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Coherent reflection lensless imaging.
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Coherent reflection lens imaging.
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Lens coherent imaging of tilted reflective objects.
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SUMMARY

* The theory and software are developed for 3D
simulation of coherent imaging of reflective

objects illuminated at grazing angles of
Incidence

* The applications are:

(a) X-ray methods for surface sciences
(b) mirror optics for SR and FELSs.



Laser-Electron (Thomson)
X-Ray Generator.

1. ~ 50 MeV accelerator unit.
2. ps 1.06u laser unit, av. power 0.3 — 1 kW.
3. Synchronization system.

4. X-ray optics.

X-ray beam: 10 — 60 keV, tunable, collimated in ~1 ,
1011 — 1013 ph/sec.

Estimated cost — 10 M$, size — 10mX20m.
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Relativistic Thomson Scattering in Compact
Linacs and Storage Rings:
a Route to

Tunable Laboratory-Scale X-ray Sources.
E.G. Bessonov?, M.V. Gorbunkov?, B.S. Ishkhanov®, P.V.

Kostryukov®, Yu.Ya. Maslova?, V.I. Shvedunov®, V.G. Tunkin®,
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Who Wants a Compact Source?
1. See Objectives of MP0601 Network, started Brussels, 2-3 April 2007.

2. W.S. Graves, F.X. Kaertner, D.E. Moncton
“High Repetition Rate Inverse Compton Scattering Source”, 2010 SLAC:

 Academic - Harvard, Purdue, Boston U., Niels Bohr Institute,
London Center for Nanotechnology, Institute of Biophysics and
Nanosystems — Austrian Academy of Sciences

 Medical

Massachusetts General Hospital

 National Labs

ORNL, National High Magnetic Field Lab, NIST

* Industrial

Novartis, Wyeth, GE, Rigaku Americas Corp, Siemens
e Cultural

Louvre Museum



Compact Thomson X ray sources

Applications Flux (@ 10% Type Energy Source
bandwidth) [KeV] size
(m)
ThomX, France Medicine 1013 (25 MHz) Storage ring | 40-90 70
Cultural Heritage
Thomson source at Mammography 2 108-2 1010 Linac 20-500(50- | 0.5-13
INFN-LNF, Italy Advanced Imaging 90)
inside Hospitals
COBALD, Daresbury, >10%° photons/mm2 | Linac 30keV,15 |20
UK /mrad2/s/0.1% keV 35
bandwidth (transverse)
NESTOR, Kharkov, Angiography, 2.6 103 (25 MHz) | Storage ring | 6-900 35
Ukraine Biology, Hard X-
rays
LEXG, LPI-MSU, XRD, EXAFS for up to 1013 Compact 12-45 20
Moscow, Russia nanoscience Storage ring
LEXG, LPI-MSU, K-edge subtraction | 4.5 10%3; Compact 33 20

Moscow, Russia

imaging for
medicine

Storage ring,
2 interaction
lasers




Circulator and storage ring for enlargement of X-ray photon
flux up to 1013 sec.

R
e e

Ri< 1% 7 1P
R,s:> 99.9%

CW opertaion

INAC

L
Beam e KICK INF €
dump
P 20000ps\/<0.1us\ /20000 us - :

15- 30 MeV, 1nC, 50Hz

R0 < 1%
R,.,> 99.9%

Nonlinear crystal
R1.064 < 1%

Rys,> 99.9%

|:21.064< 1%
R,.,> 99.9%

CW Laser-electron X-ray Generator
for micro-CT or EXAFS applications:

circulator based on second harmonic generation in
a high-Q cavity

CW opertaion

“1-<15ps

T=1ps  T=1ps

CW mode

S A,=1.064 um
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LEXG designed for K-edge subtraction imaging for human

1 us

=

T.=10ns

angiography

Ims_<Ims_15-2ms
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|

i “

)

T=1pus

T=1pus

cell 2

&30Hz, 900WV, train

Pulsed operation mode

¢ length - 1ms, 103 pulses,
train energy - 30J.
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SUMMARY

1. Laser-Thomson X-ray generator is a feasible
source that meets the MP0O601 objectives.

2. Several projects exist in Europe and outside.
They are mainly based on present technologies.

3. When developed it promises an impact on
science, education, public health and secuirity...

12



10.

11.

12.

13.

14.

15.

