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We all know that using visible light

(red = A = 800 nm = 1.5 eV;
violet = A = 400 nm = 3 eV)~

- we can take an image with a camera by use of lemses or
mirror optics!

- we can make an enlarged image in a MICTOSCOPE ORCE MOTE
using either lenses or less often mirror systems!

- we can make simple polarizers or phase retarders by use of
birefringent material!

What happens if we want to use these devices in the
soft x-ray range (10 eV - 2000 eV)?

With increasing photon energy the light starts
a) to be absorbed in lenses

b) to not be dispersed anymore in lenses

¢) to find little anisotropy in lenses/filters

d) to not be reflected anymore in normal incidence

Why this:

let's take some examples:
n = index of refraction

a) focal length of lens: (1/f) = (n-1) ((I/r1) + (1/12)) r1, r2 =radu

b) normal incidence reflectivity: R = ((n-1)/(n+1))2

¢ immem emm e e e ew e e e peng r - e i e ’ - o
™ s s e R s T R T 12 £ L o -



The index of refraction varies as follows for glass (SiO3):

photon energy: 3 eV 30eV  100eV 1000 eV
n= 1.5 0.9 0.985 0.9987
a) f= e.g. 02 m -Ilm  -66m -80 m
b)yR= 0.04 0.0028 6 10-5 4 10-7

R = (Au) 0.37 0.08 0.0014 } 10-6

So what can we do?
a) Not much as far as classical lenses are concermed!

b) However, for m interfaces in a sufficiently
transparent structure we can get Reotai = m Rine, which
becomes interesting for heavier materials with better
Rint than glass.

But is it really so simple?

Not really, the different waves need to collaberate in
phase, which is affected by the index of refraction n
of a layer and which can undergo additional chamges
at any reflexion at and any transmission through an
interface.

So let us write a program!
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POLARIZATION ANALYSIS

10 10 10 10
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ACTUAL WORK
- o,

only analyzer. MCD

OPTICAL

ELEMENTS [polarizer and magnetic foils
analyzer. nolarizer and analyzer. M re, Ni, Co, Sm, Nd, Gd
birefringencef] Multiple refiection onlyS,, S
dicroism
anisotropic total reflection only analyzer. reflection
materials mirrors =E==\n=o_. mirrors
Cr/C etc...
MgF, LiF Au, Pt oniy Se oSS,

complete set complete set

/

MATERIALS polarizer: transmission

analyzer. reflection
multilayer fliters

reflection mirrors
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crystals
$i, Diamond
complete set



[Bap] sousprour Furzeid jo s[duy

08 08 o¥ 02 0
T T —I ™ ™7 I T T T T I 7 " ] T T T T 002-
— — 0S1—
L 4
" - a
| . @
— —$001-— -
- W‘Jvnwm+4mb %
- - 4]
o i om
— - — og- —
- g -y
i . dy -5y -
- —— 0
! i
f‘l 1 1 i 1 1 l | "l ] 1 l 1 1 i 1 1 1 1l g ) og
[Bap] souspiour Burzesd jo aj3uy
08 (0]¢] oV oz 0
T T | T T T T 9_01
9_01
7_01
A\ )
| s |
g-01 —
i 201
-0t
q:w‘ 1
NP S W A
=k J 4 P S | Jﬁl R { 3 1 J 1 1 1 1 1 1 L 1 = 001

g"!”uds wh yx's T Mg = e
H -

1 1



[Sap] @ouspioul Fuizeld jo o13uy
08 08 oY oc

:l ] T T T T ] | S B l T 151 S
- o
» [
—
— -
w
B —
B (o
- (]
om
- —
- -
-.1 | [ T S I [ R | l TR S B I PR B T o1
oe
T I T
-
—
B ~—
B [ —
e

— €0

. Q'.M(I.II S . o . ,A( L. a s aruiie e Ll L S



Reflectivity

0.1

0.01

0.001

\Eomfu.oﬂ !Ez:?ﬁ.: with,  ADFum O ) 2/t um C % osdo s} tom
0 producd al Guke o xo2aq opBes | LBL
o producd o S/wcRoTROLE TRICSTE

IIIIITI

.
&
€
-
3
o,
)
o
*
"
=
¥

L)

-

I"llllll‘
i lll.lll_l

T
Y

llll

i |

46 48 50
angle of Incidence [deg]




6¥ 8t LY 1224 Gt 1582
I T 1 T I 1 1 I 1 T 1 1 T r 1 1 960
AN | 1 | :
r e T b
‘ Lae ®fa T—_TTTeos 007
L ® -
*e . $ - B
— Ye'- / c661 ANNL ®®— SO L
- .\\ ' - -
- . \_,,’ =661 YAAWIAON *°* 1 v
E SwJ wu gg Q=0 4

g € ]
ll:_ (*8' ‘ '{) 0/1) spotaad 001_7 g7
!rl ) S | I |- L l | L I | - { 1 l [ 1_
:l T 1T T l 1 T i l 1 L ] 1 1 1 l T i I:
- . wi 12€ = P e
- “*, A® 692 = d 1 =
- ) N
_ " ‘e uorje[noed - - _Ji-
- ' ' - .
- , ey d9Z1aR|O0d S =
._ , _ i
- ® — s
— te T te —c- 05
C ! Ttee L e @
L ! il o
:L / _ —_—
- — 0
!*r‘.'-o-o‘ ¢ -
! b I 1 H l | J 1 i 3 d ! | 11 1 2

