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ABSTRACT

The BEaTriX (Beam Expander Testing X-ray) facililmder construction at INAF-Brera Astronomical Olsgory
aims at performing the acceptance tests of thedsiliPore Optics mirror modules of the ATHENA (Adeed
Telescope for High-ENergy Astrophysics) X-ray olvs¢ory. The facility implements a grazing-incidera@limating
mirror that, together with a monochromator and anbeexpander stages based on crystals, enablesilthé-riay
illumination of the mirror modules under test. Weegent the development and test of the collimatimigor, a
paraboloid sector having an optical surface of A00 x 60 mm and sagittal radii of about 155 mm. The gband
lapped optics made of HOQ 310 fused quartz wasectad by bonnet polishing. In this paper, we remortthe
smoothing of mid-to-high spatial frequency error fych-tool polishing process, and on the correctid residual
surface shape errors by ion-beam figuring procbeth performed at INAF-Brera Astronomical ObserwmatdNe
present the X-ray test campaigns carried out omthieor at PANTER facility, before and after coairt with a Pt
layer via magnetron sputtering at DTU Space. Tiselte provide an overview of the mirror performaicaéerms of
angular resolution pre- and post-coating deposition

Keywords. ATHENA, BEaTriX, X-ray test facility, pitch polishg, ion beam figuring, X-ray collimator, PANTER,
coating

1. INTRODUCTION

ATHENA (Advanced Telescope for High-ENergy Astroglog) is the second Large Class ESA mission [1ih wi
launch foreseen in the early 2030s, aiming at shgpthe hot and energetic Universe in the X-raycdbdarhe ATHENA
X-ray telescope, with 12 m focal length and angugolution of 5 arcsec Half-Energy Width (HEW)lakeV is based
on the Silicon Pore Optics (SPO) modular technolffly The large X-ray mirror assembly @2.5 m diameter is
composed of more than 600 co-aligned SPO modulesjding an effective area of 1.4°rat 1 keV [3]. Each X-ray
Optical Unit (XOU) is made of 35 processed siliquates, while four XOUs are aligned and integratethe SPO
Mirror Module (MM) using synchrotron radiation [4X-ray testing of MMs are currently done at XPBB $5] and
PANTER [6] facilities, while a new X-ray beamlinerfthe assembly and characterization of MMs isanstruction at
ALBA synchrotron [7]. The BEaTriX (Beam Expandersiiag X-ray) facility is a new type of beamline forirror
acceptance testing and calibration, under reatizait INAF-Brera Astronomical Observatory [8], d@ndded by ESA,
AHEAD, ASI and INAF. BEaTriX was designed to progid broad (170 mm 60 mm) and uniform X-ray beam with
1.5 arcsec HEW residual divergence, at either k&M or 4.51 keV energy [9, 10]. The BEaTriX fagiliaims at
performing the acceptance test (Point Spread Famd#SF, and effective area) of the ATHENA SPO Mist'she fast
rate of 3MM/day. In the optical design of BEaTritke X-ray source is at the focus of a grazing ien@e (0.9 deg)
paraboloidal mirror. The collimated beam exiting tmirror with a 4 mnx 60 mm section is spectrally filtered by
symmetrically cut silicon crystals and expandethihorizontal direction by an asymmetrically dlitsn crystal [11].
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The final beam of size 170 mm60 mm enables full illumination of SPO MMs. Fig.sthows the BEaTriX optical
layout.
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Figure 1. Optical layout of the BEaTriX facility [12

This paper focuses on the manufacturing and testfritpe paraboloidal collimating X-ray mirror. Sieet 2 briefly

reports some recent analysis on manufacturinganées, that allowed us to somehow relax the sunfacghness
requirement. We present and discuss the mirror faatwring, including the polishing, figuring and aseirement
analysis done at INAF- Brera Astronomical Obsermat8ection 3 presents the X-ray test campaign®peed at the
PANTER facility in order to assess the mirror pemfance. We therein give a performance overview riguéar

resolution achieved by the mirror pre- and postioga comparing measurements and simulations ofbwt focus
PSF. The platinum coating, needed to endow theomauirface with reflective properties at 4.51 ke¥s deposited at
DTU Space.

