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ESA Cosmic Vision Selection

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
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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)

Following this Call for Missions, four new M missions, one of which being LOFT, have been
recommended by the Space Science Advisory Committee (SSAC) for further assessment. These
candidate M missions for the 2022 launch slot will enter a competitive process according to the
following schedule:

Assessment Phase in 2011-2013

Down selection to enter in Definition Phase in 2013
Definition Phase completed by 2014

Adoption of M3 mission in 2015

Start of Implementation Phase by the end of 2015
Launch by 2022.

Goal of the Assessment Phase (2011-2013)

The objective of the Assessment Phase is to provide all the elements for enabling the down-
selection process, in particular the space segment definition for meeting the assigned science

objectives, the implementation schedule, the mission Cost at Completion, the technology readiness
evaluation and the implementation risk assessment.
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LOFT will address
Fundamental Question 3.3
"Matter under extreme conditions”
in ESA’s Cosmic Vision program

‘esa

) 3.What are the fundamental physical laws of the Universe?
Cosmic Vision 3.1 Explore the limits of contemporary physics
' & » Use stable and weightless environment of space to search for tiny deviations
from the standard model of fundamental interactions

3.2 The gravitational wave Universe

Make a key step toward detecting the gravitational radiation background

3.3 Matter under extreme conditions
Probe gravity theory in the very strong field environment of black holes and
other compact objects, and the state of matter at supra-nuclear energies in
neutron stars

Chris Tenzer - IAAT, University of Tiibingen



LOFT Core Science To match ESA Cosmic Vision Theme:
i ] Matter under extreme conditions

Strong Gravity

Dense Matter

Observatory Science

Chris Tenzer - IAAT, University of Tiibingen



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*erg/cm?/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
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The LOFT Mission

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.
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LOFT in one Plot
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LOFT current configuration

Industrial study by Thales
Alenia Space - Italia

Solar Array

Chris Tenzer - IAAT, University of Tiibingen
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LOFT Instruments
WFM:

4 Units
LAD: N
16 D Modul 2 Cameras per Unit
etectors per Module 4 detectors per Camera
21 Modules per Detector Panel
6 Detector Panels per LAD

Chris Tenzer - IAAT, University of Tiibingen
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Large Area Detector Requirements

accuracy area
[ Energy range |2 _clOlcoboy J1-50kev
Energy resolutig "260 eV @ 6 keV 200 eV @ 6 keV
200 eV (singles, 40%) 160 eV (singles, 40%)
2 keV above 30 keV (allp

bmnmg)

knowledge
cncrg,/ scale

(FWHM)
LO”H'ndtOI

—
m —
< 0.5% @ 1 Crab,
< 5% @ 10 Crab
Calibration Less than the statistical precision of Factor 2 better
knowledge power spectrum for 1 day at 15 Crab
deadtime (TBC)

Background 5%
e
Max flux > 500 mCrab > 500 mCrab

(continuous
loss of info

Instrument
Size

Good Energy
Resolution

Great Timing
Performance

High Count
Rates 12



Wide Field Moni’ror' Requirements

Requirement oal

Angular resolution 5 arcmin 3 arcmin

Sensitivity (5 p) 1 Crab (1 s) 0.2 Crab (1s)

5 mCrab (50 ks) 2 mCrab (50 ks)
Calibration accuracy 20 % 15 %
(sensitivity)

Field of view 50% of the accessible par

of the sky of the LAD b the sen Sltlwty is the
PR goo

Energy range 2 - 50 keV 1 - 50 keV

Number of energy bands for 16

compressed images

Time resolution 300 sec for normal 150 sec for normal
10 psec for triggered 5 psec for triggered

duration for rate triggers 0.1 sec - 60 sec 0.1 - 60 sec

T e
Transient event down < 3 hours (2 orbfs) | < 1.5 hour (1 orbit
———

Availability of triggered w 1.5 hours
data

Onboard memory 5 min @ 100 Crab 10 min @ 100 Crab

FoV,
Coded Mask

Possibly Instant
Notification?
Automatic Slew?
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The LOFT Mission Profile

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 -
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The LOFT Technologies

1. Large Area Silicon Drift Detectors

2. Capillary plates X-ray collimators

Chris Tenzer - IAAT, University of Tiibingen
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The Key to LOFT:
low weight/power/volume per unit effective area

Capillary Plate Collimator

1 < (-3 kg/m2)
~8 mm Silicon Drift Detector
| (~1.3 kg/m?)

Readout electronics
(~2.5 kg/m?)

Mechanical support,
<~———— Power Distribution,
Interfaces, ...

Chris Tenzer - IAAT, University of Tiibingen
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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 m? of SDD detectors, now operating since ~2 years.

Mature Technology. High TRL.
Proven mass production.

