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Abstract. The Enegetic X-ray Timing Suney TelescopdEXIST) missionconceptis understudyasthe Black Hole Finder
Probe(BHFP),oneof thethreeEinsteinProbemissionsn the Beyond EinsteinProgramin the currentNASA Strataic Plan.
EXIST would conductanall-sky imaginghardX-ray (  10-600keV) surwey with unprecedentesensitiity: abouts 10 13
cgsover ary factorof 2 bandwidth,or comparableo thatachiered at soft X-raysin the ROSAT suney. Theproposedangular
resolutionof 5arcmin,temporalresolutionof 10microsecenegy resolutionof 1-4 keV over the broadband,andduty cycle
of 0.2-0.5for continuouscoverageof ary sourceprovide an unprecedenteghasespacefor timing and spectralstudiesof
black holes—from stellarto supermasse, aswell asneutronstarsandaccretingwhite dwarfs. Thelarge sky coverageallows
intrinsically rareeventsto be studied.One particularly exciting exampleis the possibledetectionof tidal disruptionof stars
nearquiescentAGN. Super ares from SGRscould be detectedout to the Virgo cluster The large duty cycle and all sky
monitor natureof the missionwill enableQPOsfrom luminousAGN andBH X-ray binariesto be studiedon timescalesiot
possiblebefore.l provide anoverview of the missionconceptandReferenceDesign,the X-ray timing scienceprospectgor
EXIST, andhow thesemight be further optimizedin the currentStudyfor EXIST asthe BHFP sothatEXIST mightinclude

mary of the desirabldfeaturef a next-generatiortiming mission.

INTRODUCTION

At enegiesabore 10keV, the sky becomegelatively
darkasthethermalemissiorfrom thebrightestxX-ray bi-
nariesbecomegessprominentanddiffuseemissiorfrom
hot gas can not be maintained.The numberof bright
sourceslecreasedramatically but thosethatremainare
likely to be amongthe mostinteresting(at leastfor high
enegy astrophysicsps they are either accretionpow-
eredor non-thermalln both casesyariability often be-
comesincreasinglyprominentwith increasingeneny,
at leastup to 20-30 keV beyond which it hasusually
beendif cult to measurgon shorttimescalesfor per
sistentsources.Thesehard X-ray sourcesare,in gen-
eral,accretingblackholes:at ux esFy (10-20keV) 1

10 Mergcem ?s 1, theextragalacticAGN dominate
the sky above 10 keV. But even nearthe galacticplane,
the logN-logsS relationsderived from the RXTE/ASM
datafor Fy (2-12keV) 6 10 Y emgcm 2s lhy
Grimm, Gilfanor andSuryaer (2002) (anddiscussedby
Vrtilek in this volume)would suggesthat black holes
are 10% of thetotal for source ux esat theselimits,
andprobablymoresoif insteadmeasuredt 10-20keV.
Thisinferencerequiresncludingtransientsandthesim-
plefactthatof the 180galacticsourcesletectedabore
thelimiting Fx by the ASM, all 16 of thecurrentlyknown
blackholecandidate$BHCs)in the Galaxy(cf. McClin-
tock andRemillard2003)would have beendetected.

It could then be arguedthat a follow-on missionto

RXTE, with its highly successfutiming studiesof ac-
cretingblack hole (BH) and neutronstar (NS) systems,
would gainmostfrom greatlyincreasesensitvity above
10keV. Obviously, thisis counteredy thegreateisource
ux esandthuscountratesat lower enegies:for a sim-
ple power law (with photonindex 2) approximationto
the spectrum,the countsare 10 larger in a decade
lower enegy band.However the relatively non-variable
sourceemissioncomponentge.g. blackbodyemission
from NS surfacesor the thermalsoft continuumfrom
accretiondisks aroundBHSs) provide additional “signal
backgroundsat low enegies, andindeedthe rms am-
plitude of quasi-periodioscillations(QPOs)in bothBH
andNS accretorsncreasesharplywith enegy up to at
least 20 keV (cf. Kaaret,this volume). Thus on bal-
ance,the net gainswith increasedcenegy bandare de-
pendenton the timescaleand spectrumof the variable
sourcecomponent(sjo be measuredQPOscanbe de-
tectedin time T with detectionsigni canceng (vander
Klis 1998)

nZDn

rast
wheresis thesourcecountrate,b is thebackgroundDn
is thesignalbandwidth andr is thermsamplitude.

