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Abstract

The aim of this document is the exposition of tasults of full-illumination
tests performed on the mirror shell 338 at PANTERaX facility (MPE- Garching,
Germany) and results of metrological tests perfarime the same shell at INAF/OAB
(Merate, Italy) The mirror shell was produced (J2005) by replication of the mandrel
n.8 of the Jet-X optics mirror shell, through Auapwration followed by Ni
electroforming at Media-Lario techn. (Bosisio Parigly). The resulting soft X-ray,
single Au layer mirror shell was then coated witWEi multilayer coating at Harvard
— Smithsonian Center for Astrophysics (Boston — U%¥%) Magnetron Sputtering,
using a dedicated facility.

The multilayer coating was deposited directly oe #u coating and is
structured as a double stack, constituted by tvis-74bilayers) periodic multilayers.
This simple structure — rather than the used onea$trophysical purposes, with a
decreasing d-spacing through the stack — makesairtipg data interpretation.

In the following pages we will compare the mirrohacacteristical
parameters (HEW, effective area at PANTER; figemers, X-ray reflectivity, X-ray
scattering, X-ray Diffraction, AFM/WYKO/PROMAP topoaphy at INAF-OAB) in
an overall picture and comparing to X-ray mirrofghe past. Preliminary evaluations
of mirror performances for a given surface finighlavel will be presented also.
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Achieved tests summary

Mirror shell general features
UV optical bench (INAF-OAB) measurements — figareors estimate
HEW measurements at PANTER — PSPC profiles amsalysi

Witness XRR (X-Ray Reflectivity) measurements at INAF/OAB —mirror shell
effective area measurements at PANTER

XRD (X-Ray Diffraction) measurements at INAF/OAB

6. AFM (Atomic Force Microscope), WYKO, XRS (X-ray Scattering) measurements

8.
9.

at INAF/OAB

HEW estimates from measured P3®ower Joectral Density) from TIS (Total
Integrated Scattering) approach

HEW estimates from measured PSD from convolujgproach

Performances previsions from PSD assumptions...



1. Mirror shell general properties

mirror profile Wolter |
average mirror diameter (parabola) 296.9 mm
average mirror diameter (hyperbola) 284.3 mm
mirror length (parabola + hyperbola) 600 mm
on-axis incidence angle 0.594
focal length (for a source at infinity) 3.56m
Mirror walls thickness 0.2 mm

Nominal multilayer structure (from surface toward substrate):
s 7 bilayers W/Si with constant d-spacing - period 13 nmlm = 0.355 (*)
** 40 bilayers W/Si with constant d-spacing — period 3.8m, ' = 0.47
s Au layer (200 nm)

(*) T denotes the thickness ratio W/(Si+W)



From data reported above the geometrical mirror crossoses seen at PANTER can
be estimated as 25.81 énihis number takes into account the finite source diganc
Other relevant measurement parameters have been caicatatdisted hereafter.

distance source-mirror ~129.5m

beam divergence 0.065

actual incidence angle on the parabola 0.659

actual incidence angle on the hyperbola 0.529

actual source image position 3.59m

parabola lost area fraction 19.8 %

spider - vignetted area 10 -12 % (uncertain)
geometric area for single parabola reflection 6.37 cni

geometric area for single parabola, spider vigdette 5.6 — 5.73 crh

geometric area for double reflection 25.81 cm?

geometric area for double reflection, spider
vignetted 22.7 - 23.2cm?

radius of the parabola single-reflection corona 7cm

radius of the hyperbola single-reflection corona 8.6 cm




2. UV optical bench measurements at INAF/OAB

EMin=—1

! Max=53270
ﬁR.max=E.

f HEW=0.5171
H0ffset=0.

 T=588 nsec
§ m/M=48 .88
3 M=8328057 .
§ 8/18/185

Figure errors

(after 12 arms
spider + case
integration and UV
diffract. subtract.)

