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These regions are very interesting because are characterized by the presence

of the absorption edges of most low and intermediate Z elements —>
photons with these energies are a very sensitive tool for elemental and

chemical i1dentification

But... these regions are difficult to access.
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Refraction Index
refractive index u=1-90-if
d=(e?\?/2mtmc?)|N+Z Ny [MA, [P In[ A2 /A>-1] |
O (unit decrement) related to the speed in the medium

f related to the absorption

N=electron density (1023-10%* el./cm?)
M\ ;=adsorption edge’s wavelength

A far from A= 8=Ne?A?/2mmc?

B=Au/4n u=linear absorption coefficient
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Refractive index

Snell Law

P
n>1
1.7 7
- - ma
5 Flint glass
i
1.6 :: “
:L Quartz
1 =
| Crown glass
1'5 | ? R ———
+ Blue Red
1.4 | ‘ |
| L 6800 700

Wavelength {(nm)

n<l

Snell’s law: n,cosy=n,cosi
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Snell Law

[ e

n>1 n<l

Fermat’s principle
£=(n_1) i-]—L z(l—(s—l)'g<0
f Rl R2 / \ I

242
5=r 102107
2mmc

§=10" HXR= f=1m if R=~lmm
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X-ray Lenses

-10 -05 00 05 10
Vertical position [um]

S =10" HXR= f=1lm if R=lmm
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Snell law - Total external reflection

al reflection

“““““““ Total eXte™

/ / A , // s / ."’/; ....... // , g
Snell’s law: cosy=cosi/n Material Density N P
(g/em”) (electron/cm’) nm
Pentadecane (oil) 0.77 7x10% 64.1sini
v=0 n=cosi Glass 2.6 78x10”  37.9sini
¢ Aluminum oxide 3.9 115x102  31.2sini
Gold 19.3 466x10”  15.4sini

i, critical angle: total external reflection
i=5° A glass=3.3nm=375 eV
A . gold=1.34nm=923eV

shorter wavelength needs smaller angles of incidence

sini,=\(e’N/mmc?)!2

A.(min)=3.333-10"3 N

C

Materials with higher density (i.e. higher atomic weight)
have higher reflectivity
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Grazing incidence mirror reflectivity
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Hard X-ray reflectivity

W Rbo=193, Sg=0.nm, P=]1,, E=20000 eV PL Rho=21.45, Sig=0.nm, P=1.. E=30000.eV

Reflectivily
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=
o=

Angle (deg) ingle (deg)
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reflectivity
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Effect of Defects (slope errors)

Object

Tangential focusing
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Image (spot) enlargement

Object

10 —

vertical position (4 m)

Tangential focusing

s'=V(Ms)? + (2 I'0)?

-10

12

0 5 10

horizontal position (um)
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Image (spot) enlargement

wm)

Slope error contribution FWHM (

50

40
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10

Slope error = 2.5 urad

(o)
o

o o o

Slope erroy contributiony FWHM ( IS m)

_
o

Distance mirror-image = 1m

Distance mirror-image (m)

Slope error [rms] (urad)
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Image (spot) enlargement

Typical manufacturer capabilities (SESO, ZEISS, Winlight, Jobin Yoon)

Shape Length rms errors
Spherical/flat Up to 500 mm < 0.5 urad
Spherical/flat > 500 mm 1 urad
Toroidal Up to 500 mm =1 urad
Toroidal > 500 mm > 1-2 urad
Aspherical Up to 500 mm > 1-2 urad
Aspherical > 500 mm > 2 urad

r=1m

| ~ | Nietance mirror-image = 1m

AS'=1 U oo

T

I

Slope error contribut

Al
'— 0.5 1.0 1.5 2.0
As'=10 um

Slope error [rms] (urad)

14
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Mirror profile precision

Typical manufacturer capabilities (SESO, ZEISS, Winlight, Jobin Yvon)