We shall usethis expressionto estimatethe approxi-
matesensitvity for QPOsthatcould be detectedht hard
X-ray enegieswith the EnegeticX-ray ImagingSurey
Telescopg(EXIST), now under Study as the proposed
Black Hole Finder Probe(one of the 3 Einstein Probe
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missions)n the BeyondEinsteinProgramunderthecur-
rent NASA Stratgic Plan. In making theseestimates,
and othersfor hard X-ray timing sciencepossiblewith
EXIST, we make use of the so-called“ReferenceDe-
sign” for themission.We rst introducethe missioncon-
ceptandReferencdesignandthendiscussheprincipal
area®f (hard)X-ray Timing thatcouldbeadvancedwith
EXIST. Theseinclude: QPOsfor bright galacticsources
and their long-termtrends,QPOsfor AGN, stellaren-
counterevents(bothstellardisruptionandstardiskinter-
actions)with dormantAGN, andsuper are eventsfrom
soft gamma-rayrepeaterg SGRs)in galaxiesout to the
Virgo cluster We then describesomeof the modi ca-
tions to the ReferenceDesignwhich are being investi-
gatedn thecurrentBHFP Studyandwhich couldfurther
optimizeEXIST asa next generatiortiming mission.

EXIST MISSION CONCEPT:
REFERENCE DESIGN

Capsulehistory of EXIST concept

The EXIST mission has beenunder study in sevs-
eral phasespver the pastdecadelnitially proposedas
a MIDEX (IntermediateExplorer) mission(Grindlay et
al 1995), it was later studiedfor a much more sensi-
tive (andlarger) con guration thatcould achieve all-sky
imaging suney sensitvities at 10-100keV comparable
to whatthe only all-sky imagingsoft X-ray surwey, done
with ROSAT in 1990-91(Vogesetal 1999),hadachieved
at 0.1-2.5keV. The greatly enhancedsurney sensitv-
ity meritedthe endorsemenbf EXIST in the Decadal
Suney Report asone of the three high enegy astro-
physicsmissionsrecommendedor the coming decade
(the othertwo beingConstellation-XandGLAST). The
“larger” EXIST was rst studied(Grindlay et al 2001)
for possibleimplementationon the InternationalSpace
Station(givenits large massand nominal zenith point-
ing requirement)However, compleities of planningor
(even)accomodatindor large attachedpayloadson ISS
madeit clearthatalower realcostimplementatiorcould
beachievedasafree yer, whichcouldalsobemoresen-
sitive (giventhesigni cantly lower particlebackgrounds
availablein lower inclination, andaltitude orbits). Thus
EXIST wasstudiedasafree yer (low earthorbit; range
of inclinations)at the IntegratedMission DesignCenter
(IMDC) at the NASA GoddardSpaceFlight Centerin
2001 with additional studiesthroughout2002. The re-
sulting designfor afree yer EXIST, the ReferenceDe-
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sign (Grindlay et al 2003a),was the basisfor our pro-
posalthat a sensitve hard X-ray surwey be considered
for the “Beyond Einstein Program” which was being
formulatedin 2002 by 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 announcedn early
2003andembodiedn the currentNASA Strateyic Plan,
includesthe Black Hole Finder Probe(BHFP), one of
the three Einstein Probemissionsproposedto be con-
ductedin additionto the two primary missions(LISA
and Constellation-X)during the Beyond Einstein Pro-
gram.EXIST is now beginning a Study (as one of two
conceptsor BHFP) for how the BHFP missionshould
bede ned sothata subsequentompetitionfor its actual
developmentandimplementatiorcanbe carriedout.

Summary of the ReferenceDesign

As a hardX-ray survey missionwith primary empha-
sis on black hole surneys in both spaceand time, EX-
IST maximizesthe two primary determinantdor sen-
sitivity: total detectionareaand total exposuretime,
eachas appropriatefor ary given source.This means
thatthe missiondesignmustincorporatevery wide eld
of view (FoV) telescopesand detectorswhich in turn
meanghatgrazingincidenceoptics(e.g.with multilay-
ers) are precluded.The basicconcept,then,is a scan-
ning array of codedapertureimaging telescopeseach
with 60 75 fully-coded FoV. The threetogether
combineto form a fully-coded fan beam180 75,
with partial codingfor imaging (with somelossof sen-
sitivity) out to even larger total solid angle of approx-
imately 5sr (FWHM). The 180 axis of the combined
beamis orientedperpendiculato the orbital ram direc-
tion sothatthe full sky is sweptout each95min orbit,
and eachsourceon the orbital equatoris obsened for
atleast75/360 21% of the total time at full sensitv-
ity (exceptfor those 5 orbitsoutof 15eachdaywhere
the satellites passagaearthe SouthAtlantic Anomaly
(SAA) would cut perhap20% of the exposureon those
orbits for a nominal28 inclination orbit. This surey
time loss,amountingto perhapsl5%, could be reduced
considerablyby launchinginto a lower inclination orbit
—atthecostof alargerlaunchvehicleor smallerpayload
mass.