E.l.BeccoHos, A.B.BuHorpagos, A.I.TypbsHCKMI. Jla3epHO-3MNEKTPOHHbLIN UCTOYHUK PEHTIEHOBCKOrO U3IyYeHUs Ona MeAULMHCKUX
npumeHenun, MTO, Ne5, ¢.142-148, 2002.

E.l".BeccoHoB, A.B.BuHorpagos, M.B.l'opGyHkoB, A.I".TypbaHckui, P.M.®ewwenko, HO.B.lLabanwvH, J1azepHO-3neKTPOHHbIA NCTOYHUK
PEHTIEHOBCKOr0 M3ryyYeHns ans MeguuuHCKnX npumeHexdnin, YOH, 1.173, Ne8, 2003, ¢.899-903, 2003.

E.G.Bessonov, R.M.Feshcyenko, M.V.Gorbunkov, A.V.Vinogradov, V.l.Shvedunov, Energy losses and efficiency of laser-electron X-ray
generator for medical applications, http://xxx.land.gov/abs/physics/0405003 , 2004.

P.M. ®euieHko, E.I'. Beccoros, M.B. FopbyHkos, A.B. BuHorpagos, B.U. LLiseayHos, MASEPHO-3JIEKTPOHHbIN TEHEPATOP
PEHTITEHOBCKOI'O U3NYYEHNA ONTA MEOVLUMNHCKOW OUATHOCTUKW, 6-a MexayHapogHasa HayvHas koHdepeHums SKOJTOMMNA
YENOBEKA U NMPUPOLA, Nnéc, 5-11 nona 2004, c6opHumk Te3ncos c. 255, 2005.

M.V. Gorbunkov, V.G. Tunkin, E.G. Bessonov, R.M. Fechtchenko, I.A. Artyukov, Yu.V. Shabalin, P.V. Kostryukov, Yu.Ya. Maslova,
A.V. Poseryaev, V.l. Shvedunov, A.V. Vinogradov, B.S. Ishkhanov, Proposal of a Compact Repetitive Dichromatic X-ray Generator with
Millisecond Duty Cycle for Medical Applications, "Soft X-ray Lasers and Applications VI", SPIE Vol. 5919, eds. Fill & Suckewer, 2005.

M.B. lopbyHkos, K0.A. Macnosa, A.M. Yekmapes, KO.B. lLabanuvH. MNposiBneHne HeNMHENHOW OUHAMUKA MPU reHepaumm 60bLLOoro
yncna MMKPOLIYroB yNbTPaKoOPOTKMX UMMYMbCOB C MOMOLLbIO na3epa, ynpaBnseMoro obpaTHom cBa3bio. KoHdepeHumns
«PyHOameHTanbHble U NpUKIagHble Npobnembl CoOBpeMeHHOM unankmy» (demuaoBckue uteHuns). Teanucol goknagos. ctp. 149, 2006.

J1a3epHO-3neKTPOHHbBIN reHepaTop peHTreHoBcKoro nanydexus. N.A. ApTiokoB, E.I.BeccoHoB, A.B.BuHorpagos, M.B."opOyHKoB,
A.B.3ybaBuuyc, b.C.NwxaHos, M.B.Koctptokos, K0.A.Macnosa, H.J1.lMonos, A.B.lMocepses, KO.J1.CnoBoxoTos, B.IM. TyHKMH,
KO.A.YcneHckun, P.M.®ewenko, HO.B.lLWabanuH, B.U.lLBeayHoB. MNpenpuHT HANAD MITY, 2006-7/806, 2006..

E.G.Bessonov, M.V. Gorbunkov, A.A.Mikhailichenko, Enhancedoptical cooling of ion beams for LHC, Proc. 2006 European Particle
accelerator Conference, June 26-30 2006. Edinburgh, Scotland, Electronic Journal of Instrumentation - 2006 JINST 1 P08005, 2006.

P.M. ®ewweHko, E.I. BeccoHos ,M.B. Nopb6yHkoB, A.B. BuHorpagos, B.W. LLIBegyHoB, J1azepHO-3MEKTPOHHBIV reHepaTop PEHTTEHOBCKOro
M3NydeHns ans meguumnHcKon anarHoctukn. KoHdepeHums «PyHaameHTanbHble U NpuknagHbie Npobnembl COBPEMEHHON hU3NKN»
(OemunpoBckme YTeHust). Tesunckbl goknagos, cTp. 51, 2006 r.