- /—\;

residual height (mm)
o
\

| | - | | | |
0 20 40 60 80 100

mirror position (mm)
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Object

Tangential focusing

Term F,, of the optical path function
(1/r+1/7’)cos0/2=1/R,

spherical mirror

Tangential and Sagital focusing geometries

O6ject —w Image

Sagital focusing
Term F,, of the optical path function

(1/r+1/7')/(2c0s0)=1/R. cylindrical/toroidal mirror

image

\

i o
1

1

|

As' =2 1' cosb O

sin@

cost
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Aberrations

Solution: work in 1:1 configuration

mnagmnay sphore

-

-

F = focal point

Spherical mirror suffer of spherical aberration

Deviations from perfect imaging are called aberrations
D. Cocco X-Ray optics, Erice, 6-15 April 2011
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Torodial mirror

The bicycle tyre toroid is generated by rotating a circle of radius p in an arc of

radius R. In general, two non-coincident focii are produced: one in the
meridional plane and one in the sagittal plane

. ZA 4 X
Tangential focus:

(l_,_l)COSﬁ 1
r or) 2 R

Sagittal focus:

(l"‘l) L 1 - o S Y
r r')2cos?® p : , ,

Stigmatic 1 ;
1gmatic 1mage % — cos’ 9

J.B. West and H.A pPadsmerer0)piieat Engingemng, 1981
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Toroidal mirror focal properties

Tangential focus:

Sagittal focus:
(1 1)cosﬁ 1 (1 1) 1 1
—+— =— —t ==
ror) 2 R r r'j)2cosd p
Stigmatic image:
8 8 % = cos’ O o
— -
. ‘:_”— —— - -—_'—‘—15 -~
*\l‘.‘. t i
) ;\__\ bt !.,é}_\ 53
"\.\:'-\\\ 0 s >y
AD = r - A J
0B = r*
» Sagittal
\. direction

-
Meridian
direction ,
L. WULLU N-I\ay UPLLD, LIILG, 6-15 Aprll 2011



20

Toroidal mirror focal properties

¥ 49 +2% = 2Rk 2R(R—p) + 2(R = p)J(R—x)* + Sx

For p=R - spherical mirror

A stigmatic image can only be obtained at normal incidence.

For a vertical deflecting spherical mirror at grazing incidence the horizontal
sagittal focus 1s always further away from the mirror than the vertical tangential
focus. The mirror only weakly focusses in the sagittal direction.
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Toroidal mirror Tangential and Sagital focus
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vertical spot {um)

Other focusing geometries

source 80 wm vertical; r=4000 mm r =400 mm (10:1)0 =88

Beam divergence 100X100 wrad -1 ¢
Xo
.
20 . . . . 1
| Spherical Elliptical Sagittal cylinder
40 < No slope errors No slope errors — No slope errors Yo

o
kL
—

PSS
g -~
4 _
,'. -
//'
4 .
-I q
Y
r
f -
s
.

source zma(g/e
et =
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In search of the perfect focusing geometry

Beam divergence 100X100 Wrad

Sagittal cylinder Spherical Elliptical Sagittal cylinder
No slope errors  1urad slope errors  Srad slope errors Surad slope errors

Elliptical
No slope errors

Spherical mirrors are good for small demagnification and/or small divergence

Elliptical mirrors are better for very large demagnifications and larger divergence but..
the slope errors have to be small

Toroidal / parabolic mirrors are perfect if the induced aberration are acceptable
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Paraboloids

Rays traveling parallel to the symmetry axis OX are all focused to a point A.

Conversely, the parabola collimates rays emanating from the focus A.