HEW: 25" before
measurement at
PANTER

HEW: 27" after
measurent at
PANTER

N. B.: Rings have
been left inserted in
the shell (glued at
three points)

For comparison : a Jet — X thin shell (388 thick - 24 arms spider ) had
HEW(1.49 keV) = 25", while this shell has 2t thick walls and 12 6

spider arms



3. HEW measurements @ PANTER

The Half-Energy Widths of the focal spot have been mesibwith both PSPC and
pn-CCD detectors at the following energies:

«E=027keV = HEW = 45"

E=149keV = HEW = 45

«E=451keV = HEW = 55" (50 with pn-CCD)
«E=8.05keV = HEW = 140" (72 with pn-CCD)

The discrepancy between the two instruments arsechby the small pn-CCD window
that includes less scattering. The PSPC value dimitonsidered as more significant.

In order to separate the isolate of figure erroosnf X-ray scattering contribution, an

analysis of mirror profiles has been deal by P.doon(INAF/OAB): the HEW resulting
contribution of figure errors are:

« HEW caused by longitudinal figure errors (measured wibthd. Trace Profil.): 25”
« HEW caused by azimuthal errors (measured with a roursdm@dilometer): 5”



Assuming a contribution of 7” caused by gravity deformas, and by summing the squared
contributions OR by convolving the simulated PSF,

« total figure HEW : 27"

We can now write that the measured PSF is the doteo of the (simulated) figure
PSF with the (unknown) X-ray scattering PSF:

1 PSF

scatt

PSF = PSF

fig
In terms of PSF Fourier transforms,

F(PSF, ) = F(PSF,) [F (PSF.,)

fig

By making the inverse trasform of F(PSFH we can recover the scattering contribution
to the PSF. The resulting curves show a centra ¢@turning a contribution of 67,
except 0.27 keV) caused by the finite PSF samplingngw/(surface X-ray scattering).

An interpretation of the HEW scattering values will land in the last section. 8



PSF profile at 0.27 keV after figure errors decontiolu

Intensity (arbitrary units)
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PSF profile at 1.49 keV after figure errors decontiolu

Intensity (arbitrary units)

(HEWY = 28"
#® Scattering contribution to PSE (HEW = 22%)

100

150 200 250 200 350 400 450 500 550 600 650 700

Andle from focus (arcsec)
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PSF profile at 4.51 keV after figure errors decontiolu

Intensity (arbitrary units)
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PSF profile at 8.05 keV after figure errors decontiolu

Intensity (arkitrary units)
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4 Effective area measurements @ PANTER

Preliminary evaluation:

« Multilayer structure has been derived from the 8K/ X-ray reflectivity
measurement performed at OAB on the Witness mirror

[a—Si (83.85 A)/W (46.15 A)]x7/[a-Si (20.14 A)/W (17.86 A)]x40 on SiO,

1.0
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Iflﬂl:' | , | i | 56-20.000 arc—sec|
0.0 if‘.:.mi‘J I'wll'L Rglneasured_] | ; L :
0 5.010° 1.0+10% 1.5+10% 2.0+10% 2.5+10%
Grazing Incidence Angle, 8 [arc—sec]
(E=8.05 keV)

» Well-defined peaks denote a very good constance oltilayer period: the
roughness rms inferred from modeBig\
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« Two families of peaks are clearly visible in logaAmic plot: they indicate
precisely the periods of two stacks (13 and 3.8. mnfictors are derived from the
relative heights of multilayer peaks.

Reflectance, R

[a-Si (as.lﬂs

Inner multilayer, d = 3.8 nm

A)W (46.15 A)]x7/[a-5] (20.14 A)/W (17.86 A)]x40 on SO,

10° SraVi
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_10 _
, Outer multilayer, d = 13 nm
- | 66=20.000 arc—sec| __
_14 | | 1
0 5.0410° 1.0.10% 1.5010% 2.0-10% 2.5.10%

Grazing Incidence Angle, 8 [arc-sec]
(E=8.05 keV)

[a- Sl multilayer, N=7, d=130. 00 A, I'=0.645 i
i layer (1), z=83. 85 A, cWacuumﬁa Si)=3.00 A (err. fun.), o{W/a-Si)=3.00 A (erm. fun.)
W Iayer (2), z=46.15 A, ¢=3.00 A [err. fun.)
[a- Sl multllayer MN=40, d=38.00 A, I'=0.530 :
i layer (3), z=20.14 A, oW/ a.—Sl] 3.00 A (err. fun.), o(W/a-5i)=3.00 A (err. fun.)
W Iayer {4), z=17.86 A, 0=3.00 A (err. fun.)
Si0, substrate, o=1.00 A (err. fun.)

