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outline

o Selene guide system

o prototype

o optics & options

o reflectometry

o discussion

people.web.psi.ch/stahn/publications.html#oral
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basics

focusing on small samples

deal with
small samples beam shaping

What, if the samples are small?

small is relative to the guide / the optics
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focusing optics vs. slit optics
penumbra

beam profile

slits

reflective /
refractive optics

beam profile
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basics

focusing optics vs. slit optics
penumbra

umbra

beam profile

slits

reflective /
refractive optics

umbra

beam profile



J. Stahn: focusing, ICNS 2013 1.3

basics

dimensions are freely scalable

= adjustable to TOF length
sample environment
spin-echo spatial needs

available space

© O O O O

limited by o aberration
o gravity



_ J. Stahn: focusing, ICNS 2013 2.0
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e Selene guide system

o prototype

o optics & options

o reflectometry

o discussion
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Selene guide system

oint-to-p

oint focusing
with
2 subsequent ellipt

‘ ' et

T,

Sevvieteg

MAAAMAAARAANN,
e,

'
e
SN

vy

iy
Pony

Ay
i
1oy

I

"

AR YA
AR A AR

Wi

M
Wit

HH HH

W
LAY y
T |
g g
iR
Wit
" |
‘HHH Hl”

\\

Ica

reflectors
for
horizontal- an

[ | "
i T I I

R

|
N
T
AR
AT T
HHIEE T
IO TR RO |
W i
i A ' |

d vertical direction




) J. Stahn: focusing, ICNS 2013 2.2
Selene guide system

generic lay-out

cut in the scattering plane stretched by 10 normal to incident beam

initial slit = sample size

‘L %

15t elliptic reflector

no direct line of sight detector

knife blade

EPJ-AP 58, 11001 (2012) 2Nd glliptic reflector
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pPrototype

e Selene guide system

e prototype

o optics & options

o reflectometry

o discussion
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prototype

guides
by SwissNeutronics

2 guides
1200 mm each,

made of
2 elements,

made of
2 elliptically bent reflectors.
coating: Ni/Ti SM, m=4

a= 1000 mm
b/a = 0.0206
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quality characterisation with pin-hole

/\ using light & CCD camera, or neutrons
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quality characterisation with pin-hole

using light & CCD camera, or neutrons

-06-04-02 0 0.2 04 0.6

0z/deg
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pPrototype

quality characterisation by interferometry: ZY GO Verifire ATZ
metrology-lab @ PSI

parallel beam normal to the surface

]
5]

S .

y/ mm

. 0
dynamic range: 1.5um 0O 10 20 30 40 50 60 70 80

resolution: 0.11 x 0.11 mm?2 X/ mm



tot J. Stahn: focusing, ICNS 2013 3.4
pPrototype

quality characterisation by interferometry: ZY GO Verifire ATZ
metrology-lab @ PSI

focused beam
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pPrototype

quality characterisation by interferometry: ZY GO Verifire ATZ
metrology-lab @ PSI

focused beam fed into guide

not yet analysed

light optics not adapted
= |low intensity
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optics & options

e Selene guide system

e prototype

e Optics & options

o reflectometry

o discussion



] _ J. Stahn: focusing, ICNS 2013 4.1
optics & options

polariser

0.9

08 |
07t
06 |
05 f
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01f =

0

requested:
a surface hit by all trajectories from a point source at the same angle «
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optics & options NASA: low-pressure system centred at Iceland
polariser
0.9
X
08 r yrRaxln—
07 t Xh
0.6 r
y 05
04 r
03 r
0.2 r
0.1 r
0 ‘ ‘ ‘ ‘
0 2 4 6 8 10
X/Xn
requested:

a surface hit by all trajectories from a point source at the same angle «

= the logarithmic spiral
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optics & options

polariser: logarithmic spiral

0.9 ‘

08 y~axln x

07 ¢ Xh

0.6 R
05 t ]
04 | -
03 | -
02t -

0.1 r ]