Line equation: Y? =4aX

Paraboloid equation:  y2 | 72 _ 44X ‘ ; j v o oy
where: ;5 = fcos?9 v )‘:’ Y )
Position of the pole P: 1 | ’ ; }
X, =atan’9 |
Y =2atand '

Paraboloid equation:

x> sin®® + y>cos’® +z° -2xysind cosd —4axsecd =0

J.B. West and H.A. Padmore, Optical Engineering, 1987
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Other mirror defect - Roughness

Slope errors = every deviation from the ideal surface with period larger then ~ 1,2 mm

Typical definition is urad or arcsec rms.
Alternative definition is /10 or N/20 and so on... P-V or rms
used for normal incidence mirror or “poorer” quality mirrors

Roughness = every deviation from the ideal surface with period smaller then ~ 0.5-1 mm

Typical definition is Arms.
Alternative definition is surface quality 20-10 or 10-5 (scratch-dig)
used for normal incidence mirror or “poorer” quality mirrors
A dig is nearly equal in terms of its length and width. A scratch could be much longer then width
20-10 means 20/1000 of mm max scratch width 10/100 mm max dig dimension
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4o sin ) 2

[ = ]Oe_( ’

Roughness

o= 3" [i)-
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Roughness

SNS SOATTEROMETER

Lo ]
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1.ee2

1.8E-6
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Power spectral density

PSD

Slope errors
(ST< 0.5-0.2 mm_l) e

I
WWWW
W
Roughness (SF>1mm™)
Finish

jot Low Mg —— e Hgh——
SPATIAL FREQUENCY (mm *)
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Mode P31
Mag: 205X

Surface Statistics:
Ra 0 Hmm
Ry 043 e
Rz 3092am
Rz 350nm

Set wp Parwmeters
Sce MIN 2%
Samping 0 an

Processed Opthans
Tomzs Remored

Cylmdn & T
Fiterng

Title: 011797_S135
Note: Spot [Center]

3-Dimensional Display

Roughness

Date 01124197
Tane 141149

Miuromay 9132 SURFACE OBLIQUE DISPLAY
EXArt-1. 00 SI1ZwaATE 3w ax

contro

Resvareh 1,493
EERE LY ZUN1-12-17 WTiev

L 2.93 A

Bac 1.50 A ®L: 2660 e
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flux reduction

Intensity reduction (%)

ﬁOA rmé

001 L | |
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Photon energy (eV)

Shape

Spherical/Flat

Toroidal/aspherical

Roughness (A)

3 standard 1 best

5 standard 3 best
(1-2 if very lucky)
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Synchrotron Radiation Beamlines

Side view r
| 1
1
I 1
I 50!
O ! o
v—il v |
,:ozil g'
ol
=L 3
Ay ! o'
| o !
| A
| 1
1
! !
1
Top view @

Refocusing section: Adapt the spot shape at the necessity of the experiment

PV ST RCHIULVASARG DS Y

Prefocusing section:

Adapt the source to the monochromator requirements
Adsorb the unwanted power radiation

f:} Monochromator:Select the proper photon energy

onochromator

Exitslit __
Deflection mirror

a4 - — —

J

VEM
HFM

Vertical focusing_

Horizontal focusing
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Synchrotron Radiation Beamlines

There are several reasons to choose a mirror
substrate, one is the power arriving on it

—_—— g e == —_—— == —

JOLITW UOT)Od[JO(

_— e = e = = = = = = =

dloy ulg

view

@-NIByRHHT DORG

D. Cocco - ASEAN Training Course on the UspofSpuduokf-oR Radiptios2 Hriod

32



SR sources

FWHM volue 19°
inteqrol » .9

T 16

 Peok ot : (5600.00.0.00873%100)

A0 CleCIION WRvels Fe———

towasrds an undulatos at a
.

