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&(w) — nuaIIeKTpudecKas (YHKIUSA JISKTPOHHOIO ras3a,
@, — TUIA3MEHHAas 4acToTa, €, i — 3apsjl U Macca dJIEKTPOHa,
A - JUIMHA BOJIHBI, Py — KJIIACCUYECKUN PaJINyC AIICKTPOHA,

N — IUIOTHOCTH 2JICKTPOHOB B 3aJaHHOM TOYKE IIPOCTPAHCTBA

BaxHo, uto n <1
B BemecTBe (pa3za HaOUpaeTcsa MeUICHHEE, 9Y€M B BAKYyME



B Ooinee oomem ciiydae n=1-0+1f, npuuem [<<o0
doTor(PPeKT, moriIoleHne, KBaHTOBasI MEXaHMKa,
YKCIICPUMEHT, JUCIIEPCUOHHBIC COOTHOIICHUS, TaOIUIIbI X CHKE

U JIPYTUX aBTOPOB, IIporpaMmbl Cepres CrermaHoBa U MOS

B. 1. Kon, "llporpamma pacuera napaMeTpoB paccesiHHS,
HCIO0JIb3YeMbIX B MeTO/A¢ CTOSAYHX PEHTI€eHOBCKHX BOJIH',

Kpucraxnorpadgusa, 2006, 1. 51, N. 6, c. 1001-1005
PMMA, CsHgO,, A=1A => § =1.61-10, £ =1.10-10"

KJIUH ¢ YIII0M 45° OTKIOHSET a1y4 Ha yroi o oc 10

TO €CTh MONePedHBbII CABUT Hal 1 MEKpOMeTp

HOJIYHACTCH HA PACCTOHAHUU 1 MCTP



[ IpenomiLsrome oNTUKU He OBLIO
100 ner mocie orkpoeitusd PJL.
Y10 n3MeHNI10Ch?

. Kpucranis! crany BUjeTh
YIJIOBBIC OTKJIOHCHUS

mopsijaka 1 Mkpanu

. IlosBMIMCH HOBBIC HCTOYHUKU

PJI B Bujie CUHXpOTPOHHOIO

HU3nydeHus 3-r0 MOKOJICHUS
ESRF (Grenole, France)

APS (Argonne Chicago, USA)
SPring-8 (RIKEN/JASRI, Japan)




BaxxaeiMm rmapamerpom CU sgBiisieTcsa sMuTTaHC & = 8 -A
S - momepeuHEI pa3Mep UCTOYHUKA (HM)
A - yriaoBas pacXoIUMOCTh ITy4Ka (pan)

OH JI0JKSH OBITh KaK MOKHO MEHBINE. J[JIs 5TOro UCIoJIb3yIOT
OHAYJISATOPHI C OOJIBIIIMM YHUCIIOM IIOJIKCOB N, .

lIporpecc pasButus CU (13 noxinana Kyinummanona)

http://xray-optics.ucoz.ru/articles/Kulipanov la.pdt

1980 &=300-(am-pan) N, =10
1990 &=230-(am-pan) N, =100
2000 &=3J-(HM-pan) N, = 1000

Source area, S

Angular divergence, ()



[logemy HaJ10 yMeHbBIIATh YMUTTAHC? JlazepHEBIN d3(PdeKT.

[Tonepeunas JUIMHA KOT€PEHTHOCTHU Ha PACCTOSHUHU Z OT
MCTOYHUKA L, = A/, tae a=5/z . Pa3Mep Iydka Ha TOM XKe
PACCTOSHMH 324 CUET PACXOJUMOCTH PaBEH S = A -z

UToOKI BeCh IYYOK ObLII KOT€PCHTHBIM HaJl0 BBHIIIOJIHUTE
yCIIOBHE: Sy = L;. 9TO SKBUBaAJICHTHO ¢ = 8-A = 1 < 0.1 HM-pan

CH-3 yxe Onm3ko, Ho emre onmxe XFEL

Jlna CH-3 xapakTepHsl napaMeTpbl S = 50 MKM, z = 50 M.