14



Effective area measurements have been perfornfeANMTER with
 PSPC (markers), in monochromatic setup
*pn-CCD camera (black line), in energy-disperse®ig, up to 12 keV

Both methods are in good agreement. The effectiea has a dependence on the radius
of the Region of Interest. This is caused by thgdaangle scattering (out of the
considered Region of Interest) from surface mianghmess.

w §OREC 0 Niminorshell 338
I : : : + W45 multilayer coated, . . . . .
double reflection simulation. = = = :
. 5 5 : : 5 Reflection angles: — PN + Al anode @ 15kY!
B = T B SRGEROTEE SERESRE SO parabola: 0.B59 deg - # PSPCO8 mm rau:_hus
: : ' ' ' hyperbola: 0.529 deq X PSPC 13 mm radius
#  PSPC 30 mm radius

—
=
|
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The effective area curves can be compared to thgecesd results from the
reflectivity of multilayer as function of energyné from the mirror geometrical
cross-section for double reflection.

When dealing with this comparison, we should berawaat the incidence angles on
parabola and hyperbola are different: as a conseguddragg peaks will be shifted
and their product is very small over 12 keV.
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Assuming the same structure for both parabola gperbola multilayer (the same as
witness’) the effective area curves (PSPC +pn-CaB)fitted by a model with 7 - 10
A of roughness rmsyith the exception of a maximum located at 5.5 keMich is
foreseen in model but not seen in the experimeantii@ PSPC nor pn-CCD).

Note that the roughness value is strictly dependarthe measurement setup. i.e the

size of the Reqion of Interest.
o Mi mirrar shell 338
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Wlirrar shell effective area (c
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+ W51 multilayer coated,
double reflection simulation.

parabaola:  0.b6559 deg
hyperbola: 0.529 deg
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XRR measurements performed on mirror shell pieces showagdhe shell multilayer
has a different period from witness, and the periodessior the two reflections:

Parabolad =11.6 nm, Hyperbola d = 14.1 nm,

This d-spacing difference allows to explain the evbbed discrepancy between
experiment and model, because in this case thikeed.Ppeak disappears.

—11Enm

......................................................................................................

}{ FSPC 13 mm radios”
# PSPC 30 mm radius.
— PN 15k

maodel with o= 12 A
model with o= 132 A .
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5. XRD (X-Ray Diffraction) measurements a 8.05 keV

In order to explore the presence of microcrystahimtilayer structure, we searched
for diffraction peaks in a reflectivity scan atdarangles. Peaks on the XRD scan
were observed at 1@&nd 22.2, and they are interpreted as diffraction peaksfAwu

and Ni crystals (analysis by D. Vernani).

~—

WITNESS 338 (JET-X)

d;4(Au) -->0 ~ 1%-» 6~222 d;(Ni)-->6~222
% e \

Witness (multilayer + glass) Shell (multilayer + Au + Ni)
No XRD peak was observed for eventual crystals of:
« W, at 24.9 <111>, and 29.°1<200>
« WSi,, at 13.88<100>, 18 <101>, 19.8<110>, e 21<111>

that would indicate a multilayer amorphous micraosture. 19



6. Topographical and XRS measurements of witness
mirror and mirror shell samples

WITNESS 338

100 2 S

0 25 50 75 100

100 pm

1]

Measured roughness
O,00=2.8 A 0,=29A o, =2.0A

O = 3-19 A
20



MIRROR SHELL 338 — Au substrate

Circular structures of some
10 mm diameter appear on
the Au surface. The
corresponding surface rms
are listed aside. The surface
PSD is also shown.

PSD (nm’)

PSD totale. ¢ = 9.27 ang
1PSD 100. ¢ = 8.34 ang

PSD 10. o = 7.11 ang

1PSD 1. o = 5.37 ang

c=8.73ang| "
c=5.13 ang
c=528ang|

]
10

|
1
Spatial Wavelength (um)




MIRROR SHELL 338 — multilayer surface

The same circular structures
are printed through the
multilayer coating. The

surface roughness (see aside)
is almost the same as the Au
substrate.