\P%\J." ',l':“ o B
vved of .I‘L:lll. becaime ol "
latvty, il T geet the C
length 1. 20d e geriod ~ oy
i\ « 204 BW gy P
L/ain = mumber of :
l..s'n,-J-'-:! U undidntos |

shrinking by a facsor o
: The undalasor fe s 1 .
Horizontal

sleciron to wiggl
emat synchsotnon
waveleagth oqux
_ ialwunk) period ’
Becamo of the ¢ ( 1,
}\‘ ~ l ”-\,7 % motion (Doggler Vertical
~ R &~ ] ~ l‘ | i when seem fox

abharaton point of
wuvedergth fusthe

by 2 Bactor «

—

D. Cocco X-Ray optics, Erice, 6-15 April 2011



Thermal deformations

v Des \SPECTHA\prm'wlettrabape
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Properties of typical mirror materials

Density Young’s modulus Thermal

Thermal

Figure of

expansion conductivity merit

gm/cc GPa (Y ppm/°C (k) Wm/°C k/®
Fused silica 2.19 73 0.50 1.4 2.8
Zerodur 2.53 92 0.05 1.60 32
SiC CVD
Aluminum 2.70 68 22.5 167 7.42
Copper 8.94 117 16.5 391 23.7
Glidcop 8.84 130 16.6 365 22
Molybdenum 10.22 324.8 4.80 142 29.6

.— Reflecting coating
i
Bulk material
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Silicon bulk mirrors
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Direct side cooling
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Direct side cooling

ANgYe 8.0

Object —w I'mage

Sagital focusing

15t mirror sagittally oriented |

As' =2 1' cosb O

( n
]
o
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25.367

27.013

28.66
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Internally cooled mirrors

o
o]

Shape .| Spherical/Flat
Roughness (A) |3 standard 1 best
Glass/Silicon

Roughness (A) |5 standard 2-3 e
0.01 & \ \ \ \ \ \ \ \ \ \
Meta”ic beSt 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Photon energy (eV)

Intensity reduction (%)
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Internally cooled mirrors (Glidcop)

3GeV Synchrotron source
6.6 cm period undulator K, =5.7
BL6.1

glidcop

1.5° grazing incidence wnoo  1.5°grazing incidence —

— —_— 53 T4E WY 3% 10%

1540-0% 2161-05 Se71-0% 357%-08 231-04 20.02 CXTe 21.T4S 3 X 23.47 2, 25.195 oo SRS U
0.3 33 y 4.3 y € 3% g
L0 LSLE-04 ) iz, 24.33 > 7

Ah=17um slope 26 Wrad AT=7.7°
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Invar & Superlnvar

Density Young's modulus Thermal  Thermal Figure of
expansion conductivity merit

~gm/ce GPa (“ ppm°C (k) Wm/"C k/*
Silicon 2.33 131 2.60 156 60
SIC CVD 3.21 461 2.40 198 82
Aluminum 2.70 68 22.5 167 7.42
Copper 8.94 117 16.5 391 23.7
Glideop 8.84 130 16.6 365 22
Molybdenum 10,22 3248 4.80 142 29.6
Invar 36 9.05 141 0.5 10.4 20.8
Superinvar 8.13 145 0.06 10.5 210

INVAR®

Carpenter Technology Inc.

Alloy 36 iron-nickel(36%) alloy with carbon (0.02%),
manganese (0.35%), Silicon (0.2%)
Supernvar: iron-nickel(32%) alloy with carbon
(0.02%), manganese (0.40%), Silicon (0.25%), Cobalt
(5.5%)

41 D. Cocco - ASEAN Training Course on the UsDofSpeduo-oR Radiptiios2 Eriod;-8-NByR00i1 XORC



Superinvar

Density . Young's modulus Thermal  Thermal Figure of
expansion conductivity merit
gm/ce GPa (“*) ppm/'C (k) Wm™C k/*
Glidcop 8.84 130 16.6 | 365 22
Molyvbdenum 10,22 3248 4.80 | 142 29.6
Superinvar 8.13 145 0.06 10.5 210

42

ABSY3 0.0
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Carbon Contamination

Contamination process:
Hydrocarbons adsorbed by the surface
Cracking induced by the incoming radiation
Formation of graphitic carbon layer (mixed C coumpond)

Effect of the contamination:
Strong adsorption at the carbon edge (=270 eV)
Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface
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Carbon Contamination

Effect of the contamination:
Strong adsorption at the carbon edge (=270 eV)
Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface

