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1. Introduction

Aim of this document is to report on the soft and hard X-rays deaization of a multilayer-coated
optic (with 10 m focal length) after full-illumination measurenseat the PANTER facility in full-
illumination setup (MPE, Garching, Germany), followed by a setm@ftrological and surface
microroughness tests dealt at INAF/OAB.

The optic prototype (name86 in the following) was a single Wolter | mirror shell with a
diameter of 230 mm, an on-axis incidence angle of 0.165 deg. The shiglbsubstrate - with00um
thick mirror walls - has been manufactured at the MSFC by dNie@ctroforming of preformed
mandrels. The mirror shell was coated with a W/Si graded laydti by magnetron sputtering using a
facility specifically conceived to coat mirror shells [RDit],order to enhance the reflectivity in hard
X-rays. During the mirror shell coating run a small (2diam.) superpolished fused silica sample was
also coated as “witness” of process. The very high optical finiseiraj of this substrates(< 2 A) has
a negligible contribution in the final multilayer roughness, theeetbe final microroughness of this
witness sample returns, in practice, the intrinsic microroughteasloped in the deposition process.
Thus, its contribution to mirror shell microroughness can be diserthrigim the initial substrate
quality. Finally, the shell was integrated at INAF/OAB intairsless steel case in order to provide it
with the correct shape and mechanical rigidity during the optidlimg at PANTER. The integration
was performed in the UV optical bench available at INAF/OAB.
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2. Results of tests at PANTER and INAF/OAB

2.1 — Witness mirror sample: X-ray reflectivity tes  ts

The W/Si multilayer coating was structured as a double stdekouter stack is formed by 20, thicker
bilayers, and the inner stack has 75 thinner bilayers, devoted teflféneion of the hardest part of the
X-ray spectrum. The d-spacing trend in the stack follows the well-known gawest supermirrors:

_a
REANCEOR

where k = 1,2,.. and a,b,c are parameters that can be optimized intomerieve the maximum
reflectivity in the band of interest. The witness mirror sampés used to investigate the actual
structure of the multilayer stack by means of X-ray refldgt(XRR) analysis. The XRR measurement
was performed at the fixed energy of 8.05 keV (the @ K-ray line) and the reflectance as a
function of incidence angle is shown in Fig. 1 (red line). The natleasities of W and Si were
assumed.
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Fig. 1: reflectance plot at 8.05 keV of multilayeitness mirror. Logarithmic plot. The agreementiafa (red line) with
model (blue line) is very satisfactory

The extraction of stack parameters was done by means of thepRigkém [RD3], which is
able to find the stack structure which returns the best fit tdatehce scan. The multilayer structure
model was assumed to follow independent power laws for W and Sclinséack. The thickness of
each layer can, in addition, oscillate independently around the valwegatad from the power-law
trend to include short-term thickness instability. Moreover, in otdereach the best fit of the
reflectivity, the multilayer roughness has been assumed to lirsggrly with the bilayer index
throughout each stack. The final reflectivity model found by PPM (lote¢ is in excellent agreement
with the experimental reflectance (Fig. 1). We show in Fig. Zd#reved thickness trend for both W
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and Si, and the best-fitting power-laws in the two stacks: theeplaw parameters are reported in
Tab.1. In addition, the automatic fitting procedure finds an eviderg¢aserofs, from 3.0 A close to
the fused silica substrate to 4.1 A at the end of the first (deepest) stacku@heess drifts from 4.2 to
4.3 A in the outer stack: the smaller increase in the outer stacke partly due to the smaller total
thickness (0.128im vs. 0.237um of the inner stack, see Tab. 1), but it is not sufficient to exjiai
completely. The reduction of roughening rate can also be causadsaturation of the roughening
process.

o w Iayérs

[ | — e S O Silayers
— W power-law trend
L R — ——— — — ~—— Si power-law trend

PPM-inferred layer thickness (A)

bilayer number (from surface)

Fig. 2: thickness trend inferred the PPM fit (c&s): the two power-law trends (for W and Si) arsoasuperposed to
data (solid lines). The break is clearly visibleta¢ 20" bilayer. The actual thickness values oscillateus the
power-law trend up to a maximum of +3 A.