The Referencéesigntelescopeandspacecrafstruc-
ture hasthe threelarge areatelescopesgachwith 2.7n?
total areaof imaging Cd-Zn-Te (CZT) detectors(each
fabricatedvith a16 16 arrayof 1.2mmpixels evapo-
ratedon the anodeside of 2cm  2cm  0.5cmecrys-
tals, and read out by a single ASIC direct-bondecto
eachcrystal),andstill largerarea(factorof 2) passie
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FIGURE 1. Schematicview of EXIST: 3 telescopeseach  FIGURE 2. EXIST with antennasindsolarpaneldoldedfor
with curved codedaperturemaskl.5mabove its curveddetec-  launch.
tor plane,all mountedabove the spacecrafbus.
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codedaperturemasksat focal length 1.5m above each Ll Ll

telescope;stacked” onthespacecraftS/C)structurebe-
low. This is the minimum massandervelopecon gura-
tion for the desiredtotal detectorarea(8m?) requiredto
achierethedesiredsunvey ux sensitvity of 5 10 13
ergcm 2 s Y(comparabldo that at soft X-ray enegies
achieved with ROSAT) in ary factor of 2 bandof en-
ergy, from  10-200keV, over a 6-12monthtotal expo-
suretime for the elds of view (andthusexposuretime
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perorbit) given. Dueto increasingransparenciesf the Hapa
CZT detectorsshields,andcodedmasksthe sensitvity PAR =}
becomes 10 lower overtheband 200-600keV. A | v A
view of the EXIST ReferenceéDesign(hereaftelEXIST- Sohin ey ]

RD), with solarpanelsdeplojed andorientedrelative to
its orbital vector, is shavn asFigurel in Grindlay et al
(2003a)Herewe shaw (Fig. 1) amoreschematiwiew of
justthe 3-telescopestackon the S/C, with a scale gure

alongsidefor comparison. ;
! S plementary)temporal-spectraburveys not yet carried
s/gve alskosr?m_/ (E'gi 2) two ;der\]"ei’é%mftheéelesc%i/e' out. Thecharacteristicef the EXIST-RD includeatleast
stack(theright view malesthe anbeam two, if notthree of thewidely-agreediponrequirements

of thethreetelescopesombinedeasietto ervision),and ¢~ t-110\w-on X-rav Timing (XRT) missionto succeed
nally (Fig. 3) the con gurationin the DeltalV fairing RXTE: W y Timing ( ) missi !

for launch.A summaryof someof thekey parameterfor
the EXIST-RD is givenin Table1l.

FIGURE 3. EXISTin DeltalV shroud.

Large area: For the EXIST-RD, ary given sourceis
imagedby 1.5n? at ary given time, althoughonly
half this areais exposedto the source(the other half,
KEY TIMING SCIENCE WITH EXIST occulted by the half-open coded mask, is measuring
backgroundsimultaneouslyaswell asall othersources

EXIST asa componentof an XRT mission? in thatinstantaneougoV). Thusfor fasttiming studies
(e.g. kHz QPOs,etc.), EXIST-RD is only comparable

With its heretoforeuniquecapabilityof all-sky imag-  in area,andthussourcecountrate,to RXTE at 10 keV.
ing each95min(or nearlyso),andhighsensitvity above At 20-30keV, however, where QPOsare typically a
10keV, EXIST would enablea numberof new (or com-  factorof 2-3largerin rmsamplitude(e.g.,Kaaret2004),



TABLE 1. EXIST Referencéesignkey parameters

Parameter Value or range
Enegy range 10-600keV
( 10— 300keV)
Sens(5s) 50nCrab (10-200keV)
500nCrab(200-600keV)
FoV 180 75 (fully coded)
Suney coverage full sky ea.orbit
Angularresol. 3-5'
Sourceloc. 10-50"
Enegy resol. 1-4keV
Temporalresol. 10nsec
Detectors 8m? imagingCd-Zn-Te
(1.2mmpixelson 2cmcrytals)
Telescopes 3, eachcodedaperture
(URAs, 2.5mmpixels)
Missionops. zen.scan;& pointings

Mass,pover, TM 8000kg,1500W 2Mbs

50nCrab=5 10 ¥emgcm 2s lin bandDE=E-0.5E

andthe RXTE detectoref ciency hasfallen by a factor
of (roughly4) while EXIST-RD hasmaintainednearly)
unit QE, the increasen signalor effective areais closer
to the desiredfactorof 10. The effects of the higher
detectorbackgroundor EXIST-RD, with its very large
FoV, arediscussedbelow.

