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The Large Observatory For X-ray Timing, LOFT, was selectgthe European Space Agency as
one of the four Cosmic Vision M3 candidate missions to compet a launch opportunity at the
start of the 2020s. Thanks to an innovative design and thelolement of large-area monolithic
silicon drift detectors, the Large Area Detector (LAD) oraba LOFT will operate in the 2-30
keV range (up to 50 keV in expanded mode), and achievefantve area o~10 n¥ at 8 keV,

a time resolution o~~10 us, and a spectral resolution 8260 eV (FWHM at 6 keV). These
characteristics make LOFT a perfectly suited instrumengetdorm high-time-resolution X-ray
observations of collapsed objects in our galaxy and brigjtstepermassive black holes in active
galactic nuclei. LOFT will yield unprecedented information strongly curved spacetimes and
matter under extreme conditions of pressure and magndticstieength, thus addressing two of
the fundamental questions of the Cosmic Vision Theme “Maiteler extreme conditions”: does
matter orbiting close to the event horizon follow the prédits of general relativity? What is the
equation of state of matter in neutron stars?
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1. Introduction

Collapsed objects, like neutron stars (NS) and black holes (BH), araatkazed by excep-
tionally intense gravitational and magnetic fields. They provide a uniquertypty to reveal a
variety of general relativisticfiects and probe the conditions of matter in presence of supercritical
magnetic fields and bulk densities exceeding those of atomic nuclei (Psaltis2&08). Carrying
out these investigations requires the exploitation of diagnostics that ambleagf probingn situ
matter motion in close vicinity of collapsed objects grdneasuring the rotation of the collapsed
object itself. In this respect, both techniques based on X-ray spegpypsnd fast X-ray tim-
ing measurements are crucial. The former permit to reveal very broditeprof X-ray emission
lines (Fe K-shell in particular) from accretion disks extending down to &déus of the NSs and
BHs marginally stable orbit. In these regions, velocities are comparable tp¢led f light and
well known relativistic €&ects (such as gravitational redshift, light-bending, frame-draggirdy, an
Doppler shifts) distort the iron line shape into a characteristic broad sieasurements of the
line profile then gives a detailed overview of the motion of matter very close toehteal object.
Among the available timing features, fast quasi periodic oscillations (QRO%) BHs and NSs
and coherent pulsations from the rotation of NSs and white dwarfs (\&tlesyidely used to probe
the intimate physical structure of these objects. QPOs in X-ray binarieseagdnassive BH in
Active Galactic Nuclei (AGN), appear at the characteristic dynamical ticaées of the innermost
disk regions, and are thus associated to the matter motion in strong field ghatfitg.case of NSs,
the detection and accurate measurement of coherent pulsations hakebemrstratedféective in
constraining its mass and radius, thus providing information on the NS equéitibaite (Stella et
al., 2009; van der Klis et al., 2006; Strohmayer et al., 2006).

Many decisive progresses in all the above fields of research were pagdible in particular
through the exploitation of the time resolution arfteetive area of the proportional counters array
(PCA, ~0.67 nt) on-board RXTE (Jahoda et al., 1996). LOFT, the Large Obseryvdtor X-
ray Timing, will constitute the next giant leap forward with respect to anytiexjs<-ray timing
devoted experiment, and it is being proposed as the natural follow-up todhethan 15 years of
operations of RXTE. The instruments on-board LOFT will be endowed withrgprecedentedly
large efective area+410 n? at 8 keV) and a spectral resolution 9260 eV (FWHM at 6 keV).
This will revolutionise the research field of compact objects and yield d gpgertunity to address
many of the fundamental questions on the matter under extreme conditionsetiedeft open by
the previous generation of X-ray instruments.

2. The concept

LOFT is specifically designed to exploit the diagnostics of rapid X-ray fluk spectral vari-
ability that directly probe the motion of matter down to distances very close to BHINSs.
The successes achieved by RXTE in this context showed that a prepstigation of the energy-
resolved timing properties of the X-ray emission from cosmic sources egthie accurate mea-
surement of the time-of-arrival and energy of the largest numberatbpls from the target source
(Jahoda et al., 1996). The unambiguous identification of the targetesouthis type of experi-
ment can be achieved by narrowing the field of view by means of an apedilimator, down to



LOFT, the Large Observatory For X-ray Timing E. Bozzo

LARGE AREA DETECTOR

OPTICAL BENCH
\ LOFT

2 / \
STRUCTURAL TOWER 8 ¢k ‘,ﬂ‘ / \

SOLAR ARRAY

RXTE-PCA 1
q,il 10.0 100.0
Energy [keV]

Figure 1: Left panel: Sketch of the LOFT satellite. The 6 deployable panels of #hB, the WFM and the solar array are indicated.
Right panel: effective area of the LOFLAD as a function of energy.

a level large enough (typicalky1®) to allow for pointing uncertainties yet small enough to reduce
the aperture background (cosmidtdse X-ray background) and the risk of source confusion. In
this type of instruments, the knowledge of the impact point of the photon oretfeetdr array is
not needed (if not for the use of proper detector calibration data)psitign sensitive detectors
are not required. Instead, detector read-out segmentation is/asekgsary to reduce thffects
of pile-up and dead time.

