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Presentation Plan

• MXT scientific performance
– Design
– Sensitivity
– GRB Localization capabilities
– Spectral capabilities

• MXT on-board data processing and data format

• Conclusions

11/04/2016 Diego Götz - MXT - SVOM Science Workshop - Les Houches



CEA DRF Irfu/SAp

Microchannel X-Ray Telescope

« DUO » pnCCD
Micro Channel Plate (MPOs) Optics of 40 
microns in a “Lobster Eye” configuration
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Operated in PC mode 
at 100 ms frequency
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Point Spread Function
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• 0 or even # of reflections from opposite 
sides of pore

-> Diffuse flux, no imaging , ~8% flux
• Odd # of reflections from opposite sides of 

pore
-> Line focus ~2x21% of flux
• Even # reflections from adjacent sides of 

pore
-> 2-D focus central spot ~50% flux

Analytical model

Simulation
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• The MXT optics are most efficient below 2 keV (short focal length)

The DUO CCD has an excellent low 
energy response (QE, en. resolution and low noise)

MPE DUO CCD performance
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Meidinger+06
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Camera mechanical design
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Wheel assembly

Front-end electronics

Focal plane assembly
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Open Shutter

Source
55Fe + AlOpt/UV Filter
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MXT telescope layout
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MXT Requirements: Effective Area
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Aeff @ 1 keV 27 cm2, PSF width ~4.5 arc min, very
small vignetting



CEA DRF Irfu/SAp

MXT Sensitivity (GRBs)
Simulations show that: 

• Virtually all the GRBs detected by ECLAIRs will be detected and 
localized by MXT, given that they are pointed sufficiently early (1st orbit)

• even for faint GRB afterglows a detection is expected up to 105 s after 
the T0 (i.e. up to ~18 orbits, provided integration over a few orbits), 
while after that time the chances of detecting the afterglow are small.
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Localization Simulations Results
• Compared to all bursts detected at the time (statistical error only!):
• – 50% of sources have R90 < 12” at 5 min after trigger (83% det)
• – 90% of sources have R90 < 43” at 5 min after trigger
• – 50% of sources have R90 < 11” at 10 min after trigger (84% det)
• – 50% of sources have R90 < 10” at 15 min after trigger (85% det)
• Detection algorithm not yet optimised to use larger bkg region (counts 
cumulated on 10x10 arc min spot)
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MXT Spectral resolution & summary

MXT will have state of the art CCD spectral resolution dE = 75 eV 
(FWHM) at 1.5 keV at launch.
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1.1.3 Scientific Performance

The MXT expected performances are illustrated in the Figures 1 and 2, and summarized in Table 1.

Table 1: MXT expected scientific performances.

Energy Range 0.2-10 keV
Field of view 64⇥64 arc min
Point Spread Function 4.5 arc min (FWHM @ 1.5 keV)
Sensitivity (5 �) ⇠10�10 erg cm�2 s�1 in 10 s

⇠2⇥10�12 erg cm�2 s�1 in 10 ks
Throughput 1 mCrab ⇠0.20 ct/s for NH=4.5x1021 cm�2, photon index = 2.08
Energy Resolution ⇠75 eV (FWHM @ 1 keV)
Time Resolution 100 ms

The MXT expected e↵ective area at 1 keV is 27 cm2 for the central spot and 44 cm2 if one includes also
the PSF cross arms. If one takes these values into account, and includes the Cosmic X-ray Background as
well as the expected particle background, one obtains a 5� sensitivity for MXT in the 0.3–6 keV energy
band of of 8⇥10�11 erg cm�2 s�1 for a 10 s observation, and ⇠10�12 erg cm�2 s�1 for a 10 ks one, see
Fig. 1.

Using the values obtained above, we estimated the MXT scientific performance with respect to GRB
afterglows observations by folding the the entire Swift/XRT afterglow data set through the MXT response
(assuming a 4.2 arc min PSF at 1 keV). One can see that the MXT is fully adapted to the study of SVOM
afterglows. Indeed 50% of the bursts will be located to better than 13 arc sec (statistical uncertainties
only) within 5 minutes from trigger. In addition, despite the smaller e↵ective area with respect to XRT,
most of the afterglows will be detected up to 105 seconds after trigger, with a good signal-to-noise ratio,
see Fig. 2.

We also investigated the possibility to increase the focal length of the telescope from 1 to 1.15 m. This
is the maximum value which is allocated to MXT on the SVOM satellite. Preliminary results indicate
that the central spot e↵ective area will increase to about 32 cm2, and that the sensitivity of the telescope
may increase by 10–20% as a function of the source column density (NH). This increased e↵ective area
implies for afterglow observations that the same localisation accuracy will be reached in about 20% less
of the observing time. The impact of the increased focal length is the reduction of the MXT field of
view to 58⇥58 arc min (overall reduction of 24% of the projected sky area), which is still large enough
to include the largest error boxes provided by ECLAIRs. The possible technical implementation of this
solution requires some update of the telescope design, and will be evaluated during phase B.
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Fitted above 0.3 keV

Derived spectral parameters at 90% c.l.:

Crab 
Parameter   Confidence Range Input

NH 0.340 0.347 0.345
Γ 2.07 2.11 2.1
Norm. 8.85 9.04 9

100 mCrab
Parameter   Confidence Range 

NH 0.33 0.35    
Γ 2.02 2.13    
Norm. 8.7e-1 9.3e-1

10 mCrab
Parameter   Confidence Range 

NH 0.31 0.37    
Γ 1.87 2.24    

Norm. 7.5e-2 9.0 e-2



CEA DRF Irfu/SAp

MXT Science simulator (L. Gosset)
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e.g. 10 mCrab source in 2000 s.
Total number of counts 6620.

Produces event files and spectra (central spot)
Includes X-ray bcakground (CXB and galactic)
Constant & time variable sources (declining spectra as t-alpha; periodic sources (sinusoidal 
variation))
Up to date spectral and spatial response (incl. vignetting), pile-up

Not yet: Particle background (after pattern recognition)
Patterns (mainly doubles)
Detector and optics defects
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On board processing and data products
• MXT will autonomously localize the GRB counterparts on board and send their 
position to ground via the VHF channel, and to the VT to created finding charts and 
sub-images (pattern recognition and barycentering will be done on the fly on board 
by the M-DPU)

– A first 2 sec image will be computed (chance mode) once the instrument is 
stabilized after the satellite slew

– The image will incrementally updated every 30 s -> position amelioration
– The timeout is the end of the second orbit
– Pre-stabilization frames could also be used

• MXT will generate VHF data packets: about 180 counts (detector position, energy, 
pattern) will be sent to ground through the VHF channel. They can be used as 
diagnostic on the position computed on board

– MXT VHF data download could be activated on request for peculiar 
observation, like MM-TOO (proposal under evaluation) 

• MXT X-band data will be composed of photon lists (complete patterns) extracted 
from the 100 ms frames. MXT has a single “photon counting” mode
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Conclusions

• MXT is a small, light (~35 kg vs hundreds of kg for ROSAT, Swift/XRT or 
eROSITA) and compact X-ray telescope

• It’s design has been tailored to fit the GRB needs on a small class mission like 
SVOM

• It can reach a sensitivity of about < 1 mCrab in a few ks, which makes it a 
valuable tool to follow-up different kind of transients during their early phases

• It can provide long term X-ray monitoring of sources in the B1 law 
configuration, and snapshots of the galactic plane sources

• Its large FOV/grasp is adapted for the follow-up of non-photonic alerts (see C. 
Lachaud’s presentation)
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