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ABSTRACT

The Advan
ed CCD Imaging Spe
trometer (ACIS) on the Chandra X-ray Observatory is su�ering a gradual

loss of low energy sensitivity due to a buildup of a 
ontaminant. High resolution spe
tra of bright astrophysi
al

sour
es using the Chandra Low Energy Transmission Grating Spe
trometer (LETGS) have been analyzed in

order to determine the nature of the 
ontaminant by measuring the absorption edges. The dominant element in

the 
ontaminant is 
arbon. Edges due to oxygen and 
uorine are also dete
table. Ex
luding H, we �nd that C,

O, and F 
omprise >80%, 7%, and 7% of the 
ontaminant by number, respe
tively. Nitrogen is less than 3% of

the 
ontaminant. We will assess various 
andidates for the 
ontaminating material and investigate the growth of

the layer with time. For example, the detailed stru
ture of the C-K absorption edge provides information about

the bonding stru
ture of the 
ompound, eliminating aromati
 hydro
arbons as the 
ontaminating material.

Keywords: Contamination, X-rays, Teles
opes, Spe
tros
opy

1. INTRODUCTION

Plu
insky et al. (2003)

1

showed that the dete
tion eÆ
ien
y of the Chandra

2

Advan
ed CCD Imaging Spe
-

trometer (ACIS)

3

de
lined monotoni
ally in the �rst three years. The de
line was parti
ularly apparent in the

strengths of the Mn and Fe L lines relative to the Mn K line from the external 
alibration sour
e; this ratio

dropped by 35%. The de
line was attributed to the buildup of a 
ontaminating layer on the ACIS opti
al blo
k-

ing �lter, whi
h is 
older than most 
omponents of the spa
e
raft interior. Plu
insky et al. examined data from

spe
tros
opy using the Chandra Low Energy Transmission Grating Spe
trometer (LETGS) used with the ACIS

dete
tor to show that the 
ontaminant had a very strong C-K edge and a possible weak O-K edge as well. At

the time, there was no dete
tion of the N-K edge and there was only a hint of an edge at F-K.

In this paper, we 
onstru
t a detailed empiri
al model of the absorption due to the 
ontaminant using

observations of bright 
ontinuum-dominated sour
es taken with the Chandra LETGS and ACIS. We also des
ribe

new features of this absorption model and the dete
tion of a F-K edge. A time dependent absorption model is


onstru
ted that 
an be used to 
orre
t Chandra grating spe
tra for absorption. This model is 
ompared to the

results from the external 
alibration sour
e. We �nd that there is still a 
omponent of the absorption that is

una

ounted for in the new absorption model that 
an 
ause systemati
 errors in the e�e
tive area of up to 15%.

These results rely on 
alibration analyses outlined by Marshall et al. (2003).

4

2. EARLY RESULTS

The problem was �rst noti
ed in a Guest Observer observation (see Fig.1) of Ton S 180 taken in De
ember 1999

(observation ID 811). This feature was subsequently dete
ted in the 
alibration observation of 3C 273 (taken in

January 2000; observation ID 1198). The residuals of the Ton S 180 and 3C 273 are 
ompared in Fig.1. The

similarity is quite striking and indi
ated that the di�eren
e was intrinsi
 to the instrument. The LETG/HRC-S

data from 3C 273 taken immediately prior to the LETG/ACIS-S observation do not show a 
omparable residual,


on�rming that the feature is not intrinsi
 to the sour
e.

Further author information: (Send 
orresponden
e to H.L.M.)

H.L.M.: E-mail: hermanm�spa
e.mit.edu, Telephone: 1 617 253 8573



Figure 1. Comparison of two LETG/ACIS-S observations of bright 
ontinuum sour
es. The residuals give the fra
tional

di�eren
es between the simple power law spe
tral model that was folded through the instrument response and the observed


ount spe
tra. Note the apparent edge at about 0.29 keV, whi
h is near the K edge of 
arbon. The data were adaptively

binned to obtain a signal to noise ratio of at lest 20 in ea
h bin, limited to a bin width < 5%E at energy E.