CootBercTBeHHO UL A = 0.1 aMm umeem L,. = 100 MKM

Bripoa: npenomaromad (pa3zoBas, KOrepeHTHas) OIITHKA
BO3MOHAa )11 00BEKTOB C MoNepedHLIMU pa3MepamMu 100 MxM.

Ha apyrux ucrounnkax CH oHa nmpakTU4eCKu HEBO3MOXKHA.



HemHoro ucropuu:

1994 roj, 3anyueHo HeCKoabKO cTanimii ESRE, CHurupen

1995 rox - Mmoe niepBoe nossiaeHue Ha ESRE, crarbs

A. Snigirev, I. Snigireva, V. Kohn, S. Kuznetsov, 1. Schelokov,

On the possibilities of x-ray phase contrast microimaging by coherent
high-energy synchrotron radiation.

Rev. Sci. Instrum. 1995, vol. 66, N. 12, p. 5486-5492

Cerogas 6osee 700 cChIIOK

1996 rox - iepBas cTarhs MO IPESITOMIIAIONINUM JIMH3aM

A. Snigirev, V. Kohn, 1. Snigireva, B. Lengeler,
A compound refractive lens for focusing high-energy X-rays.
Nature, 1996, vol. 384, N. 6604, p. 49-51

Ceroas 06oJiee 550 CCBUIOK 1 €BpONEUCKasa IpeMUs
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FIG. 1. Schematic display of the experimental setup, where ry is the dis-
tance from the source to the fiber (40 m) and r, is the distance from the fiber

to the high-resolution film
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1998, Applied Optics, v.37, p.653

A. Snigirey, V. Kohn, I. Snigireva,
A. Souvoroy, B. Lengeler

200 holes of 500 um diameter in Al

in cross geometry (spacing 50 um,
length 11 cm) show 2D image of source
with FWHM ~ 8 um x 18 um (V x H)
ESRF, BM5,E =30 kev,rq=2.2m
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| lary X-ray lens i bbbl |
ir bubbles in epoxy glue
Yu. L MQHL}S N. N. Kolchevsky, et al. inside the glass capillary.

Nucl. Instr. Meth. A, 1999, v.421, p.361 Capillary diameter ~ 0.8 ; 0.4 mm
Rev. Sc¢i. Instr., 1999, v.70, p.4161

Nucl. Instr. Meth. A, 2000, v.454, p.512
Proc. SPIE, 2001, v.4145, p.235

Design and Ray tracing

1 - glass capillar,
2 - epoxy glue or glycerine,
3 - air bubbles,

- long injector needle,

5 - compressed air

Visible light microscope image
of the microcapillary x-ray lens,

The diameter of the capillary
e ciam [
EJf:pe_r'i_men’r at 5prir:|g—8 shows 0 7 8 3 Ll’

significant aberrations.




Y. Kohmura, K. Okada, T. Ishikawa, et al.
Nucl. Instr. Meth. A, 2001, 467-468, p.881

Experiment at Spring-8

Lens of 185 air bubbles

E=18 keV, F=048 m, M =10

Test sample of Tantalum

stripe pattern, thickness 0.5 um,

line 0.4 um, space 0.4 um
(arrows) =

transmissivity of ~ 94%

Source - BL47XU undulator

Detector - fluorescence screen
and CCD (6 um pixel)
Exposure time - 20 ms

X-ray lens

Resent experiment

shows a good resolution




Alligator x-ray lens with variable focal length

B. Cederstrom, M. Danielsson, M. Lundgvist, et al.

Nature, 2000, v. 404, p.951

Proc. SP1E, 2

D. A. Arms, E. M. Dufresne, N. R. Pereira, et al.

Rev. Sci. Ins

001, v.4145, p.294 ( Be)

frum., 2002, v.73, p.1492 (Li)

Normalized Intensity

Focusing is not good.

The deflection of 10 keV
narrow beam (slit) shows

3-d harmonic of 30 keV
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Planar parabolic refractive lenses made from Silicon

V.V. Aristov, M.V. Grigoriev, S.M. Kuznetsoy, et al.