0.01 —

PSD totale. ¢ = 7.34 ang
PSD 100. ¢ = 6.34 ang
PSD 10. ¢ = 6.07 ang
PSD 1. 6 = 4.01 ang

Digital AFM gl
PSD 100. ¢ = 6.01/6.16 ang | '
PSD 10. ¢ = 4.66/4.37/4.98 ang

PSD 1. ¢ = 3.98/2.92 ang

100

10

II rriTT T II rmrri
1 0.1
Spatial Wavelength (um)




Ares 156200 rem = 117600 ron Smoolh Fhage
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St 3.738 nm
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Pointa: 307200
e fhed B0

63I52A
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Mandrel surface mapping with PROMAP (credits: Médiao techn.) after mirror shell
replica:the same circular structures appear clearly ’3



PSD {nmg}

____________________________________________________________________________________________________________________________________________________________
[

D —— AFM Shell (100, 10, 1)

i WYY 20X Shell
= WY IKD 2.5% Shell .
R Promap mandrel X (5.3 Aj |+
: | — Promap mandrel ¥ (5.2 Aj| | !

0.0

1000 100 10 1 0.1
Lunghezza d'onda {pm)

Mandrel surface mapping with PROMAP (credits: Médiao techn.) after mirror
shell replica the PSD analysis shows a degradation of mirretl sh the spectral
range 10 -1um with respect to the mandrel. At lower frequencies mandrel

features are replicated by the mirror shell surface
24



= Promap mandrel 1-12 ¥ (o= 5.0 A)
gt Froman mandrel 1-12 X (o= 4.5 A)
;| ——Mandrel 8 Jet-X [r=38A4)

PSD {nmg}

Lunghezza d’onda (um})

Mandrel surface mapping with PROMAP (credits: Médiao techn.) after mirror shell
replica - the comparison with the Jet-X (WYKQO) mandrel&hshows also a general
degradation of smoothness, likely caused by thatiéd replicae.
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10 TR SRR CUETTTTT T —— Substrato shell
R T E—IMuIt!LIE!errE:hEIII

Comparison coating
surface — substrate LT A
for the mirror shell: _ 109
the PSD Of MUMAYerE 10§+ TR
is slightly lower than @ 0 TN
the substrate (Ni + | g, | =93A o HHEENL
Au). HIeE.

i oo VAL R S Phn b oo R
:m : B Bt sttt SR ded-deb oo obebobodobe e o T L

100 10 1 0.1 0.01
Spatial Wavelenagth (um)

WITNESS 338

= (eneral Optics

Comparison coating
surface — substrate for HEERE
the witness mirror: — 10 i
notice the growth of .
PSD in multilayer
with respect to the b
substrate. 001 — 760

e e TEESEEER S
100 10 1 0.1 0.m
Spatial Wavelenqth (um)
The difference of the two behaviours can be expthinderms of the same growth 7
parametersCanestrari, Jpiga, Pareschi 2005, SPIE 6266-41, in prep.)

)

PSD {(nm

=
—_—
|




Loaded file: [ \PantersiwSi-const2-Frest)et< 3385 hell-B ede <R 545 ampled SExt_refl<RS5_700_turmed. dat

Substrate param.

Grovath pararneters:

max. wavelen, [um)

sigma”2 [nm”2) sigma”2 [nm”2)
| 25.0000 | 0.200000
corel, len [um) corel, len [um)
| 10000.0 | 00410000
spectral index spectral index
| 150000 | 350000
zigma 100 - 0.4 um: 81838807 A
zigma 10 - 0.04 um; 50328598 4
gigma 1 - 0.004 um; 32128689 &

it waveler, (um)

Scattering angle (arcsec,

M. bilayers Abzorber Abz dens. Minth sc. '] Angle step["]  Inc. flus [cps)
| @ l#5i | | 100000 | 0000000 | 200000 | 2000000 @ Idealpeak reflect 44
Period [rim) Spacer Sp. dens. Mawth. sc. '] Angular res ["] Moise Equivalent HEW: 0"
| 1E0000 | >l | 100000 | 10000 | 250000 | 0.50000 _
- - . Redxisquare: 868100
Gamma factor  Energy [kel] Peak order  Incid. angle [ Sirigle refl Angle zhift
| nessoonc | aosooo o ~| | vooooo | 0447365 | oonon  Avearatio[sml o 0487078
87
Kl [ [
Correlation degree (%)
Load ®RS | Rem. P5SD | Save par. | Fewvert par.| Save XRS5 | Save PSD | Exit |