In April 2000, data from a mu
h brighter sour
e, XTE J1118+480, were obtained. Be
ause it was so bright

at 0.28 keV, the data were not rebinned, so that the �lter model 
ould be examined in detail. Fig. 2 shows the

C-K region and how a slight adjustment to the ACIS �lter model in energy (0.5 eV) and in opti
al depth at

C-K (13%) gives a good �t in the 0.283-0.287 keV region (near edge stru
ture) but that there is a strong sharp

edge above 0.287 keV. No reasonable adjustment of the �lter would be able to explain the ex
ess absorption

above 0.287 keV. Fig. 3 shows that the edge is also present in the +1 order, where the C-K edge is observed on

a frontside-illuminated (FI) 
hip, whi
h has signi�
antly less quantum eÆ
ien
y at 0.28 keV than a ba
kside-

illuminated (BI) 
hip. In these early observations, there were no 
lear signs of other edges nor suspi
ion of time

variability, so a simple model 
onsisting entirely of a layer of 
arbon about 170 nm deep was developed to 
orre
t

for the C-K edge absorption. An e�e
tive area 
orre
tion was released for Chandra LETGS analysis in 2001

(v2.6 of the Chandra 
alibration data base).

3. REFINING THE COMPOSITION

In early 2002, there was a 
lear indi
ation of a progressive drop in the ACIS low energy quantum eÆ
ien
y.

1

The C-K edge absorption that had been attributed only to LETG/ACIS observations was now understood as

a more general ACIS e�e
t that was 
hanging with time. A series of monitoring observations revealed more

features as the opti
al depth at C-K in
reased. In June 2002, a 50 ks observation of PKS 2155-304 revealed an

O-K edge and possible residuals at the F-K edge, as reported by Plu
insky et al. (2003).

1

In O
tober, 2002,

O-K and F-K edges were observed in a very long observation of Mk 421 while it was in a very bright state. A

model of the absorption due to the 
ontaminant was developed as follows.



Figure 2. Modelling of the C-K edge region using the data from XTE J1118+48. The top plot shows a simple model


onsisting of a 
onstant 
ux (at 100 
ounts/bin) multiplied by the 
arbon absorption 
omponent of the opti
al blo
king

�lter (OBF) model. The opti
al depth of the 
arbon 
omponent was in
reased by 13% to mat
h the data in the 0.283-

0.2865 keV region. The data were then 
orre
ted by this adjusted �lter model to obtain the data in the lower plot. The

residual is a sharp edge re
overing smoothly beyond 0.2870 keV.

3.1. Upgrading the C-K Edge Model

The observation of PKS 2155-304 in June, 2002 (observation ID 3669) was analyzed in detail to obtain a good

overall spe
trum, n

E

, in units of ph 
m

�2

s

�1

keV

�1

. We used a 
ontinuum model of the form

N

E

=

K

1

E

��

1

1 +

K

1

K

2

E

�

2

��

1

(1)

where N

E

is the spe
tral 
ux in the same units as n

E

, K

i

are the normalizations of the two 
omponents in the

same units, and �

i

are the spe
tral indi
es of the power law 
omponents. In this model, there are no spe
tral

breaks, only smooth 
urvature at the point where the two power law 
omponents have equal 
ontributions. Thus,

no sharp features are added via modeling. Ex
luding the 0.28-1.0 keV region from the model �t gives N

E

that is

not a�e
ted by absorption. The ratio of the data to the model expressed as an opti
al depth due to absorption

is 
omputed as � ln(n

E

=N

E

), plotted in Fig. 4.

The data from Fig. 4 (bottom) were further rebinned in order to model the overall shape of the absorption

(Fig. 5). Fig. 5 shows the new model for the C-K edge that starts with the Henke 
onstants from the Center for

X-ray Opti
s (CXRO

�

) ex
ept that the opti
al depth was multiplied by a damped ripple adjustment fa
tor:

1 +A exp(�x=x

d

) 
os(fx) (2)

�

See http://www.
xro.lbl.gov/.



Figure 3. Data from the frontside-illuminatd (FI) 
hip on the +1 LETGS order are 
ompared to the spe
trum from

the -1 side, whi
h is on a ba
kside-illuminated (BI) 
hip. The 
oarsely binned data are from the FI 
hip in the C-K

region where the overall QE is quite low, so the data are heavily binned. Nevertheless, there is a distin
t edge that is not

taken into a

ount in the OBF �lter model. The FI data agree reasonably well with the BI results, after a

ounting for a

systemati
 QE di�eren
e of 20%, ex
ept that the BI data are somewhat lower than the FI data near 0.29 keV.

