
Charateristis of the On-Orbit Bakground of the ChandraX-ray Observatory High Resolution CameraMihael Juda, R. Hank Donnelly, K. Tabetha Hole, Almus T. Kenter, Ralph P. Kraft,Stephen S. Murray, Deron O. Pease, Charles R. A. Wilton, and Martin V. ZombekHarvard-Smithsonian Center for Astrophysis, 60 Garden St, Cambridge, MA 02138ABSTRACTThe Chandra X-ray Observatory (CXO) High Resolution Camera (HRC) is a mirohannel plate (MCP) basedX-ray detetor with heritage from similar detetors own on the Einstein and ROSAT missions. The HRConsists of two detetors in a ommon housing. Improvements from the previous instruments inlude: fabriatingthe MCP from "low-noise" glass (glass that ontains a redued level of radioative isotopes) and surroundingthe detetor housing on �ve sides with an ative oinidene detetor. Both of these improvements help tomaximize the X-ray signal to bakground noise ratio. The on-orbit bakground is dominated by osmi ray andsolar-wind partiles. The temporal behavior of the bakground has two parts: a quiesent level and a aringomponent. The quiesent level slowly hanges with time and is orrelated with the high-energy partile uxas measured by the Eletron Proton Helium Instrument (EPHIN), the CXO radiation detetor. The aringomponent is assoiated with times of elevated low-energy partile ux, primarily from the Sun. A ombinationof on-board vetoing and �ltering during ground proessing provides a substantial rejetion of the non-X-raybakground.Keywords: X-ray detetor, mirohannel plate, MCP, partile bakground, HRC, CXO1. INTRODUCTIONThe High Resolution Camera (HRC)1 is one of two foal-plane instruments on-board the Chandra X-ray Ob-servatory (CXO).2 The HRC instrument ontains two mirohannel plate (MCP) based detetors in a ommondetetor housing whih share signal proessing eletronis. Similar MCP based detetors ew on the Einsteinand ROSAT X-ray astronomy satellites. The two HRC detetors are not idential. One detetor, the HRC-I, isoptimized for wide-�eld imaging and onsists of a pair of 100 mm by 100 mm MCPs. The other detetor, 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 detetor layout is shown in Fig. 1. The detetorhousing is surrounded by a oinidene detetor of plasti sintillator read out by a photomultiplier tube. TheCXO was launhed into orbit three years ago and all systems, inluding the HRC, are operating well. Somehighlights of the sienti� results of the CXO are presented in other papers in these proeedings.4{8One of the great strengths of the CXO is its ability to detet extremely faint soures. This strength omesabout beause the exeptional quality of the opti onentrates the X-rays from a point soure into a small areaon the detetor. Of ourse, the soure X-rays must be deteted against whatever bakground level is present.The bakground will have ontributions from a bakground internal to the detetor (e.g. from radioativeisotopes within the detetor itself), from an external partile bakground (e.g. osmi rays), and from thedi�use X-ray bakground. The di�use X-ray bakground is really a soure, interesting in its own right, andannot be redued; however, any measures taken to redue the other two ontributors will improve the signalto noise for soure detetion.Send orrespondene to M. Juda, E-mail: mjuda�fa.harvard.eduCopyright 2003 Soiety of Photo-Optial Instrumentation Engineers.This paper was published in SPIE Proeedings 4851, 112 and is made available as an eletroni reprint with permission ofSPIE. One print or eletroni opy may be made for personal use only. Systemati or multiple reprodution, distributionto multiple loations via eletroni or other means, dupliation of any material in this paper for a fee or for ommerialpurposes, or modi�ation of the ontent of the paper are prohibited.



Figure 1. Layout of the HRC foal plane.The HRC has several improvements over the detetors from Einstein and ROSAT that help to redue thebakground or improve our ability to identify bakground events. The HRC MCPs are made from glass witha redued ontent of radioative isotopes9, 10; this results in a low internally generated bakground, typiallyless than 0.1 ounts s�1 m�2. The oinidene signals from the plasti sintillator that surrounds the detetorhousing are used to ag MCP events that have a timing overlap with them; these events are presumablydue to osmi rays that penetrated both the detetor MCPs and the sintillator. On-board proessing of theagged events an be terminated, rejeting these events from the telemetry stream, or the agged events anbe rejeted during ground proessing of the telemetered data. Unfortunately, while the oinidene signaloperates as expeted with the HRC-I, a di�erene in the shape of the signals from the HRC-S MCPs renders theoinidene timing ine�etive. Lastly, the HRC telemeters more raw information about eah event, permittingus to examine harateristis of the harge distribution for the event. We an use these harateristis to agevents that are likely to be due to osmi rays.11The CXO also arries a partile detetor, the Eletron, Proton, Helium Instrument (EPHIN),12 that isprimarily used to monitor the radiation environment for the protetion of the siene instruments. The EPHINprovides rates in several partile-energy hannels: inluding eletrons 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 eletronswith energies greater than 8.7 MeV and protons and nulei with energies greater than 53 MeV/nuleon. TheEPHIN Integral hannel provides a good measure of the osmi-ray ux.In this paper we desribe the harateristis of the HRC bakground that we have observed over the �rst