2. MANUFACTURING THE COLLIMATING MIRROR

We hereafter describe the mirror requirementsptbeurement and the first step of manufacturingciwlemployed the
bonnet polishing technique we described elsewhEsg [n this paper, we present the subsequent raaturing steps
we developed, based on the pitch-tool polishingtardon-beam figuring techniques.

2.1. Manufacturing tolerances

We computed the largest figure and roughness eoamgpatible with a mirror of 0.5 arcsec HEW at 4K&lV by
means of the Wavefront propagation Simulation c@dHBSE) code [14]. We generated the figure and roegbk
longitudinal profiles from mono-dimensional PowgreBtral Density (PSD) modeled by broken power lamsere the
boundary between the figure profile and roughnesshitrarily set at 1 mm. New simulations weref@ened to check
if the initial requirement on roughness (<3.5 A Rd®ean Square, RMS, error within 1 mm - 1 um lengthge) could
be relaxed to some extent. Table 1 shows the HEMEsassociated to the original PSD of referenaesdd) and to
new PSDs, which mitigate the roughness requiremegressively (case 2-3-4-5). The analysis showsareraise the
requirement on roughness from 3.5 A0 A without significantly degrading the correspargiHEW value up to 4.51
keV.

Table 1. Estimated HEW and RMS values in variougtlenange for different PSD cases.

HEW IMSgompsp [A] IMSgompsp [A] MSgompsp [A] IMSgompsp [A]
profile roughness
[arcsec] (436 mm + 10 (436 mm + 15 (15mm =+ 10pum) | (5 mm <+ 10 um)
n K, n K, um) mm) /

(1mm = 1um)
1| 25 5x10-4 1.0 18 0.50 122.8 122.5 8.1 43/35
2| 25 5x104 1.0 20 0.50 122.8 122.5 8.16 44 /3.7
3] 25 5x10* | 0.85 50 0.49 122.8 122.5 8.3 4.7 /4.6
4| 25 5x104 | 0.75 | 100 0.50 122.8 122.5 8.5 5.1/5.7
5| 25 5x10* | 0.66 | 200 0.52 122.8 122.5 8.9 5.6/7.3
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Figure 2. A. Original reference PSD (black, casé Table 1) and new reference PSD (red, case &bleTl) with relaxed
tolerance on roughness value. B. One of the infinfiessible profiles consistent with the new refee PSD.

Fig. 2A compares the previous (black, case 1 ofi@ap to the new reference PSD (red, case 5 ofeTaplwhich
represents the actual tolerance on the roughndse,velose to 7 A. Achieving this roughness valiespatial
wavelengths below 1 mm is the purpose of pitchghatig process, described in the next subsectian.Z8 shows a
possible longitudinal profile generated pseudo-canky from the new reference PSD.

It is worth to mention that in the first version thie optical design [10], we had estimated thataximum tolerable
HEW of 3 arcsec was to be reached through the raaturfng process. Afterwards, with the purposedienterbalance
some adjustments of the overall error budget, weeti the manufacturing tolerances stricter, samdsave the target
of divergence tolerance of the BEaTriX beam withib arcsec. This turned out into a very tight regment of 0.5
arcsec HEW for the surface quality of the mirroB][IWe compare the two requirements in Fig. 3, whee plot the
reference PSDs vyielding 0.5 and 3 arcsec HEW &t 4&/. The same two reference PSDs will be presgeinte
subsection 2.4 and 2.5, compared with the surfaestroiogy PSDs. The short wavelength (<1mm) regime,
characterizing the roughness contribution, is ungkd in the two reference PSDs, and it corresptmtie one of Fig.
2A (displayed in red) with relaxed tolerance.

