Monitoring The HRC-S UV Rate:
Observations of Vega

Deron Pease, Vinay Kashyap, Jeremy Drake and Michael Juda

10 May 2005

Abstract

We present an interim report d@handra HRC-S calibration observations of Vega, an X-
ray—dark and UV-bright star. The purpose of the observati®to monitor the UV response of
the detector, and recently it has acquired further impeears a means to track the effects of
increased radiation dosage on the UV/ion-shield of theatiete\We find no conclusive evidence
that leaving the HRC door open during radiation-zone passagdversely affecting the UVIS.
In order to spot any degradation early, we recommend cantiythe higher frequency schedule
of observations.

1 Introduction

Vega  Lyr, d=7.76 pc) is the closest and optically brightest single AO V stdhe sky. Though it
produces copious UV photons, it is X-ray darRherefore, any detection by the HRC-S of photons
from Vega is a measurement of the HRC-S UV response. Furtiterrivega is a very stable UV
source, such that changes observed in the HRC-S responde indicate changes in the UV/ion-
shield (UVIS) transmission. Here we present an analysisedsthandra HRC-S in-flight calibration
observations of Vega obtained over various spots on thetetarray.

The HRC-S is equipped with aluminum-coated polyimide tmaission filters designed to block
UV rays from the MCP detectors. The thickness of the filteregaover the detector, ranging from a
2750A-thick slab of polyimide coated with 786A-thick layarAl over a ‘T’-shaped region covering
the aimpoint, to a thinner 307A layer of Al over the rest of itieer segment, and a thin 2090A slab
of polyimide coated with a 304A layer of Al over the outer MCRs part of theChandra in-flight
calibration program, beginning in fall 1999 Vega has beeseoked by the HRC-S in imaging mode
to monitor its UV response at the nominal aimpoint&t0 off-axis on the central MCP, and at
+20 off-axis on the wing MCPs.

In October 2003 the decision was made to stop moving the HRC after the failure of th& -
shutter-motor select relay (see Juda 2004a). An identtay is used to select the HRC door-motor
for operation, and the failure of that relay with the doordiliog the instrument would lead at least
to a temporary loss of the use of the HRC. The draw-back taiggssion is that the HRC is exposed
to the flux of low-energy protons that scatter off the HRMAIidgrradiation zone passages; these
are the same low-energy protons that led to the early-nmgSibl degradation in ACIS. While no
known damage mechanism to the HRC has been identified due &dtted radiation exposure, it

1The two ways in which single main-sequence stars are thawgptoduce X-rays are 1) shock-heated regions in
radiatively-driven hot stellar winds — common for O and gd&lstars — and 2) hot coronae sustained by dynamo-driven
magnetic activity that arises in stars with convective épes — common for stars later tharA7. Vega is incapable of
sustaining either of these X-ray producing mechanisms.



is possible that the low-energy protons stopping in the Us68Id cause the polyimide to become
brittle and leading to cracks in the deposited aluminum fénhigher frequency schedule of HRC-S
observations of Vega was started in 2004 to assess the imojidcs action.

In this memo we present an analysis of all the observatioMegé to date at the above detector
locations on the HRC-S (see 8§2). We discuss the results in@3w@mmarize our conclusions in §4.

2 Observationsand Analysis

The observations analyzed for this study are listed in Eablé@impoint), 2 £10 off-axis) and 3
(+20 off-axis). Level 2 event lists were acquired from tBhandra Data Archive, and counts in
source regions were measured udungents. Source and background regions were carefully chosen
to represent the different source size and shape at eadtatdteation. Source circle radii chosen
for aimpoint, 10, and 20 analyses were 20 pixels, 50 pixels, and 100 pixels, respdeti The
aimpoint source region accounts fo99% of the PSF. The 1@&nd 20 off-axis source regions
account for the PSF core only<50% ). In particular, the very large and distorted PSF of the
20 positive (+Y) wing data falls on the plate edge, limiting @malysis to just the core. For this
reason, we recommend below (84) that these data be acquiaddrger offset of 25 Background
regions for the 3 data sets were chosen as an annulus wittofasl) and 120 pixels around the
aimpoint source, and a circular region with a radius of 50@&Isi nearby the YGand 20 off-axis
sources. We calculated the background-subtracted cotmnpea observation and monitored over
time. Exposure times were corrected by the average deaddorrection, given by the keyword
DTCORIn the event list header.