three years of CXO operations. In Set. 2 we over both the long- and short-term temporal behavior in theobserved bakground and relate it, where possible, to other measures of the bakground environment. In Set. 3we disuss the spatial distribution of the bakground in the HRC-I and the e�ets of event sreening; a similardisussion for the HRC-S appears in Set. 4.2. TEMPORAL VARIATIONEarly in the mission it was reognized that the bakground in both of the foal-plane siene instrumentsexhibited aring above a quiesent level. There are several reasons to expet time-variability in the bakground.Variation in the solar magneti �eld over the 11-year solar yle modulates the osmi ray ux at the Earth.The CXO was plaed in a highly elliptial orbit that passes into and out of the Earth's trapped partile belts.While the siene instruments are stopped from olleting data in the belts in order to protet them from thehigh ux of partiles, the environment on the fringes of the belts, where they do take data, is not onstant. TheCXO mission started just before solar maximum; inreased solar ativity reates variability in the CXO partileenvironment in several ways: Solar ares and oronal-mass ejetions (CMEs) an send louds of partiles towardthe Earth and the CXO. Finally, the ares and CMEs impating the Earth's magnetosphere modi�es the shapeand partile population of the Earth's radiation belts.2.1. Quiesent LevelThe detetor internal bakground and the osmi-ray indued bakground provide a quiesent level for thebakground that an be expeted to vary only slowly in time. The internal bakground an hange as thedetetor and the surrounding material get ativated by high-energy partiles over time.13 The osmi-ray uxvaries over the solar yle, as mentioned above. Figure 2 shows a omparison of the EPHIN Integral hannelux to the HRC-I total event rate as a funtion of time. The EPHIN operates ontinuously; times when theCXO was in the Earth's radiation belts have been removed from the EPHIN data by seleting times when thedistane 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�eted by hardsolar ares. The HRC does not ollet data all the time. In order to minimize the risk to the HRC detetors,the MCP HV is only raised to the operating level at the start of an HRC observation and only for the seleteddetetor (HRC-I or HRC-S). Typially the MCP HV is left at the operating level until either the other HRCdetetor 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 salars that report the MCP total trigger rate (total rate) and the rate of triggers thatpass on-board event quality heks (valid rate); the rate in the oinidene detetor 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, indiated 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 funtion of time displays the same general shape asthe EPHIN Integral hannel data; MCP total rates above this trend are expeted due to observations of brightX-ray soures and from aring bakground. The HRC-S MCP total event rate shows a similar behavior.A more diret 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 soures or have aontribution from the aring bakground lie above the line. We an use the fat that the HRC-I is routinelyoperated suh that the MCP events that are oinident with events in the sintillator are rejeted on-board(i.e. they are not \valid" events) to selet observations that have a minimal ontribution from X-ray souresor aring bakground. Figure 4 is a satter-plot omparing the HRC-I MCP valid event rate to the total eventrate. As indiated 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 quiesent value. When the HRC-I is not viewing the sky it does see any elestial X-ray soures, we seeno evidene for the aring bakground, 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 struture in front of the



