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Nuclear Photonics:

“This exciting field of study is being enabled by the development of ultra-

bright, tunable gamma-ray sources based on laser-Compton scattering and
by the establishment of international, laser user facilities with systems
capable of reaching highly-relativistic intensities and of enabling photo-
nuclear interactions”.

“The investment worldwide in technology and facilities of relevance to
nuclear photonics now exceeds several billion US dollars.”

Dr. Chris Barty, Lawrence Livermore National Laboratory, USA

Dr. Ryoichi Hajima, National Institutes for Quantum and Radiological Science and Technology, Japan
Prof. Norbert Pietralla, Technische Universitdt Darmstadt
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Nuclear
Photonics

California « October 16-21, 2016

Purpose Topics
Discussion of all aspects of » + Compton gamma-ray sources and related accelerator technologies

photon-based, nuclear science,
applications & related technologies,
i.e. Nuclear Photonics

Important Dates
On-line Registration Opens
May 2, 2016

Deadline for Abstract Submission
August 12,2016

Deadline for Early Registration
August 26, 2016

Deadline for Hotel Reservations
September 21, 2016

Venue
Monterey Plaza Hotel & Spa
www.montereyplazahotel.com

Ultrahigh intensity lasers and related optical technologies
Precision photo-nuclear spectroscopy
+  NRF-based, isotope-specific materials detection, assay and imaging
- Production and photo-excitation of isomers
Photo-fission and nuclear transmutation
+  Ultrarelativistic laser-matter interactions and QED effects
+  Production and characterization of rare isotopes
Photon-enabled nuclear cosmology

- Advances in gamma-ray monochromators, optics and detectors

+ Photon-based beams of positrons, neutrons, electrons, protons etc.
- Potential industrial, security, energy and medical applications

Conference Chairs

Dr. Christopher Barty, Lawrence Livermore National Laboratory, USA

Dr. Ryoichi Hajima, National Institutes for Quantum and Radiological Science and Technology, Japan
Prof. Norbert Pietralla, Technische Universitit Darmstadt, Germany

Program Chairs
Prof. Calvin Howell, Triangle Universities Nuclear Laboratory, USA
Prof. Markus Roth, Technische Universitit Darmstadt, Germany




Compton back scattering technique

Laser photons
1-1000 Wt, 1 um
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Compton back scattering

1963 — F.Arutunyan, V.Tumanyan. JETF 44 (1963) 6, 2100.
R.H.Milburn, Phys.Rev.Lett. 10 (1963) 3, 75

1964 — Moscow (Lebedev FIAN) — first experimental evidence

1976 - Frascati (LADONE - ADONE) — photonuclear physics

1984 - Novosibirsk Budker INP (ROKK - 1,2 — VEPP 3,4) nuclear fission
1988 — Brookhaven BNL (LEGS - NSLS)- meson photoproduction

1995 — Grenoble (GRAAL — ESRF )

1998 — Osaka (LEPS - Spring-8)

2000 — Duke (HIgS - ) low energy nuclear excitations

New history: FEMTOSECIND LASER DRIVEN GAMMA SOURCES
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Relativistic electromagnetic fields produced by femtosecond laser
Mourou G., Tajima T., Bulanov S.V. // Review of Modern Physics. 2006. V.78. P.309-371
« Time duration — to 1015 s (femtosecond)
 Wave packet length — to 10 um (10 wave lengths)
« Pulse energy -to 100 J, power - to 10'°> Wt (petawatt).
« Focus on radius of 10 um provides W = 102° Wt/cm?
« Electric field strength E = 1012 V/cm

« (For comparison: in the hidrogen field E = 10° V/cm., at mica breakdown - 10°
V/iem
« Uranium field E = 10"" V/cm, with relativistic compression — up to 102 v/cm ) .

. At E ~10"" V/cm, respectively W ~10"8 Bt/cm? (L =1 um) electron is
accelerated to relativistic velosity being closed to the light one. Therefore
such field is defined as the relativistic one .

. Nevertheless, direct photonuclear reactions (nuclear excitations) are
forbidden.