Opt. Comm., 2000, v.177, p.33
Appl. Phys. Lett., 2000, v.77, p.4058

Source Slit Refractive Photofilm
Proc. SPIE, 2001, v.4145, p.285 il o
N\
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Parabolic compound refractive lenses made from
Aluminium

B. Lengeler, C. 6. Schroer, A. Snigirey, et al. P
Appl. Phys. Lett., 1999, v.74, p.3924

J. Synchr. Rad., 1999, v.6, p.1153

- - - many other - - -

J. Synchr. Rad., 2002, v.9, p.119 a

Parameters of element :
R=0.2mm, d=0.01 mm

p=1mm, a=1mm
Such lens is a good imaging tool.

(a)

(b)




Imaging with the Lengeler's lens, example 1

from "X-Ray Microscopy" : Proc. 6-th Intern. Conf.,
AIP Conf. Proc., 2000, v.507, p.340

X-ray micrograph of an insect, E=23.5 keV, M =12
N=62, F=165m, L1=179m, L2=21.44 m (slight defocusing)

a b




Imaging with the Lengeler's lens, example 2
from Nucl. Instr. Meth. A, 2001, v.467- 468, p.966

FZP of 200 um diameter, 169 zones (IESS, Italy)
E=144 keV, M = 24,

E=235keV, M=12, N=62, N=50, F=0.718 m,
F=165m, L1=179m, L2=2144m Ea= SRS, Eri ol
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Parabolic compound refractive lenses made from Berillium
B. Lengeler, C. G. Schroer, A. Snigirey, et al.

Proc. SPIE, 2002, 4783, p.10-18  (http://www.xray-lens.de)

H. R. Beguiristain, J. T. Cremer, M. A. Piestrup, et al.
Opt. Lett. 2002, 27, N.9, p. 778-780
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Quasi-parabolic compound lenses made of plastic

MA &jmlp' JT W' . :E I;" I'lr.f 62 cm | Sfﬂnf-ﬂr'd SRL
S : | V- size from

H.R. Beguiristain, et al. 2 1000 | ~
Rev. Sci. Instrum. 2000 L R 27,5 m —tl ) 440 to 27.5 um
v.71, p.4375 ’ | § oo /A Distance is smaller

e € 4000 /i than focal distance

| - E Position (mm) | | |

Y. Qhishi, A.Q.R. Baron, e 10 reduce beam size
T. Ishikawa, et al. R=15 for high-presure

Nucl. Instr. Meth. A, 2001,
v.467-468, p.962

W experiments
s gain = 12

spot size = 100 pum

- (mm)

V-size = 76 um

A.H. Aptembes, K. T. Ilotnosckua,
B.T. Kon, B. B. Keapnakog, et al.

TTpenpunt PHL, "Kypuatosckuin UHctutyt”,
NA3-6524/14, 2002

B ¥ £ # B S
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Teopernueckue METO Il CUMYJIUPOBAHUSA SKCIIEPUMEHTA

3 ctate: V. G. Kohn, "Focusing femtosecond X-ray free-electron laser pulses by
refractive lenses'', J. Synchr. Rad. 2012, 19, N.1, 84-92

X k X A
- -
y
zI'.-I - 1
A 1 & E(r. ) = 0 & F s
—_—— r. =u, = .
c? or dx?  oy? 977

dw dk, dk,
E(x,y,zy.1) :f (23;)3 = E(ky, k,, 2y, )

X exp(—iot + ik, x + ik,y +ik;z,),  (2)

where

_E{:kl.. kl! Z0» I:Ll} :fdfd_x d}" .E(I.. ¥, Lo l'.')
x expliowt — ikix — ik,y). (3)

Expression (2) has one free parameter, ks, and coincides with
the boundary condition at z, = 0.
Substituting (2) into (1) we find the free parameter

1/2
Ky = (ﬁ—kf —ké) . )

C

We take into account that for XFEL radiation the function
E(k,, k,, zy, w), as a function of w, is localized around a very
large frequency w, which corresponds to a photon energy hw,
of about 12 keV. On the other hand, possible values of k; and
k, are rather small compared with wg/c. Therefore we can
apply a paraxial approximation with very good accuracy,