Tab. 1: characteristic parameters of the two polesr of the adopted graded multilayer.
The random term with a maximum amplitude of 3 A [Eg. 3) is not considered.

a(A) b c appr. flax- Omin (A)  total thickn. (A)
1stack Si (20 bil.) 67.30 -0.87  0.29 122- 29 745
1'stack W (20 bil.) 4837  -0.46 027 57 - 22 535
2"%stack Si (75 bil.) 6868 28.10  0.23 32- 24 1983
2%stack W (75 bil) 19.71  0.89 0.43 15-3 390

A further test was performed using the X-ray continuum (7 — 50 kewited by a W- anode
tube with bias at 50 kV, impinging on the sample at 0.231 deg: this angle is close todivecmangle
on the parabola of the optic at the PANTER (0.218 deg). Howevesizbeof the sample did not
enable the collection of all the incident beam at such smallsanghe incident and the reflected beam
were analyzed by means of a Silicon solid-state detectorreBudting reflectivity is plotted in Fig. 3
with the reflectivity derived from the stack model with partere listed in Tab. 1, and a constant
roughness rms of 4.5 A. The agreement is quite good.
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Fig. 3: Reflectivity plot in energy-dispersive getof the witness mirror, at an incidence angle cf3d deg, taken at
INAF/OAB using a W- anode X-ray tube (50 kV bias)l @ Si detector with a multi-channel analyzer. The
experimental curve (red line) is satisfactory agneat with the model with the parameters listeddh.T.

2.2 — PANTER data reduction

The effective area measurement from detector data is compatedHe reflected count ratg,Gn the
PSPC or pn-EPIC detector field, measured in a circular regioauswling the focal spot. From the
incident X-ray flux G measured from a count rate measurement of the direct beargirggnieom a

hole of known area £\ the mirror effective area at the considered photon energy is simply calcigated a

Cu (E)

Ac(E) = C,(E)

Ay

In energy-dispersive setup the same formula can be applied foreeacy channel. The
reflectivities of parabola R**®(E) and hyperbola & °E) are in general different, because of the finite
source distance that causes a beam divergence. The product ob tiediéativities (mirror efficiency)
follows from the effective area,

A (E)
A"

R"(BIR, " (E) =

WhereAth(E) is the mirror shell geometrical cross section for double atéfie, accounting for all
vignetting due to the finite distance and the spiders (see [A@¥1didtails). By assuming the mirror
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shell coating to have the same structure as that of witness rfderived in the previous section from
XRR scans), but a larger roughness since the two substrateglifferent starting smoothness levels,
the theoretical mirror efficiency can be calculated as atitmof the energy and compared with the
experimental one. This provides us with important constraints for laygti roughness. The

measurements have been carried out in monochromatic setup usirfgR@edetector and the X-ray
fluorescence lines listed in Tab. 2, and in energy-dispersive sgamlso [AD1, RD2]) using the pn-

EPIC detector.

Tab.2: X-ray lines used for measurement in monauolate setup
with the PSPC detector

Emission line Energy
C-Ka 0.27 keV
Cu-La 0.93 keV
Al-Ka 1.49 keV
Ag-La 2.98 keV
Ti-Ka 4.51 keV
Cr-Ka 5.41 keV
Fe-Ka 6.40 keV
Cu-Ka 8.05 keV

2.3 — Mirror shell 346, geometrical properties

The mirror shell 346 has a Wolter | profile, with a 10 m nomiae&f length and an incidence angle of
0.164 deg for a on-axis source. The geometrical properties and thetgealhtross sections of the

integrated mirror shell are listed in Tab.3. We accounted foritiite distance effects as well (see
[AD1] for details).