I.A. Artyukov, E.G. Bessonov, A.V. Vinogradov, M.V. Gorbunkov, Yu.Ya. Maslova, N.L. Popov, A.A. Postnov, Yu.A. Uspenski, R.M.
Feshchenko, Yu.V. Shabalin, Yu.L. Slovokhotov, Ya.V. Zubavichus, B.S. Ishkhanov, A.V. Poseryaev, V.l. Shvedunov, P.V. Kostrukov,
V.G. Tunkin. A project of laser electron X-ray generator for scientific applications. Springer Proc. in Physics 115, 10th International
Conference, August 20-25, 2006, Berlin, Germany, X-Ray Lasers, p.631, 2006.

M.V. Gorbunkov, Yu.Ya. Maslova, Yu.V. Shabalin, A.V. Vinogradov. Laser Physics Research Relevant to Laser-Electron X-Ray
Generator. Invited paper, Springer Proc. in Physics 115, 10th International Conference, August 20-25, 2006, Berlin, Germany, X-Ray
Lasers, p.619, 2006.

M.V. Gorbunkov, Yu.Ya. Maslova, V.A. Petukhov, M.A. Semenov, Yu.V. Shabalin, A.V. Vinogradov. Quasi CW mode, Regular and
Chaotic Dynamics in Picosecond Nd:YAG Laser with millisecond Pumping under Optoelectronic Feedback Control. Proceedings SPIE, V.
6731, 673112-1—67311Z-6, 2007.

M.A. ApTiokos, E.I". BeccoHos, A.B. BuHorpagos, M.B. NopbyHkoB, A.B.3ybaBunuyc, b.C.MwxaHos, I1.B. KocTtptokos, KO.A. Macnosa,
H.J1. Monos., A.B.lMocepsies, KO.J1.CnoBoxoTtos, B.I".TyHkuH, FKO.A. YcneHckun, P.M.®eweHko, HO.B.lLabanuH, B./. LLBeayHoB JlasepHo-
3MEKTPOHHbIN reHepaTop PEHTreHOBCKOro nanydeHus. NosepxHocTtb, Ne8, ctp. 3-11, 2007.

M. V. Gorbunkov, Y. Y. Maslova, and Y. V. Shabalinin. Development of a Laser Unit with a Time Structure Required by a Medical
Thomson X-Ray Generator in Nuclear Physics Methods and Accelerators in Biology and Medicine-2007, Editors: C. Granja, C. Leroy, I.
Stekl, AIP Conference Proceedings, Vol. 958, American Institute of Physics, New York, USA (2007) pp. 246-247, 2007.

M.V. Gorbunkov, Yu.Ya. Maslova, Yu.V. Shabalin, A.V. Vinogradov. Simulation of Regular and Chaotic Dynamics of a Picosecond Laser

with Optoelectronic Feedback, in WDS'07 Proceedings of Contributed Papers: Part Ill — Physics (eds. J. Safrankova and J. Pavlu),
Prague, Matfyzpress, pp. 140-144, 2007.

13


http://xxx.land.gov/abs/physics/0405003

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

M.B. l'opbyHkos, E.I. BeccoHoB, A.B. BuHorpagos, b.C. NwxaHos, IM1.B. KocTptokos, K0.A. Macnosa, B.I". TyHkuH, B./. LLiBegyHoB.
KoMnakTHbIN nepecTtpavBaeMbli reHepaTop PEHTFEHOBCKOro U3ryyYeHus ANg nccrnefoBaHnst CTPYKTYpbl MaTtepuanos v nsgenvid. Tpyabl
PCH3-2007, 12-17 Hos16ps1, MockBa, 2007, cTp. 592, 2007.

E.G. Bessonov, M.V. Gorbunkov, B.S. Ishkhanov, P.V. Kostryukov, Yu.Ya. Maslova, V.l. Shvedunov, V.G. Tunkin, A.V. Vinogradov.
Relativistic Thomson scattering in compact linacs and storage rings: a route to tunable laboratory-scale X-ray sources. Proceedings
MWTA-2007. Moscow, 15-19 October 2007. pp. 41, 2007.

