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s, 60 Garden St, Cambridge, MA 02138ABSTRACTThe Chandra X-ray Observatory (CXO) High Resolution Camera (HRC) is a mi
ro
hannel plate (MCP) basedX-ray dete
tor with heritage from similar dete
tors 
own on the Einstein and ROSAT missions. The HRC
onsists of two dete
tors in a 
ommon housing. Improvements from the previous instruments in
lude: fabri
atingthe MCP from "low-noise" glass (glass that 
ontains a redu
ed level of radioa
tive isotopes) and surroundingthe dete
tor housing on �ve sides with an a
tive 
oin
iden
e dete
tor. Both of these improvements help tomaximize the X-ray signal to ba
kground noise ratio. The on-orbit ba
kground is dominated by 
osmi
 ray andsolar-wind parti
les. The temporal behavior of the ba
kground has two parts: a quies
ent level and a 
aring
omponent. The quies
ent level slowly 
hanges with time and is 
orrelated with the high-energy parti
le 
uxas measured by the Ele
tron Proton Helium Instrument (EPHIN), the CXO radiation dete
tor. The 
aring
omponent is asso
iated with times of elevated low-energy parti
le 
ux, primarily from the Sun. A 
ombinationof on-board vetoing and �ltering during ground pro
essing provides a substantial reje
tion of the non-X-rayba
kground.Keywords: X-ray dete
tor, mi
ro
hannel plate, MCP, parti
le ba
kground, HRC, CXO1. INTRODUCTIONThe High Resolution Camera (HRC)1 is one of two fo
al-plane instruments on-board the Chandra X-ray Ob-servatory (CXO).2 The HRC instrument 
ontains two mi
ro
hannel plate (MCP) based dete
tors in a 
ommondete
tor housing whi
h share signal pro
essing ele
troni
s. Similar MCP based dete
tors 
ew on the Einsteinand ROSAT X-ray astronomy satellites. The two HRC dete
tors are not identi
al. One dete
tor, the HRC-I, isoptimized for wide-�eld imaging and 
onsists of a pair of 100 mm by 100 mm MCPs. The other dete
tor, theHRC-S, is optimized for readout of the Low-Energy Transmission Grating (LETG)3 and 
onsists of three pairsof 100 mm by 30 mm MCPs arranged to form a long strip. The dete
tor layout is shown in Fig. 1. The dete
torhousing is surrounded by a 
oin
iden
e dete
tor of plasti
 s
intillator read out by a photomultiplier tube. TheCXO was laun
hed into orbit three years ago and all systems, in
luding the HRC, are operating well. Somehighlights of the s
ienti�
 results of the CXO are presented in other papers in these pro
eedings.4{8One of the great strengths of the CXO is its ability to dete
t extremely faint sour
es. This strength 
omesabout be
ause the ex
eptional quality of the opti
 
on
entrates the X-rays from a point sour
e into a small areaon the dete
tor. Of 
ourse, the sour
e X-rays must be dete
ted against whatever ba
kground level is present.The ba
kground will have 
ontributions from a ba
kground internal to the dete
tor (e.g. from radioa
tiveisotopes within the dete
tor itself), from an external parti
le ba
kground (e.g. 
osmi
 rays), and from thedi�use X-ray ba
kground. The di�use X-ray ba
kground is really a sour
e, interesting in its own right, and
annot be redu
ed; however, any measures taken to redu
e the other two 
ontributors will improve the signalto noise for sour
e dete
tion.Send 
orresponden
e to M. Juda, E-mail: mjuda�
fa.harvard.eduCopyright 2003 So
iety of Photo-Opti
al Instrumentation Engineers.This paper was published in SPIE Pro
eedings 4851, 112 and is made available as an ele
troni
 reprint with permission ofSPIE. One print or ele
troni
 
opy may be made for personal use only. Systemati
 or multiple reprodu
tion, distributionto multiple lo
ations via ele
troni
 or other means, dupli
ation of any material in this paper for a fee or for 
ommer
ialpurposes, or modi�
ation of the 
ontent of the paper are prohibited.