Quasi-monoenergetic and tunable X-rays from a laser-driven Compton light source N. D. Powers, .
Ghebregziabher, G. Golovin, C. Liu, S. Chen, S. Banerjee, J. Zhang and D. P. Umstadter* Nature
photonics letters ( Nov. 2013 ) p.1-4.
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Photon density (photons MeV~1 x 107)

1) 1022 ph/s/mm?mrad?/0.1% bandwidth, 10 mrad, collimation of 4.5 mrad

X-ray phase contrast imaging of biological specimens with femtosecond pulses of betatron radiation from a compact
laser plasma wakefield accelerator . S. Kneip, C. McGuffey, F. Dollar, M. S. Bloom, V. Chvykov et al. Appl. Phys. Lett.
99, 093701 (2011)

2) 3 x 108 photons s*' mm-2 mrad-2 (per 0.1% bandwidth), 5-15 mrad. Quasi-monoenergetic and
tunable X-rays from a laser-driven Compton light source N. D. Powers, I. Ghebregziabher, G. Golovin, C. Liu, S. Chen,
S. Banerjee, J. Zhang and D. P. Umstadter* Nature photonics letters ( Nov. 2013 ) p.1-4.
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ELI-NP Gamma Beam System

Goal : building of the

Gamma Beam System in the world

Solution : a collider based on the most advanced components: electron

accelerator and lasers

EuroGammas Consortium

Istituto Nazionale di Fisica Nucleare, INFN Italy, CNRS France,Research Institutes

and HighTech Companies from 8 Countries
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ELI-NP Scientific Program and Instruments
TDR’s for Experiments completed and published

Experiments with High Power Laser System >30 MoU’s and
International Working groups about 20 research
- Laser-driven nuclear physics 3 international workshops in contracts with major

2013-2014 and 2015 Laser and NP labs

(more than 150 part) and Institutions (EU
and Worldwide)

-High-field QED experiments

-Materials in extreme environments for energy,
accelerators and space applications

ROMANIAN

-Monitoring and control systems for experiments ":EPORTS

Experiments with Gamma Beam System ’ FRYSICS
-Nuclear resonance fluorescence experiments
-Gamma above neutron threshold

-Photo-fission experiments

-Charged-particle detection

-Positron production by gamma beam
-Gamma-beam industrial applications
-Radioisotopes production for medical applications

-Gamma-beam delivery and diagnostics ht tp IAWWW rrp infim

Combined laser-gamma experiments

[FRE T iy T Vi

Svdney Gales ELI-NP Nuclear Physics Long Range Plan 2017-Darmstadt Jan 11-13



Laser Driven Nuclear Physics

The Pressure of
Light?

| = 10% w/cm?

10 millions Eiffel

Towers

on the tip of your ingk

= field ~ TV/m
" E, ~ Ten’s of GeV
" E,,, <150 MeV/u
= charge ~ 10’s of pC
= DE/E ~ 1-2% ()
~ 10-20% (ion)
= ¢~10° mm mrad
Electrons are expelled from the target due to the chock wave induced by the
powerful laser .Heavy ions are accelerated in the field created by the electrons

Bunches of e- and ions at solid state densities 1024 e/cm?



Topics

Compton gamma-ray sources and related accelerator technologies
Ultrahigh intensity lasers and related optical technologies

Precision photo-nuclear spectroscopy

NRF-based, isotope-specific materials detection, assay and imaging
Production and photoexcitation of 1somers

Photo-fission and nuclear transmutation

Ultrarelativistic laser-matter interactions and QED effects
Production and characterization of rare isotopes

Photon-enabled nuclear cosmology

Advances in gamma-ray monochromators, optics and detectors
Photon-based beams of electrons, positrons, neutrons etc.
Potential industrial, security, energy and medical applications




Nuclear
Photonics

Monterey California

Program sessions:

- ELI-NP Gamma-Ray Facility and Research Program

- Ultrahigh Intensity Lasers & Nuclear Physics

A. Sergeev. Institute for Applied PhysicsRussia High-brilliance gamma ray sources enabled by Exawatt-scale
Lasers,

SLAC National Accelerator Laboratory, Naval Research Laboratory Rice University.

- Accelerator--[Jbased Compton Sources, Triangle Universities Nuclear Laboratory
V.itvinenko, Stony Brook University High Flux Compton Gamma-ray Sources above 100 MeV.

- Photo--Cinuclear Physics,

- TU Universitat Darmstadt University, Photonuclear spectroscopy of discrete quantum states: basic principles,
opportunities, and limitations .

