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ABSTRACT

The high time resolution observations of the X-s&ty hold the key to a number of diagnostics of améntal physics,
some of which are unaccessible to other types wdsitigations, such as those based on imaging asctrepcopy.
Revealing strong gravitational field effects, measy the mass and spin of black holes and thetequaf state of
ultradense matter are among the goals of such wdi8mrs. At present prospects for future, non-fecuX-ray timing

experiments following the exciting age of RXTE/P@Fe uncertain. Technological limitations are undably faced in

the conception and development of experiments efféctive area of several square meters, as ndadmder to meet
the scientific requirements. We are developing dasigea monolithic Silicon Drift Detectors offerifggh time and

energy resolution at room temperature, which regoiodest resources and operation complexity (@ad-out) per unit
area. Based on the properties of the detector ead-out electronics that we measured in the labdexeloped a
realistic concept for a very large effective argasion devoted to X-ray timing in the 2-30 keV aperange. We show

that effective areas in the range of 10-15 squateirs are within reach, by using a conventionatspaft platform and
launcher of the small-medium class.
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1. INTRODUCTION

Neutron stars and stellar mass black holes arel¢hsest gravitationally bound objects and posgessnbst intense
gravitational fields in the universe. They provideunique opportunity to investigate the propertégravity in the
strong-field regime, to reveal a variety of geneedtivistic effects and measure some of the fumelgtal properties of
collapsed objects such as their radius, mass, anmdmentum (see e.g. R&flmportant insights can also be gained on
the properties of plasmas under extreme conditisnsh as supercritical magnetic fields and bulktenadensities
exceeding those of atomic nuclei. These studiesbgilmade possible through the exploitation of ssvdiagnostics,
some of which have been singled out only in thedasade. Especially promising appear to be th@gndstics that are
capable of probingn situ matter motion in close vicinity of collapsed olifeand/or the rotation of the collapsed object
itself. For instance accretion disks around neustans and black holes can extend down to theisaafithe marginally
stable orbit (rs = 6GM/E for a non-rotating object), where velocities a@mparable to the speed of light and
characteristic timescales are of the order of s@ttonds or less.

Besides techniques based on X-ray spectroscopgplyovery broad profiles of X-ray emission linee(K-shell in
particular) and the optically thick emission fromceetion disks, diagnostics based on fast X-raynjmmeasurements
hold a great potential in this respect. For exantpéefast quasi periodic oscillations, QPOs, thatmesent in the flux
of a number of X-ray binary systems, most likel§leet the fundamental frequencies of the motionratter in the
innermost disk regions and thus hold the potemtiajather unprecedented information on the stronglyed space-
time near neutron stars and stellar mass blackshd@Os have also been observed in the X-ray flushefvery
massive black holes that are hosted in Active Gialatuclei, AGN’.

Direct observation of relativistic effects, suchfamme dragging and strong field precession, angdiat measurements
such as black hole mass and spin appear to bewitalh reach of the QPO diagnostics (e.g. §eMore generally,
timing variability studies have played a centralerin high-energy astrophysics for a long time. Tdetection and
accurate measurement of coherent pulsations frenrdtation of neutron stars and white dwarfs yidldewealth of
crucial information on these compact objects, trgues that act on them, and the radiative prosessponsible for
their emission. Other periodic phenomena such Bgses or dips are tools of paramount importancerfterring the
characteristics of X-ray binaries, measuring thesmaf the stars and inferring the characteristics geometry of mass
transfer in these systems.

X-ray bursts and flares, together with other impglphenomena of vastly different duration and abteristics have
provided, among other things, evidence for therrotear flashes in the material accreted onto théaserof starsor
highly unstable field configurations inside neutretars with exceptionally strong magnetic fieldse tso-called
Magnetar& The fast transient oscillations detected durlmg most powerful flares of magnetar candidates ity
originate from seismic modes: this has opened a pemspective in the study of structure of neutrtarssand the
properties of ultradense and ultramagnetic matterugh neutron star seismology.