Tab.3:geometrical properties of the mirror shell 346.

Parameter symbol value
maximum mirror diameter (parabola) 2Rnax 231 mm
minimum mirror diameter (hyperbola) 2Rnin 226 mm
mirror length (parabola + hyperbola) 2L 427 mm
on-axis incidence angle a 0.164 deg
focal length (for a source at infinity) f 10m
mirror walls thickness r 100pum
Geometric cross-section from infinity A 4.4 cm?
Distance source-mirror Xs 0122 m
Beam divergence g 0.054 deg
Actual incidence angle on the parabola Olpar 0.218 deg
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Actual incidence angle on the hyperbola @double reflectioh Olhyp 0.110 deg
Actual image-mirror distance X 109 m
Lostarea fraction of parabola for double reflection Q 49%
Obscured area fraction by spider \% 10%
Radius of the parabola single-reflection corona p I 419 mm
Radius of the hyperbola single-reflection corona h r 82.8mm
Geometric cross-section for singly-reflected parabola rays, sgigtestted AP 2.6 cm?
Geometric cross-sectidior double reflection, spider vignetted 7 g&p 2.7cm?

2.4 — PANTER results: effective areas

Some images of the focal spot of the mirror shell 346 are presented in Figakovedow in Fig. 5 the
measured effective areas for double reflection as measureANIBR. The data reduction was
performed as in Sect. 2.2, using the numerical values of Tab.2. Thenespili plot collects the
results of PSPC at low energy and those of pn-EPIC at highieniéiotack circles) for exposures at 30
and 50 kV anode bias. Both effective areas were obtained by integrating the fotalaspotular ROI
of 13.4 mm radius (250 arcsec) around the focus: the size of the R&dantially limited by the pn-
EPIC edges and by the single-reflection corona, that should bedesdcfrom computation. The
circular slits used to exclude the direct beam are wide en@ighmm) to avoid the vignetting of the

reflected/scattered beam (as seen form the optic intersqafoe they cover a 2400 arcsec angle,
much wider than the ROI diameter).

A0 T
:' 130_""""'I""""'I"'"'"'I""""'I""""'
oo f . ]
[ 120 -
g 200 5 1Mof 3
- -
100 100f- .
E: EID:.........|.........|.........l.........l.........'
(W] AT P LI AT L 70 a0 i) 100 110 120
0 100 200 200 400 X pixel

X pixel

Fig. 4: (left) the focal spot of shell 346 seenthg pn-EPIC in energy dispersive setup up to 50, kdér 5514 s of
exposure time: logarithmic color scale. The edgadipted ROI is delimited - (right) closer viewntaur plot.
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Fig. 5:Measured effective areas of the optic 34&db circles). Reflectance models for various rratugs are also
overplotted (solid lines).Linear plot (top) and Iptpt (bottom)

The reflectivity model, derived from the witness mirror reflétt scan analysis (sect 2.1) is
also overplotted to data (solid lines) for several rms roughnegesvalhe best fitting curve between
15 and 37 keV is obtained setting= 16 A and beyond 37 keV with= 12 A (see also the logarithmic
curves). The much larger roughness value than the witness narrdyecascribed to the much worse
smoothness level of substrate with respect to the fused gilizsirate of witness. The reflectivity
reduction is caused by X-ray scattering, that scatterkegarg amount of radiation out of the ROI, as
visible in Fig. 4 (left). In Fig. 4 (right) a close view on tloedl spot shows a “baffle” visible in the
contour plot. This anisotropy of the PSF can be caused by a miroymdgion in correspondence to a
spider bonding.
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It is worth noting that the roughness values inferred from thadireferred to the specific ROI
adopted for the integration and should not be assumed as absolute vaoeEid- 5 it can be easily
seen that the model with = 16 A overestimates the experiment below 30 keV, whereas thegont
occurs beyond this energy. Summarizing, the best matching of miidet ~ 16 A to data is reached
around 30 keV including all X-rays scattered within 250 arcsec artenfib¢us, i.e. excluding X-rays
scattered by spatial wavelengths smaller than fiB15or the hyperbola and 7.7 on the parabola (we
neglect multiple scattering effects).