200.000 | 0.020000
zigma windaw: 99745887 A
v 7 log * Simul. PSD
[ Plat freq. o
[ Ignorate data + Plot PSD

PSE&FEM2PSD XRS

XRS measurement in external reflection regime (rpakgon with computer
programX.R.S-M.An. by D. Spiga). The scattering curve is in discrete agreement
with AFM measured surface PSD. 28



Substrate param. Growth parameters;

sigrmia”2 [hm”2) sigria”2 [nm'?]
" zonmo | | 1zom000
correl len [um) carel. len [um]
| 10000.0 | 0.040000
1000 el d o sEpecHl e
. | 1.70000 | 250000

zigra 100 - 0 4 um: 11.289732 4

zigma 10 - 0.04 um; F.A200615 &

10.0

<
3=
3
0
(&)

zigma 1 - 0004 um: 5. 2406353 A

max. waveler [um]  min: wavelen. [um]

[ 10000 [ 0.020000
zigrna window 72384104 A

W log " Simul PSD

I Plat freq. £

I lgnorate data " Plat PSD

W Constrain patam. ¢ PlatEE

I'I'I'Ig |:|I'I|;|E I

M. bilayers ahzorber Ahz dens. Minth sz [ Anglestep ] Inc: fus [cps]
| 8 ' N E | 2200 | 200000 | 2000000  Ideslpeakreflect  85%
Period [rm) Spacer Sp: dens. Max the s [ Angular res (7] Moise Equivalent HEW: 1760
1.8 -Si - 11000.0 250.000 0.500000 )
| R ! . ! : | " RedXisquare 0724000 [
Garmma factor  Energy [kei] Peak order  Incid. anale [ Single refl Angle shift _ E.
| 035 | aosoo0 | ~| | temes | oi7vms | -30n000  Adearatofsiml (775703 B
: 87
4 il I

Carrelation degree [%)

Laad xRS | Fiem. PSD | Save par. | Fiewvert |:uar.| Save xRS | Sawe PSD | E xit |

XRS measurement at the first Bragg peak: (modébzatvith computer program
X.R.S-M.An. by D. Soiga). The scattering curve is well modeled using a méieD.

The discrepancy is caused by the difficulty in #aat modeling of AFM PSD. 29



Loaded file: D:\Panter' Si-constz-Ftestl)et<338)\Shell B edehRS4S ample2iminimal _2662%<RS5_1minin

Substrate param.

Growth parameters:

100C0.0 sigma”2 [hm”2) sigma”2 [hm™2)
| 080000 | 1.20000
corel. len [um] correl. len [um]
| 100.000 | 00500000
zpectral index spectral index
| 130000 | 350000
gigma 100 - 0.4 um: 8.11714881 &
zigrna 10 - 0.04 v 74411670 A
zigma 1 - 0.004 umm: AEFIRI10A

Scatterng angle (arcsec)

max. warvelen, [um)

it wavelen, [um)

100.000 | 0.040000

zigma window: 90257442 A
v % log * Simul. PSD
[ Plat freq. " Meas. PSD

I Ignorate data

[v¥ Constrain param.

Angle step [ M. bilayers Delta abzorber Incid. angle (1] Beta abzorber Peak. order
| 200000 | 8 |4E0000e005 | 250042 | 3.90000e-008 15

Angular res [ Period [rim] Delta spacer Mir theta_z [1] Beta spacer Moize
| 250.000 | 106000 | 7.30000e-006 | 0.000000 |167000e-007 | 0.000D

Energy [kel] Garmra factaor Single refl Max theta_z [ Incid. flux [cps] Angle shift
| 805000 | 0.345000 | 00260845 |30000.0 | 20000000 | -200.00
Ideal peak reflect. 0% a7
Equivalent HEW.  2040" 4] | |
Fedi square: MaM Carrelation dearee [%)] 0.1

100,00

01
um _:I

Load XRS5 | Fiem. F'SD| Simulate... | Save par. | Fewvert par.‘ Save ®RAS ‘ Save F'SD‘ E xit |