ASM capability: Thereis wide agreementhata proper
timing missionmustinclude an all sky monitor (ASM)
capabilityaspart of its missionplan. The mostinterest-
ing phenomenayhich may bethe mostrare,will other
wise surelybe (usually) missed .Herethe EXIST-RD is
in its elementwith an ASM sensitvity ( 500nCrabper
day)thatis a factorof 10-100 moresensitve thanthe
RXTE/ASM (2-12keV)and 100 moresensitvethan
the ASM ability achieved by occultationimaging with
BATSE, which resultedin the mostsensitve hard X-ray
(20-100 keV) detection, 1 locations, and temporal
variability studiesachieved to date (cf. Harmon et al
2004,Shaw etal 2004).

Hard X-ray responseGiventheenegy dependencef
QPOgustmentionedaswell asthegenerahrgumentsn
the Introductionabove, it is clearthattemporalvariabil-
ity is often(but notalways;seebelon) beststudiedabore
10keV. Hereagainthe EXIST-RD gainsonlow enegy
optimized(e.g.focusingoptics)approacheto verylarge
areasTrue,agrazingincidenceargeareaoptic hasneg-
ligible backgroundn comparisorto a large areacoded
apertureHX imager but asdiscussedbelow thisis notan
overwhelmingadwantagef the source(speingobsened
(for kHz QPOs say)arebright:if totalbackgroundates,
b, arecomparabléo sourcecountrates (cf. Eq. 1), then
therequiredintegrationtimeis “only” increasedby afac-

torof 1.4.

For bright galactic sources(e.g. the microquasar
GRS1915+105)EXIST-RD canmeasurehe enegy de-
pendencef uctuation amplitudesoverawiderrangeof
enegiesextendingwell beyondthe (typical) 15-20keV
cutoff of the PCA. The nominalbackgroundexpectedn
thewide FoV (50 60 in eachdetectormodule)seen
by eachCZT detectorelementis dominatedby the dif-
fusecosmic ux andis comparabléo theCrab ux inthe

20-40keV bandanddecreasingnoresteeplyat higher
enegies.For anincreasen effective areaof the EXIST-
RD vs. the PCA at 20-40keV estimatedas a factor of

10, and correspondinglythe increasein signal count
rate, s, but now with the non-sourcebackgroundb s,
Eq. (1) suggest&EXIST-RD would detectQPOsat these
enegiesin only 4% of thetime aswith the PCA. It is
alreadyclearthat GRS1915+10%hasstrongQPOswith
rmsamplitudeincreasingwvith enegy upto (atleast)20-
30 keV (Rodriquezet al 2002).EXIST-RD would push
thesestudiesto higherenegiesandallow their continu-
ousmonitoring (every orbit) for new constraintson the
underlyingphysicsof QPOsfrom stellarmassBHs.

It is also clear that EXIST-RD is competitire, as a
timing mission,for temporalmeasurementsf relatively
faint sourceson long timescalesThis regime for QPOs
is of coursemostrelevantfor AGN andis thusfar only
studiedwith the limited coverageof long campaignof
PCA pointingson a half dozenmoderatelybright AGN
(Markowitz etal 2003).EXIST-RD couldmeasurecon-
tinuously AGN uctuations on minimum timescaleof
dt.in 0.5-1day(dependingon sourceorbital latitude)
atthe 500nCrablevel. Foral0® M BH, this enables
detectiorof QPOsdown to theplausibleupperfrequengy
cutoffs expectedfor disksextendingdown to 3Rg,ams
for whicht,,, 2.4dis expectedIn factthe PCA mon-
itoring campaignsof Markowitz et al (2003) have ob-
tainedinterestingevidencefor high frequeng breaksin
the power spectraof several of the 6 AGN monitored
whichareconsistentith ascalingt ., gays  Mgn/10°°
M which — taken literally — would suggestthe (pre-
dominantly)2-10keV X-ray emissionobsenedwith the
PCAis arising from regionsat = 15Rg,,.,- COmpari-
sonwith similar power spectraobtainedon theseobjects
(andmary more)with EXIST would constraintheorigin
of variability andthe evolution of t ,;,, with sourcelumi-
nosityandaccretiorratevariations.The continuouscov-
eragethatEXIST would provide givesrelative immunity
from the inevitable aliasingnoisein scheduledpointed
obsenations,andwould allow the breakfrequenciego
be measureavith greatercon dence.



