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Abstract. TheEnergeticX-ray Timing Survey Telescope(EXIST) missionconceptis understudyastheBlack Hole Finder
Probe(BHFP),oneof thethreeEinsteinProbemissionsin theBeyondEinsteinProgramin thecurrentNASA Strategic Plan.
EXIST would conductanall-sky imaginghardX-ray ( � 10-600keV) survey with unprecedentedsensitivity: about5 � 10�

13

cgsoverany factorof 2 bandwidth,or comparableto thatachievedatsoftX-raysin theROSAT survey. Theproposedangular
resolutionof 5arcmin,temporalresolutionof 10microsec,energy resolutionof 1-4 keV over thebroadband,andduty cycle
of 0.2-0.5for continuouscoverageof any sourceprovide an unprecedentedphasespacefor timing andspectralstudiesof
blackholes–from stellarto supermassive,aswell asneutronstarsandaccretingwhite dwarfs.Thelargesky coverageallows
intrinsically rareeventsto bestudied.Oneparticularlyexciting exampleis thepossibledetectionof tidal disruptionof stars
nearquiescentAGN. Super�ares from SGRscould be detectedout to the Virgo cluster. The large duty cycle andall sky
monitornatureof themissionwill enableQPOsfrom luminousAGN andBH X-ray binariesto bestudiedon timescalesnot
possiblebefore.I provide anoverview of themissionconceptandReferenceDesign,theX-ray timing scienceprospectsfor
EXIST, andhow thesemight befurtheroptimizedin thecurrentStudyfor EXIST astheBHFPsothatEXIST might include
many of thedesirablefeaturesof a next-generationtiming mission.

INTRODUCTION

At energiesabove � 10 keV, the sky becomesrelatively
darkasthethermalemissionfrom thebrightestX-ray bi-
nariesbecomeslessprominentanddiffuseemissionfrom
hot gascan not be maintained.The numberof bright
sourcesdecreasesdramatically, but thosethatremainare
likely to beamongthemostinteresting(at leastfor high
energy astrophysics)as they are either accretionpow-
eredor non-thermal.In bothcases,variability often be-
comesincreasinglyprominentwith increasingenergy,
at leastup to 20-30 keV beyond which it hasusually
beendif�cult to measure(on short timescales)for per-
sistentsources.Thesehard X-ray sourcesare, in gen-
eral,accretingblackholes:at �ux esFx (10-20keV)
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1, theextragalacticAGN dominate
thesky above 10 keV. But evennearthegalacticplane,
the logN-logS relationsderived from the RXTE/ASM
datafor Fx (2-12keV) �

�
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1by
Grimm,Gilfanov andSunyaev (2002)(anddiscussedby
Vrtilek in this volume)would suggestthat black holes
are �

�

10% of the total for source�ux esat theselimits,
andprobablymoresoif insteadmeasuredat 10-20keV.
This inferencerequiresincludingtransients,andthesim-
ple factthatof the � 180galacticsourcesdetectedabove
thelimiting Fx by theASM, all 16of thecurrentlyknown
blackholecandidates(BHCs)in theGalaxy(cf. McClin-
tockandRemillard2003)wouldhavebeendetected.

It could then be arguedthat a follow-on missionto

RXTE, with its highly successfultiming studiesof ac-
cretingblack hole (BH) andneutronstar(NS) systems,
wouldgainmostfrom greatlyincreasedsensitivity above
10keV. Obviously, thisis counteredby thegreatersource
�ux esandthuscountratesat lower energies:for a sim-
ple power law (with photonindex 2) approximationto
the spectrum,the counts are 10 � larger in a decade
lower energy band.However the relatively non-variable
sourceemissioncomponents(e.g. blackbodyemission
from NS surfacesor the thermalsoft continuumfrom
accretiondisks aroundBHs) provide additional`signal
backgrounds'at low energies,and indeedthe rms am-
plitudeof quasi-periodicoscillations(QPOs)in bothBH
andNS accretorsincreasessharplywith energy up to at
least � 20 keV (cf. Kaaret,this volume).Thus on bal-
ance,the net gainswith increasedenergy bandarede-
pendenton the timescaleand spectrumof the variable
sourcecomponent(s)to be measured.QPOscanbe de-
tectedin time T with detectionsigni�cancens (vander
Klis 1998)
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wheres is thesourcecountrate,b is thebackground,Dn
is thesignalbandwidth,andr is thermsamplitude.