While a number of important results were obtainétth & variety of X-ray astronomy satellites (UhuAujel V, SAS-3,

ANS, Einstein, EXOSAT, Ginga, BeppoSAX, just to rien the main ones), it was with the Rossi X-raynifig

Explorer, RXTE, that X-ray timing entered a goldege. While the RXTE discoveries were made possipléhe area
and time resolution of its proportional countersagr(PCA, ~0.67 1), its All Sky Monitor (ASM) and flexible
operations contributed greatly to the successefrfssion.

The scientific goals outlined above require theali@ment of a collimated experiment with an effeztarea above 10
m?, good energy resolution for time-resolved spectratlies, and response extending well beyond 10 &evisidering

the success of the strategy of RXTE/PCA, we propodgellow-up thel5 years of glorious RossiXTE a@ns with a

new mission characterised by an unprecedentedig leffective area. We believe that the new teclgiesowill enable

a giant leap forward with respect to the RXTE/P@Hys yielding a great opportunity to fully explaite discovery

potential of timing diagnostics. In the followingaions we describe the concept of a new genertitiong experiment

and its possible implementation.

2. THE CONCEPT

The issue with building extremely large area experits resides primarily in the resources requiretkims of mass,
power and volume (besides, of course, cost). Onceqt is based on an innovative design of larga &ikcon drift

chambers originally developed by INFN Tridster particle tracking in the Inner Tracking SystéfS) of the ALICE

experiment in the Large Hadron Collider at CERNe General concept of Silicon drift detectors (SD¥)o have the
charge generated by the photoelectric absorptioanoK-ray photon drifted through the Silicon butwiards small
collecting anodes. The small size of the read-ontlas offers a small capacitance (order of teriB)adnd therefore low
noise, permitting to achieve good energy resolstiand low discrimination thresholds. The abilitycuft the charge



from its point of generation to the anodes makesctiarge collection process independent of thegohdétection: to
first order, the detector performance is nearlyepehdent on its active area (this is not striathe tbecause of the
increasing leakage current). Some technologicarisffin the field of drift detectors were aimedaahieve excellent
performance in spectroscopy or timing on small aletectors. In the case of the ALICE detectorshigbest effort was
devoted to maximize spatial resolution on largexar®nolithic devices. In fact, the ALICE-D4 deteasteome with a
monolithic active area of 53 éneach and achieve spatial resolution as gooBasum in particle trackifg. In Figure

1 we show a picture of the ALICE-D4 detector, desidyby INFN Trieste in collaboration with, and méaatured by,
Canberra Inc.. It is worth noting that in the ALI@&periment280 SDDs have operated by now for nearly 2 years;
their total area is1.5 nf.
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Figure 1. A picture of the ALICE-D4 silicon drift tetor.

In its present design, this detector is conceptudiltided into two halves (top and bottom in Figure each
read-out through a set of 256 anodes. A drift eledield is controlled by a voltage divider limidego a negative high
voltage 0f<1300-2400 V. The highest voltage is applied thetareaf the Si tile, dropping smoothly to the groadd
anodes. A side guard region is designed to gragdaltrease the high voltage to the mechanical etitfee Si tile and
makes approximately 17% of the total area not estlyl detection purposes. The anodes have a pit2Bopum and a
drift length of 35 mm. The read-out is then one-gliisional and each drift channel (that is, eachrppéifier) subtends
an area of 0.103 dnThe Si thickness (300 um) is fully depleted.

The working principle of the detector is the foliog. When pairs are generated after energy releagarticle
ionization or photoelectric absorption or Comptoattering of photons, the electrons are first drilsg the electric field
to the central region of the Si bulk and then ddfthrough the detector until they are pulled ughtodetector surface
towards the collecting anodes, where a charge mien transforms them into an electric signal.ribg the drift
process, the diffusion spreads the charge clouthapat the end of the drift its size involves mthan one anode.
Depending on the point of impact along the drifarchel, the charge can be collected by up to 5 anollee charge
distribution over the anodes allows the reconsimnabf the photon position to a resolution up totib@es better than the
anode pitch. The maximum drift time of the chargesshe minimum time resolution. Its precise valepends on the
instrument operating parameters and is about Sosgoonds.

