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Overview

0 PANTER-paytest facility

A Overview
A Detectors

0 Optics& Telescopdestingat PANTER
A X-ray Optic
A SVOM
A Einstein Probe
A IAXO

0 Summary
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A Brief PANTER History

PANTER/asbuilt to better understandthe physicalproperties(shape microroughnesys

of X-ray opticsanddevelopmetrologyandanalysismethodsfor optimising them.

1977A 20 m facility wassetupfor rocketexperimentsand EXOSAT

1982The 120 m Xay beamlinewassetupin preparationfor the ROSATission

1985A large Instrumenthamberand clearroom addedto the beamlinefor ROSABNd SAX
1991 Testingof SOHO/CDS

1994 Instrument Chambeenlargedto alengthof 12 mfor XMM-Newton Mirrors, CCRiletector, grating
developmentandcalibration alsofor the AXAF (ChandjaLETG

2001 CASRAxiontelescopeat CERNMasedon anABRIXAS MM

2002Calibration Y R to 8ndiRS & thé QMFTX-ray telescope

2007Beginningpf eROSITAMIrror development

2012-X X-ray beamlineextendedby 13 mto allow f=20mI1XOtype Silicon Poreptics

and SlumpedGlasgOpticsto be measuredin focusA ¥ I' M H ATHEN#type opticsnow for newATHENA

2012-2015Acceptance an@alibrationof the eROSITA:ray 8 Mirror Modules

20152022 Testingand Calibrationof the SVOMOpticand Telescope

20192022 Testingand Calibrationof the EinsteinProbe FXT and WXXray Mirror Modules
f202:EaOGRE rockaetxperimenttesting OP&gratingsand JETX + PSOptics
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The MPE PANTER2y Tedfacility

A Locatedin Neuried southwestof Munich

A 120 m Xray beamline 1 mdiameter
A 12 minstrumentchamber 3.5 mdiameter

-Smallchamber VacuumChamber
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Station 3

Gate
valve
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A Largecleanroomfor handlingX-ray optics

A Movable10 mextensionwith 0.25 mdiameter
and a 3 mnstrumentchamber 1.2 mdiameter
A for focallengthsupto f=20m
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The MPE PANTERa){Sources

A StandardEnergies
A B-K (0.1&e\) throughGeK (11.0keV)

A HomogeneouBeamA upto 1mdiameter

A SourcesizeA 200¢ 300 pm

A Filtersavailableto reducecontinuum
aroundcharacteristidines

A Open Multitarget electronimpactsource
A SeifertclosedX-raysource (< 4&e\)

A X-ray Monochromators
A Double Crystalpplarised
A ReflectionGrating
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The MPE PANTEHbyWSQLthces

TROPIC Singlephoton counting
CCDcamera
256 x 25@ixels
75um X 75 pnpixels
f.o.v. 19.2 mm x 19.2 mm

PIXI. IntegratingpnCCDBCamera
1300 x1340
20 pm x 20 unpixels
f.o.v. 26.0 mm x 26.8 mm

New PANTEBROSITAP typecamera
Singlephoton countingpnCCD
384 x 38dixels
75um x 75 unpixels
f.0.v. 28.8 mm x 28.8 mm

Monitor counter:
AmptekXR100 SDD
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ThenewMPE PANTEROSITipe Detector
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TheeROSITRetectorgroundcalibrationresults

Energy resolution

TM1 T™2 TM3 TM4
Spectral line FWHM FWHM FWHM FWHM
energy (eV) (eV) (eV) (eV)
C-K: 277 eV 58.2+03 57803 57.7t£04 578x+03
O-K: 525 eV 63.9+02 652+03 65.7+0.3 63.5+02
Cu-L: 930 eV 70003 740x03 72303 698+03
Al-K: 1.49 keV 774+03 818+03 800+03 77.0+£03
Ti-Ka: 4.51 keV 1182+ 0.5 1251 +£0.6 1221 +£06 1182+ 0.6

Fe-Ka: 6.40 keV 1379+ 0.6 1454 +0.7 1420+ 0.7 1378+ 06
Cu-Ka: 8.04 keV 1583 +0.7 166.6 0.7 163.1 £ 0.7 1585+0.7

Ge-Ka: 9.89 keV 1775+1.0 181.0£1.0 182011 173411

N 127/ 1
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QE with 200 nm Al on chip Filter

Spectral line energy

QE TM1 to TM4, TM6 (%)

C-K: 277 eV
O-K: 525 eV
Cu-L: 930 eV
Al-K: 1.49 keV
Ti-Ka: 4.51 keV
Fe-Ka: 6.40 keV
Cu-Ka: 8.04 keV

Ge-Ka: 9.89 keV

Meidingeret al., 2021 JATIS
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Xcray TelescopaMirrors: howtheywork

AX-raysarereflectedat grazingncidenceangles
A Surface$aveto be superpolishedms< 0.5nm

ANestedMirrors A largercollectingarea §
=
H

Detector
.