We shall usethis expressionto estimatethe approxi-
matesensitivity for QPOsthatcouldbedetectedat hard
X-ray energieswith theEnergeticX-ray ImagingSurvey
Telescope(EXIST), now underStudy as the proposed
Black Hole Finder Probe(one of the 3 EinsteinProbe



missions)in theBeyondEinsteinProgramunderthecur-
rent NASA Strategic Plan. In making theseestimates,
andothersfor hardX-ray timing sciencepossiblewith
EXIST, we make useof the so-called“ReferenceDe-
sign” for themission.We�rst introducethemissioncon-
ceptandReferenceDesignandthendiscusstheprincipal
areasof (hard)X-rayTiming thatcouldbeadvancedwith
EXIST. Theseinclude:QPOsfor bright galacticsources
and their long-termtrends,QPOsfor AGN, stellar en-
counterevents(bothstellardisruptionandstar-disk inter-
actions)with dormantAGN, andsuper-�are eventsfrom
soft gamma-rayrepeaters(SGRs)in galaxiesout to the
Virgo cluster. We then describesomeof the modi�ca-
tions to the ReferenceDesignwhich are being investi-
gatedin thecurrentBHFPStudyandwhichcouldfurther
optimizeEXIST asa next generationtiming mission.

EXIST MISSION CONCEPT:
REFERENCE DESIGN

Capsulehistory of EXIST concept

The EXIST mission has beenunder study, in sev-
eral phases,over the pastdecade.Initially proposedas
a MIDEX (IntermediateExplorer)mission(Grindlay et
al 1995), it was later studiedfor a much more sensi-
tive (andlarger)con�guration thatcouldachieve all-sky
imagingsurvey sensitivities at 10-100keV comparable
to whattheonly all-sky imagingsoft X-ray survey, done
with ROSAT in 1990-91(Vogesetal 1999),hadachieved
at 0.1-2.5 keV. The greatly enhancedsurvey sensitiv-
ity merited the endorsementof EXIST in the Decadal
Survey Report1 as one of the threehigh energy astro-
physicsmissionsrecommendedfor the coming decade
(theothertwo beingConstellation-XandGLAST). The
“larger” EXIST was �rst studied(Grindlay et al 2001)
for possibleimplementationon the InternationalSpace
Station(given its large massandnominalzenithpoint-
ing requirement).However, complexities of planningor
(even)accomodatingfor largeattachedpayloadson ISS
madeit clearthata lower realcostimplementationcould
beachievedasafree�yer , whichcouldalsobemoresen-
sitive(giventhesigni�cantly lowerparticlebackgrounds
availablein lower inclination,andaltitudeorbits).Thus
EXIST wasstudiedasa free�yer (low earthorbit; range
of inclinations)at the IntegratedMissionDesignCenter
(IMDC) at the NASA GoddardSpaceFlight Centerin
2001 with additionalstudiesthroughout2002.The re-
sultingdesignfor a free�yer EXIST, theReferenceDe-

1 Astronomy and Astrophysics in the New Millennium, National
AcademyPress(2001)

sign (Grindlay et al 2003a),was the basisfor our pro-
posal that a sensitive hard X-ray survey be considered
for the “Beyond Einstein Program” which was being
formulatedin 2002by the advisorycommittee(SEUS)
for the Structureand Evolution of the Universe(SEU)
Themeof NASA's Of�ce of SpaceScience.The Be-
yond Einstein Program,as �nally announcedin early
2003andembodiedin thecurrentNASA Strategic Plan,
includesthe Black Hole Finder Probe(BHFP), one of
the threeEinsteinProbemissionsproposedto be con-
ductedin addition to the two primary missions(LISA
and Constellation-X)during the Beyond EinsteinPro-
gram.EXIST is now beginning a Study(asoneof two
conceptsfor BHFP) for how the BHFP missionshould
bede�ned sothatasubsequentcompetitionfor its actual
developmentandimplementationcanbecarriedout.

Summary of the ReferenceDesign

As a hardX-ray survey missionwith primaryempha-
sis on black hole surveys in both spaceand time, EX-
IST maximizesthe two primary determinantsfor sen-
sitivity: total detectionarea and total exposure time,
eachas appropriatefor any given source.This means
thatthemissiondesignmustincorporatevery wide �eld
of view (FoV) telescopesand detectors,which in turn
meansthatgrazingincidenceoptics(e.g.with multilay-
ers) are precluded.The basicconcept,then, is a scan-
ning array of codedapertureimaging telescopes,each
with 60


� 75
 fully-coded FoV. The threetogether
combineto form a fully-codedfan beam180


� 75
 ,
with partial codingfor imaging(with somelossof sen-
sitivity) out to even larger total solid angleof approx-
imately 5sr (FWHM). The 180
 axis of the combined
beamis orientedperpendicularto theorbital ramdirec-
tion so that the full sky is sweptout each95min orbit,
and eachsourceon the orbital equatoris observed for
at least75/360 � 21% of the total time at full sensitiv-
ity (exceptfor those� 5 orbitsout of 15 eachdaywhere
the satellite's passagenearthe SouthAtlantic Anomaly
(SAA) would cut perhaps20%of theexposureon those
orbits for a nominal28
 inclination orbit. This survey
time loss,amountingto perhaps15%,couldbereduced
considerablyby launchinginto a lower inclinationorbit
– at thecostof a largerlaunchvehicleor smallerpayload
mass.