The properties of the ALICE detectors inspiredrtirevestigation as X-ray detectors for astronoriiie first
lab tests with a preliminary set-up were highly mmagind®** A better, though not yet optimized, experimenthisp
permitted to measure a very good performance botierms of spectroscopy and imagdig***° energy resolution
between 300 eV and 600 eV (depending on the ewection) and one dimensional spatial resolutiotwben 30 and
50 um. The interaction point along the drift chdr(tleat is, the second dimension) may be derivethatevel of few
mm (see Ref for details), even though this is irrelevant initim applications. The low energy threshold of esed-
out channel can be set to less than 500 eV, bufteetive detection threshold is between 1 keV 2@V (depending
on the accepted efficiency level), due to the chagaring between adjacent anodes caused by fhsidlif in the drift.
A more detailed description of the ALICE-D4 detestand their performance may be found in Ref.



In the context of the present project, the key proes of these detectors are:
* good spectroscopic performance over monolithicdangea devices
* low energy discrimination threshold
* efficient read-out (active area per unit read-out)
* low weight and volume per unit sensitive area
e proven reliable mass production
e fully scalable design
* modular approach

¢ full scientist control on design, production anst jgrocesses.

Given the detector performance and the INFN expedein building the 1.5 fMALICE/ITS experiment, we began
investigating the possible use and customizatiothisf type of detectors to achieve the long-soughtsquare meter
experiment scale for high resolution X-ray timing astronomy. Another major issue to be addressexh isfficient
system for collimating the experiment field of vielewn to a typical size of£1-2°. A classical collimator would be
completely unfeasible in terms of weight, volumed asost. We identify the micro-capillary technologypossible
solution. Some manufacturers (e.g., Hamamatsu RiwstoCollimated Holes Inc.) produce lead-glassilizap plates.
The off-the-shelf version of these devices comedh Wimm thickness and a matrix of holes with 25diameter and 32
pm pitch, providing an open area ratio of 55%. @ustlesign is possible (Hamamatsu Photonics andn@d#d Holes
Inc., private communication), reaching an open aeg® of at least 70%. These devices were proweesfficiently
collimate soft X-rays both by other groups (see ¥eind in our own laboratory testsWe also studied the efficiency
of a collimator based on this technology as a foncdf photon energy by means of Monte Carlo sirtofes. In Figure
2 we show the simulated angular and energy respdksexpected the angular response depends onyerieng
simulation shows that the capillary plates effitigrcollimate X-rays up to 30 keV and to a widereopg angle up to
<50 keV. The average density of the plates is aBdaitg cri®, implying that for a 1 mm thickness their masgis
kg/m?. Taking into account the current (but improvaltdedive/geometrical area ratio of the ALICE-D4 détes (83%)
and an open area ratio of 70%, the active to getrakarea ratio of a collimated SDD camera is 0.58
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Figure 2. Angular response as a function of enefgycollimator based on a 1 mm thick polycapillptgte.

Based on what reported above, the basic elemeatlafge area, collimated experiment is sketcheBigure 3. The
sandwich is composed, from top to bottom, by a 1 thick capillary plate, a&500 pum thick silicon drift detector, an
ASIC-based read-out and power filtering electromioard, supported by a mechanical structure, walst supports the
power and data distribution. The “surface densitfysuch a package is of about 6 ki.fthis is then the basic element
of a modular design for a large area experimenidBig a ten-square-meter scale experiment requailgs the ability to
set-up a payload of such a large area, in termggeoietrical surface, mass, power and telemetrydtudg



Figure 3. The conceptual basic “package” that casapdhe LOFT detection plane. From top to bottdw:1t mm thick
micro-capillary collimator, the 0.5 mm Si drift @etor, the few mm thick front-end electronics ahd supporting
structure.

3. APOSSIBLE IMPLEMENTATION

The approach is to draw a first-order-feasible glesiased on conventional technology and standasdabd launchers,
in a small-to-medium class satellite for a low-Baguatorial orbit mission. We studied with Thafdenia Space -
ltalia a configuration based on the PRIMA-S bus &nel Vega-class launcHér The first issue we studied is the
maximum geometrical surface that can be deployexthit. Despite the thinness of the collimator-d&te package, we
conservatively assumed 20 cm thick detector pametduding the package itself (collimator + SDD fearonics),
power distribution, thermal shielding and radiat@s well as mechanical support structure. To stidintan existing and
reliable deployment mechanism, we based our systemtechnology used to deploy solar panels. loreig we show
the satellite concept both in the deployed confitjan, as well as stowed at launch inside a Veghetofairing. The
mechanical configuration allows to host up to 32ahdetectors geometric area. The solar panel draaya surface of
13.2 nf. The detector panels can be rotated by 360° artheid longitudinal axis. The solar panel arrayised. The
requirement for the alignment of the detector pareh few arc-minutes.