- GWU Exploring Polarizabilities with the MAMI A2 Tagged Photon Beam

- Triangle Universities , Duke. Nucleon Structure Measurements at HIGS

- University of Cologne , Origin of Dipole Strength in Atomic Nuclei

- Max Planck Institute , Nuclear excitations on the keV and MeV energy scale.



3agaum: VIcTouHUK aHTMBeLLeCTBa:
Lawrence Livermore National Laboratory (LLNL)

Mbl BCTYNUN B HOBYIO 3pYy, -- NULIET (PU3MK U3
LLNL Nurep Benepcoopdep (Peter Beiersdorfer).
— Mbl ceryac MOXeM CMOTPETb Ha aHTMBELLECTBO,
MOYTU Kak ecnu Bbl OHO feXxano y Hac_Ha NaaoHW.
Ham kaxeTcs, 4To crneacTBMeM Hawen paboTbl
CTaHeT CTPOMTENLCTBO LIENoro LeHTpa .

Mo MccneaoBaHUIO aHTUBELLECTBA, KOTopbI ByaeT
ncnonb3oBaTh Nnasep kak pabpurky no
NPOV3BOACTBY AELLEBON aHTUMATEPUN». YXKe
cenyac, No MHeHUIo uccnegosarersen,
BO3MOXHOCTb Mosy4yeHuns 60sIbLLIOro KonmyecTea
NO3UTPOHOB B MarieHbkux nabopatopusx
OTKpbIBaeT HOBblE BO3MOXHOCTWN 151 CaMblIX
pasHbIX NCCNEeAOBaHUN N OTKPbITUMN.

MoHATNA «ManeHbkas» n «aeleBas» y (PU3nKos,
KCTaTu, BeCbMa crieundunyeckue. B akCnepmumeHTe
ncnonb3oBanachk He Kakas-Hnbyab nasepHag
Kaska, a UMNyJibCHbIN NneTaBaiTHbIN Nasep TITAN
iilneTa — 1015, To eCTb MUINAINOH MUNNIMAPAOB).
a3epHbl KOMMITEKC 3aHUMAaeT HECKOSbKO KOMHaT
n ctout bonee $10 MnH. A MOLLHOCTb ero
nmnynbca B 6onee Yyem ThbiCAYY pa3 NPeBOCXOANT
MOLHOCTb 3J1IEKTPO3HEPrnUKn, NPOM3BOANMON BCEMU
anekTpoctaHumamu CLUA. OgHako psgom ¢
TPaaULMOHHBIMWU YCKOPUTENSMN, B_KOTOPbLIX cenvac
MaCCOBO MOMy4aloT NO3NTPOHbI, TITAN
AEeNCTBUTENBbHO BbIrMSANT KpoLlkon. Hanpumep,
ANUHA_ OCHOBHOrO KosbLa bonbLuoro agpoHHOro
Konnanzepa, KOTopbI Y BCEX Ha CIyXy, — OKoso 27
KM, @ 0bLLIasi CTOMMOCTB 3TOro npoekTa npeBblaeT

8 mnpa.

1 KynoH = 1.6 * 10'% no3antpoHoB



3agauu:

AN EXPERIMENT TO SEARCH
FOR MIRROR DARK MATTER

0-Ps -> invisible mode P.Crivelli et al. “A new exp. to search for mirror
dark matter”, arXiv:1005.4802.v4[hep-ex]
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Nuclear reactions in Plasma
(using Laser)

GiiaR Neutron beam
0.2-3.2um directed

® Interesting for astrephysies of light
element hueleesynthesis (bare nuclel
reactions as in stars)

¢ nucleesynthesis ef heavy element
3.

p+0'+== - —
beam \ " & lifetime changes (of lsemer?) [n the
plasmea and Inverse eclectron capture

Neutronbeam4rt

p an d beams Ph | .
created by LASER otonuclear neutron generation

(. Pomerantz)



Femtosecond laser facility at ILC MSU

Reaction chamber

Wave length 800 nm,
Impulse length 50 fc,
Frequency 10 Hz,
Pulse energy 50 mJ,
Focus diameter 4 um.

Beam intensity on the target 10'° W/cm?2,
being equivalent to the electron
quasi-temperature of ~1 MaB.

