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= storage rings
= bending magnets

= standard systems
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projected area of transverse phase space volume
emittance ¢ not directly accessible for beam diagnostics
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Resolution Limits f

EINSCHAST

o  direct approach: imaging of beam profile _ o
uncertainty principle:

A
2AY

Ao~

lens

e synchrotron radiation: small vertical emission angle G\

IR L
typical half opening angle (1>4;) : [A‘P:(lj ]
Y\

+ resolution fully limited by uncertainty principle
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« example: HERA monitor

Vertical Position
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near field calculation of PSF including

=100

resolution broadening and depth of 200
f|e|d alo@ 500 nm -300|th=20me o ! A
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Resolution Improvements (0, %

ESRF: uncertainty principle:

o@ 833 NM + Gv,@ 593 pm 213 41/3
' [AGVW/E jcj /2}
+,@ 63 pm)

1.) decrease of wavelength
+ VUV, soft X-ray, hard X-ray, ...

o@ 3457nm (10 keV photons) -+ Gv,@ 4 pm

2.) Interferometric approach (. wisunashi, Proc. of PAC 1997, p.766)

Imax_ Imin

- - g = . | +| .
VISIbI|Ity. [V=max m'”] H. Fizeau, C.R.Acad.Sci. Paris 66 (1868) 934

Hlva
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O. Chubar: Novel Applications of Optical Diagnostics, Proc. EPAC 2000, p.117

beam spot

interference : ﬁk' —/%»

projection :

DORIS

AURORA (courtesy T. Mitsuhashi)

ESRF (courtesy K. Scheidt)

Gero Kube, DESY / MDI
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Imaging: X-Ray Optics ;%

complex index of refraction (X-rays):

[nzl—g+i }

refractive index decrement g; 5 ~107°

> reflective optics
> diffractive optics

> refractive optics
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Imaging: X-Ray Optics 5%

e grazing incidence optics: Kirkpatrick-Baez mirrors

pair of ellipsoidal / cylindrical curved mirrors Source
M =1...10 mrad

Kirkpatrick-Baez sctup

J. Timmler: doctoral dissertation (2000), RWTH Aachen

Xradia: www.xradia.com

Fresnel zone plates

D.T.Attwood, ,Soft X-rays and extreme
ultravioltett radiation principles and
applications®, Cambr.Univ.Press 2000

phase zone plate, Bragg Fresnel lense
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CEMORNSCHAST

 ,Camera Obscura®
description of phenomenon already by Aristoteles (384-322 b.C.) in ,,Problemata“

® Setu p (exal I I p I e : ES R F) P.Elleaume, C.Fortgang, C.Penel and E.Tarazona, J.Synchrotron Rad. 2 (1995) , 209
CCD
camera
Moveable Cu
Imm Al  Aatienuator Lens
window SN
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Cu absorber . pinhole camera:
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courtesy of K.Scheidt, ESRF
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Imaging: Compound Refractive Lens (G
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lens-maker formula: 1/f=2(n-1)/R » concave lens shape

X-ray refraction index : n=1-5+iB, &~107° » strong surface bending R
“ d : » small Z (Be, Al ...)
‘ﬂl‘m » small d
. o R v
20 N
Number of lenses: N = 10...300

= many lenses

courtesy of Ch. Schroer, TU Dresden

PETRA Il @ 15 keV:
/e R=201L.8pm, Ry=447pm,d=10pm )

*N=20 f =3.33m
 material: beryllium Ores 1M

& J www.xray-lens.de
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Interference: ATF (KEK)

vertical beam size:

Double Slit
f=600mm Lens
k Band Pass Filter 500nm

\\_ Polarization filter

Mirror ‘ -[! _ ; \b

L]

x5 magnifier Lens
CCD Camera

G - Streak Camer:
Fast Gate Camera -”*1{\ amera

courtesy of T.Mitsuhashi, KEK

Mirror 1st Lens

2nd Mirror
54063

Y

Bending Magnet

N xﬂ ‘::\

_ Sewrte Point

1st Mirror
20515

Bending Radius 5.73m

Electron Beam

H.Hanyo et al., Proc. of PAC99 (1999), 2143

smallest result: 4.7 pm with 400nm @ ATF, KEK

>
accuracy ~ 1 pm
FLS 2006 (Hamburg), 15.-19. May 2006
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Interference: ATF (KEK) G