Figure 2. EPHIN Integral hannel ux (partiles m�2 s�1 sr�1) and HRC-I MCP total rate (ounts s�1) as a funtionof time. The EPHIN data points are daily averages for spaeraft geoentri distanes greater than 80,000 km. HRC-Idata are averages over individual pointed observations (no symbol) or over times when the HRC-I was olleting databut not viewing the sky (diamonds).MCPs redues the energies of the inident partiles enough that they do not reah the oinidene detetor;as a result, fewer partile events are rejeted on-board. By seleting only those observations for whih 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 reet the quiesent bakground level. The best �t line to this subset has a slope of 785�33(ounts s�1)/(partiles m�2 s�1 sr�1) and an interept of 34�10 ounts s�1. This �t is plotted in Fig. 3. Thisrelationship will allow us to estimate the quiesent ontribution to the bakground given the EPHIN Integralhannel ux during the observation.There are two issues that make doing a similar analysis for the HRC-S more diÆult. First, beause ofdi�erenes 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 eah of the three MCP segments. While the trend in the reported rates is orret thedetailed information is not. Seond, the HRC-S an be operated in several di�erent modes in whih di�erentdetetor areas are ative. Analysis an be done on subsets taken in the di�erent on�gurations, taking intoaount the di�erenes in the areas. Given these issues, the behavior in the quiesent bakground is essentiallythe same in the HRC-S as in the HRC-I.2.2. Flaring behaviorTime variability in the rates that ours over time sales from seonds to hours is generally referred to asaring. The auses for this aring inlude: impulsive solar ares, CMEs, and moving through the fringes ofthe Earth's radiation belts. Impulsive solar ares an generate hard protons that are deteted in the EPHINIntegral hannel and ause an inrease in the HRC MCP total rate. When a CME arrives at Earth we frequentlysee an inrease in the variability of the HRC MCP total and valid rates, partiularly 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 whih the HRC-I rate is less a�eted by the observed X-ray soures or aring in the bakground. The dashedlines show the 1-sigma limits on the �t.Earth's radiation belts. However, frequently there is aring in the rates that ours 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 soures in the �eld of view. Also shown in the plot are the uxes measured byEPHIN in the lowest eletron 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 unsuessful inobserving detailed orrelations between the aring bakground in the HRC-I or HRC-S and any of the EPHINpartile hannels for other intervals of aring but these times of aring are frequently aompanied by elevatedrates in the lowest energy EPHIN hannels. Partile detetors on other spaeraft an give us an idea ofthe general partile environment around the Earth. Data from the Advaned Composition Explorer (ACE)spaeraft showed elevated uxes of protons in the 0.05-1.0 MeV range before and during the time plotted inFig. 5 and suh an assoiation is ommon among the time intervals that exhibit aring MCP rates. As wedisuss in Set. 4, the spatial distribution of the bakground in the HRC-S suggests that most of this aringomponent is due to protons with energies well below the EPHIN detetion threshold of �5 MeV.3. HRC-I SPATIAL DISTRIBUTIONThere is no reason to expet that the spatial distribution of the bakground aross HRC-I to be uniform.Loalized \hot-spots" may be present, aused by defets in the MCP or by the struture holding the MCP thatprovides sites for �eld-emission of eletrons. There ould be variations in the detetion sensitivity of the MCPsto the osmi rays due to detetor gain variations. The struture surrounding the MCPs might reate variationsin the osmi ray ux aross the MCPs or in the fration of events that also result in signals in the sintillator



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 indiate how events that add to both the total and valid rates would trend o� the ratio.detetor. An understanding of spatial variations in the bakground is as ritial as an understanding of thetemporal variations when it omes to modeling the detetor bakground.The best data on the spatial distribution of the HRC-I internal bakground ome from laboratory measure-ments made before launh. If the isolated \hot-spots" and the perimeter of the ative area are ignored theobserved spatial distribution of the bakground is uniform at a level of 3�10�6 ounts s�1 arse�2. This valueis really an upper limit to the internal omponent sine some of this \internal" bakground is likely to havebeen generated by atmospheri muons and the radioative deay of building materials near the detetor.On-orbit the observed bakground is several times larger than that measured in the laboratory. Beausethe HRC-I MCP total rate observed at launh was above the maximum rate at whih we ould telemeter allthe event data (telemetry saturation), the HRC was ommanded to rejet the MCP events that were oinidentwith signals from the sintillator detetor. Figure 6a is an image of the bakground 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 proessingbased on event quality.11 Before �ltering, the distribution is maximum in the enter of the detetor and rollso� toward the edges; this pattern is similar to that in the detetor 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 HRCdetetor housing door may blok or modify some fration of the partile ux.While we routinely operate the HRC-I with on-board rejetion of the MCP events that are oinident withsintillator signals, we have performed an observation where this wasn't the ase. When we selet from thisobservation only the events that were agged as oinident with sintillator signals to form an image, we seea distribution that is entrally peaked, similar to the portion that is �ltered out in the bakground imagesdisussed above. The event quality �lters were designed to eliminate events that were likely to be aused byosmi rays and this suggests that they funtion as expeted. The image of oinidene events also shows a



