our source region is actually from

the outer parts of the galaxy cluster, w e split the cluster in to t w o comp onen ts, and

ra ytraced these images indep enden tly using the SA Osac soft w are. W e assume that

using a � =1.035' observ ation for the baseline image to ra ytrace is appropriate to

study ho w the source c hanges as it is mo v ed further o�-axis. W e set the relativ e

w eigh ts of the inside and outside regions b y dividing the ratio of inside/outside 
ux

for the observ ation b y that of a ra ytrace with equal photon densities. Ra ytracing

the inside and outside sources indep enden tly allo ws us to determine the relativ e

con tributions at a giv en p osition. W e also com bine the inside and outside ra ytraces

to mak e direct comparisons to the observ ations.

In order to minimize the con tamination from outer parts of the source y et max-

imize the amoun t of 
ux w e get from the source, w e c ho ose an ellipse where 1% of

the 
ux in the o�-axis ra ytraces comes from the outside region. A line is dra wn in

Figure3a b elo w to indicate this ellipse (63-pixel semi-ma jor axis).

As in the previous analysis, w e presen t 3 diagnostic ratios b et w een the o�- and

on-axis observ ations. Tw o of these ratios include p osition- and energy-dep enden t

corrections, for whic h w e create exp osure maps in giv en energy bands, w eigh ted b y a

�t to the on-axis sp ectrum. The data are bac kground subtracted using the standard

A CIS bac kground datasets, normalized b y the high-energy (9.5-12 k eV) coun ts in

the observ ation.

� the ra w coun ts ratio R

1

, whic h is the observ ed vignetting function, whic h

includes all e�ects in the system (mirrors, supp ort structures, detector non-

uniformities, etc.)

� QE-corrected surface brigh tness ratio, R

2

. If the CALDB QE curv es are cor-

rect, then this ratio is the telescop e optical vignetting, whic h w e assume to b e

pure HRMA vignetting.

� QE+EA corrected surface brigh tness ratio, R

3

, where EA is the HRMA e�ec-

tiv e area from the CALDB. Since these are corrected for all vignetting e�ects,

this ratio w ould equal unit y for an accurate vignetting correction.
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where � is the surface brigh tness, N is the n um b er of coun ts, A is the area of the region, t is the

e�ectiv e exp osure time, f is the bac kground-scaling factor based on high-energy 
uxes, and Q and V

are the QE and vignetting corrections in the CALDB. Subscripts 0 and 1 denote on-axis and o�-axis,

resp ectiv ely , while s and b refer to source v ersus bac kground.
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Figure 3. a)Cum ulativ e coun ts for the o�-axis ra ytraces sho wing the cut-o� of our source region.

b)O�-axis/On-axis surface brigh tness ratios for G21.5-0.9, � =5'. c)Surface brigh tness ratios for Ab ell

1795 (1000 coun ts p er energy bin). d)Surface brigh tness ratios for Ab ell 1795 (0.25 k eV energy bins).

1

QE v ariations b et w een these t w o observ ations sho w up when the ra w coun ts ratios

and QE-corrected ratios, R

1

and R

2

resp ectiv ely , are not in agreemen t with eac h

other, as they w ere for G21.5. This is esp ecially eviden t at lo w energies b ecause of

the con tamination of the A CIS OBF. The QE+EA corrected ratios sho w that the

HRMA vignetting in the CALDB is go o d to within 10% and sho ws some indication

that the G21.5 measuremen ts are a�ected b y pileup, causing R

3

to b e greater than 1.

F uture impro v emen ts to the vignetting measuremen t ma y include using larger source

regions o�-axis to trac k the gro wth of the PSF, ensuring that w e are comparing

consisten t regions of the astroph ysical source.
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W e extend our calibration of the as-measured vignetting of the fo cal

plane b y the Chandr a optics b y analyzing an o�-axis p oin ting of A1795, a

galaxy cluster. The observ ation yielded data whic h are relativ ely brigh t,

y et not piled up. Earlier measuremen ts of telescop e vignetting using

G21.5-0.9 are complicated b y pileup. W e ha v e p erformed a sensitivit y

analysis to determine the e�ect of the extended nature of A1795 on

measuremen ts of the vignetting. W e presen t the results of this analysis

as w ell as the determined vignetting v alue in the con text of our previous

�ndings.

1

Earlier measuremen ts of the HRMA vignetting

1

used a series of o�-

axis observ ations of the brigh t sup erno v a remnan t G21.5-0.9. Ideally

vignetting measuremen ts w ould b e made with a brigh t p oin t source,

but w e are limited b y pileup as w e m ust use A CIS for sp ectral sen-

sitivit y . Surface brigh tness ratios for G21.5, corrected for HRMA vi-

gnetting, actually sho w ed v alues greater than unit y , p oin ting to w ard

either a pileup problem or an o v erestimate in the vignetting correction

from the telescop e mo dels. Analysis of t w o A CIS \standard candles" b y

Alexey Vikhlinin

2

, G21.5 and E0102, p oin ts to pileup as a problem in


ux measuremen ts of these t w o SNRs. The pileup fraction is as large

as 5.4% for on-axis observ ations of G21.5. Vikhlinin

3

also p oin ted out

that on- and o�-axis observ ations of the galaxy cluster Ab ell 1795 w ere

a v ailable, and his preliminary analysis yielded corrected 
ux ratios of

� 1. Since the extended nature of the source adds complications to the

vignetting analysis, w e p erform a sensitivit y study to examine con tami-

nation from other parts of the source as the PSF broadens o�-axis.

1

Figure 1: a) OBSID 5287, 1.035' o�-axis, on A CIS-S3. b) OBSID 5290, 6.683' o�-axis, on A CIS-I3.

Source region to b e an ellipse suc h that 1% of 
ux o�-axis is from outside of the ellipse, as determined

from ra ytraces.

1

W e use t w o 15 ksec A CIS observ ations of Ab ell 1795 whic h are relativ ely

brigh t and do not su�er from pileup. Unlik e the observ ations of G21.5,

the A1795 observ ations do not trac k the source with the SIM in order

to minimize the QE di�erences. OBSID 5287, our on-axis observ ation,

is actually 1.035' o�-axis. The o�-axis observ ation is OBSID 5290, and

w as tak en 6.683' o�-axis. This 6.7' observ ation places Ab ell 1795 in

the corner of I3, so the ra w coun t ratios are a�ected b y QE di�erences

b et w een observ ations, esp ecially at lo w energies due to the con tamina-

tion of the A CIS OBF. W e c ho ose an ellipse for our source region suc h

that 1% of the 
ux o�-axis is scattered in from outside the ellipse, as

determined b y the ra ytraces.
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Figure 2: a) Inside and outside regions ra ytraced from 1.035' image, at � =1.035' (top ro w) and

� =6.683' (b ottom ro w). b) Comparison of observ ations (top ro w) to ra ytraced images (b otto wn ro w).
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