(i} C -
ky = — ——(ki + K3). (5)
c 2w



IIPOJOJIZKCHHC

E(r, 1) = [j—i exp(—iwt) E(r, w), (6)

where

E(x,y, z;, w) = expliwz,/c) [dx'dy' E(x', y', 2y, @)
X Pm(x _I!*Zp) Pm(.}" _.]"'r’- Ep}- l:?}

Here we introduce the partial Kirchhoff propagator for the
monochromatic wave,

P, (x,z) = (irz)~* exp(inx’/Az), A =2mc/w. (8)

The formula (7) is well known in monochromatic theory. In
our derivation it was obtained from a property of the Fourier
transformation that the product of two functions in k-space
corresponds to the convolution of these functions in x-space.
The Kirchhoff propagator in k-space has the form

P, (k, 7) = e:{p(—f% Icz). 9)

Thus, we arrive at the conclusion that the propagation of a
time-dependent pulse along the optical axis can be success-
fully calculated in terms of monochromatic waves for which
the methods of calculation are well developed. Then the time
dependence of the field can be obtained by means of Fourier
transformation (6).

peabHO INporpaMMa padoTaeT Tak

IUIA 3aIJaHHON YaCTOTHI @

¢ unmeeM FEy(x,y) Ha ceTke
TOYEK C YNCIIOM ToueKk N;, = 2"

B 2D ciayuae N = 2048 MakcMyM
B 1D caoyuae N= 131072 peansHo
¢ BeruncagaeM Ey(k k)
ncrons3yd npoueaypy FET

(Fast Fourier transformation)
¢ ymHoskaeM Ha P(ky,z,)P(k,,zp)
¢ BruncmieM E(xi.x;)

1CII01b3ysa oopatHoe FET



2.2. Transmission of an XFEL coherent wave through an
object

1 & 1 & , J, ,
(a—gﬁ) E(r*f)zc_zﬁ dt x(r,t —t)E(r, ).

d
E(r,t) = [% exp(—iwt + iwz/c) A(r, w),

0
B—A(r, w) = i(w/2c) x(r, w) A(r, )

Z

Ax, Y, 20, ®) = To(x, y, 0) A, ¥, 25, @)
where z; = z9 + L, and
|

Ty(x,y, w) =exp [i(m/Zc) [ dz'x(x,y, 2, m):l

20

Finally, we have the next formula for the electric field a
tude,

E(x,y, z;, w) = expli(w/c)L] Ty(x, y, w) E(x, y, 2, w).



AFEL

X-Ray Free-Electron Laser

The European X-Ray
Free-Electron Laser

Technical design report

http://www . xfel.eu/sites/site xfel-gmbh/content/e63617/e79991/e68669/european-xfel-tdr_eng.pdf



SASE 2

tunable, planar

N
L
c
0.1-0.4 nm E
electrons U 1 : =
17.5 GeV ob]
—_— > Q
)
SASE 1 =
tunable, planar SASE 3
0.1 nm tunable, helical
0.4-1.6 nm
Figure 4.2 Schematic view of the branching of electron (black) and photon (red)

beamlines through the different SASE and spontaneous emission undulators. Electron
beamlines terminate in the two beam dumps and photon beamlines in the experimental

hall.

Photon energy [keV] Polarisation Tunability Gap variation
SASE 1 12.4 Linear No Yes
SASE 2 3.1-124 Linear Yes Yes
SASE 3 0.8-3.1(0.25-1.0)* Circular/Linear Yes Yes

U1, U2 20-100 Linear Yes Yes




100 ms 100 ms

X-ray photons
/-~ 200 ns T n I 100 fs
R 5 ' FEL

process

Figure 6.1.1  Electron bunch time pattern with 10 Hz repetition rate and up to 3,000
bunchesina 0.6 mslong bunch train. The separation of electron bunches within a train is
200 ns for full loading. The duration of electron bunches is ~2001s and the non-linear FEL

process reduces the duration of the photon pulses to ~100fs.
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Figure 5.2.4  Temporal (top) and spectral (bottom) structure for 12.4 keV XFEL
radiation from SASE 1. Smooth lines indicate averaged profiles. Right side plots show
enlarged view of the left plots. The magnetic undulator length is 130 m.