Figure 1. Layout of the HRC fo
al plane.The HRC has several improvements over the dete
tors from Einstein and ROSAT that help to redu
e theba
kground or improve our ability to identify ba
kground events. The HRC MCPs are made from glass witha redu
ed 
ontent of radioa
tive isotopes9, 10; this results in a low internally generated ba
kground, typi
allyless than 0.1 
ounts s�1 
m�2. The 
oin
iden
e signals from the plasti
 s
intillator that surrounds the dete
torhousing are used to 
ag MCP events that have a timing overlap with them; these events are presumablydue to 
osmi
 rays that penetrated both the dete
tor MCPs and the s
intillator. On-board pro
essing of the
agged events 
an be terminated, reje
ting these events from the telemetry stream, or the 
agged events 
anbe reje
ted during ground pro
essing of the telemetered data. Unfortunately, while the 
oin
iden
e signaloperates as expe
ted with the HRC-I, a di�eren
e in the shape of the signals from the HRC-S MCPs renders the
oin
iden
e timing ine�e
tive. Lastly, the HRC telemeters more raw information about ea
h event, permittingus to examine 
hara
teristi
s of the 
harge distribution for the event. We 
an use these 
hara
teristi
s to 
agevents that are likely to be due to 
osmi
 rays.11The CXO also 
arries a parti
le dete
tor, the Ele
tron, Proton, Helium Instrument (EPHIN),12 that isprimarily used to monitor the radiation environment for the prote
tion of the s
ien
e instruments. The EPHINprovides rates in several parti
le-energy 
hannels: in
luding ele
trons in four energy ranges 
overing 0.25-10 MeV, protons in four energy ranges 
overing 5.0-53 MeV, and an Integral 
hannel the measures ele
tronswith energies greater than 8.7 MeV and protons and nu
lei with energies greater than 53 MeV/nu
leon. TheEPHIN Integral 
hannel provides a good measure of the 
osmi
-ray 
ux.In this paper we des
ribe the 
hara
teristi
s of the HRC ba
kground that we have observed over the �rst