MapannenbHo Ha J1Y9-8 UAN PAH:
Tok anekTpoHoB - 40 MKA,
[AnnTenbHOCTbL MNyrbeca -

UacTtota nostopeHuns 50 'y



UccnepoBaHue peakuum D(y, nN)H B6M3n nopora c ucnosib3oBaHUEM MOLLHOIo
¢hemMTOCEKYHAHOrO nnasepHoro usny4vyenusa, A®d, B neyatun

N.H.Ubimbanos, P.B.Bonkos, H.B.EpemuH, K.A.MBaHoB, B.I' . Hegopesos, A.llacxanos,
AJ1.NonoHckun, A.b.Casenses, H.M.Cobonesckui , A A TypuHre, C.A.LLUynsnos

10

. 140 cm

0]0]0]®
=

Cxema yctaHoBKU: 1 — BakyyMHasa kamepa, 2 — Ny4yok oT nasepa, 3 — MuLleHb (nrieHka n3a
mMannapa tonwmHon 200 MKM Ha BONbpaMoBON NacTUHE TOSMLWNHON 2 MM) , 4 — KOHTENHEpP C
Tspkenom sogom (0,5 n) anametpom 20 MM, 5 — NNCT 13 CBMHLA TONLWMHON 8 MM, 6 —
3ameanurens U3 NonuaTureHa TonWmnHom 5 MM, 7 — HeUTPOHHble cyeTumnkn CHM-18 (10 wT), 8 —
nncT n3 cenHua (8 mm) n Bonbdgpama (6 mm), 9 — kKonnumaTop 13 ceuHUa anameTpom 150 mm,
TonwuHon 50 MM c oTBepcTnem (aunameTp 3 mm), 10 — geTekTop ramMmma-KBaHTOB



Cnekmp 2amma-keaHmos Ha W muweHu ¢ nnéHkou u3 madnapa,
crisiowHas Kpusasi - ¢ ucriosis3oeaHuem Nd:YAG nasepa,
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Criesa riokasaH cuzaHarsl ¢ HelimpoHHbIX cHemyukoe CHM-18

6e3 obpabomku, cripasa — riocrie puribmpauuu.
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BpemeHHoe pacripederieHuUe 3amMedrnsrouuxcs HelimpoHOSs:
pe3yribmam uamepeHul u mooesnuposaHus ro rpoepamme LOENT

(Low Energy Neutron Transport)
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[ eHepauna HENTPOHOB
Tekylwime 3agayn

o OPPEKTNBHOCTb perncrTpauum TensoBbiX HENTPOHOB B
ra3oBbIX CYETUMKaX B YCNOBUAX MOLLHOIO Nna3epHoro
nmnyrnbca. Bpemsa sameaneHus.

e CUMHTUNNAUMOHHLIN CMEKTPOMETP HENTPOHOB.
Perncrtpauma HEUMTPOHOB B MOMEHT UMMYyIbca C
bonbLIon 3PdHEKTUBHOCTLIO.

« 3anasgblBaloLLne HEUTPOHbI OT AAep — aKTUHWUOOB..
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BO3BY>XOIEHVE N3OMEPHbBIX COCTOAHUN 111mCd, 113m|n  115m|n
®OTOHAMW C SHEPITMEW 0O 7.5 MaB
© 2016 r. B. . Hepope3sos, E. C. KoHobeesckun, C. B. 3yes,
A. J1. TTonoHckun, A. A. TypuHre, AP , B neyaTw.

N- 103, OTH.EII.

nys-8 "4 PAH

MeToanyeckune npobnemsi:

3aBMCUMOCTb BKMaga MHOMOKpaTHOro
paccesiHUA NPU 3HEPIrn ANIEKTPOHOB 8
MaB ot TonwmHbl W muwienn: ¢ — 0.5
MM, m—1 MM, A —2 MM, ® —3 MM, m —
4 mm. Mo ocun abcunce — KpaTHOCTb

paccesus. (GEANT-4)




MeTon HaBegeHHOU aKTUBHOCTU
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Cd-1111/2+  Cd-111m11/2 -

In113 9/2+ In113™ 1/2 —

In-115 9/2+ InN115m 1/2-
Eeff _ Z(Di(Ee’E"i/)'EYi
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(.TpElLlI/IH
Wiey 211914 0.099 5.4 12:8 & 2 4.53 6.5
B1n 43400 0.116 5.4 26.7+3 2.44 9.3
1 593087 0.076 5.4 24543 73.0 12.8