>
250 eV 260 eV 270 eV 280 eV 290 eV 300 eV 310 eV
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Carbon Contamination and Cleaning

Contamination process:
Hydrocarbons adsorbed by the surface
Cracking induced by the incoming radiation
Formation of graphitic carbon layer (mixed C coumpond)

Effect of the contamination:
Strong adsorption at the carbon edge (=270 eV
Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface

VYV lamp discharge

+300-500 V (DC)

1100 mA-14
P 0.5-1 mbar O,

D. Cocco X-Ray optics, Erice, 6-15 April 2011



Other Contamination

Effect of the contamination:
Strong adsorption at the O/Cr edge
Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface

40x10° |-
0.4
536.2eV

S S
© © 0.3 — Crcontamination
> = “
£ @
I3 15 ~ 57gev
= £

02— |

01 |

| | | | V
500 520 540 560 580 600

Photon Energy (eV)
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Dispersive elements

Micro Soft | Hard ’

LR. |Visible U.V.
wave

Miero | R |visible Uy, [SOft | Hard
wave X-ray | X-ray

Internal Orders (+)

[3 Zero order
(0
External Orders (-)

| S

d ni = d(sin(a )— sin(ﬁ ))
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Grating’s profiles

hi %

Blaze profile Laminar profile
Blaze gratings: higher efficiency
Blaze condition Laminar gratings: Higher spectral purity
\‘ Higher resolution

Blaze angle=(a+f)/2

Internal Orders (+)

f) Zero order
(0
External Orders (-)

L

1A
nﬂL;Ld (sin(e )-sin(B))
2

48 D. Cocco X-Ray optics, Erice, 6-15 April 2011



Grating’s

Blaze profile

efficiency

hi

Laminar profile

Grating efficiency (%)

—— —— Laminar grating
—— —— Blaze grating

200 400 600 800

Photon energy (eV)

10 —

ord)

ord/2

st

Relative efficiency (1

— —— Laminar grating
— —— Blaze grating

400 600 800

Photon energy (eV)
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ni = d(sin(oc )— sin(/3 ))
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Grating’s efficiency

Blaze profile

hi &

Laminar profile

Efficiency (%)

10

y=90°gd=2400 /mm
- 200 eV
—— 800eV

N
N
w
N
o
o
~

blaze angle (0) (deg)

oo

Efficiency (%)

W=60% gd=2400 I/mm
—— 200 eV
—— 800 eV

5 10 15 20

groove height (nm)

50
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Grating’s production

Diamond tool

Gold (Cr) layer

S1 substrate
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Holographic

Recorded Gratings

D. Cocco X-Ray optics,

Exposure

Development

ITon etching

Photoresist
removal

Coating

Erice, 6-15 April 2011
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fermat’s principle

Light rays choose their paths to minimize the optical length
B

[n(F)dl B

A

where 72(7) is the index of A
refraction of the medium and dl is
the line segment along the path A

Fermat’s principle is also known as the principle of least time:

B B

B
F)dl = (< dl = c(dt
fn(r) !v c{

A
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Optical path

For a classical grating with rectilinear grooves parallel to z with constant
spacing d, the optical path length 1s:

Z F=AP+PB +kN Ay

where A 1s the wavelength of the diffracted light, k is the order of
diffraction (£1,+2,...), N=1/d 1s the groove density

D. Cocco X-Ray optics, Erice, 6-15 April 2011



Optical Path - focal condition

Let us consider some number of light rays starting from A and impinging
on the grating at different points P. Fermat’s principle states that if the
point A 1s to be imaged at the point B, then all the optical path lengths
from A via the grating surface to B will be the same.

if:

B is the point of a perfect focus

OF
dy

o0 =0

oF
0z

55

for any pair of (y,z )
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Optical Path - focal condition

Equations:

F=AP+PB +kN Ay

oF

—=0 —=0 forany pairof ( yz)

dy

oF
0z

can be used to decide on the
required characteristics of the
diffraction grating, in particular
the shape of the surface, the
grooves density, the object and
image distances.
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Aberrated image