Figure 5. An example of aring in the HRC-S total event rate as a funtion of time. Fluxes measured in the lowestEPHIN eletron and proton hannels as well as the Integral hannel are also plotted.
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CHIPXa bFigure 6. Grey-sale images of the HRC-I bakground spatial distribution observed when the HRC-I was not viewingthe sky: a) un�ltered, b) �ltered. The image is displayed in \CHIP" oordinates, whih are aligned with the HRC-Idetetor axes; image ells are 256 detetor pixels ( 33.7 arse) on a side. The grey-sale range is zero-suppressed so thethe variation is enhaned; the grey-sale range is 0.8-1.2 times the bakground mean for eah image.



suggestion of a gradient that underlies the entral peaking but whih trends in the opposite sense as that shownin Fig. 6b. Suh opposing gradients would be expeted if the HRC door degraded the partile energies enoughthat some of the partiles ould not penetrate to the sintillator after reahing the MCPs.Using data when the HRC-I is not viewing the sky has the advantage that the bakground does not inludeX-rays from elestial soures or ontamination from the aring bakground; as suh, it is hoped that theseimages reet the spatial variation of the quiesent bakground. However, there is a possibility that the spatialdistribution of this quiesent omponent hanges between the viewing position and non-viewing position. Indeed,as disussed in Set. 2.1, the ratio of the HRC-I MCP valid rate to the total rate hanges between the twopositions. We have looked for suh a variation by seleting a set of HRC-I alibration observations of the starAR La, where the pointing diretion was varied to plae AR La at di�erent loations on the detetor. For eahobservation, events within a irular region entered on AR La were rejeted; the size of the irular regionhad a radius of at least �7.9 arse and was adjusted based on the o�-axis angle of the observation; timesthat appeared to be a�eted by aring bakground were rejeted as well. Note that this proess for \leaning"the observations does not remove all the elestial X-rays. In partiular, the leaning proess an leave X-raysfrom AR La that lie outside the extration radius; a visual examination of the bakground image reated fromthe AR La observations showed enhanements that followed the pattern of the di�erent pointing diretions.We ompared the bakground spatial distributions from the non-viewing data and the AR La data and founddi�erenes that were onsistent with an inomplete removal of elestial X-rays; so as a �rst approximation thenon-viewing data does represent the spatial distribution of the HRC-I quiesent bakground when viewing thesky. 4. HRC-S SPATIAL DISTRIBUTIONWe an expet a spatial variation in the HRC-S bakground for most of the same reasons given for variationsin the HRC-I bakground (the exeption being that oinidenes of events with a signal in the sintillator donot our). An additional reason for spatial variation, that is important for lower energy partiles, is reatedby variations in the thikness of the material in the UV/ion shield, an aluminized-polyimide �lm in front ofthe MCPs. One ompliation in understanding the spatial distribution of the HRC-S bakground is the fatthat the HRC-S is operated in di�erent modes, seleting di�erent ative areas, in order to redue the quiesentvalid event rate to on the order of half the telemetry saturation value. Two modes reeive the bulk of HRC-Sobserving time: the default spetrosopy on�guration that selets a strip of about one half the width of theHRC-S ative area, along the entire length; and the high-resolution timing mode that uses only triggers from theenter MCP segment with the trigger level slightly higher than the default value. A third mode has been usedfor many alibration observations that also selets the entral MCP as the ative region but keeps the defaulttrigger level. Both sky-viewing and non-sky-viewing data are available for eah of these modes. Unfortunately,in the most heavily used mode, the one for LETG spetrosopy, when viewing the sky the dispersed spetrumlies in the area in whih we are most interested in the bakground. We examine data from eah of these modesbelow.4.1. Default Spetrosopy ModeThe default on�guration for the HRC-S uses a hardware \edge-blanking" funtion to rejet events that ouroutside of a de�ned retangular region. For spetrosopy, the retangular region runs the entire length of thedetetor but only overs a strip of half the width down the enter. Figure 7 shows an image of the bakgroundfrom 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�rated X-rays. While the on-axis soure,Capella, has been removed from the data, other soures have not; there is evidene for an o�-axis soure 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 eah of the segments.One di�erene between these two images is that the wing segments in the low-aring data are slightly brighterompared to the enter segment than in the non-viewing data. This brightening of the wing segments is evenmore pronouned 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 bakground in the default spetrosopy mode. Top: non-sky-viewing, Middle: low-aring, Bottom: high-aring. The images are displayed in the HRC-S oordinates with image ells 256 detetor pixels( 33.7 arse) on a side. Grey-sale range is 0.8-1.2 of the �eld mean in eah image.
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Figure 8. Images of the HRC-S bakground in the default spetrosopy 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 detetor pixels ( 33.7 arse) on a side. Grey-sale range is 0.8-1.2 of the �eldmean in eah image.abrupt dimming in the entral third. These variations in brightness of the bakground in the high-aring datamath loations where the thikness 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 aringomponent by the thiker parts of the UV/ion shield have beome more apparent. The aring omponent inthe bakground is substantially attenuated by the additional thikness of 486�A (�12 �g/m�2) of aluminum.For a aring bakground omposed of protons, the signi�ant attenuation by suh a small mass implies energies
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Va bFigure 9. Grey-sale images of the HRC-S bakground spatial distribution taken in the high-preision 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 detetor pixels ( 33.7 arse) on a side. The grey-salerange is zero-suppressed so the the variation is enhaned; the grey-sale range is 0.75-1.25 times the bakground meanfor eah image.well below 1 MeV.4.2. High-preision Timing ModeThe HRC-S is used to perform observations where high-preision timing is a key objetive 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 produe triggers. In addition, the trigger threshold is raised slightly so that extremelylarge signal in the wing segments annot generate spurious triggers. Figure 9 shows bakground images takenwhile the HRC-S was in the high-preision 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 soures have been removed from the data but elestial X-rays are still present.One 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 observationone again shows the shadow of the thiker aluminum in the UV/ion shield as well as a shadow ast by thereetors of the high-energy suppression �lter (HESF).14 The bakground in the HESF shadow is lower thanin the thik aluminum area, indiating that it probably bloks all of the aring omponent4.3. Center Segment ModeThe enter segment of the HRC-S an also be seleted as the ative area using the \edge-blanking" funtion thatis used to de�ne the default spetrosopy region. There is no di�erene between using edge-blanking or imagingmode in whih events get seleted as good. However, the high-preision timing mode uses a higher triggerthreshold to detet events and this an lead to di�erenes in their bakground spatial distributions. A di�erene