Figure 4. A possible configuration for the LOFTedlite based on a PRIMA-S bus and a Vega launcher.



We now evaluate the specific power, mass and tatgrbeidgets of the detector array to determine vidhdlhe active
surface that can be afforded in a realistic missidre tightest budget is given by the power. Tha&imam power that
can be generated by the 13.2snlar panel array is evaluated<a)00 W. Being a low-Earth orbit satellite, we cofesi
that half of the generated power should be resetvedcharging the batteries that power the paylehen the satellite
is in the Earth shadow. The power for the spaceselices is estimated &800 W. Assuming an 85% conversion
efficiency to provide power to the payload, we epdwith 1450 W available to the scientific payload.

The scientific requirements of the mission implgttin addition to the primary Large Area DetectofAD) experiment
the instrumentation includes an all sky monitor #SThe ASM is based on a general deigrsing the same Silicon
drift detectors foreseen here for the large argzemment. A possible allocation of the ASM is shoimnFigure 5;
alternative options are being studied. With thisfiguration, the ASM is composed of 4 coded masteder units
covering a total field of view 0&6-7 sr €2 sr fully coded<5 sr partially coded, at zero response) with anubarg
resolution of<7 arcmin and a point source location accuracy bétign<1 arcmin. The expected sensitivity of such
monitor (for each of the 4 single modulesk@&8 Crab/s ok4 mCrab/50 ks. The total ASM mass and power buiget
about 30 kg and 18 W, respectively. The power budgailable to the LAD is thus approximately 1430 W

Figure 5. A possible allocation of an All Sky Mamitexperiment for the LOFT mission.

The overall power budget of the LAD defines the immaxn detector surface that can be simultaneousiyeped. In our
application of SDDs to X-ray timing there is no ugement for imaging capability. The segmentatibthe detector in
drift channels is thus of extreme importance, iy ¢o avoid dead-time and pile-up problems. Irtfae principle each
group of 4-5 drift channels (the maximum numbeanddes involved by a single event) can be takeamasdependent
detector. If we consider the ALICE-D4 configuratig®@94 um anode pitch, 35 mm drift length), a sirgjieup of anodes
covers a geometric area of the order of 0.5.chme drift time for each event &10 ps, thus allowing a nominal
maximum rate 0&2x10 counts crif s*. Since the charge diffusion is independent ofathede pitch, this number stays
roughly the same also if the pitch is made lardeubled or more. Indeed, a larger drift channel esatke charge per
channel higher (the total charge spreads over dlsmraumber of anodes), thus improving the low ggeresponse
(although a larger channel implies a larger dankesu and a higher noise). However, assuming actigtelesign with
600 um anode pitch and 35 mm drift length, the alvgrower per channel (including the share of tbenmon data
processing) is about 1.3 mW/channel (the ASIC alémewhich we have developed a custom design andygtion,
requires about 0.4 mW/channel), corresponding 3on®//cnf. The total 1430 W are then able to power abou 22.

of geometrical Silicon detector area, in turn cepending to 13.1 fractive area. In the following we will then assume
for LOFT a geometric area of 23%rmnd an exposed area (accounting for the deadn®gio the detector and the open
area ratio of the collimator) of 13’mNe note that studies are underway to improveeffextive area, both in terms of
increasing the open area ratio in the capillarygslaas well as studying alternative orbits thauea a longer exposure
to the Sun, such as Sun-synchronous orbits.

We built a preliminary response matrix for the @il detector. We estimate an expected backgrouedd#fuse X-ray
background plus particle-induced background) ofuat®100 counts/s. The Crab Nebula is expected te gse to
230000 cts/s. If we assume the conservative caaespfart pointing (that is pointing the satelldevards an unocculted
source when a primary target goes behind the Eaith)a Crab-equivalent source always in the fefldiew, the count
rate amounts to a telemetry budget of order 15 #/Kjiaveraged over<6000 s orbit. This includes2 Mbits/s from the
ASM. For a low-Earth equatorial orbit and a singdpiatorial ground station, the satellite will bsilvie from the ground



station for about 600 s every orbit; this trandaiieto a downlink data-rate &f150-200 Mbit/s, well beyond the
capability of S-band transponders and receiveitsyithin reach of X-band transponders.