With these concepts in mind, the main instrument on-board LOFT (Feroci @04dll) was
designed as a collimated experiment, operating in the 2-30 keV energy aanigesaching an
effective area o~-10 n? at 8 keV and a spectral resolution 260 eV (FWHM) at 6 keV. This
Large Area Detector (LAD) will provide a total 6£140000 ctgs for a 500 mCrab source, thus
constituting a real breakthrough with respect to any other existing X-styuiment (see Fig. 1).
The LOFT scientific payload is completed by a coded-mask Wide Field MonitéiMWn charge
of monitoring a large fraction of the sky potentially accessible to LAD, to pmti history and
context for the sources observed by the LAD and trigger its obsergatinrtheir most interesting
states. The large field of view of the WFM will permit to observe in the sameaggnmange of the
LAD about 50% of the sky at once. The WFM is designed also to catchi¢rafimirsting events
down to a few mCrab fluxes and will provide for them data with a spectraltes of <500 eV in
the 2-50 keV energy range and timing resolution of.$6c.

The LOFT satellite is considered to operate in a low equatorial earth e km,<5° deg
inclination) in order to reduce the background and the radiation danféeet ef South Atlantic
Anomaly. The science return of the mission has been so far evaluatadiagsa medium-small
class and a Vega launcher, even though other options are being cedside

2.1 The Large area detector

The Large Area Detector (LAD) of LOFT is designed as a classical colldnexperiment.
The key feature of the LAD design that allows reaching for the first timerg kagge dfective
area and a improved energy resolution is the low mass per unit area ehgbikd solid-state

1see also the results of the ESA Concurrent Design Facility (CDF) at //bttbesa.inscience-
e/wwwj/objectindex.cfm?fobjectiet49357
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LAD

Parameter Requirement Goal WEM
Energy range 2-30 keV (nominal) 1-30 keV (nominal) Parameter Requirement Goal
2-50 keV (expanded)  1-50 keV (expanded) Energy range 250 keV 150 keV
Eff. area 10.0 A (8 keV) 12 n? (8 keV) AE (FWHM) <500 eV <300 eV
L0n? (30 keV) 12n% (30 keV) FoV (FWHM) 50% of the sky Same as requirements.
AE <260 eV <200 ev accessible to Sensitivity improvements
(FWHM, @6 keV) (200 eV, 4096) (160 eV, 40%} the LAD are the prime goal
FoV (FWHM) <60 arcmin <30 arcmin Angular res. 5 arcmin 3 arcmin
Time res. 1Q:s Tps Position Accuracy 1 arcmin 0.5 arcmin
Dead time <1% (@1 Crab) < 0.5% (@1 Crab) Sensitivity 5 mCrab 2 mCrab
Background flux <10 mCrab <5mCrab (50, 50 ks)
Max. src flux (steady) >0.5Crab >0.5 Crab Sensitivity 1Crab 0.2 Crab
Max. src flux (peak) >15 Crab >30 Crab (50, 159)

a: Refers to single-anode events.

Table 1: Scientific requirements and goals of the LGEAD and LOFT/WFM.

detectors and capillary plate collimators (in the range-d® kg nT? compared to>100 kg nT?

of the RXTEPCA). The basic set-up of the instrument is a set of 6 Detector Panels tiled with
~2000 Silicon Drift Detectors (SDDs, heritage of the ALICE experimentleR&/LHC; Vacchi et
al., 1991; Zampa et al., 2010; Campana et al., 2011), which operate indtgyaange 2-50 keV
and have an energy resolution-a260 eV (FWHM, at 6 keV). The modular structure (see Fig. 2)
ensures a high level of redundancy and the robustness of the instragaémst single units failures.
The field of view of the LAD is limited to~40 arcmin by X-ray collimators. These are developed
by using the technique of micro-capillary plates, the same used for the niiaroiel plates: a

3 mm thick sheet of Lead glass is perforated by a huge number of mices,p@0 um diameter,
~4-6 um wall thickness. The stopping power of Lead in the glass over the langpbeof walls
that af-axis photons need to cross iffextive in collimating X-rays below 50 keV. In order to
accommodate for the internal misalignments of the instrument and for attitudetainties, the
response of the collimator in the central0-15 arcmin angle is flat (flat-top response) to avoid
any spurious modulation of the detected source flux. A summary of thenpliesstablished
requirements and goals of the LAD are reported in Table 1.