Hard X-ray timing objectivesfor EXIST

We next summarizewhat are perhapghe mostcom-
pelling sciencegoalsfor temporalsureys with EXIST.
Eachhard X-ray timing objectie is describedin only
broadoutline form; the detailsare being studiedas part
of the BHFP Mission ConceptStudy andresultswill be
reportedelsavhere. Thesetemporalsurweys arelistedin
decreasingorder of cosmic distancescalewithout im-
plied correspondingrderof interestor priority.

GRBsat thelimit

This key objective of EXIST, which potentially has
the best chanceof locating and studying Poplll BHs
giving rise to the very rst gamma-raybursts (GRBs)
atz 15, is of coursenot really in the category of a
hard X-ray temporalsurwey of BHs (which may other
wise denotesurweys or studiesof persistentor quasi-
persistentsources)The sciencegoalsfor GRBson EX-
IST are partly summarizedby Grindlay et al (2003b).
The GRB suney, andits neutronstarcousin— a surney
for themostluminoussuper aresfrom SGRsin external
galaxies(seebelon) — have similar key attributes:both
arepossiblesincethe EXIST surwey andmissionconcept
aredesignedo maximizesensitvity, FoV, andtemporal
coverageto enabledetectionsof faint, rare events.The
next objectiveis perhapghe highestpriority example.

StellardisruptionnearsupermassivBHs

Stellarencountersvith supermasse BHs (SMBHS),
taken hereto be with masses 10°M andso includ-
ing even that in SgrA*, in the nuclei of galaxiesare
inevitable and indeedprobably of fundamentalimpor-
tanceto the buildup of SMBHs. A concisereview of
mary of thedevelopmentsn thisrich subjectis provided
by Alexander(2003).For starsin the nuclei of galaxies
with SMBHswith masses 10°M , thetidal radiusR;

r(M/m)* 3 atwhich starsof massm andr aredisrupted
by the SMBH of massM, lies outsidethe event hori-
zon. Stellardebrisfrom astarpassingcloseenoughto be
disruptedon the rst or subsequenperiastronpassages
will beaccretedy the SMBH andproduceanenegetic
are. Several sucheventswere very likely detectedin
the ROSAT all sky suney assoft (kT 0.1keV), lumi-
nous(Ly 10*2 “erg s 1) eventsas reviewed by Ko-
mossa(2002). Recentfollowup obserationswith HST
(Gezariet al 2003) of particularly promisingeventsin
thegalaxiesRXJ1242.6-1119ndRXJ1624.9+755%4nd
with Chandraand XMM-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 mostrecentMg, - s re-
lation for BH massedrom centralvelocity dispersions
and calculatedthe rate of sucheventsas 10 ° yr !
Mpc 3 for non-dwarf galaxies(with the possibility of
evenhigherratesin dwarf galaxiesf they containinter-
mediatemassBHs), and AlexanderandHopman(2003)
have shavn thatdisruptionevents(asopposedo slow in-
spiralevents)arethe dominantconributorsto increasing
themassof the SMBH.

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

10°K. Their predictedaccretiorrateandthusluminos-
ity remainsroughly constantfor  1yr, followed by a
powerlav decayL t 12, Not calculatedby Cannizzo
etal (or anyoneelse,to our knowledge),but quitelikely
by analogywith otherextremetransientaccretionevents
(which thesesurelywould be), is the possibility thatin
additionto thedominantsoftthermalemissiorthereis an
underlyinghardpowerlaw componentStellarmassBHs
in the Galaxyareusually rst detectedas“soft” X-ray
transientsut arealwaysaccompanietby luminoushard
power law emission(or Comptonizedlackbody)which
dominatesthe ux from the luminousthermalcompo-
nent at enegiesabove 10-20 keV (e.g., Tanakaand
Lewin 1995). The luminosity in this hard component,
broadband,is usuallyat least10% of the peakouthurst
luminosity. Thus,if evenjust 1% of the nearEddington
softLy fromtidal disruptionof a starbya SMBHappeas
in such a hard tail, theseeventswill bereadilydetectable
with EXIST

We estimatethe detectionrate as follows: using the
WangandMerritt (2004)disruptionrateof 10 Syr 1
Mpc 2 anda conserative (10s) detection ux limit of
Fx (20-40keV) 1 10 ¥ergcm ?s 1, and“typical’
(e.g.L ) galaxy with central BH of mass10’M and
spacedensity 0.02 Mpc 3, and an assumechard X-
rayluminositythatisLx (  10keV) 0.01Ly (soft), with
Lx (soft) L.y 10% ergs !, EXIST should detect
theseeventsout to  100Mpc at a rate of 30 yr 1
An even more conserative assumptionthat the peak
outkurst luminosity, Lx (soft), is insteadonly 0.1l
bringsthisdownto 1yr 1.

