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SUMAMPS-based Gain Maps and RMF for the HRC-I

Jennifer Posson—-Brown, Vinay Kashyap (SAO)

(For both the HRC-I and HRC-S, the scaled sum of amplifier WMAMP@
is a better proxy for spectral response than the PHA. Hereiseeisks the creatiol
of a set of time-dependent gain maps and an RMF for the HRGddan and fol
use with scaled SUMAMPS. Using observations of AR Lac, GAl%and HZ 43
taken regularly since launch, we model the time dependehtiee@ain decling|
with an exponential plus linear function. The resultinggiatependent gain may
convert scaled SUMAMPS into "SUMAMPS pulse invariant” (Rllowing for
comparison of source profiles taken at different epochsaations on the deteq
tor. We apply these gain corrections to HRC-I/LETG obséovet of HR 1099,|
PKS 2155-304, and Cygnus X-2 and use this data to createsrildtion matrix
(RMF). The RMF is derived by modeling the SPI profiles at giveawvelength
bins with two Gaussians. The RMF captures the gross enesgyutéon of the|

kHRC-I and can be used to interpret hardness ratios or qagiits. Y,

|. Scaled SUMAMPS

-

o SUMAMPS: sum of signals from 3 amplifiers nearest event digna@ach
axis

SAMP: scaled SUMAMPS UMAVPS<2*"_T2 * C=148; chosen to matc
PHA values (see Figures 1 and 2)

SPI: pulse invariant (gain-corrected) SAMP

SPI will replace Plin HRC event lists
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Figure 1 A comparison of PHA and SAMP profiles for HRC-1 AR Lac Obs
4292. Note that the profiles are very similar, except for Phiig up at channe
258,

HRC—I/LETG Observations: Cyg X-2, PKS2155-304, HR1099
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Figure 2 Mean PHA vs mean SAMP for several sources (HR1099, PKS2
304, and Cygnus X-2) observed with HRC-/LETG. Each poiqtresents the
back (SAMP)
profile in a given wavelength bin. The solid blue line showsedr it to the date
between PHA=140:160. Note that the best-fit slepkand the best-fit offset 0
indicating that mean SAMP tracks mean PHA over a range ofjimeer

ll. Gain Maps

o Like PHA, scaled SUMAMPS reflect the gain decline over timigiFe 3)

e Observations of AR Lac at 21 locations on detector and HZ 4B3G1.5-
0.9 at aimpoint used to make set of time-dependent gainat@remaps

e Gain correction maps defined aif = giag(X) x v(X|t) x TC(t) where

— duas (X) = preflight gain correction map, based on lab flat field maj

— ~(X|t) = spatial correction surface, extrapolated for each kefomm
set of 20 spatial correction factors. These correctionofacare de-
termined by matching profiles of 20 offset AR Lac observatiper
epoch to aimpoint profile (e.g. Figure 4).

— TC(t) = yz#tiai- This time-dependent correction function is fit
temporal correction factors (Figure 5). The correctioridexare de-
termined by matching profile of aimpoint observation at gitiene to
profile at initial time for AR Lac, G21.5-0.9 and HZ 43.

e Final gain correction maps shown in Figure 6. They correcttfe temporal
and spatial variation in scaled SUMAMPS (Figures 7 and 8).
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Figure 4 Example of profile matching to determine spatial correctimtor. The
black histogram shows the aimpoint SAMP profile and the bhteed histograr
shows the offset SAMP profile (@ff-axis in this case). The red histogram sho
the offset profile corrected by a factor 6£0.906. The dotted black lines shc
the region where the matching was performed. The short bétte &p of the plot
indicate the profile means.

Gain Maps
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Figure 6 The final gain correction maps, shown on a log scale from 0400
They proceed in chronological order from top to bottom, feftight.
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Figure 3Mean SAMP date for HRC-1 ac

(top), G21.5-0.9 (middle) and HZ 43 (bottom) taken regylaince launch. All

three sources show the gain decline.
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Figure 5 The temporal correction functiohiC(t) = 32— fit to correction
factors derived from AR Lac, G21.5-0.9 and HZ 43 observatiatthe aimpoin
by matching the pr time >0 oc

1999) to the profile of the initial observation.
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Figure 7 Mean SPI versus observation date for HRC-1 observationsRLAC
(1op), G21.5-0.9 (middle) and HZ 43 (bottom) taken regylaihce launch. Thi
gain correction maps have removed the downward trend with sieen in Figun
3
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Figure 8 Mean SPI versus observation date for HRC-I observationsR Ac,
with 21 observations per epoch (one at the aimpoint and 2@istdocations).
The black bar in the lower right comer shows the typicalgvs error.

lll. RMF

( M
e We apply gain maps to HRC-I/LETG observations of Cygnus XRES
2155-304 and HR 1099.

Spectra are combined and background subtracted, usingtiieweum re-
gions for each source (Table 1). We group the data into wagéheslices
with at least 4000 counts per slice.

We fit the SPI profile for each wavelength slice with two Gaassi(Figure
9).

Fit results (Gaussian mean, sigma, normalization and eztiGhi-square
shown in Figure 10.

e Loess-smoothed fit results used to construct RMF. See P@&tbt
(Kashyap & Posson-Brown) for RMF images and applications.

Source [ OV | Bxposure Time | Date | Wavelongh Rango
N A

Gz [ T

R | TS

Table 1HRC-I/LETG observations used to create RN

3.22876 — 3.27304 Angstroms

Counts

Figure 9 Example of 2-Gaussian fit to SP! profile of combined Cygnus &8
PKS 2155-304 data between 3.2876 - 3.27304 A. One Gaussimhed blue
line) fts the primary peak and the second (dashed greenfitaghe high-energ,
shoulder.
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Figure 10 Results of 2-Gaussian fits: mean (top left), sigma (top Jigiarmal-
ization (bottom left), and reduced Chi-square (bottomt)igfhe red points shov
the fit parameters for the primary (central) Gaussian andythe points show th
fit parameters for the secondary (high-energy shoulders&an. The black an

blue lines show the Loess smoothing of the data.
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