F oF :
In general, or and — are functions of y and z and can not be made zero for

any v,z Ay dz

—> when the point P wanders over the grating surface, diffracted rays fall on
slightly different points on the focal plane and an aberrated image 1s formed

Goal: produce simple
expressions for the
intersection points in
the image plane
produced by the rays
diffracted from
different points on the
grating surface
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Grating surface

The grating surface may in general be described by a series expansion:

o0 o0
— -y
-3 S
i=0 7=0

a,,= a;,= a5,;= 0 because of the choice
of origin

j = even if the xy plane 1s a symmetry
plane

X

Giving suitable values to the coefficients a;’s we obtain the expressions for
the various geometrical surfaces.
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Typical surfaces

1 1 1
Aoy = 20 PN =EQ Ay = 4R2p; A 40
1
Aog = ;o an, =0 a;,=0 1
04 8p3 12 30
Sphere, cylinder and plane are special cases of toroid:
R=p 2>
R=x =
R=p=o -
Lo b _cos® 3sin* 9
P 4fcos®’ 7 4f 7 P 32f%cost’ Sy
.- tan . sin cos 7%
=" R 30— T 2 /
8f 8f SRR
-2 . 2 —
4 5sin” ¥cos , __ Sin )
0 64 1 T % 64 cos’ O
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Typical surfaces

_ b _cos® b* sinzﬁ_l_ 1]
4fcos® P 4f 7 " 64fcos’O | B 4P
a, = tan & \/e —sin’¥; a,, = Sm?\/ez —sin’ ¢ ;
8/ cost
‘V
4 - b 5sin® ¥ coszﬁ_Ssin20+ 1]
6413 cos’ 9 b’ a’ a’ | )
- 2 2 ’ -
0, - sin 193 icoszﬁ—b—z | cos ) A
16 17 cos’ 9 a 4

1 1
_+_
ror

where f =
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Optical Path Function

A:(Xa,yaaza)

F = ZEjkinj
<

1

2

F=AP+PB +kN Ay
Py B U S Y
ﬁ=\/(xb_x)2 +(,=0) +(, -2)

y, =rsina

y, =r'sin 8

X, =rcoso

x, =r cosf3

1 1 1

= Fogo + VEjo + 2Fq, "'Eyzeoo +522F020 + =3 Fy

2

1 1 1

+—y22E20 +§y4F4oo +—y222F220 +§Z4F040

4

1 1 1

+ yzF +5J’Eoz +—y2F202 +_y2ZF211 +...
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Perfect focal condition

oF oF

—=0 —=0 for any pair of (y,2)

dy 0z

U

szk =0 for all ik = (000)

Each term E.jkylZ 7 in the series (except F,,, and F,)

represents a particular type of aberration
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!/
FO00 =7r+r

Aberrations Terms

Fly, = NkA — (sina +sin fB)

b
forr,r’ >>z,,z,

2 2
F,y, = (COS “. COS, P ) —2a20(cosoc + cosﬁ)
r v
1 1
Foyo =—+—-2a,, (cosa + cosﬁ)
r
(T ] . T(r',B)] .
F, = (r,a) sina + (rjﬁ) sin 8 —2a,, (cosa +cos 8)
v v
S ] . S, B)] .
F,, = (r,a) sina + (r:ﬁ) sin 8 —2a,,(cosa +cos )
r r
cos’ a 1
where T'(r,a)= —-2a,,cosa  and S(r,o) =——-2a, cosa
r r
and analogous expressions for 7(+',8) and S(',B)
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Aberrations Terms

Flpo=0 == sina+sinf, = NkA grating equation

Most important imaging errors:

I8 defocus

I8 astigmatism

I8 primary coma (aperture defect)
Fl astigmatic coma

F 400 F220 Foao spherical aberration

There 1s an ambiguity in the naming of the aberrations in the grazing incidence case!
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focal conditions

The tangential focal distance 1’ 1s obtained by setting:

(cos2 a. cos’ B,

F200=0

!