We estimated the preliminary overall mass budgenhking reasonable assumptions on the satelliteystdms and the
payload structure. We assumed a 10% mass margiheoangineering items that already exist and haenused in
previous missions. For items whose components dxisthave not been integrated yet, such as thectdetand

electronics, the margin was elevated to 20%. Ahkn20% margin was then added at system level.oVkeall mass
budget after these assumptions is 1280 kg, welilimthe maximum weight allocation for a Vega laugrcim LEO.

Table 1 summarizes the preliminary main charadiesi®f the LOFT mission, as currently understomeprovements
and refinements in the numbers are expected afedign progresses.
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Table 1. The technical characteristics of the LO®i$sion concept

ILargeArea Detector - LAD

IEnergy Range 2-30 keV

IFieId of View <1° FWHM

IDetector Type Silicon Drift Detectors, 450 pm thick
IGeometric Detector Area 23°m

IEffective Area 13 nt

IEffective Area per Channel 0.2 Em

|[Energy Resolution <300-500 eV FWHM

Time Resolution <10 us

IDead-time (% of average rate) <0.02% @ 1 Crab
Temporary Rate capability >1000 Crab

Sensitivity 50 pCrab in 50 ks - 10 mCrab in 1s
IMass Budget 580 kg

Scientific Data Rate

15 Mbit/s, Crab-flux obs, ¢iierage, smart pointing

JPower Budget

1400 W

All Sky Monitor - ASM

Ilnstrument type

Coded aperture Si drift detector

IEnergy Range 2-50 keV
IEnergy Resolution <300-500 eV
4 x 500 cm

IGeometric Area

|Field of View

>2 sr fully coded, >5 sr partially ded

Angular resolution

7 arcmin

IPoint source location accuracy

<1 arcmin (S/NR>10)

Sensitivity (one unit, on-axis

4 mCrab in 50 ks, 800 mCrab in 1s

IMass Budget

30 kg

Scientific Data Rate

<2 Mbit/s, Crab-flux obs, orbit average, smart poigt

IPower Budget

20W

IOveraII Satellite

|[Payload Mass

<630 kg (20% margin included)

Total Mass <1300 kg (20% system level margin added)
IPIatform PRIMA-S
ILauncher Vega-class

IOrbit

Low Earth, Equatorial




4. SCIENCEWITH LOFT

The current design of the LOFT large area deteasults in an effective area el3 nf, which is nearly constant
between 3 and 10 keV. Below 2-3 keV, some metal @aide implants in the present detector causes dosweof
efficiency. We are studying a design that optimiges low energy response. Abo¥&0 keV the decrease of the Si
photoelectric cross section brings to a gradualedese of the effective area; however this remairgel than 1 fup to
30 keV. The high energy efficiency may be improwvéth thicker detectors, that are being studied ai. un Figure 6
we show the LOFT effective area, as compared tbgrasfuture missions. The area between 2 and Y(ekeeeds by a
factor of<20 that of the largest timing experiment ever flowre Proportional Counter Array onboard RossiXTR/e
now discuss how such large improvement in areaétspzn the investigations of compact X-ray sources.