(w51 Jhese ' 190 By

pooauepun wir 187 ‘OHXO
SIPEUDS ZUBid ‘USSIAIed INWISH ‘ddnen) seespuy :ASS38E
WL SN JORNI ‘i Puseg ‘0Zuld 1Q ®IANS 31S3MHl INOHLOHONIS
S ] d=



{saadep] © [as1d3p] ©
(Y3 (] oL o2 o001 °
T T T ¢ . Y T - ]
» b B
S o ! o2 Ly >
y o.ﬁ / “‘g E ! - \ ’:3 4
J- ) ~ -.,2. hkas X Z" =
b, o ~ < r 1 o <
3 s "~ -_— | e —
b / I Y ol
h ’ Nl | = N L 4
y L oor— | Ly - .
el B’ L
| , j ] sae ! . ! |
22438p CIL 601 = § 331927 0.2 '06 = F
[sadap) @ [33.33p] ©
- 3 ¢ sot »uz 1 .
T v T _‘ r T T T js
_-qmz._ - -:uoz
e | s
- o~ 1 2 | oS ~ ] &
\ e “\ 70.5’3 b 14 N ' L —Soo0r =
/ s ~ / 5 =
/ Y 1 % 4 N / 5 T
/ y /N I O Y { hY . s
\ v kN ! Josm— / X oser—
~. ' . / _/ \k ]
—” Rl __,({ \u"
) | ! 2000 s ! . ] . | Josee
saadap 5z SY = f : a9 081 0 = ¢
st s W 2T oy 'S 11760770 Sy SR IEGED ST SO0V

22290P 63T '91: =4
50 =% n-2% t1'e='S

26-NVI-01 sERvy) LTI
[saa3ap] © [sa12ep] D
o »0? 002 0
1 1 T T -9
Jose:
o -3 £
ot ¥ 4 3 // dm'?—
r S0 1 <
- x o —
{' \ Nast -m;
X /J Y / ]
—{os0t
ii..{{ L ‘s ) ] ]
82139 §Ig "SI = ¥ 22a39p L2 06 ~ ¥
[sa439p] [22139p]
[ " ) " o2 »e! o
Y T T ¢ T T T 0
S -~ bosz 0002
” - -
b - -] =
00 @ ',r"h“ ,cﬂh..‘ 0oL &
< ¢ s, / N, <
- d \ / b >
e v \ ={0009
£ ) \\ ’/ . 3
, -
- ‘ot
L] ~ boot
L 1 T 1 L - L ] J

saep gl O F
FI1/60/1C 9WY [ETE") ‘grgx"s 'SELSEYS T0'2dDY



uv»mm

+ cos 20

+

+ cos 200

+ cos 20

+ cos 40a

+ cos 40

cos 2P
cos 2P
sin 2
cos 2P

sin 2P

The BESSY polarimeter

(A. Gaupp and M. Mast: Rev. Sci. Instrum. 60, 2213 (1989)

ta1 = Itg1) exp(idqy)

Ay =0p1 - 051
tan ¥ = ltp1l/ltgyl

Stokes-parameters:

1y (ts12 + tp12) *

irs2l exp(id,2)
Irp2! exp(idp2)

a2
—-‘N

Ay =dp -852=10
tan ¥ 2 = Irp2l/irg2l

So0,.51,82 and S3

1(rs22 + rp22)+

So
[-S1 cos 2¥] + sin 2¢¢ [-S2cos 2¥]
[-S1cos 2¥2 « (1 + sin 2¥ 1 cos A)/2] + sin2f [-Szcos 2¥2 s (1 + sin 2¥; cos A)/2)

[+Se cos 2¥} » cos 2Y¥2]

[-S3sin 2% «cos 22 sin A]

+ sin 20t cos 2B [+S3sin 2¥ « cos 2V sin Ay]

+ sin 20 sin 2B [+Sp cos 2¥) « cos 2¥3)

[-S1cos 2¥2 (1 - sin 2¥1 cos A)/2] +sin 4ot cos 2B [-S2cos 2¥ « (1 - sin 2¥) cos A;)/2]

[+82cos 2¥2 s (]l - sin 2¥] cos A})/2] + sin 4 sin 2B [-S)cos 2¥2 s (1 - sin 2¥1 cos A1)/2]}
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E=195.5 eV

- Experiment (BESSY)
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ADVANCES IN MULTILAYER X-RAY/EUV OPTICS: SYNTHESIS, PERFORMANCE, AND INSTRUMENTATION

Primary mirros: concave sphere, 1.20m radius of curvature 2.50" diameter

Fig. 9. Schematic of the normal incidence Cassegrain multilayer tele-
scope.®® Angular resolution is 1.2 arcsec, effective focal length is 2m,
and bandpass is 6.5% at 175 A,
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Fig. 10. Photograph of the anlar asrems ot 1000000 K obtein
with a multilayer Cassegrain telescope. The mukliilayers w
melyhdenum-siticon dapaniing waing magnetron aputter o
physioal vaper depaesition tanhnalegy.
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