Using the same argument, the best matching of modelawitii2 A around 43 keV suggests
that thisc value should be obtained by excluding all the X-rays scatterexpdtyal periods smaller
than 10.7um for the hyperbola and 5.4 on the parabola.

These results can be compared with the surface PSD calculated from topdgseapgct. 3.1).

2.5 — PANTER results: Half Energy Widths
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Fig.6:the measured trend of HEW of the shell 346hat PANTER facility. Collected data of PSPC aneEpiC. The
HEW are referred to the same ROI radius used ferrtteasurement of effective areas .All HEW valuggs Ra—
2.3 arcsec uncertainty but at 37 keV (6 arcsec).

The optic HEW as a function of the photon energy has been medsomedhe PSPC images in
monochromatic setup and from pn-EPIC data by filtering events inwmanergy bandAg (12 keV).
The filtered events are sufficient to return affordable &ttesi in tracing the PSF and the Encircled
Energy which the HEW is computed from. The results are plotted in Fig. 6.

An increase of HEW with photon energy is usually expected as @&aqosmsce of the X-ray
scattering dependence on the energy: in this case, howevétEWetrend almost saturates after 15
keV and themises suddenly after 27 keWloreover, at very low energy an oscillation of the HEW is
also visible. The anomalous behaviour around 1 keV can caused by tlegirsgdtom the spider
surfaces, that are not optically polished. The steep rise of HEBN2Y keVcan be, instead, justified
on the basis of the reflecting surface roughness Power Spectral Density (see Sect. 3.2.2).
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3 — Metrological tests performed at INAF/OAB
3.1- Microroughness and profiles measurements

Several surface roughness measurements were taken at INBFR/Oorder to explain the scattering
observed at PANTER. A first surface inspection was accomplished the phase-contrast Nomarski
microscope (see Fig. 7). Evident surface defects (mainly randmmelyted scratches or perpendicular
to the optic axis) are visible. In some scans also clear ridigésminations?) appear, mainly oriented
in the optical axis direction.

Quantitative information on the surface finishing level has beesuned with the Digital AFM
at INAF/OAB (see Fig. 8). The 100 um scar=(10 A) exhibits the topography already observed with
the Nomarski microscope (scratches), the 10 pm sca9(A) also shows a grained surface texture.
The grains are clearly seen in the 1 um sean@ A). Although the multilayer growth could contribute
to the formation of grains, the inspection of the witness sampjessitied for deposition runs (see e.g.
[RD4]) for multilayers with similar thickness showed that th&imsic microroughness rms of the
multilayer should not be larger than 2.0-2.5 A for the 1 and 10 pm sspectively, whereas the rms
values for the actual sample are 9 and 6 A. Therefore, afidse observed roughness in the AFM
scans is likely to be ascribed to the initial substrate defects.

HXT 230-18 178x 30-GEN-06

100 um

HXT 230-18 178x 30-GEN-D6

# mex g miu

Fig. 7:Nomarski microscope images of the mirrorlsb@mples surface (178x magnification)

The roughness at larger wavelengths has been measured byah#am®optical profilometer
WYKO. Linear profiles were taken along the optical axis li@ azimuthal direction the measurement
was not possible due to the concavity of the specimen) at both 2.5x (Bngmdans) and 20x (0.66
mm long scans) magnification. This choice allows us covering a fredgency range that partially
overlaps the frequency domain of sensitivity of the AFM.