TheReferenceDesigntelescopeandspacecraftstruc-
turehasthethreelargeareatelescopes,eachwith 2.7m2

total areaof imaging Cd-Zn-Te (CZT) detectors(each
fabricatedwith a 16 � 16 arrayof 1.2mmpixelsevapo-
ratedon the anodeside of 2cm � 2cm � 0.5cmcrys-
tals, and read out by a single ASIC direct-bondedto
eachcrystal),andstill largerarea(factorof � 2) passive



FIGURE 1. Schematicview of EXIST: 3 telescopes,each
with curvedcodedaperturemask1.5mabove its curveddetec-
tor plane,all mountedabove thespacecraftbus.

codedaperturemasksat focal length 1.5m above each
telescope,“stacked” onthespacecraft(S/C)structurebe-
low. This is theminimummassandenvelopecon�gura-
tion for thedesiredtotal detectorarea(8m2) requiredto
achievethedesiredsurvey �ux sensitivity of � 5 � 10�
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1(comparableto that at soft X-ray energies
achieved with ROSAT) in any factor of 2 bandof en-
ergy, from � 10-200keV, over a 6-12monthtotal expo-
suretime for the �elds of view (andthusexposuretime
perorbit) given.Dueto increasingtransparenciesof the
CZT detectors,shields,andcodedmasks,thesensitivity
becomes� 10 � lower over the band � 200-600keV. A
view of theEXIST ReferenceDesign(hereafterEXIST-
RD), with solarpanelsdeployedandorientedrelative to
its orbital vector, is shown asFigure1 in Grindlay et al
(2003a).Hereweshow (Fig.1) amoreschematicview of
just the3-telescopestackon theS/C,with a scale�gure
alongsidefor comparison.

Wealsoshow (Fig. 2) two sideviewsof thetelescope-
S/Cstack(theright view makesthe180
 fanbeamFoV
of thethreetelescopescombinedeasierto envision),and
�nally (Fig. 3) the con�guration in the Delta IV fairing
for launch.A summaryof someof thekey parametersfor
theEXIST-RD is givenin Table1.

KEY TIMING SCIENCE WITH EXIST

EXIST asa componentof an XRT mission?

With its heretoforeuniquecapabilityof all-sky imag-
ing each95min(or nearlyso),andhighsensitivity above
10 keV, EXIST would enablea numberof new (or com-

FIGURE 2. EXIST with antennasandsolarpanelsfoldedfor
launch.

FIGURE 3. EXIST in DeltaIV shroud.

plementary)temporal-spectralsurveys not yet carried
out.Thecharacteristicsof theEXIST-RD includeat least
two, if not three,of thewidely-agreeduponrequirements
for a follow-on X-ray Timing (XRT) missionto succeed
RXTE:

Lar ge area: For the EXIST-RD, any given sourceis
imagedby � 1.5m2 at any given time, althoughonly
half this areais exposedto the source(the other half,
occulted by the half-open coded mask, is measuring
backgroundsimultaneouslyaswell asall othersources
in that instantaneousFoV). Thusfor fasttiming studies
(e.g. kHz QPOs,etc.), EXIST-RD is only comparable
in area,andthussourcecountrate,to RXTE at 10 keV.
At � 20-30 keV, however, whereQPOsare typically a
factorof 2-3 largerin rmsamplitude(e.g.,Kaaret2004),



TABLE 1. EXIST ReferenceDesignkey parameters

Parameter Value or range

Energy range 10-600keV
( �� 10– �� 300keV)

Sens.(5s ) 50mCrab� (10-200keV)
500mCrab(200-600keV)

FoV 180�

� 75� (fully coded)
Survey coverage full sky ea.orbit
Angularresol. 3-5'
Sourceloc. 10-50”
Energy resol. 1-4keV
Temporalresol. 10msec
Detectors 8m2 imagingCd-Zn-Te

(1.2mmpixelson2cmcrytals)
Telescopes 3, eachcodedaperture

(URAs,2.5mmpixels)
Missionops. zen.scan;& pointings
Mass,power, TM � 8000kg,1500W, 2Mbs

�

50mCrab=5 � 10�

13 erg cm�

2 s�

1in bandDE=E-0.5E

andtheRXTE detectoref�ciency hasfallenby a factor
of (roughly4) while EXIST-RD hasmaintained(nearly)
unit QE, the increasein signalor effective areais closer
to the desiredfactor of � 10. The effectsof the higher
detectorbackgroundfor EXIST-RD, with its very large
FoV, arediscussedbelow.

