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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 Universitit Darmstadt
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Purpose

Discussion of all aspects of
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

Nuclear
Photonics

+ 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 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
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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 10*® 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 = 10%° Wt/cm?

« Electric field strength E = 10'? V/cm

« (For comparison: in the hidrogen field E = 10°VV/cm., at mica breakdown - 10°
V/em
« Uranium field E = 10! V/cm, with relativistic compression —up to 10?2 v/cm) .

. At E ~10'! V/cm, respectively W ~108Bt/cmM?> (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, 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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Photon density (photons MeV 1 x 107)

1) 1022 ph/s/mmZmrad?2/0.1% 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 1018 photons s’ mm-2 mrad-? (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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Low energy IP
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12 C-Band structures
Energy (MeV) 0.2-195 10
o newSubaru LADON JS
Bandwidth rms (%) <0.5% o . .
photons/sec within FWHM bdw. < 8.3-108 < AIST
© . goxmm
z LEPS
. = GRAAL g
Source rms size (mm) 10-30 @ 1f e
g . . ELI-NF
Linear polarization (%) > 99 i ELI-NP
Macro rep. rate (Hz) 100
# pulses per macro pulse 32 o s a® a0 A5 4 qpd
i Number of photons/s after collimator
Pulse-to—pulse separation (nsec) 16

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



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 3international workshops in ma‘?grntl_r::: ::;:EthP
2013-2014 and 2015 J

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

-Materials in extreme environments for energy, Worldwide)

-High-field QED experiments

accelerators and space applications
ROMANIAN

-Monitoring and control systems for experiments ":'EPORTS

Experiments with Gamma Beam System PHYSICS
-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

http://www.rrp.infim.
Combined laser-gamma experiments

Fe e b RN

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



Laser Driven Nuclear Physics

The Pressure of — i ”
Light? grid power

| =10% w/icm? 0> secondes)
10 millions Eiffel To , o

on the tip of your fiRge

= field ~ TV/m
= E, ~ Ten’s of GeV
" E;,, <150 MeV/u
= charge ~ 10’s of pC
= DE/E ~ 1-2% (e’)
~ 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?3



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

- Photo--nuclear 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.



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 101° W/cm?,
being equivalent to the electron
guasi-temperature of ~1 MaB.

MapannensHo Ha J1Y3-8 UAU PAH:
Tok anekTpoHoB - 40 MKA,
OnnTenbHOCTb UMMysbeca -

UacTtota nostopeHus 50 'y



Uccaenosanue peakuuu D(y, n)H BO1M31 nopora C MCnoJib30BaHueM MOLIHOIO (PeMTOCEKYH/AHOT 0
JaszepHoro uzaydenusi, SId, 80 (2017) 3, 1-5

N.H.I{pmm6anos, P.B.Bonkog, H.B.Epemun, K.A.lBanos, B.I".Henopezos, A.Ilacxanos, A.JI.ITonouckwuid,
A.b.CaBenbseB, H.M.CoboneBcknii , A.A. Typunre, C.A.lllynsamos
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Cxema yctaHoBKU: 1 — BakyymMHasa kamepa, 2 — Ny4oK OT fnasepa, 3 — MULeHb (NnfieHka uns
mMannapa TonwmHon 200 MKM Ha BONb(pPamMoBOM MnacTUHE TONWMHON 2 MM) , 4 — KOHTENHeEpP C
Tshkenown sogon (0,5 i) anameTtpom 20 MM, 5 — NNCT N3 CBMHLA TOSLLMHON 8 MM, 6 —
3ameasiTesib U3 NonnaTUIeHa ToNWuHOM 5 MM, 7 — HeUTPOHHbIe cHeTuYnkn CHM-18 (10 w), 8 —
nucT n3 cenHua (8 mm) n Bonbdgpama (6 mm), 9 — konnumaTop 13 cemHUa anameTpom 150 mm,
TonwuHon 50 mm c otBepcTnem (anameTp 3 mm), 10 — geTekTop ramma-KBaHTOB



Cnekmp 2amma-keaHmoe Ha W muweHu ¢ nnéHkou u3 maunapa,
crisiowHas Kpusas - ¢ ucrionis3oeaHuem Nd:YAG nasepa,
NyHKTUP — 6e3 Hero

100 C npeapivnynbcom 1=2000+-200 kB
E - - - - Bes npegbiMnynbca 1=250+- 50 kaB
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Criega rokasaH cuaHarl ¢ HelmpoHHbIx cHem4yukoe CHM-18

b6e3 obpabomku, cripasa — riocrie puribmpauuu.
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BpemeHHoe pacripederieHue 3aMeodrnsouuxcs HelmpoHOS8:
pe3yrbmam usmepeHul u mooenuposaHus o rpoepamme LOENT

(Low Energy Neutron Transport — H.M.Co6onesckuii, M5V PAH)
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[ eHepauuns HEUTPOHOB
Tekywine 3agayn

AP PEKTUBHOCTb perncTpaummn TensioBbiX HEMTPOHOB B ra3oBbIX CHETYMKAX B
YCNOBUAX MOLLHOIO fla3epHoro nMmnynsca. Bpemsa sameanexHus.