2.2 The wide field monitor

The LOFT baselireWFM is a coded aperture imaging experiment designed on the heritage

of the SuperAGILE experiment successfully operating in orbit since/ Z6@roci et al., 2007).
With the ~100 um position resolution provided by its Silicon microstrip detector, SuperAGILE
demonstrated the feasibility of a compact, large-area, light, and low-pogkrrasolution X-
ray imager, with steradian-wide field of view. The LOFT WFM applies the saomeapt, with
improvements provided by the higher performance (low energy threshdl@ergy resolution)

of the Silicon Drift Detectors (SDDs) in place of the Si microstrips. The waylprinciple of the
WFM is the classical sky encoding by coded masks and is widely used ia bpage instruments
(e.g. INTEGRAL, RXTEASM, Swift/BAT). The mask shadow recorded by the position-sensitive
detector can be deconvolved by using the proper procedures amkerebe image of the sky,
with an angular resolution given by the ratio between the mask element and #kedetactor
distance. By using SDDs with a position resolutioh00um, a coded mask at200 mm provides

2An alternative solution is also under consideration which implies the usadubie sided Silicon strip detectors;
see http/www.isdc.unige.choft/index.phpinstruments-on-board-loft.
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Figure 2: Left panel: Details of the modular structure of one LAD panel (21 modulesting 16 SDD each)Right panel: The
current design of the WFM, comprising 4 units constituted by tw-aligned cameras each.

an angular resolutiors5 arcmin. As a first approach, each WFM camera can be considered a
one-dimensional coded mask imager. This means that after the propewdietion is applied

to the detector images, the image of a sky region including a single point-likeesauilt appear

as a single peak over a flat background. The position of the peakspomnds to the projection
of the sky coordinates onto the WFM reference frame. The width of thie igsehe point spread
function (few arc minutes for the LOFAIVFM). If more than one source is present in the observed
sky region, the image will show a corresponding number of individugkgpeshose amplitude will
depend on the intensity of the source and on the exposed detector trabsgiecific sky location.
By observing simultaneously the same sky region with two cameras orient@d &t 8ach other
(such pair composing one WFM unit), one can derive the precise 2D positithe sources, by
intersecting the two orthogonal 1D projections. The overall configuratitime WFM envisages at
present a set of 4 units, each comprising 2 co-aligned cameras (s&).Figpe 4 units arefb-set
one to other along one direction in order to provide the maximum coverage égion of the sky
accessible to the LAD (see also Table 2.1).

3. Conclusions

LOFT was primarily designed to address the fundamental questions raiskd Bosmic Vi-
sion under the “matter under extreme conditions” theme, through the studg spéetral and fast
flux variability of compact X-ray sources. The high throughput reqllvg this type of investi-
gation is achieved by an unprecedented large collecting arE@ if? at 8 keV), coupled with a
spectral resolution 0260 eV (FWHM at 6 keV) . A simulation of the LOFT capabilities is shown
in Fig. 3 for two of the main science drivers of the mission: the measuremein¢ ™S mass and
radius in Galactic X-ray binaries and the detection of broad iron lines intoAi@iNs. The science
investigations that will be accessible with LOFT are far too broad toffieiently summarized
here, and we remind the reader to the documentation available offittial & OF T websité.

Following the selection of LOFT as one of the four candidate M3 missions &Cibsmic
Vision programme in 2011, a further down-selection is expected in 2018.wil bring only one
of the candidate missions to a launch in the 2020s.

Shitpy/www.isdc.unige.choft
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Figure 3. Left panel: Mass-radius curves of representative EOSs for nucledi®), nucleonic plus exotic (pink), and strange
guark (green) matter. Horizontal bars represent mass detationis of binary radio pulsars. Regions to the upper lefisallowed

by General Relativity and causality. The lower right regisrexcluded by the highest-frequency pulsar known (716 Hhe pulse
profile rising phase of a Type | X-ray burst was simulated byiassg the LAD capabilities in a way similar to Strohmayer (200&H)e
derived 90% confidence level limits on the NS M and R from oletéons with LOFT are shown by the green ellipse. The unagstai
is <5% on both M and R. The M-R constraint derived from fitting siatetl pulse profiles of SAX J1808.4-3658, the first millisecond
X-ray pulsar discovered (401 Hz), are shown by a gray ellipiee same technique applied to simulations of the signal ofitsie
eclipsing millisecond X-ray pulsars, Swift J1749.4-280I8%1z), gives in a much smaller uncertainty region (red); thisiainly due

to the higher system inclinatiorRight panel: Simulated LOFJLAD spectra of a 3 mCrab (2-10 keV) AGN. The lower plot shows
the broad relativistic Fe line produced in the innermostaregif the accretion disc extending down to the marginally Ietédr an
almost-maximally rotating BHa=0.99) with mass of 3610° Mo, viewed at an inclination of 45 The plot shows the variable Fe K
feature produced by an orbiting spotrat10 GM/c? on the disk surface that is illuminated by a flare. The orbitalqa is 4 ks and
the total exposure is 16 ks. LOAIAD will track the line variation on 1 ks time scale, thus allog a determination of the orbital
period through measurements at foutelient orbital phases over four cycles. The inset shows twksXpectra from simulated high
(6 mCrab in 2-10 keV) and low (2 mCrab) flux states LQIEAD observations of MCG-6-30-15. Thanks to the wide energgdand
the large &ective area above 10 keV, the variation of the reflection huampbe measured with 2% accuracy.
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