ASM capability: Thereis wide agreementthata proper
timing missionmust includean all sky monitor (ASM)
capabilityaspartof its missionplan.Themostinterest-
ing phenomena,which maybethemostrare,will other-
wise surelybe (usually)missed.HeretheEXIST-RD is
in its element,with anASM sensitivity ( � 500mCrabper
day) that is a factorof 10-100� moresensitive thanthe
RXTE/ASM (2-12keV) and �

�

100� moresensitivethan
the ASM ability achieved by occultationimaging with
BATSE,which resultedin themostsensitive hardX-ray
(20-100 keV) detection, � 1
 locations, and temporal
variability studiesachieved to date (cf. Harmon et al
2004,Shaw etal 2004).

Hard X-ray response:Giventheenergy dependenceof
QPOsjustmentioned,aswell asthegeneralargumentsin
theIntroductionabove, it is clearthat temporalvariabil-
ity is often(but notalways;seebelow) beststudiedabove

� 10keV. HereagaintheEXIST-RD gainsonlow energy
optimized(e.g.focusingoptics)approachesto very large
areas.True,agrazingincidencelargeareaoptichasneg-
ligible backgroundin comparisonto a large areacoded
apertureHX imager, but asdiscussedbelow this is notan
overwhelmingadvantageif thesource(s)beingobserved
(for kHz QPOs,say)arebright: if totalbackgroundrates,
b, arecomparableto sourcecountrates (cf. Eq.1), then
therequiredintegrationtimeis “only” increasedby afac-

tor of � 1.4.
For bright galactic sources(e.g. the microquasar

GRS1915+105),EXIST-RD canmeasuretheenergy de-
pendenceof �uctuation amplitudesoverawiderrangeof
energiesextendingwell beyondthe(typical) 15-20keV
cutoff of thePCA.Thenominalbackgroundexpectedin
thewide FoV (50


� 60
 in eachdetectormodule)seen
by eachCZT detectorelementis dominatedby the dif-
fusecosmic�ux andis comparableto theCrab�ux in the

� 20-40keV bandanddecreasingmoresteeplyat higher
energies.For anincreasein effectiveareaof theEXIST-
RD vs. the PCA at 20-40keV estimatedasa factorof

� 10, and correspondinglythe increasein signal count
rate,s, but now with the non-sourcebackgroundb � s,
Eq. (1) suggestsEXIST-RD would detectQPOsat these
energiesin only � 4% of thetime aswith thePCA. It is
alreadyclearthatGRS1915+105hasstrongQPOswith
rmsamplitudeincreasingwith energy up to (at least)20-
30 keV (Rodriquezet al 2002).EXIST-RD would push
thesestudiesto higherenergiesandallow their continu-
ousmonitoring(every orbit) for new constraintson the
underlyingphysicsof QPOsfrom stellarmassBHs.

It is also clear that EXIST-RD is competitive, as a
timing mission,for temporalmeasurementsof relatively
faint sourceson long timescales.This regime for QPOs
is of coursemostrelevant for AGN andis thusfar only
studiedwith the limited coverageof long campaignsof
PCA pointingson a half dozenmoderatelybright AGN
(Markowitz et al 2003).EXIST-RD couldmeasure,con-
tinuously, AGN �uctuations on minimum timescalesof
dt min � 0.5-1day(dependingon sourceorbital latitude)
at the � 500mCrablevel. For a 108 M � BH, this enables
detectionof QPOsdownto theplausibleupperfrequency
cutoffs expectedfor disksextendingdown to 3RSchwarz,
for which t min � 2.4dis expected.In factthePCA mon-
itoring campaignsof Markowitz et al (2003) have ob-
tainedinterestingevidencefor high frequency breaksin
the power spectraof several of the 6 AGN monitored
whichareconsistentwith ascalingt min� days � MBH/106 � 5

M
�

which – taken literally – would suggestthe (pre-
dominantly)2-10keV X-ray emissionobservedwith the
PCA is arising from regionsat � 15RSchwarz. Compari-
sonwith similar powerspectraobtainedon theseobjects
(andmany more)with EXIST wouldconstraintheorigin
of variability andtheevolutionof t min with sourcelumi-
nosityandaccretionratevariations.Thecontinuouscov-
eragethatEXIST wouldprovidegivesrelative immunity
from the inevitable aliasingnoisein scheduledpointed
observations,andwould allow the breakfrequenciesto
bemeasuredwith greatercon�dence.



Hard X-ray timing objectivesfor EXIST

We next summarizewhat areperhapsthe mostcom-
pelling sciencegoalsfor temporalsurveys with EXIST.
Eachhard X-ray timing objective is describedin only
broadoutline form; thedetailsarebeingstudiedaspart
of theBHFPMissionConceptStudy, andresultswill be
reportedelsewhere.Thesetemporalsurveysarelistedin
decreasingorder of cosmicdistancescalewithout im-
pliedcorrespondingorderof interestor priority.