where x � (�

C�K

� �)=�

C�K

and �

C�K

is the wavelength of the edge: 43.25

�

A (0.2867 keV). The 
onstants of

the adjustment were estimated (
hi-by-eye): A = 0:4, x

d

= 4:0=�

C�K

, and f = 2��

C�K

=16. These provided

a sharp in
rease in the opa
ity just to the high energy side of the edge whi
h damps out to higher energies

so that it is asympoti
ally equivalent to the form from the CXRO web site. The os
illatory term a

ounts for

the \ripple" of the deviation. The near edge X-ray absorption feature near 0.286 keV was added to the model

empiri
ally as a new shallow edge. This shallow edge was a
tually dete
ted in the observation of XTE J1118+48

(Fig. 2) but was modeled by a 13% adjustment of the �lter; upon in
reasing to an opti
al depth of 30%, it was


lear that this feature was part of the C-K edge stru
ture of the 
ontaminant. Thus, the 13% �lter adjustment

was not applied when developing the C-K edge model upgrade. The new model of the C-K edge is folded with

the instrument response and shown against the PKS 2155-304 data in Fig. 6 and 
learly shows the small extra

absorption in the 0.285-0.287 keV region.

3.2. Modeling the F-K and O-K Edges

As with PKS 2155-304, we extra
ted the observed 
ount spe
trum, n

E

, for the Mk 421 observation in O
tober

2002 (obs ID 4148, provided by F. Ni
astro). This time, the C-K edge model was in
luded with the model of N

E

,

allowing the depth of the edge to vary using a single depth parameter. The opti
al depth due to absorption is


omputed as before and is plotted in Fig. 7. The stru
ture of the O-K edge is very similar to the O-K edge found

in the ACIS opti
al blo
king �lter. The model was taken from a spe
tral de
omposition of the OBF

5

and then

mat
hed to the Henke opti
al 
onstants in the 18-21

�

A region for extrapolation shortward of 18

�

A. This model

has a resonan
e feature that shows up as a deep narrow absorption line near 23.3

�

A that is 
learly dete
ted.

The edge at 18

�

A (0.69 keV) is attributed to the 
uorine K edge. Fig. 7a shows that the edge 
annot be

identi�ed with redshifted Fe-L. The F-K edge extended �ne stru
ture was then �t by a similar method used to

�t the C-K. First, the Henke opti
al 
onstants were obtained from the CXRO. Then, the edge was positioned at

�

F�K

= 18.03

�

A (0.688 keV) and �t using eq. 2 but substituting �

F�K

for �

C�K

. The 
onstants of the adjustment

were estimated: A = 0:6, x

d

= 4:=�

F�K

, and f = 2��

F�K

=8:5. Note the similarity of the parameters to that



Figure 4. The opti
al depth of the 
ontaminant as a fun
tion of energy, derived by adaptively binning the observed

spe
trum, n

E

, �tting to a model, N

E

, given by eq. 1 and 
omputing �(E) = � ln(n

E

=N

E

). There are several features to

noti
e. There is a dete
table opa
ity beteween 0.285 keV and 0.287 keV that was not obvious previously. Above the edge

at 0.287 keV, there is a monotoni
 de
line ex
ept for some possible stru
ture near 0.5 keV (near the O-K edge) and 0.7

keV (near the F-K edge).



Figure 5. Similar to the bottom half of Fig. 4 ex
ept the data have been rebinned to redu
e statisti
al noise and only

the region being �t for extended �ne stru
ture is shown. The Henke model of the C-K edge (short dashed line) is a good

mat
h to the data in the 0.38 to 0.48 keV range, so the Henke opti
al 
onstants are used above 0.48 keV. Below 0.38 and

down to the edge, a damped os
illation adjustment is used (eq. 2).

used in �tting the C-K edge. The result is shown in Fig. 7b. The overall �t to the Mk 421 data in the 0.22-1.0

keV region is shown in Fig. 8.