The recentChandraand XMM obsenations of the
RXJ1242.6galaxy by Komossaet al (2004) showv that
the soft emissionhasdeclinedeven morerapidly, by a
factor of 200 over the intervening decadesince the
ROSAT obsenation. Most interestingof all is that the
XMM spectrumshows the emissionto be a power law
(with photonindex 2.5 02) detectedout to at least



10 keV and with luminosity in the ROSAT band of

Ly (0.1-2.4keV) 5 10* emy s . This providesat
least indirect evidencethat the disruption event itself
doesindeedinclude a hard component,as requiredif

they areto be detectablevith EXIST. In this casealso,
it may be thatthe decayof the outhurstis lessthanthe
obsened(Komossatal 2004)factorof 200sincethat
is derived by comparingthe thermal (outhurst peak?)
to non-thermal(decadelater) componentslf the non-
thermalcomponentvere 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 = 9'2 predictedfrom the Cannizzoet al (1990)
modelsfor the power law decayoverthe 9 yearinterval

betweerthe ROSAT andXMM spectra.

Obviously mary more sucheventsmustbe obsened.
As notedin Komossaetal (2004),plannedsoft X-ray all
sky monitorexperimentge.g.Maxi or Lobster)mightdo
this but only for thosegalaxieswith their centralSMBH
notobscuredEXIST would allow anunbiasedsuney of
all suchevents,providedthey doindeedproducea hard
X-ray componentFor encounterf sub-giants(rather
thanmainsequencstars asassumeabove), thedisrup-
tionis partialandtheHe WD corewill eventuallyplunge
into the SMBH after spirallingin. For theseevents,EX-
IST will have providedatriggerfor LISA to thenrecord
the gravitationalwave signature.

AGN and QSOvariability andQPOs

We have alreadydiscussedhe applicability of EX-
IST to the fundamentaproblemof measuringhe vari-
ability spectraof AGN. EXIST would measuremini-
mumvariability timescaleswhich couldbet ;,, 0.25d
for emission from 3Rg,,, from a 10'M  SMBH.
Given the correspondingux limit (5s) of 1mCrab=
1 10 Y emgcm 2 s for a0.25dor 4 orbit integra-
tion on arny sourcethiswould allow all AGN containing
10'M SMBHsandaccretingat 1% of Eddington(thus
with Ly ( 10keV) 10*%ergs tobemeasuredThese
would be detectedout to distancesd 100 Mpc. As-
sumingsuchSeyferts constituteabout1% of the galaxy
distribution, there should be some 80 Seyferts in this
lowest mass(10'M ) AGN samplefor which power
spectracould be measuredThe numbersincreasefor
more massive SMBHSsif they areaccretingat the same
1% of Eddingtonrate, despitethe fall off in their host
galaxynumbergwith increasednassto accomodaté¢he
moremassve SMBH) sincethe availabledetectionvol-
umeincreasedaster QSOswith Ly ( 10 keV) 10%°
ergs landSMBH masses 10°M (againassumindl%
Eddington)could be detectedon their presumedmin-

imum timescalet,;, 25doutto z 0.8, or approxi-

matelywhereobscuredAGN seemto peakin local num-
berdensity Thusalarge sampleof AGN andQSOlight

curves and power density spectrashould be achieved
from which to testmodelsfor QPOsand, more funda-
mentally to constrainspin of the SMBHSs if their mass
is inferredindependently(e.g. from reverberationmap-
ping) by in effect measuringheirinnermoststableorbit

radii astheradiusappropriateo t ;.

StellarmassBH variability and QPOs

Again, we have partly discussedhe stellarmassBH
case,where RXTE hasdoneso much. The high back-
grounddueto thelargeFoV of EXIST-RD makesit com-
petitive only above 20 keV and then only for bright
( 100mCrab)sourcesHowever thereis physicsto be
learnedby sign cantly extendingthe enegy range of
variability andQPOstudiesDeterminingt ,;, overasig-
ni cantly broaderenegy band can constrainlags and
Comptonizationmodels.Most unique, however, would
be the rst comprehensie suney of the evolution of
QPOswith mandspectraThatis, how do QPOschange
their “spots” wheninput parameterge.g.m) or output
parameterge.g.spectrashapeandthusmodels)change?
The migration of QPO peaksand power spectraslopes
and breakswith input/output parameterswill require
thecontinuousoverageEXIST would provide; sporadic
pointingswill nottrackthefull behaiour. As with AGN,
this could lead to qualitatively newv constraintson BH
spinor, attheveryleasttheunderlyingphysicsof QPOs.