Time dependence can be calculated
by means of frequency dependence

dw
E(x,z,t) = [2cxp(£a}f) E(x, z, w),
T

Parseval's theorem, that means
conservation of integral intensity

) d ,
(I(x, 2)) = [de‘ }E(L Z, e‘)}“: f;;}L(r Z, a))}“.



AHalIUTUUYCKUEC PC3VYIbTAThI.

Mo aenupoBaHe MaJaroInero mydka (1 yIo0cTBa pacueToB).
P(x — x0, Zoc), P(x,2) = (iAz2) Vexp(in x*/12), zoc=2z0— 10, = Aei*/a?
O — YIII0Bas pacXoqUMOCTh IIydka, e; = (21n2/m)V? = 0.6643

dbopMyna crpaBeNIBa, €ClI 0 << z;

Teopema
Ecnu BomHOBas QyHKIIMA N3IyYSHNS paBHA
Eo(x,x0) = T(x,a0) P(x — x0, bo) T(x0.¢0) , T(x,a) = exp(—in x*/Aa)

TO IIOCJIC MPOXOKIACHIA IPETOMIAIOINCIT TIMH3EI ¢ KOMIIICKCHBIM (DOKYCHBIM
paccrosiHueM f.=f/(1—iy), f =R/20, y = /6, u paccTosHHUA B

BAKYYMC Z, BOJIHOBai {1)yHKHHH 6}’[[31“‘ paBHa
Ei(x,x0) = I(x,a1) P(x — xo, by) T(x0,c1), THOE
a1 — d(blfbg), bl — bg —I_ZL" — Zpbg/d, d= ﬁ'ﬂ/(l T ﬂg/ﬁ ), C1 — {?{}/(l ‘|‘Zp{?ﬂ/bld)



OOmpe cCBOMCTBA BEIPAXKEHUS IS HHTEHCUBHOCTH

g4 ex,@F) (X
](x,z,xﬂ)_bfxp( 202(2) Jexp[ 25‘3]

1/2 1/2
o= —2 | @My, M-—L o[ 2
477(A— B) A-B

A=-Im(al), B=-Im(b!), C=-Im(c)),

MOJIYIIMPHHA IydKa W(Z) = e,0(2), e; = (8In2)2=2.355
MHTETrpalibHasl MHTCHCUBHOCTD HE 3aBUCHUT OT Z

S(xo) = esw(2),(z, x0), L, =1(x,), e3=(4In2/m)"12=1.0645
BHIHO, 9T0 W(z) o< |b|, B TO Bpemsa kak 1,(z) o |b|!

¢ IpyTroi cTOpoHEl b = By + zB;, IO2TOMY

poxycHoe paccrosiaue zy= —Re(BoB1*)/|B1)?



HpHMﬁHeHIer dHAJIUTHYCCKHUX PC3VYJIBTATOB. 1 1uH3a

JTUHEUHOE NPHUOIMIKECHHE 10 MaJIOMy HapameTpy y= /0

IIOJIYIIMPHHA ITyUYKa cpa3y 3a JUH30U

2\ 12 1/2
4‘4”_ -"-4: ﬁ
w(0) = L 4|1+ L], A =e¢ A 4=z,
(1-B/ A 7| AL : y

pokycHoe pacctosiHue zr=f /(1 —f/zp)

IOJYIIHUPHHA ITy4YKa B (DOKYCE

Wz =w(O) 22 = ) [1+‘45J w(N=ra =a

BO)| [1-f/z|| 4




Hanodokycuposka. [IppHIHIIHAIIEHOE OTpaHUYCHHUE.