CUMHTUNNSALUNOHHBIN CMEKTPOMETP HEUTPOHOB. Pernctpauust HEUTPOHOB B MOMEHT
nMmnynbsca ¢ 6onbwon aPEKTUBHOCTLIO.

3anasgbiBaoLine HEUTPOHbI OT Aep — aKTUHUAOB.



ccnepoBaHue reHepaLumnmn No3nTPOHOB Nod AeNcTBUeEM
heMToCeKYHAHbIX Na3epHbIX MMMYIIbCOB.

3agauu:

NOUCK POXAeHUsA e+e- nap B BaKkyyme

NMouck 3epkanbHOM TEMHOU MaTepumn

McTOYHUK aHTUBeLLUeCcTBa

UHXeKUMOHHBbIN KoMmnreKc: «chabpuka» no3utpoHoB NAD, HoBocmnbupck
NMo3uTpoHHas cnekTpocKkonus n Tomorpacpus

JkcnepuMeHTanbHble AaHHbIE MO MOUCKY POXAEHUA e+e- Nnap B BaKyyme
OTCYTCTBYIOT. TeopeTnyeckne paboTbl NpeackasbiBaloT HEOOCTMKMMbIE Ha
CEerogHsLLIHWIA AeHb HANPSHPKEHHOCTU 3NEKTPMUYECKOro Nons, Tpebyowme MOLWHOCTH
nasepa nopsigka 102° Bt/cm? (cm., Hanpumep, H. b. HapoxHbin, A. M. ®egoTos.
KBaHTOBO-3MeKkTpoauHaMMUYECKNe Kackaabl B UHTEHCUBHOM NnasepHoMm none, YOH
(2015) , 185. 103

Ha BCTpeyHbIX Na3epHbIX MNy4ykax JOCTAaTOYHO MOLLHOCTM nasepa nopsaka
1026 BT1/cm?



cTOYHMK aHTUBELLEeCTBA:
Lawrence Livermore National Laboratory (LLNL)

Mol BCTYyNUnu B HOBYIO 3py, -- OULWET OU3NK U3
LLNL Nurep Benepcoopdep (Peter Beiersdorfer).
— MbI cenyac MoxemM CMOTPETh Ha aHTUBELLECTBO,
MOYTU Kak ecnu Bbl OHO NeXano y Hac_Ha NafoHMW.
Ham kaxeTcs, 4To crneacTeBmMemM Hawen paboThbl
CTaHeT CTPOUTENbCTBO Leroro ueHTpa .

Nno UccrnefoBaHUIO aHTUBELLIECTBA, KOTOPbI ByaeT
ncnonb3oBaTh nasep kak pabpuky no
NPOV3BOACTBY AELLEBON aHTUMATEPUNY. YKe
cenyac, No MHEHUIO uccrnegosaTernen,
BO3MOXHOCTb Mosy4yeHns 60sIbLIOro KonmyecTea
NO3UTPOHOB B MarieHbkMx nabopatopusx
OTKPbIBAET HOBblE BO3MOXHOCTM A1 CaMbIX
pasHbIX NCCNEeAOBaHUN U OTKPbITUN.

MoHATNA «ManeHbKasi» U «aeleBas» y PU3NKoB,
KCTaTn, BecbMma cneunguyeckme. B akcnepumeHTe
ncnonb3oBanach He kKakaa-HMbyab fjasepHag
Kaska, a UMMynbCHbIN neTasatTHbIM Nasep TITAN
{?eTa — 1015, 70 eCcTb MUNANOH MUNNIMapPAOB).
a3epHbI KOMMNJIEKC 3aHMMaET HECKOSIbKO KOMHAT
n ctout bonee $10 MnH. A MOLLHOCTb ero
nMnynbca B bonee Yem ThiCAYY pa3 NPeBOCXOANT
MOLLIHOCTb 3f1EKTPO3HEPIN, NPOM3BOAMMON BCEMN
anekTpoctaHuuamm CLLUA. OgHako psgom c
TpaguLMOHHBIMWN YCKOPUTENSMIN, B_KOTOPbIX cenvac
MaCCOBO NONy4aldT NO3nNTPOHbI, TITAN
AEeNCTBUTENBbHO BbIMMSANT KpoLlkon. Hanpumep,
AJSIMHa_OCHOBHOIO Konbua bonbLworo agpoHHOro
Konnawngepa, KOTOpbIN Y BCEX Ha CIyXy, — OKono 27
KM, @ 00LLass CTOMMOCTb 3TOro NpoekTa npesbilaeT

8 mnipa.