Also several profiles (20 cm long scans) with the Long Trawdil®meter were taken at
INAF/OAB in the axis direction, on both parabola and hyperbola. Thetsesulhe measurements are
plotted in Fig. 9 in terms of the PSD (Power Spectral Densdl)the instruments are in good
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agreement since they overlap in common spectral regions. Thenotm&able feature of the PSD of
the surfacas the double slope change (an “ankle” at 300 um and a “knee” at 0.1 thg PSD at
very low frequencies exhibits approximately a power-law trend avitery steep spectral index (~ 2.5):
at 300 um a spectral break reduces the slope to ~ 1, followedutyo# around 0.1 um. The resulting
big bump covers the spectral range where the most prominent sigf@édeatures can be observed
(see Figs. 7, 8).

The exposed topographical characterizatonlso consistent with the measured effective area
values (see Sect. 2.4): the best-fitting value for the roughnéssed from the fit was 16 A for the
adopted ROI with a 250 arcsec radius: this integration limit sporeded to a limiting wavelength of
13.5 um on the hyperbola and 7.7 um on the parabola (11 um on averdgeanalysis is correct, the
integration of the PSD from 11 pum to infinity should returms aalue close to 16 A. The same
argument shows that the 12 A value should be referred to interval of wavelengtles 8maall7.5 pm.

100 10.0 5.0 nm

.- 75

0
100
o 1.00 3.0 nm

0.25

0 0.25 . . .00

Fig. 8: Some AFM scans of the optic surface samid€s 10, 1 um wide scans. The respective rms valed 2, 13, 8 A.
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X LTP parabola
X LTP hyperbola (o = 304 A)
*  PSD from WYKO 2.5x (¢ = 8.7 A)
*  PSD from WYKO 20x (5 = 6.6 A)
= PSD AFM (o =12, 13, 8.5 A on 100, 10, 1 pm scans)

Power Spectral Density (nm3)

10° 10" 10° 10
Spatial Wavelength (um)

Fig. 9:the surface PSD measured by all the topohji@mstruments at INAF/OAB. Notice the slope cleaafier 300 pum

We checked this result by computing thearameter from the measured PSD in the mentioned
wavelength intervals:
a) at spatial wavelengths smaller than 11 pm the integrattameel3 A (16 expected from the
PANTER reflectivity)
b) at spatial wavelengths smaller than 7.5 pum the integratiomset@r5 A (12 expected from
the PANTER reflectivity)
The residual discrepancy can be ascribed to the approximate prooedses (i.e. the average of the
spatial wavelengths for the two reflections). The PANTERatife area measurement is in good
agreement with surface topography results.

3.2 — Interpretation of mirror shell HEW trend
3.2.1- Compton Scattering in the Silicon pn-EPI C detector?

In order to interpret the sudden rise of HEW after 27 keV wdyficonsidered the possibility of
Compton Effect in the pn —EPIC Silicon detector, as a result of plsctttering in the plane of the
detector: with respect to the photoelectric effect, this effeasually negligible in soft X-rays and for
large-Z elements. The fraction of scattered photons (in any direction) in thel@ndEtector is

f
ISC:TpKlNAO-C
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wheret = 300 um is the thickness and& 1.5 cm the size of the ROI of the Si detector, 2.3 g/cm?3
the density of Silicon,ifis the effective atomic number, A is the Si atomic weiblatis the Avogadro
number, ando. the Compton cross-section of the electron. As<x mc? = 511 keV, we can
approximate it with the Thomson cross-sectionrd/3, with .= 2.8<10*3 cm is the classical electron
radius. From the tabulated valuedét 30 keV (the deviation from 1 of the real part of the réfrac
index), it is easy to derive the factof/A appearing in the previous equation, and from this factor, the
fraction of scattered photons at 30 keV: 1.4%. It is small, but nongi@gl with respect to the
photoelectric efficiency around 30 keV: 1-exp(B4/\) = 8.2% assuming fo = 9.1x10°. However,
not all scattered photons are also detected: this is cldadiraited in Fig. 10, where the different cases
of scattering at 10 and 30 keV are compared. The fraction of rechffeotons in any direction and
afterwardsdetected in the pn-EPIC has a more complicated expressioedcteglimultiple Compton

scattering events):
e
f do, {1— exp{— A z(ﬁ)ﬂ cosSds

'SC:TpKlNAI 4 A
7%

where z0) is the crossed Si thickness for scattering in the dire€ti@p to a maximum distance of 1.3
cm — the radius of the adopted ROI). The differential crosssseftr non-polarized radiation has the
expressionrs (1+sin®). Moreover, we can easily compute the average range of sdapteéons in
the Si detector and, consequently, the HEW due to the Compton effect.