three years of CXO operations. In Se
t. 2 we 
over both the long- and short-term temporal behavior in theobserved ba
kground and relate it, where possible, to other measures of the ba
kground environment. In Se
t. 3we dis
uss the spatial distribution of the ba
kground in the HRC-I and the e�e
ts of event s
reening; a similardis
ussion for the HRC-S appears in Se
t. 4.2. TEMPORAL VARIATIONEarly in the mission it was re
ognized that the ba
kground in both of the fo
al-plane s
ien
e instrumentsexhibited 
aring above a quies
ent level. There are several reasons to expe
t time-variability in the ba
kground.Variation in the solar magneti
 �eld over the 11-year solar 
y
le modulates the 
osmi
 ray 
ux at the Earth.The CXO was pla
ed in a highly ellipti
al orbit that passes into and out of the Earth's trapped parti
le belts.While the s
ien
e instruments are stopped from 
olle
ting data in the belts in order to prote
t them from thehigh 
ux of parti
les, the environment on the fringes of the belts, where they do take data, is not 
onstant. TheCXO mission started just before solar maximum; in
reased solar a
tivity 
reates variability in the CXO parti
leenvironment in several ways: Solar 
ares and 
oronal-mass eje
tions (CMEs) 
an send 
louds of parti
les towardthe Earth and the CXO. Finally, the 
ares and CMEs impa
ting the Earth's magnetosphere modi�es the shapeand parti
le population of the Earth's radiation belts.2.1. Quies
ent LevelThe dete
tor internal ba
kground and the 
osmi
-ray indu
ed ba
kground provide a quies
ent level for theba
kground that 
an be expe
ted to vary only slowly in time. The internal ba
kground 
an 
hange as thedete
tor and the surrounding material get a
tivated by high-energy parti
les over time.13 The 
osmi
-ray 
uxvaries over the solar 
y
le, as mentioned above. Figure 2 shows a 
omparison of the EPHIN Integral 
hannel
ux to the HRC-I total event rate as a fun
tion of time. The EPHIN operates 
ontinuously; times when theCXO was in the Earth's radiation belts have been removed from the EPHIN data by sele
ting times when thedistan
e from the Earth's 
enter was greater than 80,000 km. The EPHIN data points are daily averages. Mostof the EPHIN points lie along a 
urve that varies smoothly in time; the other points are days a�e
ted by hardsolar 
ares. The HRC does not 
olle
t data all the time. In order to minimize the risk to the HRC dete
tors,the MCP HV is only raised to the operating level at the start of an HRC observation and only for the sele
teddete
tor (HRC-I or HRC-S). Typi
ally the MCP HV is left at the operating level until either the other HRCdete
tor is used or the CXO is about to enter the Earth's radiation belts. If there are no HRC observations in agiven orbit the MCP HV is not raised to the operating level. In addition to the data for individual X-ray eventsthe HRC data 
ontains s
alars that report the MCP total trigger rate (total rate) and the rate of triggers thatpass on-board event quality 
he
ks (valid rate); the rate in the 
oin
iden
e dete
tor is reported as well. Mostof the HRC-I data points in Fig. 2 are the average total rate for individual HRC-I pointed observations; a fewpoints, indi
ated by diamond symbols, are averages taken when the HRC-I was not viewing the sky (i.e. duringACIS observations). The minimum of the HRC-I rate as a fun
tion of time displays the same general shape asthe EPHIN Integral 
hannel data; MCP total rates above this trend are expe
ted due to observations of brightX-ray sour
es and from 
aring ba
kground. The HRC-S MCP total event rate shows a similar behavior.A more dire
t 
omparison of the EPHIN Integral 
hannel 
ux and the HRC-I MCP rate is shown in Fig. 3.Here the EPHIN data have been averaged over the times of the individual HRC observations. The bulk ofthe data points lie along a line and the points from observations that 
ontain bright X-ray sour
es or have a
ontribution from the 
aring ba
kground lie above the line. We 
an use the fa
t that the HRC-I is routinelyoperated su
h that the MCP events that are 
oin
ident with events in the s
intillator are reje
ted on-board(i.e. they are not \valid" events) to sele
t observations that have a minimal 
ontribution from X-ray sour
esor 
aring ba
kground. Figure 4 is a s
atter-plot 
omparing the HRC-I MCP valid event rate to the total eventrate. As indi
ated by the line drawn from the origin, there appears to be a lower limit on the ratio of the validrate to the total rate, with a value of �0.23; 
elestial X-rays add equally to the total and valid rate resultingin trends away from this ratio with a slope of 1.0. We interpret this lower limit on the ratio as representativeof the quies
ent value. When the HRC-I is not viewing the sky it does see any 
elestial X-ray sour
es, we seeno eviden
e for the 
aring ba
kground, and the ratio of the valid event rate to the total event rate is higher at�0.27. It is possible that when the HRC is not in the viewing position, the additional stru
ture in front of the