XRS measurement at the minimum after the first Bragak: (modelization with
computer progranX.R.S-M.An. by D. Spiga). The scattering curve is well modeled
using a model PSD. The implemented model does mcude a variation of
correlation degree with spatial frequency, whiclpisbably present, nor the doubf®
multilayer stack, causing n-fitted XRS peak:




Overview of roughness rms values measured witleifft methods

100 pm 10 um 1 pm
AFM witness: o= 28A 29A 2.0 A
XRS witness (1 Br. p.): 0 = - 3.15 A 2.2 A
100 pm 10 um 1 um
AFMshell o= 7.0A  58A 4.2 A
XRS shell (rifl. ext.): 0= 8.2 A 5.0A 3.2A
XRS shell (1 Br.p.):o= 11.3A 7.3 A 5.3A
AFM substr. shell: o = 9.0 A 7.1A 5.4 A

Witness mirror. a
good agreement s
apparent between the
AFM  and XRS
measurement.

Mirror  shell:  the
agreement  between
the XRS in external
reflection and AFM is
apparent. The XRS
measurement at the
first Bragg peak is
more similar to the
substrate AFM,
because it represents
a proper average of
the internal PSDs.
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PSD (hm’)

PSD shell overview (LTP+WYKO+AFM+ XRS)
—— LTFIl hyperbola
i1i|—— LTPIl parabola

et —— AFEM (100,10, 1) (0 = 7.0, 5.8, 4.2
WO 20 (0‘ =45 A)

popb e WY KIO 25X (0 =23A) ]
il —— XRZ Bede 3 ke First Bragg peak |:
i AR5 Bede 8 ke External reflection
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PSD (hm’)

Comparlson with Jet-X optic (1996)
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The black line here represents the PSD inferreh IRANTER data of Jet-X optics

calibration (Citterio et al., 1996). The inferredDP& a power law with n = 1.5 and

o(10 pm) = 3.5 A,
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PSD ()

PSD Comparison mirror shell /Au+Ni replica from GO
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Measured HEW overview

« HEW figure errors (measured and simulated): 27"

Energy | Measured | HEW excess due to | Quadratic sum | Max

HEW X-ray scattering err. fig. + scatt. | Spatial

(PSPC) | totale | Core | Wings period

(XRS)

0.27 keV | 45" 33" 22" | 23" 43" 8 mm

1.49 keV | 45” 22" 6” 21" 35" 2 mm
451 keV | 55" 33" 6” 32" 43" 480 pm
8.05 keV | 140" 87" 6” 86" 92" 100 um

A 8.05 keV the HEW scattering is very important, but reflection does not occur
in external reflection regime: the ordinary scattering theory is not applicable. 35




At 8.05 keV, at the PANTER actual angles the réiffbecfalls at the first Bragg peak on
the hyperbola and at the next minimum on the Pad@aalda the minimum the reflectivity
Is low in specular direction but X-ray scattering redevant anyhow in neighboring
directions. This peak contrast effect could caus¥/ increase.

4| —— Bragg p. 1 (1821
103 —— minimum n. 1 (2662")

W !

AT ”“,n

Counts per sec

kA o

0 4 g 12 16 20 24 EEH1D3
Scattering angle (arcsec)

XRS measurement at 8.05 keV at the first peak danthea next minimum: the
scattering intensity — referred to the peak valumugh more relevant in the second
case (at the reflection minimum). 36
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7. TIS approach (Total Integrated Scattering)

""""""""""""""""""""""" — AFM Shell multilayer |
— AFM Shell gold2005
Au layer replicated from GO
PSD inferred from Jet-X ("96)
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This approach assumes that we integrate the PSF cumedutside to the
center up to reaching the condition of a Totaldnaed Scattering equal to
the half of the reflected intensity. The correspogdstop frequency is
simply related to the HEW. Bumps in the PSD causmerease of HEW. 37




TIS approach results:

The measured PSD is too low to reach the large umeddHEW values (in scattering
component) at low energies (0.27, 1.49, 4.51 keWle at 8.05 keV returns an HEW
compatible with the observed one. At very low eresg0.27 keV) the PSD is not
extended enough to reach the half of reflected pgarealysis by R. Canestrari).