3.3. Elemental Abundan
es

The resulting spe
tral model of the 
ontaminant absorption is available in a �le at the HETGS 
alibration web

site.

y

There are four 
olumns, 
orresponding to wavelength (

�

A) and the remaining three 
orrespond to the

absorption in opti
al depths due to 
arbon, oxygen, and 
uorine. The �ts gave (Henke equivalent) edge opti
al

depths of 2.09 � 0.02, 0.07 � 0.03, 0.100 � 0.007, and 0.066 � 0.005 for the C-K, N-K, O-K and F-K edges,

respe
tively, for the referen
e date of JD 2452574.0. We obtain the following 
olumn densities for C, O, and F:

2.0�10

18

, 1.75�10

17

, and 1.45�10

17

atoms 
m

�2

. For N-K, the PKS 2155-304 data provided a better upper

limit of the edge opti
al depth of about 5%, giving a 
olumn density of 7.1�10

16

atoms 
m

�2

. Carbon is more

abundant than the other elements by fa
tors of 11.5, 14, and >30 for F, O, and N, respe
tively. The un
ertainties

on these ratios are about � 1. Using this model, the mass surfa
e density as of early August 2003 is 56 �g 
m

�3

.

For an estimated density of 1.5 g 
m

�3

, the 
ontaminant should be about 370 nm thi
k. For 
omparison, the

thi
kness of the ACIS OBF is 330 nm.

4. COMPARING TO TRANSMISSIONS OF KNOWN COMPOUNDS

Dete
ting F-K in the absorption spe
trum indi
ates that some portion of the 
ontaminant is related to on-board


uoro
arbon-based 
ompounds su
h as Bray
ote 601 and Krytox, whi
h are used in the Chandra me
hanisms.

However, the abundan
e ratios measured in the 
ontaminant are not found in any of the materials a
tually

aboard the spa
e
raft. The 
ontaminant is mu
h more 
arbon ri
h than any known 
uoro
arbon. Therefore, we

are not dete
ting these 
ompounds dire
tly.

Another 
lue to the origin of the 
ontaminant 
omes from the stru
ture of the absorption near the C-K

edge. In �g. 9, we 
ompare the absorption spe
trum of the ACIS 
ontaminant near the C-K edge to those of a

y

See http://spa
e.mit.edu/CXC/
alib/
ontamination model.txt.



Figure 6. Comparison of the new C-K edge model with data from a long PKS 2155-304 observation. The top panel

shows the ratio of the data to the model without in
luding 
ontamination so that the near edge stru
ture is apparent and

the new model of the absorption due to 
ontamination is overlaid. The remaining panels show the model with the new

absorption model folded with the e�e
tive area. The data �t the new model well with a slight systemati
 o�set starting

near 25.6

�

A where there is a jump where one side goes from a BI 
hip to a FI 
hip, so the systemati
 deviation from 20

to 26

�

A is primarily due to a slight error in the 
orre
tion to bring the QEs of these 
hips into agreement. One 
an also

begin to see the 18

�

A (0.69 keV) edge due to F-K that is modeled using a bright Mk 421 observation and was ignored

when �tting this C-K edge model.



Figure 7. a) (Left) The 18

�

A (0.688 keV) edge is 
ompared to two models. The dotted line represents possible Fe-L

absorption, redshifted to z = 0:025. The lines are too narrow to �t the data. The F-K edge, however, �ts very well

without shifting. F-K and Fe-L opa
ity data were obtained by measuring the X-ray transmission of per
uoro-adamantine

and butadiene iron tri
arbonyl with a s
anning transmission X-ray mi
ros
ope.

6

b) (Right) Modeling the 12-25

�

A (0.5-1

keV) region of the Mk 421 X-ray spe
trum. The O-K absorption is dominated by a resonan
e feature at 23.35

�

A (0.531

keV) and a deep edge at 23.0

�

A (0.540 keV). Other narrow features in this region are asso
iated with the sour
e or the

interstellar medium. The 18

�

A (0.69 keV) edge is modeled using Henke opti
al 
onstants for 
uorine with a modi�
ation

fa
tor given by eq. 2 and shifting the edge to 18.03

�

A (0.688 keV).

number of hydrod
arbon and 
uoro
arbon spe
ies similar to spe
ies used in Chandra. The sharp peaks at 0.285

keV are asso
iated with C=C double bonds present in unsaturated and aromati
 mole
ules. Fluoro
arbons like

te
on, Bray
ote and Krytox have sharp stru
tures in the 0.289-0.296 keV range asso
iated with C-F bonds. The

ACIS 
ontaminant shows neither of these features. Aliphati
 hydro
arbons (those 
ontaining only of mainly

C-C single bonds) have a C-K edge whi
h is broad with relatively little stru
ture, similar to that observed for

the ACIS 
ontaminant. We 
on
lude that the 
ontaminant is predominantly aliphati
; i.e., 
onsisting mostly of

hydro
arbons.

