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MXT Telescope

W= MXT = fransmit the position to ground based
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telescopes in real time
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Goal = Observe GRBs and afterglows and localize

them precisely

» Characteristics

» Energyrange :0.2-10keV
» Field of view: 57 x 57 arcmin
» Detector 256 x 256 pixels (75 um)

>

Integration time : 100 ms

» PSFMXT < PSF ECLAIRS

>

~ 6.5 arcmin vs 1 degree

» Localisation error

>

Calculation on board

» MXT <1 arcmin vs ECLAIRs < 12 arcmin
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Optics configuration

» Flight Model (FM)

» 25 MPOs of 1.2 and 2.4 mm
A real MPO

» Focallength:1.15m
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Loloster Eye opfics

4

Horizontal wall
reflection

Vertical wall
reflection

No reflections

1mm

Reflection from both walls

Lobster Eye pinciple
0 reflection = diffuse patch / 1 reflection = arms / 2 reflections = central spot
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Point Spread Function

Ideal early PSF (Gaussian) Real PSF(Lorentzian)

Ray-tracing simulations Ray-fracing simulations
including defects

MPQOs defects

H
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Leicester STM-MPO measurements

FWHM at MPO X-ray FWHM at MPO X-ray FWHM at MPO X-ray FWHM at MPO X-ray

Thickness Open area Rcur (average mm) focus (old 2D focus (new 2D
MPO (mm) fraction JEfficiency Gaussian) focus (old 1D FWHM) Lo ian) focus (new 1D FWHM)
Photonis X-ray mm aremin mm arcmin mim arcmin mm arcmin

yooor-A2  1.04 610 1745 1626 | 058 | 225 916 200 815 172 725 192 813
yooo-A4 105 608 1805 1861 | 093 | 257 949 216 7.97 202 769 208 7.93
yoool-As 1.04 612 1774 1711 | 094 | 204 819 188 755 159 661 181 7.50
yoool-A6 1.05 61.0 1797 1764 | 0.88 | 222 848 199 769 181 725 207 8.30
yooo-A7 105 607 1806 1786 | 094 | 227 881 195 756 175 7.02 203 814
vcoo1-A8 1.05 611 1824 1873 | 096 | 228 842 196 7.23 176 671 193 7.36
vcoor-aw0 105 608 1717 1743 | 057 | 201 820 178 729 160 655 181 7.39
vcoo1-A11 1.05 60.2 1800 1839 | 0S5 | 219 820 172 646 172 666 183 7.08

yooo1-p1  1.20 60.9 1899 1873 | 0.89 2.50 9.24 2.00 7.36 1.99 7.60 1.96 7.46 > Over_es'hmohon Of PSF FWHM beccuse

vooroz 120 607 1882 1839 | 092 | 277 1040 218 819 217 840 232 901 ¢ Laicester b ine detect :
vooor03 120 603 1878 1861 | 090 | 256 943 219 809 211 803 205 7.81 or Leicester beam line aetecior aging

wm= Very good efficiency of MPOs

yooo1-Ds 120 60.7 1856 1839 J 089 | 262 980 214 801 201 778 220 853 problems
veoor-c2 1.71 609 1904 1850 J 093 | 204 767 178 6.69 165 640 176 6.82 ,
vooolc3 1.71 603 1839 1820 J o085 | 253 965 239 912 194 764 235 9.26 » « Corrected » values around 6.1 arcmin

ycool-c4 1.70 604 1891 1861 | 091 | 244 901 203 748 19 746 200 761
ycoozcs 1.70 608 1891 1854 | 099 | 216 811 190 712 172 666 186 7.21
vcoor-81 240 614 1875 1871 | 1.00 | 195 7.07 167 6.16 159 6.06 168 6.38
vcool-B4 2,40 604 1878 1839 | 1.05 | 2.22 833 187 6.99 178 690 190 7.36
vcoo-85 2.40 614 1873 1861 | 1.00 | 239 881 213 7.87 187 712 218 8.30
vcooz-86 2.40 614 1890 1826 | 099 | 186 698 156 587 150 581 160 6.22
ycoo1-87 240 609 1865 1861 | 093 | 242 894 221 816 189 718 215 8.18
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Effective areo

cm?

» Red = effective area with only the
central spot of the PSF

10
|

» Black = effective area which include
all the PSF (with arms)

0.2 0.5 1.0 2.0 5.0 10.0 w=) Better results by including all the
kev PSF !
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Camera status

The camera STM is built and will be
delivered mid 2018

» The CAMEX have been bonded on | :
the ceramic at MPE and are being [ S— " : i
tested at CEA . B -

» The detector willbe mounted in
summer 2018

» Inner coating of the shielding being
optimized by GEANT4 simulations
(2um Au + 2um Ni + 2um Cu)

» UV filters will be tested at Soleil
Synchrotfron in June
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Cross-correlation method
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Goadal = find the pattern of the MXT | -
PSF on the initial data E

» Left: initial data on the detector

» Right : data after the cross-
correlation with the MXT psf

» Top :source = 50 counts / noise =
500 counts

» Bottom : source = 500 counts /
noise = 50 counts

wm= A faint source can be found by using the cross-
correlation method



R20 (arcsec)

7 Comparison of localization algorithms on

INnitial and correlated data for a low noise

Comparaisan correlation et donnees brutes pour un bruit de 30 coups
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At high fluxes (>500 source counts), a fit
on initial data is better

At low fluxes, a correlated method is
better and have good results at high
fluxes
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R20 (arcsec)

7 Comparison of localization algorithms on

INnitial and correlated data for a low noise

Comparaisan correlation et donnees brutes pour un bruit de 30 coups

10000 E T T T T =
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B E counts in order to have a locdlization
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ettt el ttd o gt ottt ettty ' specifications)
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76’* Localization algorithms of XRT database

Probaobilite de detection d ECLAIRs pour un seuil SNR = 8
100.000 E T RN T T T L =
E > 0% — |3
- = 20% ——— |
- T — :
woool > 0% —— || » BAT database (Swift, end 2017)
- ] » Extrapolation to ECLAIRs energies
NE 1.000 = E » A.Gros calculated the probability of
N - ] detection of ECLAIRs for different SNR
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w000 -
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Localization algorithms of XRT database

Sursauts de XRT g 5 min pour un snr de 8 et une detection > 90%
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14

76% Work In progress : cross-correlation for
several sources

Goals of the study :
» If MXT observes a weak afterglow with a X ray source in a FoV

» Gravitationnalwaves follow-up : observation few hours later => the searched source is not
always the brightest in the FoV

50 counts of noise 500 counts of noise
Laura Gosset — CEA Third SVOM Scientific Workhop 16/05/2018




Conclusions

» All the MXT subsystems are progressing
» Optical FM MPOs are already being produced at Photonis

» MXT will finish its phase C early 2019

» We are accumulating a good experience on Lobster-Eye imaging and real-time
treatment (on board localization algorithms)

» The localization algorithms applied on correlated data are efficient

» When we apply them to XRT database selected by ECLAIRs probabilty of detection,
most of the GRBs are detected by correlation
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