) ~2a,,(cosa +cos B, )=0 tangential focusing
r I"O

The sagittal focal distance 1’ is obtained by setting:

Fpp=0 = 1 + i, -2a,, (cosa +cos f3 )= 0 sagittal focusing
r

r

Example: toroidal mirror

1 = L n F,,=0; Fy,,=0

Substitutin a,, =—:;
s 20 2R

and imposing o= - =0

r r

l_,_i costvy 1 l+ 1 11
2 R r r'l2cost p

D. Cocco X-Ray optics, Erice, 6-15 April 2011



66

Spherical Gratings

r e b T
—l— =
Optical path function
Fioo = —nADy + (sina —sin ) grating equation
2 2
Fyy = COS @ cosar | CO5 p_cosp tangential focus
r R r' R
oo cos’a cosa \sina s cos’ 8 cosf \sinp .
300 ” R . 7"’ R 7', pi’lmclify coma
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Spherical Gratings

Rowland Circle Source

"200=%300="
en
g —
5 ?{gmting =2 q{mw[anc[ circle
r'=Rcosfp © i
r=Rcosa 3

2 2
o cos” o cos a] cos” fB _ cos [3’] tangen tial focus
200 r R J 7' R

F. =
300
4 R 4 4

cosa  cosa | sina N cos* B cosf |sinf ,
: R L primary coma
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Variable Included Angle Spherical Grating Monochromator

2 2

- : cCosS“a COsOo COS CcoS

Flyo = —n)»DO +(sina —sin 3) Fyy = _ - + ' b B R/D)
r v

86.50
86.00
85.50
85.00
84.50
84.00
83.50
83.00
82.50
ol

S I e I A I S S R S IS S NS R R RS ] | ] ] | | |
200 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0 0.0 250 500 75.0 100.0 125.0 150.0 175.0 200.0

Mantain fixed source and image in position and direction
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Variable Included Angle Spherical Grating Monochromator

cos’a cosa cos’f cosp

]—7100 = —n)\,DO +(SlIlOC — S1n [J)) FZOO = + '
r R v R
@‘.\0%

0
RN
AC

&
Exit slit/image

7 (ﬁ\\'(\

Entrance slit/source

86.50
86.00
85.50
85.00
84.50
84.00
83.50
83.00

-
BZ'OO]III|III|Il|Ill|lll||ll|l|l|lll|lll|

200 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0

88.60
88.40
88.20
88.00
87.80
87.60
87.40
87.20
87.00
86.80

Q\%‘\e Qmirror:(a +ﬁ)/ 2

L

I | 1 I ] ] | | I
0.0 75.0 100.0 125.0 150.0 175.0 200.0
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Variable Included Angle Spherical Grating Monochromator

@\\0%
e
N
6{\0&\? -
SN S
. xit slit/image
,6\\
Entrance slit/source Q\?&e‘

>
V h mirror axis ~ h/2 grating center
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Variable Included Angle Spherical Grating Monochromator

Exit slit/image

Entrance slit/source
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Efficiency (%)
RN - N N w w P
[6)] o (@)} o (@)} o ()] o

o

e

Efficiency

Curves

200

400

600

800

1000 1200

1400

1600
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Resolving Power

Source

1.0
A0S = 0.8~

bei\"r"\ e s
SP i > o6

0 Exit slit %
< 04-

. O -
Entrance slit 66\‘6 02

Ao

0.0=

FWHM = 1.6 meV

44.998

44.999 45.000 45.001 45.002
Photon Energy (eV)
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Resolving Power smaller are s and s,

smaller will be the bandpass

LZa &(a) Ao =2 AA,,... = entrance slit contribution
Ja Nk r

NkA = sin(a)— sin(/i)
9N _ M AB = s’ AA,, = > .Cosgﬁ) exit slit contribution
p Nk r Nkr