E.G. Bessonov, M.V. Gorbunkov, Yu.Ya. Maslova, P.V. Kostryukov, V.G. Tunkin, B.S. Ishkhanov, V.l. Shvedunov, A.V. Vinogradov.
Relativistic Thomson scattering in compact linacs and storage rings: a route to quasi-monochromatic tunable laboratory-scale X-ray
sources. Proceedings SPIE, V. 6702, 6702E-1—6702E-9, 2007.

E.G. Bessonov, M.V. Gorbunkov, B.S. Ishkhanov, P.V. Kostryukov, Yu.Ya. Maslova, V.l. Shvedunov, V.G. Tunkin, and A.V. Vinogradov.
Laser-electron generator for X-ray applications in science and technology. Laser and Particle Beams, Vol. 26, No. 3, p.p.489-495, 2008.

M.V. Gorbunkov, Yu.Ya. Maslova, Yu.V. Shabalin. Period doubling and deterministic chaos in a picosecond laser controlled with a
combination of positive and negative optoelectronic feedbacks. Proc. ICQO 2008. September 20-23, 2008, Vilnius, p.p.6-7, 2008.
E.G. Bessonov, M.V. Gorbunkov, P.V. Kostryukov, Yu.Ya. Maslova, V.G. Tunkin, A.A. Postnov, A.A. Mikhailichenko, V.I. Shvedunov,
B.S. Ishkhanov, A.V. Vinogradov. Design study of compact Thomson X-ray sources for material and life sciences applications. 11th
International Conference on X-ray Lasers, Belfast, 17-22 August, 2008.

E.G. Bessonov, M.V. Gorbunkov, P.V. Kostryukov, Yu.Ya. Maslova, V.G. Tunkin, and A.V. Vinogradov. Design study of compact
Thomson X-ray sources for material and life sciences applications. Compton Sources for X/gamma Rays: Physics and Applications,
Sardinia, Italy, 7-12 September 2008.

M.V. Gorbunkov, Yu.Ya. Maslova, Yu.V. Shabalin. Period doubling and deterministic chaos in a picosecond laser controlled with a
combination of positive and negative optoelectronic feedbacks. XII International Conference on Quantum Optics and Quantum Information,
September 20-23, 2008, Vilnius, Lithuania, 2008.

M. V. Gorbunkov, Yu. Ya. Maslova, V. A. Petukhov, M. A. Semenov, Yu. V. Shabalin and A. V. Vinogradov. Submicrosecond regular and
chaotic nonlinear dynamics in a pulsed picosecond Nd:YAG laser with millisecond pumping. APPLIED OPTICS / Vol. 48, No. 12/ 20 April
2009, p.2267-2274, 2009.

M.V. Gorbunkov, Yu.Ya. Maslova, A.V. Vinogradov. Optical unit of Laser-Electron X-ray Generator designed for medical applications.
Nuclear Instruments and Methods in Physics Research A 608 (2009) S32-S35, 2009.

E.G. Bessonov, M.V. Gorbunkov, P.V. Kostryukov, Yu.Ya. Maslova, V.G. Tunkin, A.A. Postnov, A.A. Mikhailichenko, V.l. Shvedunov, B.S.
Ishkhanov and A.V. Vinogradov. Design study of compact Laser-Electron X-ray Generator for material and life sciences applications.
JINST 4 PO7017, 2009.

M.B. lopbyHkos, H0.A. Macnosa, FO.B. lHabanuH. Kackag yaBoeHun nepuoga 1 4eTepMUHUPOBAHHbIM Xaoc B nasepe ¢
CaMOCUHXPOHM3aLMen Mof 3a cHeT KOMOMHALMM MHEPLMOHHBIX OTPULLATENBHON M NONOXUTENBHON 06paTHbIX cBA3en. KpaTkme
coobuieHnsa no domsmke PUAH, Ne5, c. 39-48, 2009.

M.B. lopbyHkos, KO.A. Macnosa, B.A. lNeTtyxoB, M.A. CemeHos, 10.B. lLabanvH. NeHepauus perynapHon nocrneaoBaTenbHOCTU
MMKPOLIYrOB KOPOTKUX MMMYNbCOB C ANCKPETHO BapbupyeMbiM nepuoaom criefoBaHus. Kpatkmne coobuieHmns no gusnke PUAH, Ne9, c.
29-39, 2009.