N30MepHbIe OTHOLIEHUS JJIs PEakLnii ¢ BO30Y X AECHUEM BBICOKOCIIMHOBBIX H30MEPOB (COCTOSIHUM C
OOJBIION pa3HULIEH CIIMHOB) YYBCTBUTENbHBI K BHOCUMOMY B SIIpO yTII0BOMY MOMEHTY. Ilepexon B
¢oronornomenuu ot E1 k E2 nomken npuBOAUTH K BO3pacTaHUIO M30MEPHOTO OTHOILIECHUS JJIs P

3o0510Ta ipuMepHo ~10 pa3. s nerkux siaep JaHHbIE OTCYTCTBYIOT. TeopeTndeckux padoT MpaKTHIECKU
HeT.



doToaaepHble peakunn BONM3m nopora

[Turmmn-pe3oHaHc
[C.MN.Kameppxnes (2014) cemnHap HUNAD MITY]

1.HoBasa (?) domnsmka B obrnacTtm sHeprmum
FiaeE:
1.1 N3ockanapHasa npupoga NAP
1.2 M1,E2 (PQR),M2 ,twist,ToponganbHbie
N KOMMNpeccuoHHble E1moabl )

1.3 HoBble aapa(Mo, nedopmMmupoBaHHbIe
anpa-"HOXHUYHbIE” Moabl)
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Fig. 18. Pygmy dipole strength distribution dB(E 1) /dE obtained for unstable Sn and Sb isotopes [64] with odd-neutron number (upper row ) and with even-
neutron number {bottcom row). The solid lines show results for *°-325n from the RQRPA calculation with a particular choice of the DD-ME interaction [ 151].
Source: Reprinted figure with permission from [64).

© 2007, by the American Physical Sociery.



doToaaepHble peakumn BONMN3u nopora
Tekylwime 3agayn

« CeueHuna Bo30YyXaeHUS BbICOKOCNMHOBLIX N30MEPOB
.Bknag nepexonoB C BLICOKOWU MYINbTUMOMNbHOCTLIO.

« KonnektuBHble BO3OYXAeHUA saep BONM3n nopora.
[Turmn — pesoHaHchl B (y, v) 1 (y,n) peakumnsax

« 3anasgblBaloLne HENTPOHbI OT A4ep — aKTUHUAOOB..



ccnepgoBaHue reHepaLumm no3nTpoHOB Mo AeNCTBUEM
heMToCceKyHOHbIX Nna3epHbIX UMMYIbCOB.

3agaum:

NMOUCK POXAEeHUA e+e- nap B BaKkyyme

NMouck 3epkanbHOU TEMHOU MaTepumn

UcTOoYHUK aHTUBeLlecTBa

UHXXeKUMOHHbLIN KoMnnekc: «dadbpuka» no3mtpoHoB UAD, HoBocnbupck
NMo3unTpoHHas cnekTpockonua u Tomorpadus

AkcnepuMeHTanbHble AaHHbIE MO MOUCKY POXAeHUs e+e- nap B BaKyyme
OTCYTCTBYIOT. TeopeTudyeckne paboTbl NPeacKkasbiBaloT HEAOCTMKMMbIE Ha
CEroAHALLHUIA IeHb HaNPsXKEHHOCTUN 3NEKTPUYECKOro nons, TpedyoLine MOLLHOCTU
nasepa nopsigka 10%° Bt/cm? (cm., Hanpumep, H. B. HapoxHbin, A. M. ®enoTos.

KBaHTOBO-3MeKTpogMHaMUYECKNE Kackadbl B MHTEHCUBHOM na3epHom none, YOH
(2015) , 185. 103

Ha BcTpeyHbIx NasepHbiX NyyYkax 40CTaToOYHO MOLLHOCTY nasepa nopsaka
1026 B1/cm?



JlntepatypHble gaHHble No KoapduumeHTam KOHBEPCUKn
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PaboTbl Ha YCKOPUTENSIX NO N3YYEHUIO KOHBEPCUN INTIEKTPOHOB B MO3UTPOHLI ObInn