GRBsat thelimit

This key objective of EXIST, which potentially has
the best chanceof locating and studying PopIII BHs
giving rise to the very �rst gamma-raybursts (GRBs)
at z � 15, is of coursenot really in the category of a
hardX-ray temporalsurvey of BHs (which may other-
wise denotesurveys or studiesof persistent,or quasi-
persistent,sources).Thesciencegoalsfor GRBsonEX-
IST are partly summarizedby Grindlay et al (2003b).
The GRB survey, andits neutronstarcousin– a survey
for themostluminoussuper�aresfrom SGRsin external
galaxies(seebelow) – have similar key attributes:both
arepossiblesincetheEXIST survey andmissionconcept
aredesignedto maximizesensitivity, FoV, andtemporal
coverageto enabledetectionsof faint, rareevents.The
next objective is perhapsthehighestpriority example.

StellardisruptionnearsupermassiveBHs

Stellarencounterswith supermassive BHs (SMBHs),
taken hereto be with masses�

�

106M
�

andso includ-
ing even that in SgrA*, in the nuclei of galaxiesare
inevitable and indeedprobablyof fundamentalimpor-
tanceto the buildup of SMBHs. A concisereview of
many of thedevelopmentsin thisrich subjectis provided
by Alexander(2003).For starsin thenuclei of galaxies
with SMBHswith masses

�

�

108M � , thetidal radiusRt

� r(M/m)1� 3 atwhichstarsof massm andr aredisrupted
by the SMBH of massM, lies outsidethe event hori-
zon.Stellardebrisfrom astarpassingcloseenoughto be
disruptedon the �rst or subsequentperiastronpassages
will beaccretedby theSMBH andproduceanenergetic
�are. Several sucheventswere very likely detectedin
the ROSAT all sky survey assoft (kT � 0.1keV), lumi-
nous(Lx � 1042

�

44erg s�

1) eventsas reviewed by Ko-
mossa(2002).Recentfollowup observationswith HST
(Gezariet al 2003) of particularly promisingeventsin
thegalaxiesRXJ1242.6-1119andRXJ1624.9+7554,and
with ChandraandXMM-Newton (Komossaet al 2004)
of the RXJ1242.6galaxy, have con�rmed they are not

in presentlyactive Seyferts, thus further supportingthe
stellar disruption scenario.Finally, Wang and Merritt
(2004) have incorporatedthe most recentMBH - s re-
lation for BH massesfrom centralvelocity dispersions
and calculatedthe rate of sucheventsas � 10�

5 yr �

1

Mpc �

3 for non-dwarf galaxies(with the possibility of
evenhigherratesin dwarf galaxiesif they containinter-
mediatemassBHs),andAlexanderandHopman(2003)
haveshownthatdisruptionevents(asopposedto slow in-
spiralevents)arethedominantconributorsto increasing
themassof theSMBH.

Cannizzo,Lee and Goodman(1990) have modelled
thesestellardisruptionevents,�nding they produceac-
cretion luminositiesat approximatelyEddingtonvalues
and with emissionlikely dominatedby EUV and soft
X-ray emissionfrom the disk at effective temperatures

� 105K. Theirpredictedaccretionrateandthusluminos-
ity remainsroughly constantfor � 1yr, followed by a
powerlaw decay, L � t �

1 � 2. Not calculatedby Cannizzo
et al (or anyoneelse,to our knowledge),but quite likely
by analogywith otherextremetransientaccretionevents
(which thesesurelywould be), is the possibility that in
additionto thedominantsoftthermalemissionthereis an
underlyinghardpowerlaw component.StellarmassBHs
in the Galaxyareusually �rst detectedas“soft” X-ray
transientsbut arealwaysaccompaniedby luminoushard
power law emission(or Comptonizedblackbody)which
dominatesthe �ux from the luminousthermalcompo-
nent at energies above � 10-20 keV (e.g., Tanakaand
Lewin 1995). The luminosity in this hard component,
broadband,is usuallyat least10%of thepeakoutburst
luminosity. Thus,if evenjust 1% of thenear-Eddington
softLx fromtidal disruptionof a starbya SMBHappears
in such a hard tail, theseeventswill bereadilydetectable
with EXIST.