LOFT is mainly devoted to X-ray timing and is spiecilly designed to investigate collapsed objectsptobing their
extreme physical conditions and the space-timeratdhem. To these aims LOFT will exploit powerfuhghostics,
such as e.g. fast coherent pulsations and quasigpeioscillations (QPOSs) in the X-ray flux of aeting neutron stars
and black holes, as well as isolated magnetarfadter of ~20 higher effective area than the P@%board RXTE, will
prove crucial in this respect. The whole rangeasfability behaviour from, e.g., QPO or transiemtirces often requires
observing times as long as weeks, i.e. the timesaaler which these sources manifest differenéstahd phenomena.
A mission dedicated to timing such as LOFT willesficrucial advantages in terms of the amount oé tihat can be
devoted to timing. In contrast, missions with agauof instruments, designed to study many clasésswces and a
variety of astrophysical problems, such as therhatigonal X-ray Observatory (IX8), will carry out timing studies for
a small fraction of the time. LOFT and IXO are cdempentary also in other respects: a collimatedumsént is ideal to
maximise the effective area at moderate costs,tlamsl greatly increase the throughput of bright sesir(for which
spatial resolution and low background is not reegllir Moreover very bright events, such as gammduasts and flares
from magnetars, that do not occur in the satepivinting direction and nevertheless shine through liody of the
satellite and the collimator, will be recorded BQET with unprecedented S/N, by virtue of the vemgé physical area
of the detector. On the other hand IXO, with itplEsticated telescope and effective area will petmicarry out
unprecedented variability studies of weak sourfmsyhich a low background is essential.

The wide-field instrument on board LOFT will monitthe X-ray sky, detect and locate bright X-raynsignts, and
identify source states to be followed up with petht OFT observations. The simultaneous availabdityan all sky
monitor, will be essential in this type of studie®rder, e.g., to catch QPO sources in the righission state.

Among the main subjects that LOFT will address are:

A. The physics of collapsed objects and strong gravitational fields

The various modes of fast quasi periodic oscillai¢frequencies in the Hz to ~1 kHz range), that giten present
simultaneously in the X-ray flux of accreting neutrstars and black holes, are interpreted in terivibe fundamental
frequencies of particle motion in the close vigiriff the collapsed object. Even though differentdele make different
predictions with respect to the frequencies invdjwaethods have been devised to test the modelsghrdetailed high
signal to noise observations. For instance, ingasmetric epicyclic resonance model two of the QR@les are
associated with the relativistic radial and veltigicyclic frequencies; in the relativistic presiesi model instead, two
of the QPO modes arise from relativistic nodal pedastron precession, while the highest frequepey is identified
with the azimuthal frequency of motion. High pré@ismeasurements of the QPO phenomenon, such se dfforded
by LOFT, will remove the degeneracy in the intetatien of the QPO modes and make it possible tdoéxghe
corresponding relativistic frequencies in probihg space-time at a few Schwarzschild radii fromabkéapsed object,
where strong-field effects are largest. This wérmit to single out yet untested general relaiivistfects, such as e.g.
frame dragging, Lense-Thirring and strong-field igstron precession, verify the existence of thesimost stable
circular orbit, and study gravitational light deflen in the strong field regime. It is worth emplsang that the
magnitude of these effects is large and easilyssiiole to precise measurements once the interjpretaft the QPOs is
clarified. To this aim we show in Figure 7 the campon between the 50 ks RossiXTE observation efflack hole
candidate XTE J1550-564 and a 1 ks simulation énsdame conditions for the source flud (Crab). The “real” power
spectrum displays a double peak at the frequency88fand 268 Hz, with fractional rms of 2.8% an#éd%.and a
detection significance of 3(5and 7.9, respectively. The improvement provided by a LQfBervation is striking. The
quality of the results achieved with just 1 ks bEervation demonstrates that the same phenomemolecdetected at
much lower fractional rms as well as on much dimsmurces. Indeed, the whole RXTE mission has peavionly a
handful of detections of weak, sometimes broadh Higquency QPO signals in black hole candidatége Gurrent
indication is that the frequencies are rather stétsl each system and anti-correlate with the blaalk mass. In a few
cases where two peaks are observed, they appbardbspecial ratios of 2:3 (and 3:5). These feathiave so far been
detected rarely and only in a specific state wieences are bright, although this could result fepselection effect. It is
not clear whether these signals and the kHz QP& irron star low mass X-ray binaries are the sam&a@menon, as
QPOs are much weaker for black holes. The observaitential of LOFT will then enable us to expltinés intriguing



field, for which RossiXTE could discover only thp bf the iceberg. To show this, we performed ausattion again on
XTE J1550-564, where the source was artificiallydl@ed” to lower fluxes, while the QPOs were madeaker. The
evolution was simulated according to the basic iptets of the Epicyclic Resonance Motleind the Relativistic
Precession Mod& In Figure 8 we report the results of such siniatet, with the source flux and fractional rms toé t
QPOs decreased to be as low as 300 mCrab and Or@ggectively.