The numerical integration results are listed in Tab.4: the dmteof scattered photons is
strongly limited by the small thickness of the detector ancheysteep decrease of detector sensitivity
after 15 keV, and can alter the EA for about 1%. The resulting deignada imaging quality caused
by photon scattering in the pn-EPIC detector increases witm#rgyeof incident photons and reaches
5 arcsec HEW at 50 keV, the maximum investigated photon energg. dbmpare this value with the
measured 80 arcsec HEW at 37 keV, we conclude that, even though a dontrdiuhe Compton
effect could contribute to the HEWit, should not be the main responsible for the divergence of the
HEW after 27 keVh the present PANTER dataset.

Tab. 4: evaluation of the impact of Compton scaitgon the image degradation in the pn-EPIC detectbe Compton
energy shift is included in the simulation. The tpletectric efficiency is in good agreement with greEPIC
tabulated values.

Energy (keV) 5 10 15 20 25 30 35 40 45 50

Photoelectric efficiency
(%)

Compton efficiency (%) 142 140 139 138 138 137 137 138 139 1.36

Fraction of detected
photons after a Compton  1.42 1.21 0.75 0.45 0.29 0.19 0.14 0.10 0.08 0.06
scattering (%)
Compton contribution to
HEW (arcsec)

99.9 89.3 48.8 24.4 131 7.7 4.8 3.2 2.2 1.59

0.0 0.0 0.1 0.3 0.5 1.0 15 2.2 2.9 3.5
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Fig. 10: comparison of the distribution of detectpdotons after a Compton scattering at 10 keV (tapd 30 keV
(bottom), divided by the primary photoelectric @éfncy of the detector. As E << 511 keV, the Compto
distribution (white) in normal incidence exhibitsettypical dipolar pattern. At 10 keV, the Compsmattering
efficiency is very low with respect to the primahpotoelectric effect, even though most scatteredquis are re-
detected (red). At 30 keV the Compton scatteringOigimes more important: indeed, most scattereotqis
escape from the detector, except those lying iections close to the detector plane.

3.2.2- X-ray scattering from surface microroughness

Another explanation for the trend of the HEW is the X-ray seagdrom the surface microroughness.
We consider the measured HEW as the sum of two terms: the ¢dla¥¢d by the mirror figure errors
(independent on the photon energy) HigVeind the energy-dependent termAH(lue to the X-ray
scattering. The two HEW are combined [RD5] to return the measured HEW:

HEWiead = HEWkg” +H(A)?

if one assumes the X-ray scattering to be negligible atlmvgies, a HEVY value of 26 arcsec can be
obtained from an extrapolation of the trend to E (see Fig.11). W tharefore to justify the trend
H(A) as a function of the energy. The values ok)}Hre reported in Tab. 5 and in Fig. 12 (left). Also
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the HEW term due to the Compton scattering term (see Tab. 4) bewlso subtracted (however, the
effects would be negligible).