We estimatethe detectionrate as follows: using the
WangandMerritt (2004)disruptionrateof � 10�

5 yr �

1

Mpc �

3 anda conservative (10s ) detection�ux limit of
Fx (20-40keV) � 1 � 10�

12 erg cm�

2 s�

1, and“typical”
(e.g. L � ) galaxy with central BH of mass107M

�

and
spacedensity � 0.02 Mpc �

3, and an assumedhard X-
ray luminositythatis Lx ( �

�

10keV) � 0.01Lx (soft),with
Lx (soft) � Ledd � 1045 erg s�

1, EXIST should detect
theseevents out to � 100Mpc at a rate of � 30 yr �

1!
An even more conservative assumptionthat the peak
outburst luminosity, Lx (soft), is insteadonly 0.1LEdd
bringsthis down to � 1 yr �

1.
The recentChandraand XMM observations of the

RXJ1242.6galaxy by Komossaet al (2004) show that
the soft emissionhasdeclinedeven more rapidly, by a
factor of � 200 over the intervening decadesince the
ROSAT observation. Most interestingof all is that the
XMM spectrumshows the emissionto be a power law
(with photon index 2.5� 0 � 2) detectedout to at least



10 keV and with luminosity in the ROSAT band of
Lx (0.1-2.4keV) � 5 � 1041 erg s�

1. This provides at
least indirect evidence that the disruption event itself
doesindeedinclude a hard component,as requiredif
they areto bedetectablewith EXIST. In this case,also,
it may be that the decayof the outburst is lessthanthe
observed(Komossaetal 2004)factorof � 200sincethat
is derived by comparingthe thermal (outburst peak?)
to non-thermal(decadelater) components.If the non-
thermalcomponentwere � 10% of the thermal(instead
of the 1% value assumedabove), then it would have
decayedby a factorof � 20, or very closeto the factor
of � 14 = 91 � 2 predictedfrom the Cannizzoet al (1990)
modelsfor thepower law decayover the9 yearinterval
betweentheROSAT andXMM spectra.

Obviously many moresucheventsmustbeobserved.
As notedin Komossaetal (2004),plannedsoftX-ray all
sky monitorexperiments(e.g.Maxi or Lobster)mightdo
this but only for thosegalaxieswith their centralSMBH
notobscured.EXIST wouldallow anunbiasedsurvey of
all suchevents,providedthey do indeedproducea hard
X-ray component.For encountersof sub-giants(rather
thanmainsequencestars,asassumedabove),thedisrup-
tion is partialandtheHeWD corewill eventuallyplunge
into theSMBH afterspiralling in. For theseevents,EX-
IST will haveprovideda triggerfor LISA to thenrecord
thegravitationalwavesignature.

AGNandQSOvariability andQPOs

We have alreadydiscussedthe applicability of EX-
IST to the fundamentalproblemof measuringthe vari-
ability spectraof AGN. EXIST would measuremini-
mumvariability timescales,whichcouldbet min � 0.25d
for emission from 3RScwarz from a 107M� SMBH.
Given the corresponding�ux limit (5s ) of 1mCrab=
1 � 10�

11 erg cm�

2 s�

1for a 0.25dor 4 orbit integra-
tion onany source,thiswould allow all AGN containing
107M � SMBHsandaccretingat 1% of Eddington(thus
with Lx ( �

�

10keV) � 1043 erg s�

1to bemeasured.These
would be detectedout to distancesd � 100 Mpc. As-
sumingsuchSeyfertsconstituteabout1% of thegalaxy
distribution, there should be some80 Seyferts in this
lowest mass(107M � ) AGN samplefor which power
spectracould be measured.The numbersincreasefor
moremassive SMBHs if they areaccretingat the same
1% of Eddingtonrate,despitethe fall off in their host
galaxynumbers(with increasedmassto accomodatethe
moremassive SMBH) sincetheavailabledetectionvol-
umeincreasesfaster. QSOswith Lx ( �

�

10 keV) � 1045

erg s�

1andSMBH masses� 109M � (againassuming1%
Eddington)could be detectedon their presumedmin-
imum timescalet min � 25d out to z � 0.8, or approxi-

matelywhereobscuredAGN seemto peakin localnum-
berdensity. Thusa largesampleof AGN andQSOlight
curves and power density spectrashould be achieved
from which to testmodelsfor QPOsand,more funda-
mentally, to constrainspin of the SMBHs if their mass
is inferred independently(e.g. from reverberationmap-
ping) by in effect measuringtheir innermoststableorbit
radii astheradiusappropriateto t min.

StellarmassBH variability andQPOs

Again, we have partly discussedthe stellarmassBH
case,whereRXTE hasdoneso much.The high back-
grounddueto thelargeFoV of EXIST-RD makesit com-
petitive only above � 20 keV and then only for bright
( �

�

100mCrab)sources.However thereis physicsto be
learnedby sign�cantly extending the energy rangeof
variability andQPOstudies.Determiningt min overasig-
ni�cantly broaderenergy band can constrainlags and
Comptonizationmodels.Most unique,however, would
be the �rst comprehensive survey of the evolution of
QPOswith �m andspectra.Thatis, how doQPOschange
their “spots” wheninput parameters(e.g. �m ) or output
parameters(e.g.spectralshapeandthusmodels)change?
The migrationof QPOpeaksandpower spectraslopes
and breakswith input/output parameterswill require
thecontinuouscoverageEXIST wouldprovide;sporadic
pointingswill not trackthefull behaviour. As with AGN,
this could lead to qualitatively new constraintson BH
spinor, attheveryleast,theunderlyingphysicsof QPOs.