We note that the fundamental frequencies of matgom thus the QPO frequencies) depend on the masspén of the
compact object and the radius at which the sigasdsproduced. Therefore they carry also informagibout crucial
parameters of the compact object. This can be carmgahted with (or checked against) estimates obldek hole mass
and spin obtained by other means (e.g. the massndieation from optical spectro-photometry or theck hole spin as
inferred from thermal X-ray continuum emission).

Another important diagnostics will be provided e tobservation of kHz QPO oscillations in the tidmnain, over
their coherence time scale. In order to reach #wessary sensitivity level, a large collecting aseaimply essential.
LOFT will afford to sample the oscillations in thieme domain for a number of bright X-ray binarigglaletermine the
shape and recurrence times of the QPO “trains”. dinergy resolution of LOFT, about 300-500 eV ovex entire
energy range, will add a new dimension to thesdiesu For instance by studying the energy deperdand delays in
the signals it will be possible to confirm the potidns of models for the generation of QPOs bybblorbiting in an
accretion disk, measure the disk inclination ang@tigate strong-field lensing effects. Moreovhlg tesolution of 300
eV, which can be obtained by event selection, pélimit to exploit also the very broad Fe-line geoéind its variability
as an additional diagnostic of the innermost deskians of accreting neutron star and black holes-ray binaries and
bright AGNSs.

B. Neutron stars structure and EOS of ultradense matter

Understanding the properties of matter at nuclessities and determining its equation of state (E@fS been one of
the most challenging problems in contemporary msysNeutron stars present the best opportunitydtvess it. Very
soft EOSs give a maximum neutron star mass in #el b solar mass range, whereas stiff EOSs canga to 2.4 -
2.5 solar masses. Except for the case of very lawses, the neutron star radius is a powerful podxizge EOS. Out of
the different tools that have been devised to nreaseutron star radii (or radius to mass ratid®rd are some that rely
upon X-ray spectral information, such as the dadicinal redshift of lines from the neutron stamaspher&, the
continuum spectrum and flux at the end of the emtibpn phase of type | X-ray bursts displaying plpheric
expansioff’. Other tools are based primarily on accurate hiigle- resolution measurements. Among these ar&he
modelling of the shape, energy dependence and slelhyhe pulsation from accreting millisecond srignX-ray
pulsars; owing to the fast rotational velocitiesl @trong gravitational fields of these systemsirtbeherent pulsations
are affected by relativistic beaming, time dilatioed/blue-shifts, light bending and, to a lesseemt, also frame
dragging® (they provide, besides the neutron star radiusnamss, an alternative means of measuring stroftydravity
effects). b. The frequency and waveform of the fastest kHz ®P@vide also constraints on the neutron star EOS.
LOFT will give great contributions to these studibsough its unique combination of very large efifex area and
energy resolution.

A new and totally different approach to the studyh® neutron star interiors and EOS has recemtigrged from the
discovery of global seismic oscillations (GSOs)riagnetars during two extremely luminous **Giantrdg4 (GF&>%
emitted by these sources. GSOs with frequenciagngrirom tens of Hz to kHz were detected during thinutes-long
decaying tail of these giant flares, when the selmeinosity was about 1b*?erg/s. The lower frequency GSOs likely
arise from torsional shear oscillations of the £ftf8°°3! By using them in combination with the magnet@diinferred
for these magnetars it has been possible to utidath very hard and very soft equations of stasewell as the EOS
for strange stars). The possible identificatioraof= 1 radial overtone might enable the estimate of tlistahickness.
This is but an example of the diagnostic poterifatSOs. The problem with studying neutron star @80ring giant
flares is that these events are exceedingly rany ® events were detected in 30 years!). While sineuld not miss
these rare events, if GSOs could be detected dthimgo-called intermediate flares, i.e. shortes (11 min long) and
less energetic events from magnetars that are mace frequent than giant flares, a new perspedgtilleemerge in the
study of the neutron star structure and EOS thraaggmology. With its very large geometrical ar€aFI is very well
suited for these studies. In fact for the typidakés expected from intermediate flares, by obsgrane of such events
<30° off-axis (thus, out of the collimated field\iéw) LOFT will collect more than 2xf@ounts/svhich can be used to
look for (quasi-) periodic signals down to a puldeakttion of better than 0.5% within 5-10s (typiqallsed fractions
observed for GSOs during GFs are in the 5% - 20%ah