Mirror Module

FocalLength

X-rays

sourcz 1
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Focal surface
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surfaces
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Xcray TelescopéJirrors
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The Locationf Opticsin PANTEBhamber

IAXONustar/
ThinShell
Detector f=5.0m IAXO/XMM
f=75m
N, R HN ‘ X—ra_ysource :
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f=0375m || f=1.15m f=1.6m with 3 SPO MM SPO MM
f=12.0m f=12.0m
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Cleanroonaccesso the PANTERBhamber
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eROSITA . oy

0 LaunchedJuIy2019 e
o0 4.5 Allky surveys completed"
untit end of Feb 2022
0 Sincethen eROSITAg,m safe
A falls under W‘ICUOH
0 German half erst
AII~SkySurvey made pi;_lbilc 0%
A Pubhcall;avallable since
Jan31,2024 . 4
A With sourcecatalogs i
A >50 papers published by the
eROSITAonsortium - -

I Tadst
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SVOM MXT at PANTER

Opticslevel Measurements Telescopdevel Measurements
AQM optic APANTER Model Etal Endtest
A TestedNov. 2019 A completedin Jan- Feb 2020
AFM optic AQM Optic
A Calibratedlan. 2021 AEMCamera
AFSoptic AFM Model Endo Endtest
A CalibratedViar 2022 A completedOct ¢ Nov. 2021
AFMOptic

AFMCamera




SVOM MXT at PANTER: Setup

OpticsTest TelescopéTest
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Testinghe SVOMMXTTelescopen PANTER

Setup inthe vacuumchamberfor Flight Modeltest
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Testinghe SVOMMXTTelescopen PANTER

Setup inthe vacuumchamberfor Flight Modeltest
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SVOM MXT at PANTERasurements

Pitch MXT-FM CuL FocalPlane

OpticsTest (arcmin] Map
+30.0

C-K, Al-K, Ti-K Focus searches Jan 2021

+22.5

All 25 MPOs +15.0

+7.5

-18 -15 -12 -9 -6 -3 0 +3 +6 +9 +12 +15  +18 mm

focal search Al-K 0 O

inimum FWHM 10.53 arcminutes at Z= -0.367 mm
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SVOM MXT at PANTEBRectraMeasurements
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Einstein Prob®pticsat PANTER

Follow~up X-ray TelescopgFXT) Wide field X-ray TelescopgWXT)
eROSITAype MM f = 1.6 m (54 Nickel Shells) Micropore optics(Lobstereyedesign)
o0 STMoptic 0 QM Optic

A MM Acceptanceest Nov. 2019 A Test andCalibrationof all four quadrants

A MA Acceptanceest Dec 2019 A LaunchedsLEIAJuly2022

A Post Thermatycling May 2020 o Test andCalibrationof all four quadrants
o QM / FSoptic

A MM Acceptanceest May 2021 _ _

A MA Acceptanceest June 2021 Einstein Probe

A MA Post Vibration July 2021

A MA Post Thermatyclingcalibration Launched successfully

A planned Aug. 2021 A Jan. 9, 2024

o FMoptic plannedDec 2021¢ May 2022

A MM Acceptancdest MM ¢ Mirror Module

A MA Acceptanceest
A MA Post Vibratiortest
A MA Post Thermadyclingtest/ Calibration

MA ¢ Mirror Assembly= MM + Xray Baffle
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Einstein Prob®pticsat PANTER: Setup

Followup X-ray TelescopdFXT) Wide field X-ray TelescopgWXT)
; 0 QM Opticinthe PANTERhamberApril 2020
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Einstein Prob®pticsat PANTERIeasurements

Followup X-ray TelescopdFXT) Wide field X-ray TelescopgWXT)

0 QM Optic Sector#1 CuL inthe PANTER hamber
-10 -100 -50° 0 +50 +100 +150 Yaw

FOW/ignettingstudy
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Einstein Probe WXT on A&ffectiveAreas

EP-WXT-FM5 Sectors 1, 2, 3, and 4 Effective area

10
— z:g E: Egt Effective Area
— e A ok A total E.A = double + single +
5 —— sec4 EA tot direct
UL model tot A two lower points (at 4 cm2) of
sectors 3 and 4 to avoid
8 . confusion
= A gain of thelEbcdata by 0.955
g so the edge in the data and
e matches the theoretical edge
g 47 , position.
N ® + A the Leicester model smoothed
with a sigma=100eV gaussian
2 and scaled up by 3 %
0 T T T T T
0 1000 2000 3000 4000 5000

Energy [eV]
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IAXOUnpackaginghe XMM-MM-FM5
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IAXOOverviewthe XMM-MM-FM5

The Mirrorassemblys atrue flight like mirror *
assemblywith:

Exitbaffle

Magneticspider(inside) canbe removed

Mirror

X-ray sieveplate baffle
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It worksfor FM5 but notfbr FM1
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IAXO: Movéhe XMM-MM-FM In
to the vacuumchamber

St Vadim Burwitz (MPER02402-06 XDEP, Soleil, Saint Aubin
TERRESTRISCHE PHYSIK