A key areafor stellarBH timing is of coursethedetec-
tion andstudyof new (aswell asrecurringandknown)
transients.The imaging ASM natureof EXIST is re-
quiredfor discoveryandlocationsof faint transients(e.g.

� 10mCrab)in crowded �elds (e.g. the centralBulge).
The hard X-ray responseis similarly critical for these
heavily absorbedregions. The recenthard X-ray im-
agesof thegalacticcenterregion from INTEGRAL (e.g.
Revnivtsev et al 2004)indicatea populationof absorbed
sourcesfor whichtiming (andspectral)studiescouldelu-
cidatetheirBH (vs.NS)nature.

The imaging of EXIST has two further advantages
for timing on relatively faint (for fast timing: � 10-
100mCrab)sourcesin that �uctuations (power spectra,
etc.) can and would be measuredsimultaneouslyfor
backgroundevents as well as all other actual sources
in the FoV. Codedapertureimagingdoesnot scramble
temporalsignalsor signatures,regardlessof how many
sources(andbackground)arein theFoV.



Neutron starsandSGRs

Neutronstar timing with EXIST will be optimal for
pulsars(bothaccretionandrotationpowered),with their
hardspectrawhichextendoutto �

�

20keV in bothcases.
The full sky eachorbit imaging-ASMnatureof EXIST,
at high sensitivity per orbit, will facilitate the discov-
ery of faint pulsartransients(e.g.Be-HMXB systems).
As with galacticBHs, the study of QPOsfrom bright
LMXBs containingNSprimariesis competitivewith the
PCAor any planned2-10keV followonXRT missionby
providing thediagnosticcoverageabove20keV. Indeed,
oneof themany attractive “�nder telescope”featuresof
EXIST (not just for timing) is that it could provide the
hardX-ray coveragecontinuouslyandat no impactand
thusallow theXRT to bea largearealow mass/low reso-
lution X-ray opticwith sensitivity only below 7 keV (for
Feline coverage).

A uniqueadvantageof EXIST for timing studiesof
NSsis to extendour studyof soft gamma-rayrepeaters
(SGRs),or magnetars,to galaxieswell beyondourLocal
Group.WhereasthenormalSGRburstsfrom the4 sys-
temsknown (3 in theGalaxy, 1 in theLMC) have � 1sec
durationand � 30 keV exponentialspectrawith peaklu-
minositiesof typically � 1041 erg s�

1, two of thesources
have shown “superbursts” or giant �ares with shorter
duration(

�

�

0.1sec)initial spikes which reachpeaklu-
minosities � 103 times the normal bursts.Such super-
bursts,with Lx ( �

�

10keV) � 1044 erg s�

1, couldbeseen
with EXIST (for which the limiting �ux is � 2 � 10�

9

erg cm�

2 s�

1for a 0.1secdetection)out to the � 16Mpc
or the distanceof the Virgo cluster. Thus a sampleof
nearly 103 galaxiescould be continuouslysampledfor
super-burstSGRs.Giventhatthetwo known super-SGR
bursts(in theMilk y Way andLMC) have eachoccurred
oncein about20y, a plausibledetectionrate of super-
SGReventscould be ashigh as � 50 yr �

1. This would
allow the �rst survey for magnetarsin externalgalaxies
and enabletestsfor their formation sites(e.g. presum-
ably in spiral disks),activity cyclesandsuperburstpro-
duction.

POSSIBLE MODIFICA TIONS TO THE
REFERENCE DESIGN

We mentiona few of theongoingstudiesfor theBHFP
thatcouldfurtherenhanceEXIST asahardX-ray timing
mission, with even more capabilitiesappropriateto a
next-generationX-ray timing mission.

Energy range: First, the energy band coveredand in
particular (for XRT objectives) the lower energy limit
Emin is beingstudied.If Emin couldbe reducedfrom 10

keV to 5 keV, thesensitivity to QPOscouldbeincreased
sincesignalcountrateswould double(for typical spec-
tra approximatedas power laws with photonindex 2).
However backgroundswould alsoincrease,andby even
largerfactorsif theFoV is maintainedat theEXIST-RD
value.ThusEmin andFoV arecorrelatedstudyoptions.
DecreasingEmin alsorequiresconsiderationof thedetec-
tor andreadouttechnologiessincenoiseconsiderations
aswell asmassoverburdenmake � 5keV thresholdsdif-
�cult to achievewith thebaselineCZT arraytechnology.
Oneoption beingconsideredis to have a portionof the
CZT arrayapportionedto a lower energy Emin detector
systemwith total areaperhaps1/4 of the total available
(to maintaincomparablesignalto noisewith theprimary
CZT system).