aHee npoBeneHbl B0 ®paHumn B Cakre (M.Bernardiny e.a. Rag;inort EA 2212
% 964) n AN PAH (J1.3.xunnaesH , Kp.coobweHna ®UNAH, 8, 37 (1979)) npu
9Heprnax anekTpoHoB Bbiwe 10 MaB.CrieBa — cnekTp No3nTpoHoB, 06pasyoLmxcd
NpU KOHBEPCUM INEKTPOHOB ¢ aHeprnen 9,3 MaB. Cnpasa — 3aBUCUMOCTb
KO9(pdUMUMEHTA KOHBEPCUM OT IHEPTUM BNEKTPOHOB. [lpyrnx agaHHbIX Npu 6onee
HU3KUX SHEPTUSX INTIEKTPOHOB HET.
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Yanoebie pacripedesieHUs1 a5rieKmpoHO8 U rno3umpoHOo8
u3 8osibgbpamosou muweHu mosnuwiuHou 0.8 mm.
MooenuposaHue o npoepamme GEANT-4
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MarHUTHbIN CNEKTPOMETP AN AETEKTUPOBAHUSA SNEKTPOHOB U
NO3UTPOHOB B 3KCNEPUMEHTaxX Ha (beMTOCEKYHAHOM nasepe

A.B. Pycakos, K.A. Uanos, H.A. bopucos, 1.H. I{pim6anos, /[.A. ['opnosa, A.M. Jlanuk, A.C. JlapbkuH,
B.IL. Jlucun, .M. Mopasunues, A.H. Mymikapenkos, B.I'. Hegope3os,
AL Tlononckuit, A.b. CaBenbeB-Tpodumos, A.A. Typunre, [1TD, B neuaru.

Cxema akcriepumeHma:

1 - saKkyyMHasi kamepa,

2 — r1a3epHoe u3riy4yeHue,

3 —napabonu4yeckoe 3epKaro,

4 — macHuUm,

5 — kamepa criekmpomempa,

6 — demekmupyroujas JIUHelKa,
7 — ceuHyoesas 3awuma om
pPEeHmaeHa ¢ KosraumMmamopom Orisi
3/71eKMPOHO8,

8 — UHOYKUUOHHbIU O0am4uk
mokKa 3J1eKmpPoHOe,

9 — MUWEHSb.




IaMepeHHbIN CNEKTP 3JIEKTPOHOB
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MopenupoBaHne MarHUTHOW CUCTEMDI:
muHaMmyeckn nuamas3od: 1 — 10 M»>B
9HUCJIO 9aCTUll B UMITYJIBCC B HAIIPABJIICHUHW MarauTa IoCJjac KOJUIMMallun — 104/ CCK
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JeTexTop 1715 31eKTPOHHO-NIO3HTPOHHOI0 MATHHTHOTO CNIEKTPOMeETpa
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Puc. 1. [lerexrop Ha 8 s/eMeHTOB (YCTAHOBIEH OMH) ¢ nnaraMu yeuiuteneil. Yeprés OCHOBHOMN mnatel ¢
pasmepamii. JleTekTop pacnonaracTca B 3alIMTE W3 CBHHIA ¢ BHEIHHMHA pazmepamu 100 = 100 = 60 mm



Puc.2. DneMenT nerekropa:
I) kpemunessie @Y MicroSC-30035 kopnye X 13 npouasoacrea SensL, 2) nnacruku runa BC-404
npoussoacTea Bicron Saint Gobain Industrial Ceramics, Inc. 0.5mMM

Haroroeneno;

1) [nare HecyuHe ¢ yCHIHTENAMH 110 16 mT. 6 KOMINJEKTOR
2) bytepusie Moaynn

3) Kabenmn,
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Puc. 3. Ilpeanonaracman Gnok-cxemMa YCTAHOBKH Ha nepBoM sTane 6e3 BakyyMa, IeTEKTOp MEKTPOHOB
BILTOTHYIO K OKHY KaMephl.




Synchrotron radiation at storage rings
Brightness and total intensity
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X-Ray imaging: Three color optics

Medical Applications of Synchrotron Radiation / Eds M. Ando, C. Uyama. Tokyo, 1998

Simultaneously:

Absorption (Ab)
Refraction (An - “Dark field”)
Phase contrast (P1,P2),

S — splitter
MI, MIl — mirrors

An P1 P2 Ab



M.Ando e.a. Crystal analyser-based X-ray phase contrast imaging in the dark field:
implementation and evaluation using excised tissue specimens
European Radiology (2013) ISSN 0938-7994

A

Synchrotron
Radiation
source

6]

CccD
camera

Lo

Objectives: the soft tissue discrimination capability of X-ray dark- e
field imaging (XDFI) using a variety of human tissue
specimens.