A key aredfor stellarBH timing is of coursethedetec-
tion andstudy of new (aswell asrecurringandknown)
transients.The imaging ASM natureof EXIST is re-
quiredfor discoveryandlocationsof fainttransientge.g.

10mCrab)in crowded elds (e.g.the centralBulge).
The hard X-ray responsds similarly critical for these
heavily absorbedregions. The recenthard X-ray im-
agesof the galacticcenterregionfrom INTEGRAL (e.g.
Revnivtser etal 2004)indicatea populationof absorbed
sourcegor whichtiming (andspectralstudiescouldelu-
cidatetheir BH (vs.NS) nature.

The imaging of EXIST hastwo further advantages
for timing on relatively faint (for fast timing: 10-
100mCrab)sourcesn that uctuations (power spectra,
etc.) can and would be measuredsimultaneouslyfor
backgroundevents as well as all other actual sources
in the FoV. Codedapertureimaging doesnot scramble
temporalsignalsor signaturesregardlessof how mary
sourcegandbackgroundprein the FoV.



Neution stars and SGRs

Neutronstartiming with EXIST will be optimal for
pulsars(bothaccretionandrotationpowered),with their
hardspectravhichextendoutto  20keV in bothcases.
Thefull sky eachorbit imaging-ASMnatureof EXIST,
at high sensitvity per orbit, will facilitate the discov-
ery of faint pulsartransientge.g. Be-HMXB systems).
As with galactic BHs, the study of QPOsfrom bright
LMXBs containingNS primariesis competitve with the
PCAor ary planned2-10keV followon XRT missionby
providing thediagnosticcoverageabove 20 keV. Indeed,
oneof the mary attractve “ nder telescopefeaturesof
EXIST (not just for timing) is thatit could provide the
hardX-ray coveragecontinuouslyandat no impactand
thusallow the XRT to bealargearealow mass/lav reso-
lution X-ray optic with sensitvity only below 7 keV (for
Feline coverage).

A uniqueadwantageof EXIST for timing studiesof
NSsis to extendour study of soft gamma-rayrepeaters
(SGRs),or magnetarsto galaxieswvell beyondour Local
Group.Whereaghe normal SGRburstsfrom the 4 sys-
temsknown (3 in theGalaxy 1in theLMC) have 1sec
durationand 30keV exponentialspectrawith peaklu-
minositiesof typically 10*'ergs 1, two of thesources
have shavn “superhursts” or giant ares with shorter
duration( 0.1sec)initial spikeswhich reachpeaklu-
minosities 10° times the normal bursts. Such super
bursts,with Ly ( 10keV) 10*emgs 1, couldbeseen
with EXIST (for which the limiting ux is 2 10 °
ergcm 2 s for a0.1seadetection)outto the 16Mpc
or the distanceof the Virgo cluster Thus a sampleof
nearly 10° galaxiescould be continuouslysampledfor
superburst SGRs.Giventhatthe two known superSGR
bursts(in the Milky Way andLMC) have eachoccurred
oncein about20y, a plausibledetectionrate of super
SGReventscould be ashighas 50yr 1. This would
allow the rst surwey for magnetarsn externalgalaxies
and enabletestsfor their formation sites (e.g. presum-
ably in spiraldisks),actity cyclesandsuperlurstpro-
duction.

POSSIBLE MODIFICA TIONS TO THE
REFERENCE DESIGN

We mentiona few of the ongoingstudiesfor the BHFP
thatcouldfurtherenhancd&XIST asahardX-ray timing
mission, with even more capabilitiesappropriateto a
next-generatiorX-ray timing mission.

Energy range: First, the enegy band coveredandin
particular (for XRT objectves) the lower enegy limit

Ein is beingstudied.If E;, could be reducedrom 10

keV to 5 keV, the sensitvity to QPOscouldbeincreased
sincesignal countrateswould double(for typical spec-
tra approximatedas power laws with photonindex 2).
However backgroundsvould alsoincreaseandby even
largerfactorsif the FoV is maintainedatthe EXIST-RD
value.ThusE,;, andFoV arecorrelatedstudy options.
Decreasinge,,;, alsorequiresconsideratiorof thedetec-
tor andreadouttechnologiessince noise considerations
aswell asmassoverburdenmake 5keV thresholdgif-
cult to achieve with thebaselineCZT arraytechnology
Oneoption being considereds to have a portion of the
CZT arrayapportionedo a lower enegy E,;, detector
systemwith total areaperhapsl/4 of the total available
(to maintaincomparablesignalto noisewith the primary
CZT system).