We can infer from the measured PSD the values of the HEWéBgtterm, but in this case it
is convenient to perform the inverse operation. For a double reflectiony optylecting the finite
source distance and the scattering modulation due to the predetheemultilayer, and provided that
H(A) << 6;, the PSD P(f) can be computed from the values aj,Hlle PSD can be inferred from the
differential equation [RD5]0. Spiga, A&A:

P(f)i(H(A)j:_ In(4/3)
A dal A 4P sin® 9

and the spatial frequencies f are simply calculé&t@ah the formula

sind,

f=HW

The PSD calculated from the Xj(trend, that covers a spectral range from 15 m@0tpm, is
plotted in Fig. 12 (right), and the agreement witle topographical set of data is satisfactory. The
remaining discrepancy can be ascribed to the somertainty in the WYKO PSD. We can therefore
conclude that the measured HEW trend is causetéyntrror surface microroughness. Moreover, the
divergence of HEW after 27 keV falls at the PSDKlah around 30Qum: hence the steep degradation
of the imaging quality is due to the very small&pad index at higher frequencies and the consdquen
roughening in the AFM spectral range.

34 e

A

< + PANTER PSPC data
/ —— Interpolation/Extrapolation

32

30

//

28

Half Energy Width (arcsec)

26

= |
ygarc ol valuc

A
=

0 1 2 3 4 5 6 7 8 9
Photon Energy (keV)
Fig. 11: Extrapolation of the low-energy HEW to B i order to recover the figure error contribution

Tab. 5: measured HEW and the scattering contrilsubi§d) derived from it with a subtraction in quadratus&26 arcsec figure error

keV 093 149 298 451 541 640 8.05 9.0 16.0 021.27.0 29.0 32.0 37

HEW 288 291 312 329 334 340 348 35 380 39.0 042.510 613 8

(HEW2-HEW 4,2)*? 124 131 173 202 209 219 232 234 277 291 330 439 555 81
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The PSD at smaller wavelengths cannot be measured from HEvidh the actual setup (a
measurement at higher energies would be required to do this, or the W90 should bednestsaik of
HEW): however, we can at least infer thia¢ roughness rms at wavelengths between 60 um and 8.5
um should be 5.3.Ahe limit of 8.5 um corresponds to the scattering at the boundéing &OI (i.e.,

250 arcsec radius) used to compute the HEW, computed at 37 keV by ehé¢hegyrating formula.
The numerical integration of the PSD obtained from AFM measurestews that the roughness
between 60.51m and 8 um has the value of 6.1ITAe larger value (by 0A4) is probably due to a local
fluctuation of the roughness. Also the error in measuring the HEWQgh energies can sensitively
affect the calculation.

| - - 0 XXX X LTP parabola

TeQ [T T 10 % LTP hyperbola ( 5 = 304 A)
R )§< ©  PSD from WYKO 2.5x (c = 8.7 A)
; ‘e 10° x *  PSD from WYKO 20x ( ¢ = 6.6 A)
a0~ b £ — PSD AFM (o =12, 13, 8.5 A on 100, 10, 1 um)
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Fig. 12: (left) the measured HEW trend (black +)datme contribution of X-ray scattering (red x) assng 26 arcsec of
figure errors HEW.
(right). The PSD of the mirror surface as reportadFig. 9 (solid line). The PSD inferred from teeattering HEW
term is also overplotted (marks). Notice the datdahing.

3.3 — Conclusions

v The measured effective area values are consistent withehsuned PSD over the investigated
frequency range.

v The measured values of the HEW find an explanation in the )$gaffering microroughness,
provided that is it analyzed in terms of PSD over a wide intefvspatial frequencies. The PSD
derived from the HEW trend is in good agreement with the measmeediging the available
topographical instrumentation.

v' The low-frequencies PSD, with its high spectral index, causksvarscrease of HEW at photon
energies smaller than 27 keV.

v' The main responsible for the large HEW beyond 27 keV and for thetigf area values being
measured is the roughness at spatial periods smaller than 60 pto,stdukace defects that are -
probably - already present on the replicated mirror shell. Theyhness in this spatial
frequencies interval has to be smoothed in order to sensitively improve the opfahpaces.

Istituto Nazionale di Astrofisica (INAF)
Via del Parco Mellini, 00100 Roma, Italy
Osservatorio Astronomico di Brera (OAB)
Via Brera 28, 20121 Milano, Italy
Via E. Bianchi 46, 23807 Merate, Italy