Theupperenergy limit, Emax, is alsoaprimarydesign
driver (which also affectsEmin of course)and is being
studied for optimum scienceand impact on mission
cost and complexity. Emax = 600 keV is the value for
EXIST-RD, but valuesas low as300 keV (cf. Table1)
arebeingstudied.

Field of view: Decreasingthe FoV would of course
greatly reducebackgroundsand, for the samedetector
area,increasetiming sensitivities. It impactstheprimary
survey objectives, and all sky monitor capability, by
reducingexposuretime persourcecorrespondingly. The
presentlarge FoV is chosento be that valuewheredif-
fusesky �ux is comparableto (but larger than)detector
backgroundsdueto shieldleakageandotherprocesses.
Otheroptionsarepossible,suchassmallerFoV at lower
energies (e.g.

�

�

30 keV) where the effects of bright
point sourcesarelargest.Oneoptionbeingstudiedis to
reducethe FoV in the cross-scandirection(to maintain
exposuretime in thescandirection)at low energieswith
aninterposedthin slatcollimator. Otheroptionsarealso
beinginvestigated.

Pointing vs. scanning: The EXIST-RD has a simple
mission model: the telescopestack is zenith pointing
andscansthe full sky aroundthe orbit. The pointing is
very forgiving ( � 0.5
 ) but the aspectrequirementsare
tight (5 � � ). The S/C control systemsto do this canthen
also allow inertial pointing on a �x ed target (or many
targets,given the very large FoV). This would increase
the exposuretime per sourceor �eld that is achieved
eachorbit by a factor of (typically) 2, given the large
FoV andthusexposuretime perorbit in scanningmode.
Neverthelessit is of interestfor certaintiming objectives
andcouldeasilybeaccomodated.

Re-con�gurable telescopearray: The EXIST-RD has
its threetelescopes�x ed, in the tower-stackcon�gura-
tion (Figs.1 and2) thatallows eachto view � 1/3 of the
180
 fan beamunoccultedby theothers.Alternatively,



if the threetelescopesweremountedon thesameplane
(ona longbench;whichwouldrequireahigherlauncher
shroud(Fig.3) to accomodateandwasthereforenotcho-
senasthebaseline),andthey wereeachallowedto move
in elevation (only), the threecould be co-alignedto in-
creasetheavailableareaby a factorof 3 for �x edpoint-
ing or slow scanpointing on a given sourceor group
of sources.This would have the largestimpacton tim-
ing objectives(particularlyif combinedwith thesmaller
low energy FoV option) andallow (for the currentde-
sign) � 4.5m2 to bepointedon a given�eld. This option
would entail additionalmissioncomplexity and(proba-
bly) mass,for thelargerenvelope.Howevertradeoffscan
beconsideredaspartof thecurrentStudyfor theBHFP.

CONCLUSIONS

EXIST in its currentReferenceDesigncon�gurational-
readyincorporatesseveralkey attributesof anoptimized
hard X-ray timing mission.The X-ray Timing mission
or observatoryconceptsdiscussedastheneededsucces-
sorfor RXTE arebasedin largeparton therequirements
to resolve individual pulsetrainsin QPOsfrom galactic
BH and NS accretors.EXIST would not do this in its
ReferenceDesignbut could, in principle,with someof
the optionsbeing studiednow by the EXIST teamfor
the BHFP Study. However EXIST, in its primary sur-
vey modecon�guration is alreadya superbASM and
would have sensitivity to conductpath�nder scienceon
the(much)longertimescalesneededfor variability stud-
ies of galacticBHs andAGN. Breakfrequenciesin the
powerspectraof AGN,andQPOsin AGN,couldbemea-
suredby EXIST overa rangeof interestingBH masses.

Of perhapsthe most interestfor novel timing stud-
ies of SMBHs is the suitability of EXIST to provide
an unbiased(by low energy extinction) survey for stel-
lar disruptionnearSMBHs thatalmostcertainlylurk in
bulgesof all galaxies,without requiringthesebeknown
or detectedaspersistentsourcesby virtueof beingAGN.
Dormant AGN, or long since extinct AGN, are avail-
ablefor this studyin suf�cient numbersthatsurprisingly
largeratesof detectionarepredicted.Moredetailedstudy
is neededto assesswhethera disruptionevent will in-
deedproduceanaccompanyinghardX-ray spectralcom-
ponent(as with galacticBH transients),but the recent
XMM detection(Komossaet al 2004)of sucha compo-
nentin thefaded“afterglow” of a1992likely stellardis-
ruption discoveredwith ROSAT makes the hard X-ray
componentevenmorelikely – particularlyif this XMM
spectrumis laterobservedto decaywith the � t �

1 � 1 pos-
sibly expected.
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