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as a candidate Cosmic Vision M3 mission  

devoted to X-ray timing 
and designed to investigate 

the space-time around collapsed objects  
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LOFT Organization Structure
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ESA Cosmic Vision Selection

Chris Tenzer - IAAT, University of Tübingen 3

L1 Slot 
ATHENA: X-ray Observatory (formerly IXO)
JUICE: Mission to Jupiter and its moons 
(formerly EJSM-Laplace)
NGO: Gravitational Waves Observatory 
(formerly LISA)

M3 Slot
EChO: (Exoplanet Characterisation Observatory)
STE-QUEST: (Space-Time Explorer and Quantum 
Equivalence Principle Space Test) 
MarcoPolo-R: return a sample of material from a 
primitive near-Earth asteroid

LOFT: Large Observatory for X-ray Timing

9.3.2012: Call for S-class missions, launch in 2017

http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=50119
http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=50119


M3 (LOFT) ESA Programmatics

Anticipated Mission Timeline (if further selected)

Goal of the Assessment Phase (2011-2013)

Chris Tenzer - IAAT, University of Tübingen 4
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LOFT will address 
Fundamental Question 3.3 

“Matter under extreme conditions”
in ESA’s Cosmic Vision program

Chris Tenzer - IAAT, University of Tübingen 5



To match ESA Cosmic Vision Theme: 

Matter under extreme conditions
LOFT Core Science

 Strong Gravity

Dense Matter 

 

Observatory Science 
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Observatory Science

     LOFT lifetime: 4 years

   ~50% of the time LOFT will be Observatory for virtually all classes 
of  relatively bright sources (> few x 10-12 erg/cm2/s): including 

X-ray bursters,

High mass X-ray binaries 

X-ray transients (all classes)

Cataclismic Variables

Magnetars

Gamma ray bursts (serendipitous)

Nearby galaxies (SMC, LMC, M31, …)

Bright AGNs 

Chris Tenzer - IAAT, University of Tübingen 7
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LOFT is specifically designed to exploit the diagnostics of very rapid X-ray 
flux and spectral variability that directly probe the motion of matter down to 
distances very close to black holes and neutron stars, as well as the physical 

state of ultradense matter. 

LOFT will investigate variability from submillisecond QPO’s to years long 
transient outbursts. 

The LOFT LAD has an effective area ~20 times larger than its largest 
predecessor (the Proportional Counter Array onboard RossiXTE) and a much 

improved energy resolution.

The LOFT WFM will discover and localize X-ray transients and impulsive 
events and monitor spectral state changes, triggering follow-up observations 

and provide important science in its own. 

The LOFT Mission



LOFT in one Plot
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LAD

WFM

Solar Array

Bus

folded

Industrial study by Thales 
Alenia Space – Italia
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LOFT current configuration



LOFT Instruments

Marco Feroci (IASF Rome) 18

LAD: 
16 Detectors per Module 
21 Modules per Detector Panel
  6 Detector Panels per LAD

WFM: 
4 Units 

2 Cameras per Unit
  4 detectors per Camera

Chris Tenzer - IAAT, University of Tübingen 11



Large Area Detector Requirements

Chris Tenzer - IAAT, University of Tübingen 12

Instrument 
Size

Good Energy 
Resolution

Great Timing
Performance

High Count 
Rates
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Wide Field Monitor Requirements

FoV, 
Coded Mask

Possibly Instant 
Notification?

Automatic Slew?



The LOFT Mission Profile
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Orbit Low earth (≤600 km), equatorial 
(<5°), circular

Launcher Soyuz from Kourou

Satellite Mass ~2000 kg (with margins)

Satellite Power ~1800 W (with margins)

Slew rate >6° /minute

Telemetry 8 Mbps

Ground Stations Kourou, Malindi

Nominal Lifetime 4 years

Chris Tenzer - IAAT, University of Tübingen 15



The LOFT Technologies

1. Large Area Silicon Drift Detectors

2. Capillary plates X-ray collimators

Chris Tenzer - IAAT, University of Tübingen 16



The Key to LOFT: 
low weight/power/volume per unit effective area

Mechanical support, 
Power Distribution, 
Interfaces, …

Readout electronics
(∼2.5 kg/m2)

Silicon Drift Detector
(∼1.3 kg/m2)

Capillary Plate Collimator
(∼3 kg/m2)

12

∼8 mm

Chris Tenzer - IAAT, University of Tübingen 17



The Large Area Silicon Drift Detector for LOFT
A heritage of the ITS of the ALICE experiment at the Large Hadron Collider (CERN)

INFN Trieste, in collaboration with Canberra Inc., designed, built, tested and 
calibrated 1.5 m2 of SDD detectors, now operating since ∼2 years. 
       Mature Technology. High TRL. 
        Proven mass production.