We surmise that the 
ontamination material is a
tually a produ
t of radiation damage of 
uoro
arbon based

materials. C-F bonds are readily broken by X-rays or 
osmi
 rays leading to loss of 
uorine, whi
h 
ies o� as

FH,F

2

, or a small 
uoro
arbon. If the radiation-damaged 
uoro
arbon remains on the dete
tor or �lter surfa
e,

the damage event leaves behind a 
arbon-ri
h residue, whi
h 
ould bind quite strongly and build up over time.

5. TIME DEPENDENCE

Using the 
ontamination model derived above, the LETG/ACIS data were �t for many sour
es with smooth

spe
tra, allowing the C-K, O-K, and F-K edges to vary independently. The results are shown in Fig. 10. Then

the C-K edge depth was �t to a simple time dependen
e model. The data are well �t by a linear model but a

perhaps more physi
al model was adopted to allow the opti
al depth to be zero at the time of the opening of the

ACIS door. The equation for the time dependen
e is

� = a(t� y

0

)� a(t

0

� y

0

)e

t�t

0

q

; (3)

where � is the C-K opti
al depth, a is the asymptoti
 rate of in
rease (0.455 opt. depths per year), t

0

is the date

(1999.70) at whi
h � is for
ed to be zero, y

0

is the year (1998.32) at whi
h the linear regression gives � = 0, and

q is the estimated times
ale on whi
h the opti
al depth approa
hes the asymptoti
 form: 0.15 yr.

The shape of the time dependen
e was assumed to be the same for ea
h of the three dete
ted edges and were

merely s
aled to observed opti
al depths (see the previous se
tion) for the date of the Mk 421 observation (year



Figure 8. Count spe
tra at the edges of F-K (top) and O-K (bottom). The overall stru
ture is modeled to better than

3% and the only remaining features are intrinsi
 to the sour
e (or to the gas between the target and the teles
ope, see

Ni
astro et al. 2003, in preparation). There is a slight normalization error in the F-K edge region due to the systemati


e�e
ts of 
orre
ting for the relative error in the BI QEs 
ompared to the FI QEs.

4

2002.86). Be
ause the opti
al depth values used to 
reate the 
ontamination model were slightly di�erent { 2.10,

0.09, and 0.06 (for C-K, O-K, and F-K, respe
tively) { the time fa
tors for ea
h 
omponent were merely res
aled.

The resulting time dependen
e �le is available on-line.

z

The O-K edge data do not �t the model as well as expe
ted for reasons that are not 
ompletely understood.

Fig. 10 shows that the O-K edge measurements are mostly below the model. These deviations are not readily

explained by O-K in the interstellar medium (ISM). In all the PKS 2155 measurements, for example, the N

H

was free and varied between 1.0 and 1.7�10

20


m

�2

. The \nominal" value is about 1.35�10

20


m

�2

, for whi
h

two di�erent ISM models give an O-K edge of 0.054 opti
al depths. If the N

H

were systemati
ally de
reased to

1.0�10

20


m

�2

, say, then the average O-K due to the 
ontaminant would in
rease by 0.027 { whi
h is insuÆ
ient

to explain the di�eren
e between the model and the data.

6. COMPARISON TO THE EXTERNAL CALIBRATION SOURCE

Plu
insky et al.

1

showed how the ratio of the L line 
uxes in the External Calibration Sour
e (ECS) relative

to the Mn K line 
ux is a monotoni
ally de
reasing fun
tion of time. This 
ux ratio appears to be a dire
t

measure of the transmission of the 
ontaminant at the energies of the lines in the L line 
omplex. Several lines

are expe
ted, dominated by the �

1

and �

2

lines of Fe and Mn at 705.0 and 637.4 eV, respe
tively. The F-K edge

falls between these energies and it is a fortuitous 
ir
umstan
e that the transmission through the 
ontamination

z

See http://spa
e.mit.edu/CXC/
alib/time fa
tor.txt.



Figure 9. Comparison of the opa
ity of the ACIS 
ontaminant near the C-K edge to those for 6 di�erent materials

measured using a s
anning transmission X-ray mi
ros
ope.