IlycThs miia npoctothl zp = o0 Ilmockas BoHa

OukcupyeM MIUPHHY ITydKa, KaKyH MBI XOTUM DOIYy4UTh W. Toraa HaMm
OHAJO0NTCS JIMH3a ¢ paglycoM KpUBI3HEL R = (w?/e;”)(26/Ay)

IIpn yMeHbIIEHNN INNPUHBI ITy4YKa paailyC KPUBU3HEI IPUAETCS YMEHBIIATE
eIe OBICTpee, KBaapaTUIHO.

JImH3a nMmeeT HY L , KOTopas HE MOKET OBITh O0JIbIe (POKYCHOTO
paccTosHus f, nycTh L = f. Toraa reomeTpudeckas aneprypa

mH3El A = 2(RL)Y? =2RQ26) '~

D¢ dexTnBHA aniepTypa TUH3BI paBHA A, = W/Y

3 yernosust A, <A/2 nonygaem w>w,=2e? A1(85) =13 1(85) 1.
Bergemann et al., Phys. Rev. Lett. , 2003, 91, 204801 w,.= A (85) '
paccMaTpHBaINd KallWIIAp, IOJIHOE BHEIHEE OTPaKeHNe, HO BEIBO/I CASIaIN
OOIMIIl VIS BCeX MPOIECCOB (POKYCUPOBKI

Schroer, Lengeler, Phys. Rev. Lett., 2005, 94, 054802

PACCMOTpEIN COCTABHYIO aInadaTHYeKyo JIMH3Y, KOTOpasd CHIMAET
OrpaHHYEHNE, HO UX padoTa A0 CHX IIOp HE UMEET PAa3BUTHA, HET HU
[IOBTOPECHIS, HI OIIPOBEPIKCHIIA.

boJee mpocToi BRIMTIAAUT CUCTEMA 13 ABYX JINH3



HpHM@HeHI/Ie dHAJIUTHYCCKUX PC3YJIBTATOB. 2 JINH3HI

JI114 ynpoIneHnsa zo = o0 , TO €CTh
IImockas Bo/IHa Ha IIEPBYIO JIMH3Y.

Llenb: MOHATE KAk JIMH3a MOJKET \

chokycupoBarh CXOASITUIICA ITYYOK. -
JlaHBI pe3ynbTaThl 03 BRIBOIA /
1 1 1
— = +— 2 2
Zy -z ] [ il i

MIpUHA ITy4YKa B (POKyCE

_|_h2 1/2 " ,J Z
P =aGhin, p=t, h=1 2
‘erh‘ 1 /i

‘p+h

y(p+h)

Hac natepecyer cutyarmmus h* >p . Torma zrx fo, w(z) = wi(f2), HO
D(zp) = 1/(yh). To ecTb THTEHCUBHOCTb BO3pPAaCTAET, HO IMNPIHA ITIKa HE
yMeHbImaaeTcsa. Ecau -2 <p ., To BTOpOIi INH3BI KaK ObI HET COBCEM.

w(z;) =w, (/)

OTHOCHTCIIEHAA ITHTCHCIIBEHOCTE B EI}DK}J'CE! D(Zf) —



HUuTepdepomerpus

A. Snigirev, L. Snigireva, V. Kohn, V. Yunkin, S. Kuznetsov, M. B. Grigoriev,
T. Roth, G. Vaughan, C. Detlefs, '""X-Ray Nanointerferometer Based on Si
Refractive Bilenses'', Phys. Rev. Lett., 2009, vol. 103, N. 064801, p. 1-4
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Zo=354.16 m
z1=3.94 M
A=6.25 MKM
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FIG. 2. An interference pattern (a) generated by a second
bilens system, recorded at a 1 A wavelength. The intensity
variation (b) obtained for the line though the center of the fringe
pattern and (c) insert showing a visibility of approximately 38%.
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Examples of real lenses

The best 2D lenses are created by Bruno Lengeler
iIn RWTH Aachen University (Germany) by pressing materials

Recently 1D lenses becomes available (the same technology)

http:/mww. physik.rwth-aachen.de/en/institutes/institute-iib/group-lengeler

| linear Al lens

N A =1 x 3.5 mm?