Figure 2. EPHIN Integral 
hannel 
ux (parti
les 
m�2 s�1 sr�1) and HRC-I MCP total rate (
ounts s�1) as a fun
tionof time. The EPHIN data points are daily averages for spa
e
raft geo
entri
 distan
es greater than 80,000 km. HRC-Idata are averages over individual pointed observations (no symbol) or over times when the HRC-I was 
olle
ting databut not viewing the sky (diamonds).MCPs redu
es the energies of the in
ident parti
les enough that they do not rea
h the 
oin
iden
e dete
tor;as a result, fewer parti
le events are reje
ted on-board. By sele
ting only those observations for whi
h thevalid/total ratio is within a narrow band around 0.23, we 
an be reasonably 
on�dent of having HRC-I MCPtotal event rates that re
e
t the quies
ent ba
kground level. The best �t line to this subset has a slope of 785�33(
ounts s�1)/(parti
les 
m�2 s�1 sr�1) and an inter
ept of 34�10 
ounts s�1. This �t is plotted in Fig. 3. Thisrelationship will allow us to estimate the quies
ent 
ontribution to the ba
kground given the EPHIN Integral
hannel 
ux during the observation.There are two issues that make doing a similar analysis for the HRC-S more diÆ
ult. First, be
ause ofdi�eren
es in the shapes of the signals 
oming from the HRC-S MCPs relative to the HRC-I, the HRC-Sdouble-
ounts events with large MCP signal amplitudes. The amplitude threshold for an event to be double-
ounted is di�erent for ea
h of the three MCP segments. While the trend in the reported rates is 
orre
t thedetailed information is not. Se
ond, the HRC-S 
an be operated in several di�erent modes in whi
h di�erentdete
tor areas are a
tive. Analysis 
an be done on subsets taken in the di�erent 
on�gurations, taking intoa

ount the di�eren
es in the areas. Given these issues, the behavior in the quies
ent ba
kground is essentiallythe same in the HRC-S as in the HRC-I.2.2. Flaring behaviorTime variability in the rates that o

urs over time s
ales from se
onds to hours is generally referred to as
aring. The 
auses for this 
aring in
lude: impulsive solar 
ares, CMEs, and moving through the fringes ofthe Earth's radiation belts. Impulsive solar 
ares 
an generate hard protons that are dete
ted in the EPHINIntegral 
hannel and 
ause an in
rease in the HRC MCP total rate. When a CME arrives at Earth we frequentlysee an in
rease in the variability of the HRC MCP total and valid rates, parti
ularly when the CXO is near the



Figure 3. HRC-I MCP total event rate versus EPHIN Integral 
hannel 
ux. The solid line is a �t to a subset of thedata for whi
h the HRC-I rate is less a�e
ted by the observed X-ray sour
es or 
aring in the ba
kground. The dashedlines show the 1-sigma limits on the �t.Earth's radiation belts. However, frequently there is 
aring in the rates that o

urs without any 
lear 
ausativeevent.Figure 5 shows an example of 
aring in the HRC-S data from early in the mission. The variability in therate is not related to the X-ray sour
es in the �eld of view. Also shown in the plot are the 
uxes measured byEPHIN in the lowest ele
tron 
hannel, E150 (0.25-0.7 MeV); the lowest proton 
hannel, P4 (5.0-8.3 MeV); andthe Integral 
hannel. Of the EPHIN 
hannels, the E150 
hannel shows the greatest variability during this time,although some variation is evident in the P4 
hannel. Unfortunately, there is no detailed 
orrelation betweenthe variation in the HRC-S total rate and the EPHIN E150 or P4 
hannels. We have been unsu

essful inobserving detailed 
orrelations between the 
aring ba
kground in the HRC-I or HRC-S and any of the EPHINparti
le 
hannels for other intervals of 
aring but these times of 
aring are frequently a

ompanied by elevatedrates in the lowest energy EPHIN 
hannels. Parti
le dete
tors on other spa
e
raft 
an give us an idea ofthe general parti
le environment around the Earth. Data from the Advan
ed Composition Explorer (ACE)spa
e
raft showed elevated 
uxes of protons in the 0.05-1.0 MeV range before and during the time plotted inFig. 5 and su
h an asso
iation is 
ommon among the time intervals that exhibit 
aring MCP rates. As wedis
uss in Se
t. 4, the spatial distribution of the ba
kground in the HRC-S suggests that most of this 
aring
omponent is due to protons with energies well below the EPHIN dete
tion threshold of �5 MeV.3. HRC-I SPATIAL DISTRIBUTIONThere is no reason to expe
t that the spatial distribution of the ba
kground a
ross HRC-I to be uniform.Lo
alized \hot-spots" may be present, 
aused by defe
ts in the MCP or by the stru
ture holding the MCP thatprovides sites for �eld-emission of ele
trons. There 
ould be variations in the dete
tion sensitivity of the MCPsto the 
osmi
 rays due to dete
tor gain variations. The stru
ture surrounding the MCPs might 
reate variationsin the 
osmi
 ray 
ux a
ross the MCPs or in the fra
tion of events that also result in signals in the s
intillator