6

The intensity s
ales of the referen
e opa
ities are quantitative

linear absorption per nm of material; that for the 
ontaminant has been s
aled to have a similar amplitude. Arbitrary

o�sets are used for 
larity. The absorption spe
tra of 
ompounds 
ontaining C=C or C=O double bonds or C-F single

bonds do not mat
h the spe
tra of the 
ontaminant. A good mat
h is found to an aliphati
 amine epoxy.

absorption model developed here is very nearly the same at these two energies, so we 
hoose E = 700 eV at

whi
h to evaluate the absorption model for 
omparison to the ECS data, shown in Fig. 11. The L/K ratios have

been 
onverted to opti
al depths for ease of 
omparison with the 
ontamination model.

Fig. 11 shows that the 
ontamination model developed here explains about 80% of the opa
ity that absorbs

the ECS L lines. We 
annot as yet explain what 
auses the remaining 20%, whi
h is 0.1 opti
al depths at the

present time (mid-2003). Thus, using this 
ontamination model may result in systemati
ally low 
uxes by 10%

in observations if the ECS gives an a

urate portrayal of the absorption on the dete
tor fo
al plane. Due to the

relatively high temperature expe
ted for the ECS, it seems unlikely that suÆ
ient 
ontaminant has 
ondensed

on the ECS itself that might explain this di�eren
e. One possibility is that the radiation-generated mole
ular

fragments have a range of sizes that would result in a range of 
ondensation temperatures, so that the ECS-

LETGS di�eren
es might provide an estimate of the fra
tion of fragments with high 
ondensation temperatures.

One 
lass of attempts to explain the extra 0.1 opti
al depth at 700 eV involve adding some other material in

the 
ontaminant but most of these would have 
lear spe
tral edges at higher energies (in the 
ase of Si and Mg).

Hydrogen wouldn't show an edge in the LETGS band but the 
olumn density that would be required to give an

opti
al depth of 0.1 at 700 eV is 2.7 �10

21


m

�2

, or 1300 atoms of H per atom of C. It would seem to be an

unlikely mixture that would somehow adhere to the ACIS dete
tor. One interesting possibility is Au, used as a


oating in mu
h of ACIS. It would require only a 50 nm layer to provide an opa
ity of 10% at 700 eV and yet

the M edge at 2.3 keV would have a depth of only 2%. Su
h an edge is diÆ
ult to measure at present, given the

strong edge due to Au in the gratings themselves.



Figure 10. a) (Left) The C-K edge opti
al depth as a fun
tion of time for 11 observations of essentially featureless

sour
es observed with the LETG and ACIS. The solid line is a linear regression that is not for
ed to go through zero,

while the dashed line is a model with similar asymptoti
 behavior that is for
ed to zero at ACIS door opening. b) (Right)

O-K edge measurements as a fun
tion of year 
ompared to the model for the time dependen
e of the O-K opti
al depth.

The model assumes that the O-K opti
al depth s
ales with the C-K edge and is for
ed to go through the best data point

(Mk 421, in late 2002). In general, the trend given by the model is mat
hed by the data: the O-K edge is dete
ted only

in the last year or so and is smaller in the �rst year. In parti
ular, the possibility that the O-K edge is nearly 
onstant

after 2000.0 seems to be ruled out.

Figure 11. The opti
al depth at 0.70 keV determined from the ratio of the 
uxes in the external 
al sour
e (ECS) Mn

L and Fe L lines to the 
ux of the Mn K line integrated over the entire S3 (BI) 
hip as a fun
tion of time for the �rst

3.5 years of Chandra operations. Also shown is the model of the time dependen
e derived from �ts to the C-K edges (see

�g. 10). The 
ontamination model is 20% lower than the 
omputed opti
al depth over the last two years. The di�eren
e

is about 0.1 opti
al depths, 
orresponding to a 10% di�eren
e in total transmission.



7. FURTHER WORK

We have obtained X-ray transmission data for a sample of Bray
ote and found that the material was quite sensi-

tive to irradiation. We are preparing results on the x-ray transmission of the radiation-damaged oil. Preliminary

results indi
ate that the X-ray transmission 
hanges 
hara
ter in the manner expe
ted: the 0.289 keV opa
ity

maximum shifts downward to 0.287 keV, where it is found in the Chandra system. We will also test for 
hanges

at the F-K edge.

We have re
ent eviden
e that the 
ontaminant opa
ity varies somewhat from 
enter to edge. Although spatial

nonuniformity a�e
ts the 
omparison of the ECS and LETGS results, the dis
repan
y between these estimates

of the opa
ity at 0.7 keV (�g. 11) remains unexplained.
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