PSD requirement

— Requirement for 0.5 arcsec
Requirement for 3 arcsec

PSD (nm3)
S
1

6 5 4 103 2 1 0
Wavelength (um)

Figure 3. Reference PSD for 0.5 arcsec HEW (grees) tompared to 3 arcsec HEW requirement (orangs. li
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2.2. Pitch smoothing

Fig. 4A is a drawing of the workpiece, Fig. 4B sksothe HOQ 310 fused quartz blank, which was groand
preliminarily lapped at Carl ZeisSMT GmbH. The size of the workpiece is 456 mml00 mmx 50 mm and the
ground surface area was 456 mirB0 mm. The optical surface, initially set to 436im 60 mm area, is represented in
Fig. 4C by the black-dotted area. The red arelheiptojection of the beam expander (170 mm x 60 bank traced to
the mirror or, in other words, the area of the palaid involved in the generation of the expandedrh. The smallest
rectangular area bordering the red one has 400<rBthmm area and it was assumed as the new optidate at the
center of the workpiece.

100 mm

Sogttal caiz {mm)

Figure 4. A. Drawing of the workpiece. B. Mirror hlamanufactured at Carl Zeiss SMT GmbH. C. Projectiga (red
area) of the BEaTriX beam expander back to the péoalal mirror surface area. D. Longitudinal errmoap after bonnet
polishing [13].

Fig. 4D shows the longitudinal error map measur#hl aptical profilometry after bonnet polishing [[L3Ve continued
the surface improvement by implementing a nasvhoc, pitch-based tool, designed to fit the parabotaidace and to
smooth the waviness error shorter th@mm. We assumed this value to mark the onsetaifadpgength range not or
poorly correctable by bonnet polishing techniquiee Bscillation amplitude of the pitch tool acrass bptical surface
was defined accordingly. We planned to run pitcheiaprocess employing the Zeeko IRP1200 machiéAdt-Brera
Astronomical Observatory, shown in Fig. 5A. Thibaled us to take advantage of the thermal stalality cleanliness
of the host ISO7 room.

Figure 5. A. Photo of the Zeeko IRP1200 maching¢altes] at INAF-Brera Astronomical Observatory. B. Aimum
replica of the mirror workpiece. C. Pitch tool lifteabove the replica workpiece during preliminargt tactivity. D.
Different pitch pads fabricated for the smoothimggess development.

The tool was designed in order to fit into the rnadbarm of the IRP1200 machine in place of the lminfhe tool holds
the pitch pad by means of an air-bearing carriage. applied weight force was limited by the maximbearable load
by the machine interface, and was adjusted by acmmiating a number of tungsten posts to controlptessure
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applied at the pitch-glass interface. The tool fmsing and motion was controlled by the 7-axis Ch\&tem of the
machine. Preliminary polishing test were set andopmed on a dummy part, an aluminum replica woekpi shown
in Fig. 5B, fabricated on purpose. Fig. 5C shovesghch tool lifted above the dummy part. Pads waepared using
pitches of different hardness, with length closéhtt of the workpiece. Fig. 5D shows three difféngads, i.e., one not
yet used, made of pristine black pitch and two,clwhwere worn by usage, whitish because chargedaogitium-oxide

abrasive particles contained in the Opaline-bakedys

2.3. lon-beam figuring

We used the technique of ion-beam figuring (heezdfBF) to correct the shape error left on the axefafter pitch
polishing. In particular, we addressed the longditabprofile errors and the azimuthal radii of cawe to meet the
paraboloid design and focal length requirements. &A shows the IBF facility developed at INAF-Baekstronomical
Observatory [15]. The IBF technique removes maltérien an optic surface by the kinetic impact pand by a beam
of Argon ions.

Figure 6. A. The IBF facility developed and instdllat INAF-Brera Astronomical Observatory. B. Closewief the ion
source head equipped with 15 mm graphite gridsetna@etal tip for alignment purpose.