0 L L L L
0 2 4 6 8 10

X /Xp

polariser
215mm long, 1.8° acceptance

(by SwissNeutronics)




_ _ J. Stahn: focusing, ICNS 2013 4.2
optics & options

condenser: parabolic deflector to generate a parallel beam

parabola axis = beam direction
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optics & options

condenser: parabolic deflector to generate a parallel beam

parabola axis = beam direction

focal length = beam width

beam width

& spot size = divergence

no collimator needed
tunable

(not yet realised)
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optics & options

condenser: parabolic deflector to generate a parallel beam

parabola axis = beam direction

focal length = beam width

beam width
& spot size

= divergence

no collimator needed
tunable

adaptive convex parabola
(PSI, early version)




optics & options

spectral analysis
using a multilayer monochromator

multilayer

J. Stahn: focusing, ICNS 2013

700

600 -

500

400 ~

300

intensity

200 -

100 -

A(0)/A
I(A,0) measured on Amor

4.3

double ML monochromator
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3D footprint definition using the imaging property of the Selene guide

point source = illuminates sample centre

source sample
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3D footprint definition using the imaging property of the Selene guide

point source iHluminates sample centre

=
finite sample = needs finite source

source shape & orientation image of footprint

source sample




optics & options

J. Stahn: focusing, ICNS 2013

3D footprint definition using the imaging property of the Selene guide

point source
finite sample

source shape & orientation

source

=N
=

illuminates sample centre
needs finite source

image of footprint

4.4
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optics & options

3D footprint definition using the imaging property of the Selene guide

applications:

o exclude sample holder, etc.

o concentrate on one crystallite

reflectometry
o inner region within a trough

o inner region of a solid-liquid cell:
o samples with electrical contacts:

o partially coated substrates

o bent substrates




optics & options

choppers

v =60s"1
gives A=0...10A

g =150mm

Al:B and Cd absorber

e frame-overlap suppression

e pulse generation

J. Stahn: focusing, ICNS 2013

4.6
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4.

7

optics & options
compatibility with Selene guide under investigation

MIEZE (NRSE)
all trajectories have the same length

First (polarizing)
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elliptical mirror Reconfigurable —
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G. Brandl, A. Chacon, R. Georgii, W. HauBler, et al. FRM II & TU Munich
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e Selene guide system

e prototype

e Optics & options

o reflectometry

o discussion
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reflectometry

why?
e samples are small in at least one direction (<« 10 mm) o
o
M
X
e typically A > 3 A
e |large dynamic range requires a low background o

no illumination of sample environment

e reflectometry can profit from o large A6
o A-0 encoding
o changing 8 without rotating the sample

e it's my area of interest



reflectometry

operation modes

high-intensity
specular reflectivity

almost conventional
reflectivity

A-0 encoding

J. Stahn: focusing, ICNS 2013 5.2

0 /deg

0 /deg

0 /deg

OO0 PkRRREREPRE
NoorRrRNhMNwdUTO

5 55 6 65 7 75 8 85 9

A A

OO0 PkRRREREPRE
NoorRrRNhMNWdUOO

5 55 6 65 7 75 8 85 9

A/ A

COO0 kPRrPEPRERPE
NoorRrRbDwMUOO

555 6 65 7 75 8 85 9

A/ A



reflectometry

high-intensity specular reflectivity

2

15

4 5 6 7 8 9 10 11 12 13 14

A/ A
Si/Fe/Cu film on Si

sample by
Birgit Wiedemann
TU Munich

T

J. Stahn: focusing, ICNS 2013 5.3

4 5 6 7 8 9 10 11 12 13 14

AL A
supermirror m=25

sample by
SwissNeutronics
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reflectometry