Methods: The experimental setup for XDFI comprises an X-ray
source, an asymmetrically cut Bragg-type monochromator- B
collimator (MC), a Laue-case angle analyser (LAA) and a CCD O 0 R R A
camera. The specimen is placed between the MC and the o ™~ P e
LAA. For the light source, we used the beamline BL14C on a " P e
2.5-GeV storage ring in the KEK Photon Factory, a5 ; L
Tsukuba,Japan. - [

Results: In the eye specimen, phase contrast images from XDFI 05 yrog e h wa
were able to discriminate soft-tissue structures, such as the o ;
iris, separated by aqueous humour on both sides, which have 0ad o | A F
nearly eque}l a%sorgtion. Supericcj)rityr?f )((jDFI in ién?ging soft 02 ] 170007 7Y ;
tissue was further demonstrated with a diseased iliac artery o1 Diffraction |
containing atherosclerotic plaque and breast samples with 00 ———/ ¥ &
benign and malignant tumours. XDFI on breast tumours e o o ™ B S
discriminated between the normal and diseased terminal i 9 -Je Livesid)
dictlobular unit and between invasive and in-situ cancer. BT

Conclusions: X-ray phase, as detected by XDFI, has superior

contrast over absorption for soft tissue processes such as
atherosclerotic plaque and breast cance

Ty

T

06 1F0(8,)

Intensity

04 -

-

I

e P s

B

S st S




K.M.Podurets, D.K.Pogorelyi, A.A.Manushkin, V.G.Nedorezov, V.A.Somenkov, S.A.Shchetinkin,
N.K.Kononov and A.P.Kuvardina, Experiments on Refraction Imaging of Biological Objects at the
Kurchatov Synchrotron Radiation Source,

Crystallography Reports Vol. 49, Suppl. 1, 2004 p.50-54 ) .
YrnoBoe OTKIMOHEeHne Ny4yKka Ha
rpaHnLe BO3oyX—OObLEKT B

NPUBNMKEHNN reOMEeTPUYECKON
OMNTUKM :

oa = (1 — n)-ctga
3ameHeHne koadhpuumeHTa
NpefioMsIEHNA Ha rpaHuLe

OpraHquCKOVI TKaHWM C BO3QYXOM.

(1—-n)=1.510-6)2




X-ray phase contrast imaging of biological specimens with femtosecond pulses of
betatron radiation from a compact laser plasma wakefield (kunbBaTep) accelerator
S. Kneip, C. McGuffey, F. Dollar, M. S. Bloom, V. Chvykov et al.

Appl. Phys. Lett. 99, 093701 (2011)

« X-ray absorption contrast
image of
* a- an orange tetra fish
* b- adamselfly ;
* [U=2,79 m] Ltrans = = )
S 27wy,

« Xx-ray phase ontrast imagy. .

 C- adamselfly

« d- ayellow jacket.

« [Uu=0,44m]L;,s - 10 um

* Images are taken with betatron
radiation from a laser wakefield

accelerator. The spectrum is
synchrotron like with E_;; * 10 keV.

« The phase contrast images are taken
in a single shot 30 fs exposure.




3aknyeHume

ApnepHas poTOHUKA — HOBOE Hay4YHOE HarnpaBrieHMUe Unu
TpagnumMoHHble OTOSAEPHbIE NCCedoBaHNSA MPU HU3KUX SHEPTUSIX
B6nn3n nopora ?

Ectb nn npenmMmywectBa HOBbIX METOAOB, OCHOBAHHbIX Ha
NCMNOoJ1Ib30BaHNA CbeMTOCeKyH,EI,HbIX Nnma3eponB, Mo CpaBHEHNIKO C
TpaaAMUMNOHHBbIMU YCKOPUTESJIbHBIMI 3KCNEPUNMEHTaAMU ?

3Hepr1/1$[ IIy4Ka, MOHOXpPOMATUIHOCTh, MHTCHCUBHOCTb, DMHUTTAHC, CKBA)KHOCTb, CTOUMOCTbD.

MeTon 06paTHOTO KOMIITOHOBCKOT'O PACCESHUSI HA HAKOTHUTEIIAX JIEKTPOHOB C JJIMHHOBOJIHOBBIMH
Jazepami.

®da30BbIil KOHTPACT PEHTTE€HOBCKUX U300paKEHUIA.