The process occurs in a vacuum chamber equippédawitounting frame (1.7 m 1.4 m) which defines the lateral full
scanning area of the source. The third travel alkimwvs the source to follow the sag of curved aptikeeping a
constant working distance, in this case set to #0 @ur IBF employs a hollow cathode DC Kaufmannsonrce type.
The water-cooled head source shown in Fig. 6B naslrt 15 mm focused grid set made in pyrolytic gitaph
delivering a beam of Full Width Half Maximum (FWHNMgarying in the range 10-15 mm, depending on tle-gjtics
distance and on setting parameters of the souregpéfformed the calibration of the removal ratdused silica planar
samples (Fig. 7A). By combining IBF cycles in statiry conditions and the interferometric charazétion of the
substrate surface shape we derived the removatifinassociated to the specific process applieds fnction (an
example of it is shown in Fig. 7B), together witte tsurface error map, is the required input toutate the correction
time matrix. Fig. 7C is a picture of the collimaimirror mounted inside the IBF chamber during prezess cycle.

Figure 7. A. IBF process on planar reference samfdle€xample of a removal function set in the diatlmx of the
analysis software. C. The collimating mirror undéngcone IBF cycle.
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2.4. Metrology: surface topography

We measured the mirror with the CCl (Coherence €ation Interferometer, by AMETEK Taylor Hobson)
interferometer at Media Lario S.rl. to check thepdgraphy evolution of the optical surface throughthe
manufacturing process. By measuring the surfacegi@phy by three objectives (2.5X, 10X, 50X) wiiffetent Field
Of View (FOV), we evaluated the roughness over aelength range from a few millimeters (2.5X obj.x 5 mn?
FOV) down to few micrometers (50X obj., 0:830.3 mn? FOV). The measurements performed with CCl 2.5X
objective were important to assess the longitudiveliness error reduction by the pitch smoothingcpss around 1
mm. This (mid-frequency) range is critical for battenufacturing and metrology. The deterministichteques as
bonnet polishing and IBF based on compliant or actigss tools are not effective in this range. Gingracterization of
the surface in thenm error wavelength region is challenging, being rimediate for instruments optimized either for
(high frequency) roughness or for (low frequenay)face figure measurements. Fig. 8 shows two tagagr maps
measured with 50X (panel A) and 10X (panel B) mhgaiions after the last run of manufacturing. TRIIS values
are representative of the surface quality achiewselcomputed the RMS values along the two axeBeo§tjuared map
separately. The horizontal axis “Az” stands for #mmuthal (sagittal) direction, whereas the vaitiaxis “Lo”
indicates the longitudinal (tangential or meridifndirection on the paraboloid surface. The optisatface was
sampled at nine different positions with each ofbjec three along the central longitudinal axisd@g azimuth),
whereas the six remaining were taken at + 9 degrstnic azimuthal positions, nearing the edge ofapical surface
area. We repeated the measurements at the sameammieal positions at each CClI measurement seggsydless of
positioning accuracy. Fig. 9C shows the CCI aligimefitont of the mirror.

A CCI 50X B CCl 10X

0 50 100 150 200 250 ym o] 0.2 04 0.6 0.8 1 1.2 1.4 mm

0 T SRR G N U T 5 0 i ¥ T e c
S Bt g R A {
i 3 |3 e BRI t

=]
F'S

=
o
e AR I

0.9 { li AR |

s BB LR I
S RMS;-Az'%’O.S;Bfli i 12 RMS-Az=0.49 nl,zm g7
. RMSlo=046nm i ] RMSlo=034nm |

3 e Sy { i b | i3 3
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FOV 0.3 x 0.3 mm? mm FOV 1.5 x 1.5 mm?

Figure 8. A. Topography map taken with CCI 50X (pigiele[D.6 pm). The longitudinal (Lo) and azimuthal (Azea are
displayed. RMS values were calculated separatehgaloe axes. B. Topography map taken with CCl 10Xe(sikze2.9
pm). C. Photograph of the CCl instrument at Mediad_&rr.|.