high-intensity specular reflectivity

2

15

Si/Fe/Cu / SM

4 5 6 7 8 9 10 11 12 13 14

A/ A
Si/Fe/Cu film on Si

4 5 6 7 8 9 10 11 12 13 14

AL A
supermirror m=25

4 5 6 7 8 9 10 11 12 13 14

A A



reflectometry

high-intensity specular reflectivity

2

15

Si/Fe/Cu / SM

4 5 6 7 8 9 10 11 12 13 14

A/ A
Si/Fe/Cu film on Si

4 5 6 7 8 9 10 11 12 13 14

A A

2

15 |

0 1t

05

0
0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08

qz/ A1

J. Stahn: focusing, ICNS 2013

4 5 6 7 8 9 10 11 12 13 14

AL A
supermirror m=25

5.3
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reflectometry

high-intensity specular reflectivity

2

15

Si/Fe/Cu / SM

4 5 6 7 8 9 10 11 12 13 14

A/ A
Si/Fe/Cu film on Si

4 5 6 7 8 9 10 11 12 13 14

AL A
supermirror m=25

4 5 6 7 8 9 10 11 12 13 14

A/ A
Ioogigf?(qz)
6 .1 7 : ZW Y ﬂ%ﬁ% 4 W ‘% |
| iV WJ ‘
) < T

0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08

qz/ A1 qz/ A1
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reflectometry

high-intensity specular reflectometry VS. almost conventional

specular
off-specular
incoherent
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A-0-encoding & TOF

= constant Agz/q;

at one moment,
only one A
and one O are active

A X o /

multilayer
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reflectometry

A-0-encoding & TOF

= constant Agz/q;

at one moment,
only one A
and one O are active

e \/

multilayer
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reflectometry

A/6 encoding & TOF

3
[LCMO(200 A)/YBCO(4OO A)ls
2
10 x 10 mm?2 3
= 1
0 + higr-intinsity mode 0
A/O encoding
— -1 SM
\Ulj m=>5 (@)
X o e S
E ; %jiwmﬁwﬁ L <
o A ‘ HWML\ "
M“\\ ‘ { 0
0 0.01 0.02 0.03 0.04 0.05 0.06
qz/ A1 o 1
3 -2
=
-3

problems of data-analysis:

— absolute error of O
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reflectometry

. distance from moderator in m
instrument concept for ESS 0O 6 26

focusing reflectometer

or+s

top view

sample+9

two Selene guide sections

end of shielding-

to reduce background
for convenient beam manipulation

A €[5, 9.4]A
Aexy — 1.50
AeXZ = 150

transmission

t direct sight indirect sight
77%
58%
34% L T
\!\ /!/
side view

5A 7A 9A A
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discussion

e Selene guide system

e prototype

e Optics & options

o reflectometry

e discussion
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discussion

focusing results in:

no gain in brilliance

defined footprint
clean beam

homogeneous

uni-modal angular or spatial distribution

non-perfect optics
= reduction of resolution / transmission

works best for small samples

weak aberration
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discussion
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Selene guide system

why two subsequent elliptic guides?

e convenient beam manipulation
e guide dimensions not too large

e correction for coma aberration!

accepted by 15t guide intermediate image

width / mm

2 15 1 05 0 05 1 15 2

0 / deg
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Selene guide system

comparison to conventional and full elliptic guides

quide straight elliptic Selene
focusing 0% 5% — 50% 100%
divergence smooth multi-modal almost rectangular

g Ty
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Selene guide system

comparison to a straight guide
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Selene guide system

chromatic aberration due to gravity
simulations (McStas) with (1 mm) tapered guides (40 m long, b/a = 0.022)

in agreement with analytical calculations

R

AN\
.

0.25
I(z,\) area normalised to 1

A = 0A
3A
5A
7 A ; )

A -1 -0.5 0 0.5 1
9 z/mm

I(2)

05 F

0.75 }
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prototype

slit = virtual source
polariser
15t segment Op#;

2Nd segment
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pPrototype

set-up realised several times

on the optical bench BOA®PSI on the TOF _f‘eflectometer Amor@PSI
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