BonbLUMHCTBO NMPUKNaAHbIX 3a4a4y MOXHO peluaTb TPaaULNOHHBIMU
MEeTOJaMMN Ha TOPMO3HbIX My4YKax Kak Ha YCKOPUTENbHbIX, TaK U Ha
rlas3epHbIX YCTaHOBKax, B TOM Yucne npobnemy saepHomn
Be3onacHOCTM 1 HepacnpoCcTpaHeHNs SaepHbIX MaTepuarnos.



	Nuclear photonics��� 
	Новые гамма пучки �на основе фемтосекундных лазеров
	Nuclear Photonics:
	Ядерная фотоника: перспективы (2014)
	Compton back scattering technique
	Compton back scattering �1963 – F.Arutunyan, V.Tumanyan. JETF 44 (1963) 6, 2100.�            R.H.Milburn, Phys.Rev.Lett. 10 (1
	Спектр и поляризация гамма пучка
	  Relativistic electromagnetic fields produced by femtosecond laser�Mourou G., Tajima T., Bulanov S.V. // Review of Modern P
	Quasi-monoenergetic and tunable X-rays from a laser-driven Compton light source N. D. Powers, I. Ghebregziabher, G. Golovin, C
	1)  1022 ph/s/mm2/mrad2/0.1% bandwidth, 10 mrad, collimation of 4.5 mrad �X-ray phase contrast imaging of biological specimens
	10PW, is 10000 times the world grid power �(10-15 secondes)
	Задачи: Источник антивещества: �Lawrence Livermore National Laboratory (LLNL)�
	Задачи:
	Femtosecond laser facility at ILC MSU�Reaction chamber  
	Исследование реакции D(g, n)H вблизи порога c использованием мощного фемтосекундного лазерного излучения,   ЯФ, в печати� �� И
	Спектр гамма-квантов на W мишени с плёнкой из майлара, �сплошная кривая - с использованием Nd:YAG лазера, �пунктир – без него 
	Слева показан сигнал с нейтронных счетчиков СНМ-18�без обработки,  справа – после фильтрации. 
	Временное распределение замедляющихся нейтронов:  результат измерений и моделирования по программе LOENT (Low Energy Neutron T
	Сечение фоторасщепления дейтрона sgn в сравнении с литературными данными. Yn (Ee, Eg) = ∫ sgn (Eg) Nd Ng en 
	Генерация нейтронов �Текущие задачи 
	ВОЗБУЖДЕНИЕ ИЗОМЕРНЫХ СОСТОЯНИЙ  111mCd, 113mIn, 115mIn �ФОТОНАМИ С ЭНЕРГИЕЙ ДО 7.5 МэВ�© 2016 г. В. Г. Недорезов, Е. С. Коноб
	Метод наведенной активности 
	Cd-111 1/2+      Cd-111m 11/2 -��In113 9/2+        In113m  1/2 – �In-115 9/2+           In115m 1/2- 
	Фотоядерные реакции вблизи порога�Пигми-резонанс �  [С.П.Камерджиев  (2014) семинар НИИЯФ МГУ]
	Фотоядерные реакции вблизи порога �Текущие задачи 
	Исследование генерации позитронов под действием фемтосекундных лазерных импульсов.
	Литературные данные по коэффициентам конверсии 
	Энергетические распределения электронов и позитронов �из вольфрамовой мишени толщиной 0.8 мм.�Моделирование по программе GEANT
	Угловые распределения электронов и позитронов �из вольфрамовой мишени толщиной 0.8 мм.� Моделирование по программе GEANT-4
	Магнитный спектрометр для детектирования электронов и позитронов в экспериментах на фемтосекундном лазере��А.В. Русаков, К.А. 
	Измеренный спектр электронов
	Моделирование магнитной системы:�динамический диапазон: 1 – 10 МэВ�число частиц в импульсе в направлении магнита после коллима
	X-Ray imaging: Three color optics� Medical Applications of Synchrotron Radiation / Eds M. Ando, C. Uyama. Tokyo, 1998
	M.Ando e.a. Crystal analyser-based X-ray phase contrast imaging in the dark field: implementation and evaluation using excised
	K.M.Podurets, D.K.Pogorelyi, A.A.Manushkin, V.G.Nedorezov, V.A.Somenkov, S.A.Shchetinkin, N.K.Kononov and A.P.Kuvardina, Exp
	X-ray phase contrast imaging of biological specimens with femtosecond pulses of �betatron radiation from a compact laser plasm
	Заключение