We did not include CCIl 2.5X azimuthal data to cotepthe corresponding PSD, as the maps are abetgtdioe
curvature of the mirror. Fig. 9A shows the PSD ghlted from azimuthal profile data measured witkX Hhd 50X
objective and stitched together. Fig. 9B shows RISD computed from the longitudinal profile datanfrahe full
collection of three objectives.
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A CCl 10X+50X B . CCl 2.5X+10X+50X

- PSD from CCl azimuthal data: roughness L PSD from CCl longitudinal data: roughness
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Figure 9. A. Mono-dimensional roughness PSD inféfrem the CCI (10X and 50X objectives) azimuthalfpeadata. B.
Mono-dimensional roughness PSD from CCI (2.5X, 10¥ 80X objectives) longitudinal profile data. In bgianels, the
reference PSDs for 0.5 and 3 arcsec HEW mirrorityusle represented.

2.5. Metrology: optical profilometry

The longitudinal profile errors were measured dyrsessions of optical profilometry [16] performadMedia Lario
S.r.I. throughout the manufacturing process. Tlié tf curvature in the azimuthal direction wereasered with a 3D
Coordinate Measuring Machine (CMM) at INAF-Breratldsiomical Observatory. After the pitch-based psscesed
to improve the mid-to-high spatial frequency errdre low frequency errors, introduced by the psscitself, were
corrected with IBF. Fig. 10 shows the longitudiaaior map measured at the end of the manufacturing.

0
X (rm)

Figure 10. Longitudinal error map after the mantifding process. The RMS valueiR5 nm over the 400 mm 60 mm
optical area.

Fig. 11 shows the PSDs of the longitudinal residuedrs in the 2 - 400 mm range measured beforeal®Fafter final
pitch smoothing and IBF. The final PSD meets tt®ec reference PSD in the long wavelength sidieeo$pectrum.
Moving towards thenm range, the same PSD, inferred from profilometriadappears increasingly noisy and remains
above the reference PSDs. In thm range, we assumed the PSD inferred from CCI dadavis in Fig 9B as the more
accurate description of the residual error.
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10 PSD from MPR data: shape
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Figure 11. PSDs calculated from the longitudinabemaps measured with the optical profilometer BjIRt Media Lario
S.r.l. The reference PSDs for 0.5 and 3 arcsec hiftiAdr quality are represented.

3. X-RAY TESTING

3.1. Uncoated mirror

The mirror was installed in the PANTER vacuum chamimounted on the kinematic support previously mséed and
aligned at INAF-Brera Astronomical Observatory arsgtd for optical metrology. This configuration isikle in Fig.
12A. In front of the support, on the entrance siflthe beam, there was a slit defining the illunkgarectangular area
(400 mm x 60 mm on mirror surface) to fit the oglisurface area. Therefore, the surface area st-fay test was
larger than the red-dotted area in Fig. 4C. Thewslis made of a stainless steel 0.5 mm thick €abugh to stop X-
rays at 4.51 keV. Fig. 12B is a picture of the orirmounted on the support with the illumination. sli

Figure 12. A. Photo of the mirror mounted in theNPER vacuum chamber, viewed from the side of incgntiram. B.
The slit to define the illumination area was modnéad aligned onto the mirror with CMM at INAF-Bresatronomical
Observatory.