Theupperenegy limit, Enay is alsoa primarydesign
driver (which also affects E;, of course)andis being
studied for optimum scienceand impact on mission
costand compleity. Emax = 600 keV is the value for
EXIST-RD, but valuesaslow as300keV (cf. Table 1)
arebeingstudied.

Field of view: Decreasingthe FoV would of course
greatly reducebackgroundsand, for the samedetector
areajncreasdiming sensitvities. It impactsthe primary
suney objectives, and all sky monitor capability by
reducingexposuretime persourcecorrespondinglyThe
presentiarge FoV is chosento be that value wheredif-
fusesky ux is comparabldo (but largerthan)detector
backgroundsiueto shieldleakageandotherprocesses.
Otheroptionsarepossible suchassmallerFoV atlower
enegies (e.g. 30 keV) where the effects of bright
point sourcesarelargest.Oneoption beingstudiedis to
reducethe FoV in the cross-scanlirection (to maintain
exposuretiime in the scandirection)atlow enegieswith
aninterposedhin 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 systemgo do this canthen
also allow inertial pointing on a x ed target (or mary

tagets,giventhe very large FoV). This would increase
the exposuretime per sourceor eld thatis achieved

eachorbit by a factor of (typically) 2, given the large
FoV andthusexposuretime perorbit in scanningnode.
Neverthelessdt is of interestfor certaintiming objectives
andcouldeasilybeaccomodated.

Re-con gurable telescopearray: The EXIST-RD has
its threetelescopesx ed, in the tower-stackcon gura-
tion (Figs. 1 and?2) thatallows eachto view 1/3 of the
180 fanbeamunoccultedby the others.Alternatively,



if the threetelescopesvere mountedon the sameplane
(onalong benchwhichwould requirea higherlauncher
shroud(Fig. 3) to accomodatandwasthereforenotcho-
senasthebaseline)andthey wereeachallowedto move
in elevation (only), the threecould be co-alignedto in-

creaseheavailableareaby afactorof 3 for x edpoint-
ing or slow scanpointing on a given sourceor group
of sourcesThis would have the largestimpacton tim-

ing objectves(particularlyif combinedwith the smaller
low enegy FoV option) andallow (for the currentde-
sign) 4.5n7 to be pointedon agiven eld. This option
would entail additionalmissioncompleity and(proba-
bly) massfor thelargerervelope Howevertradeofs can
be consideredaspartof the currentStudyfor the BHFP

CONCLUSIONS

EXIST in its currentReferenceDesigncon guration al-
readyincorporateseveralkey attributesof anoptimized
hard X-ray timing mission. The X-ray Timing mission
or obsenatory conceptdliscussedsthe neededsucces-
sorfor RXTE arebasedn largepartontherequirements
to resole individual pulsetrainsin QPOsfrom galactic
BH and NS accretorsEXIST 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 mode con guration is alreadya superbASM and
would have sensitvity to conductpath nder scienceon
the (much)longertimescalesieededor variability stud-
ies of galacticBHs and AGN. Breakfrequenciesn the
powerspectraf AGN,andQPOsin AGN, couldbemea-
suredby EXIST overarangeof interestingBH masses.

Of perhapsthe mostinterestfor novel timing stud-
ies of SMBHs is the suitability of EXIST to provide
an unbiasedby low enepgy extinction) surwey for stel-
lar disruptionnearSMBHs that almostcertainlylurk in
bulgesof all galaxieswithout requiringthesebe known
or detectedaspersistensourcedy virtue of beingAGN.
Dormant AGN, or long since extinct AGN, are avail-
ablefor this studyin sufcient numberghatsurprisingly
largeratesof detectiorarepredictedMore detailedstudy
is neededo assessvhethera disruptionevent will in-
deedproduceanaccompaying hardX-ray spectratom-
ponent(as with galacticBH transients)but the recent
XMM detection(Komossaet al 2004)of sucha compo-
nentin thefaded"afterglow” of a1992lik ely stellardis-
ruption discoveredwith ROSAT makesthe hard X-ray
componentvenmorelikely — particularlyif this XMM
spectrunis laterobseredto decaywiththe t 11 pos-
sibly expected.
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