LOFT Baseline

Thickness  450 µm
Monolithic Active Area  76 cm2

Drift time  <5 µs
Single-channel area 0.3 cm2

1991

Chris Tenzer - IAAT, University of Tübingen 17



The Working Principle of the LOFT Si Drift Detector
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∼1 mm

read-out 
anodes

Si bulk
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The development of LOFT Si Drift Detector

ALICE spare model - discrete 
read-out - Room Temperature

2009

1st LOFT Protoype 
Fe55 source (5.9-6.4 keV)

2010

2nd LOFT Protoype 

2011

Chris Tenzer - IAAT, University of Tübingen 19



Si Drift Detectors and Capillary Plate Collimators

Chris Tenzer - IAAT, University of Tübingen 20



The LOFT capillary plate collimator at Univ. of Leicester

14

The MIXS-C model during 
vibration tests at RAL

Courtesy G.W. Fraser, Univ. of Leicester

Chris Tenzer - IAAT, University of Tübingen 21
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Critical Mission Parameters 
Linked to Calibration

Chris Tenzer - IAAT, University of Tübingen 23

• Background  / Radiation Environment

• Source Confusion

• Absolute Pointing Knowledge and Stability

• Degradation of Energy Resolution due to Radiation Damage

• Temperature Stability

A possible approach
Our real goal: avoid spurious modulation in count rate from celestial sources, 

due to varying LAD response within a given observation

The satellite will point whatever we will define as LAD boresight to a direction 
which is APE off-set from the source, oscillating at TBD (1-10 Hz?) “high 
frequency” with amplitude RPE and at TBD (<10-5 Hz?) “low frequency” 
with amplitude APD.  

Even if LAD had a perfectly triangular response, what we really need is thatEven if LAD had a perfectly triangular response, what we really need is that
such response will vary by less than TBD% for an angular range ±(RPE/2)
around APE. 

response uniformity
science requirement

RPE

FOV

APE
This suggests
a large FoV

M. Feroci - MSSL 29.02.2012

3rd LOFT consortium meeting - MSSL 928th -29th Febr 2012

Transient Behaviour
Gridline is orbit repeat
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A possible approach (cont.d)

for a FoV of 60 arcmin (FWHM) we can get uniform response to

better than 0.5%  by requesting RPE <0.5 arcmin. 

For RPE=10 arcsec, response is uniform to 0.1%.

APE should be limited to the internal LAD alignment budget (±2.5’)

Baseline collimator (TBC by UoL): 

5 mm thick, 80 µm pore size, 10 µm wall (80% OAR)

(and on a single tile -> higher effective area) 

Tighter requirement on RPE (<10 arcsec)

(indeed, overall view of the AOCS disturbance to the panels)

M. Feroci - MSSL 29.02.2012
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Critical Items for Calibration

Chris Tenzer - IAAT, University of Tübingen 24

Critical Parameters for Ground and in-Flight Calibration

• Effective area as f(Energy) (10 m2 @ 8 keV)

• Energy resolution as f(Energy) (@ 6 keV: Singles 200eV, Overall 260 eV)

• Knowledge of energy scale (1e-2), Temperature effects

• Collimator performance as f(Angle, Energy) (measured up to 50 keV)

• Dead time, pileup effects as f(Countrate)



LOFT Web Page

http://www.isdc.unige.ch/loft

 Mission info
 Simulation Tools

 Project status updates

 Public Outreach

2nd LOFT Science Meeting: 
24-27.9.2012 Toulouse

LOFT International Support Team: Chris Tenzer - IAAT, University of Tübingen 25



Thank you
28

LOFT is one of the 4 mission 
concepts selected by the ESA 

Advisory Structure as a 
candidate in CV-M3 

LOFT is a simple mission, relying 
on solid hardware heritage, 

offering both breakthrough and 
observatory science. 

http://www.isdc.unige.ch/loft