Energy Measured HEW |TIS results from
excess, shell 338 | Shell PSD

scattering only :
from deconvolution HEW Max Spatlal
wavelength
0.27 keV 33" - -
1.49 keV 22" 2.7" 9 mm
4.51 keV 33" 17.5" | 660 um
8.05 keV 86" 95" 64 um

These HEW seem to be mainly related to the low-Ueegy roughness: these

values were obtained assuming n = 1.7, A = 220 nm 38



TIS approach results:
HEW inferred from Jet-X PSDigrivedfrom Citterio et al.)

Energy Measured HEW |TIS results from
excess shell 338, | Jet-X PSD
Scattering only :
from deconvolution HEW Max Spatlal
wavelength

0.27 keV 33" - -

1.49 keV 22" - -

4.51 keV 33" 2.7 2.5 mm

8.05 keV 86" 22" 300 pm

The PSD of original Jet-X returns much less HEW than the
measured PSD for shell 338.

actual
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TIS approach results (comparison):

Measured HEW and calculated from original Jet-X P8Dm the shell 338 PSD and
from Au+ electroformed Ni sample (replicated fron®)c HEW decrease for improved
surface smoothness. At low energies the HEW coatda determined for the smoothest
surfaces.

Energy Scattering HEW from TIS analysis
HEW term ;
Measured PSD Jet-X power Au + Ni
(deconvolved) | aArm+wyko 2.5 + law replicated
TR from GO
0.27 keV 33" - - -
1.49 keV 22" 5.7” - -
4.51 keV 33" 17.5” 5.7 3.3"
8.05 keV 86" 95” 22" 17.5”
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8. Hyperbola - parabola convolution approach

In order to simulate the real scattering from tp&min total external regime, using

an IDI routine written by D. Spiga. It implementsetizonvolution of scattering

diagram of parabola with that of hyperbola, stgrtirom a definite PSD scheme of
mirror surface.

Even in this case the low frequency contributiomih — 100 mm) is important.

Dauble Scaotterng: convalution in progress...

a
=
=
=
=
=

a.00 0.0s
Spotial frequency [1,/um)
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Convolutive approach results: total HEW
Assumed a figure error HEW @af7”

Energy HEW Convolution results
measured at
PANTER Measured PSD measured Jet-X Au + Ni
vﬁﬁi OAZF.'!J_’F fre“; L‘;"x'cy power law replicated
LTP Il extrapolation* from GO
100, 10, 1 pm
7.0,5.8,4.2 A
0.27 keV 45" 29" 30" 29" 28"
1.49 keV Qs) 32" @ 30" 30"
4.51 keV 55" 56" 67" 35" 32"
8.05 keV 137”7 70" 69" 39" 34"

* The PSD has been extrapolated to low frequenaiesder to derive the HEW at low energies:
the achieved agreement requires indeed, a ste§hetHan the probable one (with a spectral index
of 1.5).



Convolutive approach results: scattering

contribution to HEW

Energy HEW Convolution results
measured at
PANTER Measured PSD | PSD measured Jet-X Au + Ni

AFM+ WYKO + low- power law | replicated
25+ LTP 1 frequency
100, 10, 1 pm extrapolation* from GO
7.0,5.8,4.2 A

0.27 keV 33" 8" 8" 8" S

N\ N\

1.49 keV Q_z) 11" Ql) 9" 8”

4,51 keV 33" 35" 47" 12" 10"

8.05 keV 87" 47" 49” 15" 117

* The PSD has been extrapolated to low frequenaiesder to derive the HEW at low energies:
the achieved agreement requires indeed, a ste§hetHan the probable one (with a spectral indgx
of 1.5).



1)
2)
3)

4)

S)

6)

Conclusions

We could not explain the unexpectedly large valiedlEW measured at 0.27
keV

At higher energies the scattering contributisgems to be more or less
“lustified” by roughness measurements on the bddiseoconvolutive approach.

The method can be apparently be used — afterefuxtérifications — for future
simulations of optics performances

Multilayer scattering has been interpreted onlheis of a simple model and
will be implemented in the convolution program tdesd the method to high
energies.

If we except some discrepancies, the mandrel #mees has been degradated
by iterated replicae

A mandrel roughness reduction should bring us cattering mitigation that
would lead the HEW to values nearer to those medswith the UV optical
bench.
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