2D Be lenses

e

1 mm 500 pm 300 pm 200 pm 950 pm




Holders for Compound

refractive lenses (CRL)

top right — Al (air) old
bottom right — Be (vacuum)
bottom left — New holder




Thermal stability in the iIntense beam
Water cooled berylllum CRL at the ESRF (ID 10)

'




Transfocator

as compound CRL

IS a hew possibility to create = .
source of divergent beam

closely to sample. The

position of source is the

same for all energies. It is

cooled and is placed as first
optical element.

CRL transfocator
undulator

energy range 25 - 140 keV
|<




Planar silicon parabolic lenses
made by microfabrication techniques

The lenses are fabricated using electron (e)-beam lithography

and deep trench reactive ion etching. APL-2003-82-1485

RWTH Aachen University, Shroer, .... , Lengeler

One lens makes 1D focus, two lenses make 2D focus

g, |
'd _ hnnznntally
s focusing &
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Planar SU-8 parabolic lenses
made by LIGA techniques

The lenses are fabricated from SU-8 resist using LIGA

(LItographie, Galvanoformung n Abformungelectron)
LITHO-3 ANKA beamline, SPIE-2003-5195-21

IMT/FZK Karlsruhe, Germany, Nazmov, Reznikova




Planar Si lenses
nano-focusing and
nano-interferometry

Developed e-beam lithography and
deep etching. PRL-2009-103-064801

Chernogolovka, Russia, Yunkin 0 LEOISR T T
I_/ 4

I




Computer simulations

Various computer programs allow one to simulate properties of the
intensity profile at the focus and any distance behind the CRL
Some programs even Works in /nternet as java-applets

_i_}f'_ ACL (V.Kohn) v.0.8.26 applet
Prog Exec Run View Help

Diffraction of x rays by Bilens

Energy of X rays in [KeV]
Distance source-hilens in [cm] a¥ED
Distance bilens-detector in [cm] 273
Source size in [um] a0 |
Aperture of the lenses in [um] a0
Curvature radius of parabola in [um] 0.2404
Distance between the lenses in [um] 60 |
Width of the slit in [lum] 110
Shift of slit center in [um] from the middle _ |0
Size of the pixelforaFFT gridin um] (0.0 |
Size of Region to Figure [%] a0
Shift of Region to Figure [%] 1]

OK Cancel

12-6-490

0.18"
0.16°
0.14:
0.12-

0.17
0.08"
0.06°

0.04-




Some CRL applications. Fourier images APL-2005-86-014102
X-ray High Resolution Diffraction Using Refractive Lenses

source

2D detector

E =28 keV Si photonic crystal
AICRL,N=112, F=13m a=b=4.2 ym d,,=3.6 umd,;=2.1 um

CCD resolution 2 um
pixel / ® =d

Resolution is limited
by angular source size:
s/L ~ 1 urad

Momentum transfer
PR 4 1 e
Resolution: 10 nm Lattice vectors gy, =1.75-10* nm' gy, =3-10-* nm"!

Theory allows one to account for an absorption in the CRL which influences
high order peaks visibility Opt. Comm. 2003-216-247, JETP-2003-97-204



Some CRL applications. High resolution x-ray 2D microscopy.
Snhigirev et al. with Lengeler's CRLs

(1) — The object is illuminated through a CRL with a large aperture
to condense the beam at the object area under illumination
(condenser 2)

(2) — Objective CRL (objective) has a short focus length and it works
as a microscop. Large magnification is necessary to adjust CCD
detector resolution (about 1 ;im)

This technique allows one to see a real structure of opal crystals
and photon crystals. The theory is not developed

HR
condenser 2 objective X-ray CCD

e R e i — ——————————————

54m < > 6m

¥
A
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High-Resolution Transmission X-ray Microscopy: A New
Tool for Mesoscopic Materials  (Natural opal)

By Alexey Bosak, Irina Snigireva,* Kirill S. Napolskii, and Anatoly Snigirey

37133008
"Hf}rf 11744y

Adv. Mater. 2010, 22, 3256-3259