In Figures 1 (aimpoint), 2410 off-axis) and 3 {20 off-axis), we show the evolution of the
Vega/HRC-S count rates over the course of @rm@andra mission to date. The mean count rate
(dashed line) for all observations and standard deviatidhemean (dotted lines) are computed
for each data set. We note that thé 40d 20 observations fall on thin filter portions of the HRC-S
UVIS and therefore have much higher count rates than theaimpbservations for equal exposure
times. The background rate and the average dead-time tiorrdactor per observation are also
shown. Vertical lines indicate the start-dates at whichHRC door was left open during radiation
zone passage and the implementation of improved dead-aioelations withDS7.3

Michael Juda also maintains an independent webpage to andéhé health of the HRC UVIS
(see Juda 2004b).

3 Reaults

Figures 3 suggest that there has been no obvious change over timéheithRC-S UV response.
The apparent upward trend in count rate observed in the vategid most likely an artifact of dead-
time having been calculated incorrectly in earlier timesg&is a stable UV source (variation8%
in bolometric luminosity) such that the wing observations dominated by the source, practically
eliminating the effects of background. Therefore, we ekfiezcorrectly calculated dead-time to be
roughly the same for all observations. Additionally, noaliaxposure times per observation before
dead-time corrections are roughly the same3000 sec). For comparison, we over-plot in Figure
3 the wing data without the dead-time corrections applieda(ssymbols), and find a more level
relationship with time.

The most recent wing plate observations, those with the easirate dead-time corrections,
all have very short exposure times relative to nominal. Tidécates extreme telemetry saturation
on the wings DPTCOR~ 65%), which we expect to be the case for all wing observativvs also



observe at least some saturation on the center platiDadff-axis, with DTCOR~ 10-15%. Dead-
time corrections will be improved and made more consistpahicompletion of reprocessing of the
entire Chandra Data Archive, scheduled to take place in 2005. Until then, too much uateyt is
introduced by the incorrectly calculated dead-times fostwd the observations. Therefore, though
it is not likely, we cannot rule out the possibility of UVISmiage due to the HRC remaining active
during radiation zone passage. Further monitoring of th€FERUV response is required.

3.1 Non-Poisson Scatter

The Poisson statistical errors in the individual obseoretiare small for the aimpoint, and very
small for the 10and 20 pointings. The data sets, however, show somewhat morestah simple
Poisson statistics would allow. Some factors contributmthe added noise are listed below:

1. Intrinsic source variability. Vega is known to have a subtSct type variability, withm,
ranging from-0.02 to+0.07 (see Samus et al. 2004). This corresponds to flux vargatbn
~ 8% and is similar in magnitude to the count-rate standariatlem seen for aimpoint and
+10 off-axis data. The maximal deviations seen in these dath@xever much larger than
this, and in any case the20 off-axis data show even larger deviations.

2. Incorrect dead-time correction factors. For all observations processed priorData Sys-
tems version DS7.3(implemented~ July 2004) the instrument dead-time was calculated
incorrectly. These would be especially pertinent on thegvglates. The telemetry saturation
limit for the HRC-S is~ 180 ct %, which is easily achieved on the outer plates, which are
covered with thinner filters and thus have larger backgreuridhis makes it difficult to sep-
arate dead-time effects and changes in UV response, andigieesca definitive conclusion.
An effort to correctly account for dead-time effects is undgy; here we simply note the
lack of evolution in the background counts on the wing plated take that as an indication
that the true dead-time remains stable (see also Juda 200élphow the effects of ignoring
dead-time corrections in Figure 3.

3. Dither pattern coverage sampling QE spatial variations. The exposure times of the obser-
vations span- 800—3200 seconds, which are comparable toth£100 seconds it takes for
the dither to complete 1 cycle. The dither amplitude~0B00 pixels is significantly larger
than the source regions, particularly on the center plageiations of duration and where the
dither begins and ends could lead to sampling differenoregof the detector with different
QE responses, resulting in the observed scatter. It hasdtwsyn previously that QE varies
on fairly small spatial scales, with the variation being esignificant for low energy sources
(seeCXC Memo by Pease et al. 2004a; and Pease et al. 2004b, web-memostsuppo
HRC-S “Flat Field” calibration).

4. Gain variationsover time. Finally, it has been shown that the HRC-S gain has been degayi
with time (Pease & Drake 2003, and Posson-Brown & Donnel@3}0 Though the impact
has not yet lead to significant loss of source X-rays belowdier-level discriminator, the
effect resulting in QE “sag” should be greater for UV photdimsn X-rays, and needs to be
taken into account for all HRC-S UV analyses. The largesh gigicrease has occurred at
the aimpoint & 25%). In Figure 4 we show the PHA distribution at the aimpdart UV
rays from Vega over-plotted with X-rays from AR Lac, botheatobservations, acquired in
February 2005.



4 Conclusions

We have analyzed all of the HRC observations of Vega obtéimesifar. In order to avoid the plate
gap,we recommend that the wing plate off-axis positioning bengleal to25 .