All the measurements on the uncoated mirror werelemat 1.49 keV, using both the TRoPIC (dBh pixel,
corresponding t@B.3 arcsec) and PIXI (20m pixel, corresponding t0.87 arcsec) detectors. Fig. 13A shows the best
focus PSF measured using the diverging beam setluppRoPIC detector. The angular resolution in teomMdEW was
measured to 4.8 arcsec, in perfect agreement hétsitnulated 5.0 arcsec, inferred from metrologieah (Fig. 13B).
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TRoPIC-diverging

Meas. 4.8 arcsec Simul. 5 arcsec

TRoPIC-parallel

Meas. 3.1 arcsec Simul. 2.9 arcsec

Figure 13. Panel A (C). Best focus measured with TRoRIdiverging (parallel) beam setup, HEW = 4.8sac (3.1
arcsec). Panel B (D). Theoretically predicted besu$ PSF corresponding to A (C) configurations, eespely. The
simulated HEW values are displayed. Logarithmiocakale. The images have 5 mm size. Measuremeants made at

1.49 keV.

Due to the finite distance of the PANTER sourcbeam divergence of 1.66 arcsec/mm with respedteaéntral axis
was assumed. In order to reduce the aberratiomefimage due to the beam divergence, the Fresma ptate
available at PANTER and operating at 1.49 keV j&&@} inserted and aligned with respect to the miffbe measured
PSF was strongly peaked and due to the large pfXBROPIC we could set just an upper limit to ting@alar resolution
around 3.1 arcsec (Fig. 13C). The expected HEW thighparallel illumination produced by the Fresplalte was 2.9
arcsec (Fig. 13D). A better sampling of the PSFlmambtained with PIXI camera, which has highettiapeesolution
than TRoPIC despite a higher background level.r€kalts shown in Fig. 14 confirm the data obtaiwitt TRoOPIC in

the parallel beam configuration.

PIXl-parallel

Figure 14. A. Best focus measured with PIX| sengonera in parallel beam setup at 1.49 keV, HEW =aickec. B.
Simulated best focus PSF. The uncertainty in thg&VHElue comes from the variable level of backgroaegumed in the

simulation.

3.2. Coated mirror

The mirror was coated at DTU Space by DC magnesquttering. Fig. 15A shows a picture of the DTU towa
facility and Fig 15B shows the paraboloidal miradter coating mounted inside the chamber. The &il&r (thickness
= 4.6 nm) and Pt (thickness = 30 nm) was selected lzharacterization campaign performed on supksip
(roughness RMS < 2 A) fused silica substrates [T8f BEaTriX mirror after coating is shown mountedthe
PANTER chamber in Fig. 15C.
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Figure 15. A. DC magnetron sputtering chamber at CHpace. B. Coated mirror mounted in the sputteriaguum
chamber. C. Coated mirror mounted and aligned ifPtiETER vacuum chamber.

The angular resolution measurements at 1.49 ke\é wepeated on the mirror after coating, and sonegés of
relevant results are reported in Fig. 16. PaneCAshows the best focus PSF measured with TRoRKI)(Pamera in

divergent (parallel) beam configuration. Both meaments are in very good agreement with the cooretipg ones
taken before coating (see Fig. 13A and 14A regpthin the measurement uncertainty, which are displayed in Fig.
16 panel B and D for the reader’s convenience. &hesults indicate no performance degradation duleet deposited
coating at this low X-ray energy.

Coated mirror Uncoated mirror

TRoPIC-diverging

5.1 arcsec 4.8 arcsec

PIXI-parallel

Figure 16. A (B). Best focus measured with TRoPIC redjing beam setup on the coated (uncoated) midgYV = 5.1
arcsec (4.8 arcsec). C (D). Best focus measuredRiKhin parallel beam setup on the coated (uncQat@dror. HEW =
2.8 arcsec (3.1 arcsec). Measurements were mddéSakeV.

The presence of the reflective coating enabledsb the mirror performance also at 4.51 keV enerpuwever, this
was feasible only in the configuration with divergibeam, because the collimating zone plate doesvoik at this
energy. The angular resolution with the divergeearh was measured 6.5 arcsec HEW, to be comparédthét
corresponding 5.1 arcsec HEW measured at 1.49 k&) 17). There is some evidence of HEW degradatios to
scattering. In order to clarify the origin of seaithg we characterized the roughness of the cosuedce with CCl
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(10X and 50X) measurements at three positions. ®ad that the roughness values slightly decreafied eoating.