Performance of the UAG6 large-area silicon drift chamber prototype

A. Vacchi

LOFT Baseline

Thickness 450 pm
Monolithic Active Area 76 cm?
Drift time <5 s

Single-channel area 0.3 cm?

Chris Tenzer - IAAT, University of Tiibingen 17



The Working Principle of the LOFT Si Drift Detector

A
35 mm
read-out
anodes
v
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The Working Principle of the LOFT Si Drift Detector

charge @

read-out
anodes

signal L

Single events (~45%)
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The Working Principle of the LOFT Si Drift Detector

A
charge @ RER 11111}
read-out
anodes
v

Double events (~55%) Single events (~45%)
Chris Tenzer - IAAT, University of Tiibingen 18



ALICE spare model - discrete
read-out - Room Temperature

2010
1s* LOFT Protoype
Fed source (5.9-6.4 keV)

2011
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Si Drift Detectors and Capillary Plate Collimators

incident photon

voltage divider L
MAA—— AW —— AW ——AW metalization

Lead glass (25 ym dian
A

“radiazione ’
ionizzante L
[ \
/ / ! 4 § L »
rs L \

Chris Tenzer - IAAT, University of Tiibingen 20



The LOFT capillary plate collimator at Univ. of Leicester

The MIXS-C model during
vibration tests at RAL

University of

™ Leicester agnapar PHOTONIS

Courtesy 6.W. Fraser, Univ. of Leicester
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Critical Mission Parameters
Linked to Calibration

» Background / Radiation Environment

» Source Confusion

- Absolute Pointing Knowledge and Stability

- Degradation of Energy Resolution due to Radiation Damage

- Temperature Stability
- Temperatures

Orbits

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

» Background / Radiation Environment

- Source

Baseline collimator
- Absolutp SIEluly thick, 80 um pore size, 10 um wall (80% OAR)

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

LY ) | Tighter requirement on RPE (<10 arcsec)

Orbits

Chris Tenzer - IAAT, University of Tiibingen



Critical Items for Calibration

Critical Parameters for Ground and in-Flight Calibration

- Effective area as f(Energy) (10 m? @ 8 keV)

* Energy resolution as f(Energy) (@ 6 keV: Singles 200eV, Overall 260 eV)
* Knowledge of energy scale (le-2), Temperature effects

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

» Dead time, pileup effects as f(Countrate)

Chris Tenzer - IAAT, University of Tiibingen
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LOFT Web Page

?, I8 “\Q\ Large Qbsgrva@rf For X-ray ﬂfn_'lng. &

The LOFT mission Outreach On-board instruments Technology Science Team Meetings Supporters

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

i LOFT - Large Observatory For X-ray Timing

LOFT selected for the

COSMIC VISION a pr—— — e
(OIUINE LD § L Wl § et {4 [ B0

LOFT is a medium-class space mission devoted to X-ray timing and recently selected

oft website

> Mission info

+ Consortium structure

« Publications

» Simulation Tools e

* LOFT doodles
* Mailing lists

+ Send email

» Project status updates e

* Documents

* GAnalytics

; .
I u b I l C O u I r‘eac h High-time-resolution X-ray observations of compact objects provide direct access to strong-field gravity, black hole masses
LOGIN A 10 m%class instrument in combination with good spectral

and spins, and the equation of state of ultradense matter

Hi admin, resolution is required to exploit the relevant diagnostics and answer two fundamental questions of ESA's Cosmic Vision
LOG oUT Theme Matter under extren jons, namely:
VISITORS/MEMBERS
ON-LINE
Thanks to an innovative design and the development of large monolithic silicon drift detectors, the Large Area Detector (LAD)
Wehuve?g.uemand 3 on board the Large Observatory For x-ray Timing (LOFT) achieves an effective area of ~12 m? (more than an order of
members online

magnitude larger than current spaceborne X-ray detectors) in the 2-30 keV range (up to 50 keV in expanded mode), yet still

. .
* Wherder fits a conventional platform and small/medium-class launcher. With this ea and ctral resol f <260
N p L - With this large area and a spectral resolution of <26

admin eV over its entire band, LOFT will revolutionise the study of collapsed objects in our galaxy and of the brightest

supermassive black holes in active galactic nuclei, yielding unpr lented information on strongly curved spacetimes
Members : 6
- oulouse Corten =

. .

Content View Hits : 1908

and matter under extreme conditions of pressure and magnetic field strength.

Follow LOFT also on:

LOFT International Support Team:

Chris Tenzer - IAAT, University of Tiibingen 25



LOFT is a simple mission, relying
~  onsolid hardware heritage,
- offering both breakthrough and
'“ observatory science.

- LOFT is one of the 4 mission
concepts selected by the ESA
Advisory Structure as a

candidate in CV-M3

Y

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

. Thank you