LOFT will be a powerful tool for studying also tieray variability of a very wide range of objectsym accreting and
isolated pulsars, to magnetar candidates (Anomatetssy Pulsars and Soft Gamma Repeaters), catamysaniables,
bright AGNs, flares stars, X-ray transients andghempt emission of Gamma Ray Bursts. Through tisasgies it will
be possible to address a variety of problems inghgsics of high energy cosmic sources. In combnatvith
multiwalength campaigns LOFT can also addressrterplay of accretion and jet ejection, a still gpainderstood



phenomenon occurring over vastly different condiioranging from pre-main sequence stars to theimeablack holes
of AGNs.

I Ha

Figure 7.Left: The high frequency QPOs detected by RXTE/PCA énlifack hole candidate XTE J1550-564.he 50
ks PCA observation led to a 7.8 and Bdetection of the 188 and 268 Hz peaks, respegtiRéght: the same source in
the same conditions in a simulated observation W@k T, with an exposure of only 1 ks.
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Figure 8. Simulated 30 ks LOFT observations of XJE550-564, with the source artificially varied imtensity and
fractional rms of the QPOs. The source evolutios sieulated according to the predictions of theciglic Resonance
Model (eft) and the Relativistic Precession Modgbfit), to demonstrate the potential of LOFT in underdiag the
origin of these phenomena. Power spectra are aéytishifted for the sake of clarity. The topmostve is a RXTE
simulation. The other curves correspond to (topdtiom): flux 1 Crab, fractional rms 2.8% and 6.9486 in Figure 7);
800 mCrab, 1.4% and 3.1%; 600 mCrab 0.7% and 138%mCrab, 0.28% and 0.62%.



5. CONCLUSIONSAND PERSPECTIVES

The Silicon Drift Detectors developed at INFN Ttesand the micro-capillary plates as collimatorpesy to be
powerful enabling technologies for the developmeihan extremely large area experiment. In the curdesign we
reached an effective area of 13, in the context of a small-medium satellite, basedx PRIMA-Science platform for a
low Earth orbit. Such configuration is currentlghaically limited by the power budget. This is ex@el to improve in
terms of optimization of the power consumptiontod proposed device. Moreover the geometric/expased ratio, as
determined by the inactive detector areas anddkiering factor of the micro-capillary plates, israntly 58% and can
probably be improved. We will work on both issuesiricrease the instrument effective area. Finally,orbit with a
higher exposure to the Sun, with respect to the 6ffésed by a LEO would also lead to a higher dffecarea.

Future perspectives for X-ray timing are uncleapraisent. RossiXTE is close to end of operationthednly planned
mission that offers an area that is sufficienttfoting studies is the Indian satellite ASTROSATwhich presents with a
somewhat larger area than RossiXTE only at enepgiEs keV . The need for a major step forward é&acto the entire
community. The International X-ray Observatory (IX® expected to carry the High Time Resolution chmeneter
(HTRS™). However, the HTRS instrument will only be abiedperate for a small fraction of time, being algive to
the main experiments onboard the same observaltoyeover, IXO's ~ 2 rh effective area at 1-2 keV decreases

significantly at higher energy, reachirg.6 and 0.3 fmat 6 and 10 keV, respectively (see Figure 6), eétiengh the
low background due to the imaging telescope willabsignificant advantage for weak sources. LOFT bé an
extremely powerful satellite to study relativelyight sources (i.e. brighter than a few mCrab); floese sources
collecting photons with a very large effective asra carrying out long observations to follow toolketion of the
properties across different states are among thet mmportant goals. In addition, by its concept,AIOwill be able to
respond rapidly to interesting events or stategaoiety of sources, through its own monitoring log tsky, and will be
able to study the timing properties in a wide egeange, from 2 to 30 keV. Its large geometricaandl provide a very
high throughput also for hard and very bright esesttcurring outside its field of view, such asdmfrom magnetars or
gamma ray bursts. Based on the technology readib@$sT can be built for a flight in the second hailthis decade
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