We do not find conclusive evidence for degradation of the U\éither over the long term, or
since the time it was decided to leave open the HRC door duddigtion-zone passages (though
there are apparent trends in the latest observations —a¢ipe aim-point — which, while not sta-
tistically significant, must be monitored closely). Thus wonclude that that there has been no
damage to the UVIS. However, we note that the HRC UVIS is noimghexposed to a flux of
low-energy particles which may yet lead to its degradatibimerefore, following Juda (2004aye
recommend the higher frequency (quarterly) schedule oérvbgionswhich will allow us to spot
any degradation early and decide on a course of action.
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Table 1: HRC-S Observations of Vega: Nominal Aimpoint (CaihWICP)

ObsID Date Exposure (s) NetCounts Error BG Counts DTCOR

01416  Oct99 3106.32 501.3 22.6 229. 0.99812
00032  Jun00 2891.60 465.5 21.7 194. 0.99994
00988 Feb01 2349.45 348.9 18.8 153. 0.99995
00989 Aug01 2353.54 408.7 20.4 158. 0.99995
02589 Feb02 2817.83 434.0 21.0 179. 0.99922
03688 Jan03 1845.21 2705 16.6 163. 0.99998
05051 Feb04 1841.13 283.3 17.1 228. 0.99943
05343 Aug04 3269.81 429.0 20.9 208. 0.99464
05347 Nov04 3129.67 422.4  20.7 225. 0.99287
05966 Feb05 2140.62 313.6 179 161. 0.99436
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Figure 1: HRC-S UV rates, background rates, and dead-timeat®mns for Vega observations at
nominal aimpoint on center MCP. Also shown are the samplenme@ashed line) and standard
deviationo (dotted lines) for the observed rates. The maximal varai$o28% around the mean,
ando/u = 0.08. Vertical lines indicate start-date of HRC door stayipgm during radiation zone
passage (October 2003 - dotted) and implementatidnS#.3(July 2004 - dashed).



Table 2: HRC-S Observations of VegalO' off-axis(Central MCP)

ObsID Date Exposure (s) NetCounts Error BG Counts DTCOR
negative direction

00990 FebO1 2454.67 205915. 453.8 1767. 0.909
00991 Aug01 2423.52 187402. 432.9 1823. 0.899
02590 Feb02 2931.44 246297. 496.3 2030. 0.919
03689 Jan03 1956.92 167344. 409.1 2114. 0.914
05052 Feb04 1826.83 131981. 363.3 3496. 0.853
05967 Feb05 1888.30 168002. 409.9 1588. 0.874

positive direction
01417 Oct99 3202.51 232347. 482.0 1801.  0.9997
01805 Aug00 2820.75 259811. 509.7 1296.  0.9999
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Figure 2: HRC-S UV rates, background rates, and dead-tinteans (as in Figure 1) for Vega
observations at-10 off-axis on center MCP. For these data, the maximal vanasd®4% around
the sample mean, and 1, = 0.085.



Table 3: HRC-S Observations of Vega20 off-axis (Wing MCPs)

ObsID Date Exposure (s) NetCounts Error BG Counts DTCOR
negative wing

00992 Feb01 2554.67 116237. 341.0 799. 0.950
00993 Aug01 2653.83 111576. 334.1 723. 0.986
02591 Feb02 1749.84 130590. 361.4 846. 0.568
03690 Jan03 1149.99 86322. 293.9 648. 0.537
05053 Feb04 1243.04 76807. 277.2 1394. 0.580
05345 Aug04 1122.68 105386. 324.8 3021. 0.341
05349 Nov04 1199.99 128494. 358.5 1104. 0.376
05368 Feb05 854.82 81928. 294.6 610. 0.391
positive wing
01418 Oct99 3197.32 117416. 342.7 734. 0.998
01806 Aug00 2717.27 129562. 360.0 580. 0.855
05344 Aug04 1161.45 123002. 350.8 973. 0.354
05348 Nov04 1108.56 129228. 359.5 1003. 0.349
05369 Feb05 777.98 86740. 294.6 527. 0.355
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Figure 3: HRC-S UV rates, background rates, and dead-tinteans (as in Figure 1) for Vega
observations at-20 off-axis on wing MCPs. For these data, the maximal variaisat20% around
the sample mean, ard/ 1. = 0.41. The rates calculated both including dead-time cooast{larger
symbols) and excluding it (smaller symbols) are shown, wéttical lines joining the two. Note
the large effects due to the dead-time corrections.



HRC—S PHA distributions for
Vega (UV rays) and AR Lac (X—rays)
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Figure 4. HRC-S PHA distributions for UV rays from Vega (sbhistogram) over-plotted with
X-rays from AR Lac (dashed histogram). Both data were aeguim February 2005.