Double Slit - H .
N —— vertical beam size:
\\ Band Pass Filter 500nm
Polarization filter
4

x5 magnifier Lens
CCD Camera ATF-Damping Ring Vertical Beam Size Measurement

Streak Camera 1

Mirror .
Fast Gate Camera ok

.
- 0.8
Mirror ~ 1stLens g =6 .2 nwm
2nd Mirror P ¥
5406.5 = 0.6
=
=
F\ 0.4 y = exp(-(MO*MO)/(2*M1°M1))
w| I5-
) Bending Magnet S m1 96.896 | 0.44654
- . ns2m| 0015252 NA
- h R 0.9551 NA
_ Xo o
- SenrTe Point
1st Mirror -
20515
Bending Radius 5.73m 0
0 20 40 60 80 100
Electron Beam SlitDistance(mm)

courtesy of T.Mitsuhashi, KEK
H.Hanyo et al., Proc. of PAC99 (1999), 2143

» smallest result: 4.7 pm with 400nm @ ATF, KEK

accuracy ~ 1 pm
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SPring-8 2D Synchrotron Light Interferometer

M. Masaki & S. Takano,
J. Sync. Rad. (2003). 10, p295

_— MIITOr I VACULITL
lenses
~\

CCD camera

-
polarizer” /

ry
/
7

Re SO 1111:1011 = e . | 4-aperture mask banclpa%s filter
Crinfer,XZIZII"‘m 2 o—inrer,Y = Szum

; Observed mterferogram
2D Beam Profiling S -
> & :

¥ (mm )

X (mm)

o;= 116(pm), oy= 64(um), 8 = -18(deg.)
courtesy of S.Takano, Spring-8
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Pro;ec’rlon In Air X-Ray Detectors
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/' /0@
| DESY |
/: %/

K.Scheidt, Proc. of DIPACO05 (2005), 238

= 155W/mrad 40mm Cu & Smm Fe K.Scheidt, Proc. of BIW06 (2006), to be published

Crotch X-rays
beamline

courtesy of K.Scheidt, ESRF

dipole
radiation

crotch
absorber
~40mm CU

side-view i.e. in the
vertical plane of the beam:
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-« fons

hard X-rays
(~170KeV)
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vertical courtesy of K.Scheidt, ESRF
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CEMORNSCHAST

Energy [GeV]| k 2k "snmrad v, 2v, oM G+, 2vy) pmYy Type Reference
Spring-8 8 3.4/0.01 114 /14 121 /52 2-dim interferometry DIPAC 01/J.Sync.Rad (03)
~4 DIPAC 01+05/ NIM A556
APS 7 2.5/0.03 140/ 55 35/35 EPAC 98
ESRF 6 3.9/0.03(0.01) 104 /33 60/ 40 J.Sync.Rad (95)
- /135 in air X-ray detector DIPAC 05/BIW (06)
DIAMOND 3 2.7/0.03 50/25 25/25 BIW 04/DIPAC 05
SOLEIL 2.75 3.75/0.04 114714 121/52 DIPAC 03
ALBA 3 4/0.04 45/35 20/ 20 private communication
ELETTRA 2 710.07 + EPAC 00
2.4 9.7/0.1 146/ 25 30/30 interferometry
SLS 24 4.8/0.05 45140 212 DIPAC 01
NSLS 2.58 90/0.1 16/16 EPAC 96
PF KEK 2.5 3710.37 262 / 87 ~1 interferometry PAC 99
ALS 1.9 6/0.03 88 /45 10/10 BIW 96
MAX-II 1.5 9/0.09 ~100/~ 20 212 + EPAC 04
interferometry
BESSY-II 1.9 6/<0.02 50-60/ 40-50 11/11 + NIM A467/468 (2001)
3/3
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