20000 24000 28000 32000

500

3500

V

20000 24000 28000 32000

500

3500

V
20000 24000 28000 32000

500

3500

V

20000 24000 28000 32000

500

3500

V

Figure 10. Comparison of bakgrounds between the edge-blanking seleted enter segment mode and the high-preisiontiming mode from non-sky-viewing data. Left-side images are for the edge-blanking, right-side are high-preision timing;top images are raw, bottom are �ltered. The images are displayed in HRC-S oordinates; image ells are 256 detetorpixels ( 33.7 arse) on a side. The grey-sale range is zero-suppressed so the the variation is enhaned; the grey-salerange is 0.75-1.25 times the bakground mean for eah image.in the spatial distributions exists for the raw data as an be seen in Fig.10. The high-preision timing modedata shows a muh larger variation from the detetor 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 indue 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-preision timing mode.When an observation is ontaminated by a aring bakground, the same shadows from the thiker 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 bakgrounds;unfortunately, we don't have independent preditors for all of these trends. One key reason for haraterizingthe behavior of the bakground ontributors is so that we an develop models or reipes for estimating thebakground that was seen in any given observation. We are urrently working on tehniques for modeling theontribution of the quiesent bakground to the bakground using its observed temporal and spatial harateris-tis. Beause of its unpreditable time behavior, it is likely that di�erent methods will be required for modelingthe aring bakground. When their development is omplete, the tehniques 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 haraterizing the on-orbit bakground observed by the HRC and severalareas merit further investigation. One key area for ontinuing work is in searhing for and haraterizing anydi�erenes in the aring omponent of the bakground. The searh for di�erenes ould be based on parameterssuh as: the observed rate in the aring omponent; proximity of the CXO to the Earth's radiation belts; the levelof ativity in the lowest energy EPHIN hannels; time sine the last CME; or partile environment as measuredby other spaeraft. With ontinuing observations, the statistis that we obtain for the various omponentsand on�gurations will improve; it may then be that we an distinguish di�erenes where we urrently annot.Sine we are only part of the way through a solar-yle and we see evidene for variation in the total rate in the
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