Figure 4. HRC-I MCP valid event rate versus the total event rate. Plus symbols mark data from sky observations anddiamonds mark data from non-sky-viewing times; error-bars are omitted for 
larity. The straight line from the originwas set to go through the lower-limit of the valid/total ratio and has a slope of 0.23. The other two straight lines havea slope of 1.0 to indi
ate how events that add to both the total and valid rates would trend o� the ratio.dete
tor. An understanding of spatial variations in the ba
kground is as 
riti
al as an understanding of thetemporal variations when it 
omes to modeling the dete
tor ba
kground.The best data on the spatial distribution of the HRC-I internal ba
kground 
ome from laboratory measure-ments made before laun
h. If the isolated \hot-spots" and the perimeter of the a
tive area are ignored theobserved spatial distribution of the ba
kground is uniform at a level of 3�10�6 
ounts s�1 ar
se
�2. This valueis really an upper limit to the internal 
omponent sin
e some of this \internal" ba
kground is likely to havebeen generated by atmospheri
 muons and the radioa
tive de
ay of building materials near the dete
tor.On-orbit the observed ba
kground is several times larger than that measured in the laboratory. Be
ausethe HRC-I MCP total rate observed at laun
h was above the maximum rate at whi
h we 
ould telemeter allthe event data (telemetry saturation), the HRC was 
ommanded to reje
t the MCP events that were 
oin
identwith signals from the s
intillator dete
tor. Figure 6a is an image of the ba
kground taken when the HRC-I wasnot viewing the sky; Fig. 6b is an image of the same data-set after applying standard �lters in ground pro
essingbased on event quality.11 Before �ltering, the distribution is maximum in the 
enter of the dete
tor and rollso� toward the edges; this pattern is similar to that in the dete
tor gain. This 
entrally peaked distributionlies on top of a negative gradient from the lower-left to upper-right in the image; this gradient is the dominantpattern in the �ltered image. The orientation of this gradient is 
onsistent with the possibility that the HRCdete
tor housing door may blo
k or modify some fra
tion of the parti
le 
ux.While we routinely operate the HRC-I with on-board reje
tion of the MCP events that are 
oin
ident withs
intillator signals, we have performed an observation where this wasn't the 
ase. When we sele
t from thisobservation only the events that were 
agged as 
oin
ident with s
intillator signals to form an image, we seea distribution that is 
entrally peaked, similar to the portion that is �ltered out in the ba
kground imagesdis
ussed above. The event quality �lters were designed to eliminate events that were likely to be 
aused by
osmi
 rays and this suggests that they fun
tion as expe
ted. The image of 
oin
iden
e events also shows a



Figure 5. An example of 
aring in the HRC-S total event rate as a fun
tion of time. Fluxes measured in the lowestEPHIN ele
tron and proton 
hannels as well as the Integral 
hannel are also plotted.
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ale images of the HRC-I ba
kground spatial distribution observed when the HRC-I was not viewingthe sky: a) un�ltered, b) �ltered. The image is displayed in \CHIP" 
oordinates, whi
h are aligned with the HRC-Idete
tor axes; image 
ells are 256 dete
tor pixels ( 33.7 ar
se
) on a side. The grey-s
ale range is zero-suppressed so thethe variation is enhan
ed; the grey-s
ale range is 0.8-1.2 times the ba
kground mean for ea
h image.