Resolving power =N AN = E/AE

1o FWHM = 1.6 meV
00D = o8
pene® ¥ y =
SP A > o
y Exit slit %
= 0.4~
. O -
Entrance slit 66‘& 0.2
N
0.0 | | |

44.998 44.999 45.000 45.001 45.002
Photon Energy (eV)

45/0.0016 = 28000
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Resolving Power

Typical Spherical grating monochromator resolving power

30x10’ “- | | | | =
— SG1

250 — SG2 |
— SG3
— SG4

20 —

15—

Resolving Power

200 400 600 800 1000 1200 1400 1600

Energy (eV)

E A _ ANkr'
AE AL s'-cos(B)
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Resolving Power measurement

Typical Spherical grating monochromator resolving power +50-250 V
30x10° w— I I I I =
— SG1 :
25 | — SG2 | T Photon in
— SG3
SG4 ,
g 207 7 | Gas inlet
: I(nA)
% =
: FWEM, 34 4 3 MEV T St gi o alle
10 |- r }
7 N, 1s
o Vi E/AE > 11000
| | | | L ¢ S~
200 400 600 800 1000 E \\~
Energy (eV) % oL \/ i
Z ? \d
T \\,‘ﬁ -
cxepetpet 4 4
400.5 401.0 401.5 402.0
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PHOTON ENERGY [EV]
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Plane Grating

Virtual Source r (X *
\

a \
\
\
\
\
\
\
r \
2 2
cos"a cosa cos”f cosf
Iy = - -
r R r R
Real Source
cos’a cosa cos’ B cosf cos’a cos’fB cos’ BB
Fpo = ~ + . =0 + =0 r'=s—-r—s,
r %0 r S r r' cos” a
COS / 2
CcoSx
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SX 700

SuperESCA at Elettra, r~4500 mm, r'~22800 mm

Fixed virtual
source I

plane
grating

source

Entrance
slit

=

ellipsoidal
mirror

exit
slit
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Collimated light SX 700

Plane gratings Pin hole
18m from source 22m from source
TTIITIIIIIITIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIpEEE— | . ><
< M3, Sagittal toroidal focusing mirror
Source  rof 20m from the source
m‘ . . . o
M1, Sagittal cylindrical collimator M’;,?\aﬂe Grazing incidence angle 1
16m from source
Grazing incidence angle 1°
2 2
2 2
g _[cosa cosa  cos B _cosp _0 cos’a  cos’ B '
200 = \ = + =0 = r'=w
r 00 ¥ % 00 r'

One can select to work in:

High resolution mode (accept to loose some flux)

High efficiency mode (accept a reduction of resolution)

High order suppression mode (with a typical appreciable reduction of flux)
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Collimated Light SX 700

cos’a cos’ fB

+ = 0 = ]/" = OO0
'
® r Plane gratings Pin hole
18m from source 22m from source
TTIITIIIIIITIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIpEEE— | . ><
< M3, Sagittal toroidal fecusing mirror
Source of 20m from the source
. \ane O Grazing incidence ang

al cylindrical collimator ~ 12,%
16m from source
Grazing incidence angle 1°

‘r" =rC?%

In principle one can work with any C; value, higher or lower than 1 but...

This mirror do not produce a perfectly collimated light (NEVER)

- divergence changes with C;

This mirror is no more able to focus the radiation

Problem amplified for C; value lower than 1
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Variable groove desnity gratings

Groove density D varies along the grating surface: D(x) = @0 + @ZJC + @ZJCZ + @3?C

1 cos?a_cosa _ cos?f3_ cosP \\
F =10 - -
200~ 2|7t ® T 7 R ] \\\\/v
A
_ 1 1|cos?ar_ cosor|sinct cos’ _cosP|sinf3
T300= 311)‘@24'? R | r |7 R |7
£y =1 -, +|cosar cos”B A plane grating can focus!
200 2 1 r' 4 g ) ’

Floo = —nAD + (sina —sin f8)

sin f =sina —nAD
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