This observation seems to confirm that the incrediseattering is not due to the coating depositinstead, and most
probably, this scattering would originate from thart of the surface illuminated at PANTER whichoistside the

moon-shaped area (red part in Fig. 4C), which serts the area of the paraboloid involved in theeggtion of the

expanded beam. From previous CCl measurement ssssibthe uncoated glass surface, we knew thasaimgpled

points displaying the highest roughness were ogiti@ moon-shaped area and mostly located neadipe of the
optical area.

1.49 keV B 4.51 keV

TRoPIC-diverging X

5.1 arcsec 6.5 arcsec

Figure 17 A (B). Best focus measured with TRoPIC iredjing beam setup on the coated mirror at 1.49 Ke%1 keV)
energy. HEW = 5.1 arcsec (6.5 arcsec).

We estimated that the difference[df.5 arcsec between images in Fig. 17 would probyielg 4.5 arcsec in parallel
beam setup at 4.51 keV. Such an angular resoldtorthe mirror, in turn, would contribute to thertteal and
horizontal collimation of the output BEaTriX expattbeam by about 1.0 and 2.5 arcsec HEW respegtastording
to the simulations presented in Fig. 18 [19, 20bnk the considerations above on the possible onithhe increased
scattering at 4.51 keV, we expect these resultsneargsent an upper limit to the foreseen perfoomari BEaTriX.

4.5 Expected collimation vs. mirror HEW

(4.51 keV, 15t CCC at -12 arcsec, 35 um source)

Final beam HEW (arcsec)

4 Vertical collimation
0.5 ~B- Horizontal collimation

PR e o T
5 20 25 30 35 40
Mirror HEW (arcsec)

0 5 10 1

Figure 18. Simulation of the expected vertical &odizontal collimation of the BEaTriX output beam4a51 keV as a
function of the mirror quality.

4. CONCLUSIONS

In this paper, we presented the manufacturing aating of the paraboloidal mirror designed to cadlie the X-ray
beam of the BEaTriX facility under construction nat INAF-Brera Astronomical Observatory. BEaTriX sva
conceived as a new type of beamline to supportiivelopment of the ATHENA X-ray telescope, as désigned for
the acceptance testing and calibration of the SR@mmodules at fast rate. The mirror was desigt®ensure
collimation and uniformity to the BEaTriX beam. Bwat polishing, pitch smoothing and IBF techniquesrev
employed at INAF-Brera Astronomical Observatorytfoe mirror manufacturing. We presented metrolaggults after
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these processes, assessing the quality achievii bigirror surface. We presented best focus PShtses the X-ray
test campaign conducted at PANTER before coatinGr#t two-layer coating was designed and made aégnatron
sputtering at DTU Space. X-ray PANTER test campaé@peated on the Cr-Pt coated mirror confirmedréselts on
the uncoated glass mirror at low energy (1.49 kéV)articular, the angular resolution at the estis position was
measured close to 3 arcsec HEW using a parallehlsedup enabled by a Fresnel zone plate. This qpeaface of the
mirror at 1.49 keV matches the requirement of 3excHEW originally set for the surface quality. Mesements
performed with diverging beam at 4.51 keV displayedegradation of the HEW value. This was attriduie an
increase of scattering most probably originatethepart of the surface outside to that truly ineal in the generation
of the expanded beam. From the measurements pedoain4.51 keV, we inferred a 4.0-4.5 arcsec HEWWarallel
beam setup. By this estimated value, the contobutif the mirror quality to the performance of BEaTriX output
beam foresees a vertical and horizontal collimatimse to 1.0 and 2.5 arcsec HEW, respectivelys&halues, to the
best of our actual knowledge, may represent a coaee estimate and they will be verified in thending months,
after beam alignment, by qualifying the beam cddliion with anad hoc fabricated Hartmann plate.
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