suggestion of a gradient that underlies the 
entral peaking but whi
h trends in the opposite sense as that shownin Fig. 6b. Su
h opposing gradients would be expe
ted if the HRC door degraded the parti
le energies enoughthat some of the parti
les 
ould not penetrate to the s
intillator after rea
hing the MCPs.Using data when the HRC-I is not viewing the sky has the advantage that the ba
kground does not in
ludeX-rays from 
elestial sour
es or 
ontamination from the 
aring ba
kground; as su
h, it is hoped that theseimages re
e
t the spatial variation of the quies
ent ba
kground. However, there is a possibility that the spatialdistribution of this quies
ent 
omponent 
hanges between the viewing position and non-viewing position. Indeed,as dis
ussed in Se
t. 2.1, the ratio of the HRC-I MCP valid rate to the total rate 
hanges between the twopositions. We have looked for su
h a variation by sele
ting a set of HRC-I 
alibration observations of the starAR La
, where the pointing dire
tion was varied to pla
e AR La
 at di�erent lo
ations on the dete
tor. For ea
hobservation, events within a 
ir
ular region 
entered on AR La
 were reje
ted; the size of the 
ir
ular regionhad a radius of at least �7.9 ar
se
 and was adjusted based on the o�-axis angle of the observation; timesthat appeared to be a�e
ted by 
aring ba
kground were reje
ted as well. Note that this pro
ess for \
leaning"the observations does not remove all the 
elestial X-rays. In parti
ular, the 
leaning pro
ess 
an leave X-raysfrom AR La
 that lie outside the extra
tion radius; a visual examination of the ba
kground image 
reated fromthe AR La
 observations showed enhan
ements that followed the pattern of the di�erent pointing dire
tions.We 
ompared the ba
kground spatial distributions from the non-viewing data and the AR La
 data and founddi�eren
es that were 
onsistent with an in
omplete removal of 
elestial X-rays; so as a �rst approximation thenon-viewing data does represent the spatial distribution of the HRC-I quies
ent ba
kground when viewing thesky. 4. HRC-S SPATIAL DISTRIBUTIONWe 
an expe
t a spatial variation in the HRC-S ba
kground for most of the same reasons given for variationsin the HRC-I ba
kground (the ex
eption being that 
oin
iden
es of events with a signal in the s
intillator donot o

ur). An additional reason for spatial variation, that is important for lower energy parti
les, is 
reatedby variations in the thi
kness of the material in the UV/ion shield, an aluminized-polyimide �lm in front ofthe MCPs. One 
ompli
ation in understanding the spatial distribution of the HRC-S ba
kground is the fa
tthat the HRC-S is operated in di�erent modes, sele
ting di�erent a
tive areas, in order to redu
e the quies
entvalid event rate to on the order of half the telemetry saturation value. Two modes re
eive the bulk of HRC-Sobserving time: the default spe
tros
opy 
on�guration that sele
ts a strip of about one half the width of theHRC-S a
tive area, along the entire length; and the high-resolution timing mode that uses only triggers from the
enter MCP segment with the trigger level slightly higher than the default value. A third mode has been usedfor many 
alibration observations that also sele
ts the 
entral MCP as the a
tive region but keeps the defaulttrigger level. Both sky-viewing and non-sky-viewing data are available for ea
h of these modes. Unfortunately,in the most heavily used mode, the one for LETG spe
tros
opy, when viewing the sky the dispersed spe
trumlies in the area in whi
h we are most interested in the ba
kground. We examine data from ea
h of these modesbelow.4.1. Default Spe
tros
opy ModeThe default 
on�guration for the HRC-S uses a hardware \edge-blanking" fun
tion to reje
t events that o