E. G. Bessonov, M. V. Gorbunkov, P. V. Kostryukov, Yu. Ya. Maslova, V. G. Tunkin, A. A. Postnov, A. A. Mikhailichenko, V. I. Shvedunov,
B. S. Ishkhanov, A. V. Vinogradov, “Design study of compact Thomson X-ray sources for material and life sciences applications”, Springer
Proceedings in Physics, 130, X-ray Lasers 2008, pp. 521-535, Ciaran L.S.Lewis and Dave Riley, Springer, 2009.

A.V. Vinogradov, E.G. Bessonov, M.V. Gorbunkov, B.S. Ishkhanov, P.V. Kostryukov, Yu.Ya. Maslova, V.I. Shvedunov, V.G. Tunkin, “The
Project of Laser-Electron X-Ray Generator based on relativistic Thomson Scattering”. 2nd SCHOOL AND WORKSHOP ON X-RAY
MICRO AND NANOPROBES (XMNP 2009), June 14th to 22nd, 2009, Palinuro (Salerno - Italy), 2009.

14



31.

32.

33.

34.

35.

K.A. Bubnov, M.V. Gorbunkov, S.M. Kutuzov, Yu.Ya. Maslova, V.A. Petukhov, M.A. Semenov, Yu.V. Shabalin. Laser cavity round trip time
scale regular and chaotic nonlinear dynamics in a picosecond laser controlled with the combination of positive and negative optoelectronic
feedbacks. Proc. of SPIE Vol. 7993, 79930S-1--79930S-10, 2011.

A.V. Vinogradov, E.G. Bessonov, M.V. Gorbunkov, B.S. Ishkhanov, P.V. Kostryukov, Yu.Ya. Maslova, V.l. Shvedunov, V.G. Tunkin. The
project of laser-electron X-ray generator based on relativistic Thomson scattering. Proceedings of 9th Workshop Complex Systems of
Charged Particles and Their Interaction with Electromagnetic Radiation, p. 44, April 13-14, 2011, Moscow, Russia.

E.I". BeccoHoB, K.A. By6HoB, A.B. BuHorpagos, M.B. l'op6yHkos, 1.B. Koctptokos, KO.A. Macnosa, B.I'. TyHkuH, 1O.B. WabanuH, [.B.
AkoBnes. [MPOTOTMN ONTUYECKON CUCTEMBI Na3epHO-3NIEKTPOHHOIO UCTOYHUKA PEHTIEHOBCKOMO U3Iy4YeHUs AN MEAULNHCKMX
npumeHeHnn. CoopHUK TpyaoB MaTor Bcepoccuinckon WKonbl ANs CTYAEHTOB, acnMPaHTOB, MOMOAbIX YYEHbIX Y CNeuuanucToB no
nasepHon usnke n nasepHobiM TexHonoruam. r. Capos, 26 - 29 anpensa 2011 r.

BybHos K.A., FopbyHkoB M.B., Koctptokos I1.B., Macnosa KO0.A., TyHkuH B.I"., WabanuH HO.B., Akosnes [.B. PerynsipHasi BpemeHHas
CTPYKTypa nasepa, ynpaernsieMoro 0bICTpon oTpulatensHon obpaTHol cBA3bio ¢ 3aTyxaHuem. CoopHuk Tpyaos VII MexayHapogHoi
KOH(hepeHLMM MonoabiX y4eHbIx 1 cneumanucTtoB "Ontuka-2011". CankT-INeTepbypr, 17-21 okts6psa 2011 r./ Mopg pea. npod. B.I.
Becnanosa, npod. C.A. Kosnosa.— CIM6: HUWYUTMO, 2011. - T.1., c. 149-151.

BybHoB K.A., FopbyHkoB M.B., Koctptokos I1.B.*, Macnosa t0.A., TyHkuH B.I.*, lla6anuH FO.B., Akoenes [.B. l'eHepauusa Hanepe
3aaHHON PerynsipHo BPEMEHHOW CTPYKTYPbI U3MNy4YeHns B TBEPAOTENIbHOM fasepe, ynpaBnsemMoMm obpaTHbIMU CBA3SAMU C 3aTyXaHUEM.
Tpyab! 5-1 Bcepoccumnckon MonoaexXHom KoHdepeHLmMn « IHHOBaUWOHHbIE acnekTbl yHAaMeHTanbHbIX UCCrefoBaHMN MO akTyarnbHbIM
npobnemam cpuamkn». 14-16 Hos6ps 2011 r., c. 59.

15



Coherent reflection lensless imaging.
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