uroutside of a de�ned re
tangular region. For spe
tros
opy, the re
tangular region runs the entire length of thedete
tor but only 
overs a strip of half the width down the 
enter. Figure 7 shows an image of the ba
kgroundfrom non-viewing data. Also shown are images from data taken from the observation whose light 
urve wasplotted in Fig. 5, where the data was sub-divided into low-
aring and high-
aring intervals. The sky observationdata is useful in that the LETG was not inserted, so there are no di�ra
ted X-rays. While the on-axis sour
e,Capella, has been removed from the data, other sour
es have not; there is eviden
e for an o�-axis sour
e presentat V�37000. No event quality �lters have been applied to these data. The spatial distributions of the non-sky-viewing and the low-
aring images are similar, with higher spots near the 
enters of ea
h of the segments.One di�eren
e between these two images is that the wing segments in the low-
aring data are slightly brighter
ompared to the 
enter segment than in the non-viewing data. This brightening of the wing segments is evenmore pronoun
ed in the high-
aring data. In addition, the 
enter segment of the high-
aring data shows an
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Figure 7. Images of the HRC-S ba
kground in the default spe
tros
opy mode. Top: non-sky-viewing, Middle: low-
aring, Bottom: high-
aring. The images are displayed in the HRC-S 
oordinates with image 
ells 256 dete
tor pixels( 33.7 ar
se
) on a side. Grey-s
ale range is 0.8-1.2 of the �eld mean in ea
h image.
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Figure 8. Images of the HRC-S ba
kground in the default spe
tros
opy mode after the standard event quality �ltershave been applied. Top: non-sky-viewing, Middle: low-
aring, Bottom: high-
aring. The images are displayed in theHRC-S 
oordinates with image 
ells 256 dete
tor pixels ( 33.7 ar
se
) on a side. Grey-s
ale range is 0.8-1.2 of the �eldmean in ea
h image.abrupt dimming in the 
entral third. These variations in brightness of the ba
kground in the high-
aring datamat
h lo
ations where the thi
kness of the UV/ion shield 
hanges. Figure 8 displays the same three data setsafter the standard event quality �lters have been applied. After �ltering the peaking toward the 
enters ofthe segments has been removed, similar to the result with the HRC-I, and the shadows 
ast in the 
aring
omponent by the thi
ker parts of the UV/ion shield have be
ome more apparent. The 
aring 
omponent inthe ba
kground is substantially attenuated by the additional thi
kness of 486�A (�12 �g/
m�2) of aluminum.For a 
aring ba
kground 
omposed of protons, the signi�
ant attenuation by su
h a small mass implies energies
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Va bFigure 9. Grey-s
ale images of the HRC-S ba
kground spatial distribution taken in the high-pre
ision timing mode: a)un�ltered, b) �ltered. The top images are from data taken when the HRC-S is not viewing the sky, the middle imagesare from an observation with no 
aring, and the bottom images are from an observation 
ontaminated by 
aring. Theimages are displayed in the HRC-S 
oordinates; image 
ells are 256 dete
tor pixels ( 33.7 ar
se
) on a side. The grey-s
alerange is zero-suppressed so the the variation is enhan
ed; the grey-s
ale range is 0.75-1.25 times the ba
kground meanfor ea
h image.well below 1 MeV.4.2. High-pre
ision Timing ModeThe HRC-S is used to perform observations where high-pre
ision timing is a key obje
tive by setting it into amode where the hardware shunts the signals from the two wing segments to ground (\Imaging"mode); thus, onlythe 
enter segment should produ
e triggers. In addition, the trigger threshold is raised slightly so that extremelylarge signal in the wing segments 
annot generate spurious triggers. Figure 9 shows ba
kground images takenwhile the HRC-S was in the high-pre
ision timing mode. Images are shown from data taken when the HRC-Swas not viewing the sky, from an observation that appears to be free of 
aring, and from an observation thatwas 
ontaminated by 
aring. Both raw and �ltered images are shown. For the sky observations, X-rays from thetarget and a few of the brightest sour
es have been removed from the data but 
elestial X-rays are still present.On
e again, the spatial distribution peaks toward the 
enter of the MCP in the un�ltered data and this peakingis removed by the event quality �ltering. After �ltering, the spatial distribution in the non-sky-viewing data issmooth and fairly 
at. There is more variation in the non-
aring sky observation but a signi�
ant portion ofthe variation my be due to 
elestial X-rays. The spatial distribution of the 
aring-
ontaminated sky observationon
e again shows the shadow of the thi
ker aluminum in the UV/ion shield as well as a shadow 
ast by there
e
tors of the high-energy suppression �lter (HESF).14 The ba
kground in the HESF shadow is lower thanin the thi
k aluminum area, indi
ating that it probably blo
ks all of the 
aring 
omponent4.3. Center Segment ModeThe 
enter segment of the HRC-S 
an also be sele
ted as the a
tive area using the \edge-blanking" fun
tion thatis used to de�ne the default spe
tros
opy region. There is no di�eren
e between using edge-blanking or imagingmode in whi
h events get sele
ted as good. However, the high-pre
ision timing mode uses a higher triggerthreshold to dete
t events and this 
an lead to di�eren
es in their ba
kground spatial distributions. A di�eren
e
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Figure 10. Comparison of ba
kgrounds between the edge-blanking sele
ted 
enter segment mode and the high-pre
isiontiming mode from non-sky-viewing data. Left-side images are for the edge-blanking, right-side are high-pre
ision timing;top images are raw, bottom are �ltered. The images are displayed in HRC-S 
oordinates; image 
ells are 256 dete
torpixels ( 33.7 ar
se
) on a side. The grey-s
ale range is zero-suppressed so the the variation is enhan
ed; the grey-s
alerange is 0.75-1.25 times the ba
kground mean for ea
h image.in the spatial distributions exists for the raw data as 
an be seen in Fig.10. The high-pre
ision timing modedata shows a mu
h larger variation from the dete
tor edges to the 
enter (more peaking toward the 
enter) thanin the edge-blanked mode; this is most likely 
aused by position dependent variations in the size of the triggersignal indu
e by 
osmi
 rays in the MCP segment. After using the event quality �lter on the edge-blanked data,the spatial distribution is indistinguishable from the 
omparable data from the high-pre
ision timing mode.When an observation is 
ontaminated by a 
aring ba
kground, the same shadows from the thi
ker aluminumof the UV/ion shield and the HESF appear.5. CONCLUDING REMARKSThere are some 
lear trends observed in the temporal and spatial behavior of the measured HRC ba
kgrounds;unfortunately, we don't have independent predi
tors for all of these trends. One key reason for 
hara
terizingthe behavior of the ba
kground 
ontributors is so that we 
an develop models or re
ipes for estimating theba
kground that was seen in any given observation. We are 
urrently working on te
hniques for modeling the
ontribution of the quies
ent ba
kground to the ba
kground using its observed temporal and spatial 
hara
teris-ti
s. Be
ause of its unpredi
table time behavior, it is likely that di�erent methods will be required for modelingthe 
aring ba
kground. When their development is 
omplete, the te
hniques and any required 
alibration datawill be released to the CXO observer 
ommunity for their use in analyzing observations.The work presented here is a start at 
hara
terizing the on-orbit ba
kground observed by the HRC and severalareas merit further investigation. One key area for 
ontinuing work is in sear
hing for and 
hara
terizing anydi�eren
es in the 
aring 
omponent of the ba
kground. The sear
h for di�eren
es 
ould be based on parameterssu
h as: the observed rate in the 
aring 
omponent; proximity of the CXO to the Earth's radiation belts; the levelof a
tivity in the lowest energy EPHIN 
hannels; time sin
e the last CME; or parti
le environment as measuredby other spa
e
raft. With 
ontinuing observations, the statisti
s that we obtain for the various 
omponentsand 
on�gurations will improve; it may then be that we 
an distinguish di�eren
es where we 
urrently 
annot.Sin
e we are only part of the way through a solar-
y
le and we see eviden
e for variation in the total rate in the



dete
tors, we should expe
t additional rate 
hanges in the future. It is 
on
eivable that the spatial distributionof the quies
ent ba
kground may show di�eren
e between solar-minimum and solar-maximum. Clearly there ismore work ahead of us. ACKNOWLEDGMENTSThis work was supported by NASA 
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