1 KynoH = 1.6 * 10%° no3nTpoHoB



3agauu:

AN EXPERIMENT TO SEARCH
FOR MIRROR DARK MATTER

o-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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IlntepatypHble faHHble Mo KO3 PULUNEHTAM KOHBEPCUN MPU HU3KNX SHEPTUAX
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PaboTbl Ha yckopuTensax no n3y4yeHuto KOHBEPCUN INTIEKTPOHOB B MO3UTPOHbLI Bbinn
aHee NpoBeOEHbI BO ¢§8HLI,VIVI B Cakne (M.Bernardm;he.a. Raggort EA 2212

F1 964) n AN PAH (J1.3.[xunassaH , Kp.coobweHna ®UNAH, 8, 37 (1979)) npu

9Heprnax anekTpoHos Bbiwe 10 MaB.CrieBa — cnekTp no3nTpoHoB, 06pa3yoLLNXCS

Npu KOHBEPCUM INEKTPOHOB C aHeprmen 9,3 MaB. CrnipaBa — 3aBUCUMOCTb

KO3(hpuuneHTa KOHBEPCUM OT IHEPIUM INEKTPOHOB. [JpyrMx AaHHbIX Npu 6onee

HU3KNX SHEPIUSX 3NEKTPOHOB HET.
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Yarnossie pacripederieHuUsi 3a5rieKmpoHO8 U rno3umpoHo8
u3 8osibghpamosol muweHu mosnuwuHoud 0.8 mm.
MooenuposaHue o rnpoepamme GEANT-4
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MarHUTHbIN CNEKTPOMETP AN AETEKTUPOBAHUS SNEKTPOHOB U
NMO3UTPOHOB B 3KCNEepPUMeEHTax Ha (beMTOCeKyHAHOM fna3sepe

A.B. Pycakos, K.A. Uanos, H.A. bopucos, U.H. I{pim6anos, /[.A. ['opinosa, A.M. Jlanuk, A.C. JlappkuH,
B.I1. JIucun, U.M. Mopasunnes, A.H. Mymkapenkos, B.I'. Henopesos,
AL Tlononckuii, A.b. CaBenbeB-Tpodumos, A.A. Typunre, [1T3, 2017, B neuaTu.

Cxema aKkcriepumeHma:

1 - sakyymHas kamepa,

2 — 5la3epHoe u3sriyyeHue,

3 —napabosuyeckoe 3epkario,

4 — magHUM,

5 — Kamepa criekmpomMmempa,

6 — demekmupyrowasi JITUHelKa,
[ — ceUHUoOBas 3aujuma om
pPEeHmaeHa ¢ Konnumamopom Orisi
3/1EKMPOHO8,

8 — UHOYKUUOHHBbIU Oam4uK
MmokKa 3J1eKmpOHOoea,

9 — MUWEHB.




I3MepeHHbIN CNEKTP 3JIEKTPOHOB
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MopgenupoBaHue marHuTHon cuctemsl (J1.0OBunHHMKOBA, HANAD MITY):
muHaMuyeckny nuamnasoH: 1 — 10 M»aB
YHUCJIO 9aCTUIl B UMITYJIbCC B HAIIPABJICHUU MarauTa IoCJjac KOJUIMMAallun — 104/ CCK

demexkmopHas / \’\\
uCmoYHUK 3nekmporob AuHetKa CYUHMUANAMO 7

\ € WUPOKUM CNEKMPOM



[leTekTupytoime NMMHENKN HA OCHOBE MNAaCTUKOBbIX

CLUUHTUINNATOPOB N KpEMHMEBBIX PIY
A.Pycakos, MSIN PAH

(@) ®)




Puc.2. DneMeHT nerexropa:
1) kpemuuessie @Y MicroSC-30035 kopnye X 13 npoussoacrsa SensL, 2) nnacruku tuna BC-404
npoussoacTsa Bicron Saint Gobain Industrial Ceramics, Inc. 0.5mMm

Hsrorosneno:

1) Inarel HECyLHE ¢ yCHIHTEAAMH 10 16 T, 6 KOMIIJIEKTOB
2) BygepHsie Moaynu

3) KaGenn.



[ eHeparyst HO3UTPOHOB
TEKYIIUE 3a1a4u

MOUCK POXOEHUS e+e- nap B Bakyyme

[Tonck 3epkarnbHOM TEMHON MaTepumn

NcTouyHMK aHTMBeELLecTBa

NHXXEKUNOHHBIN KoMMnekc: «padbpuka» nosamtpoHoB NAD, Hosocmbupck
[TO3NUTPOHHAas cnekTpocKonua u Tomorpadus

N3mepeHne KoappnuneHToB e-e+ KOHBEPCUN MPU HU3KUX IHEPTUSAX.

B cooTBeTCTBUM C pe3ynbTaTaMmu MOOENUPOBAHUS OXNOAEMbIN
BbIXO4 NO3UTPOHOB MOXET cocTaBuTb A0 10° /s Ha nasepe n 10° /s
Ha yckopuTene .



CDOTOFI,EI,eprIe peaKunn BONU3un rnopora
[Turmmn-pesoHaHc

Radiative strength function and the pygmy dipole resonance in 208-Pb and 70-Ni
O.l. Achakovskiy, S.P. Kamerdzhiev, V.I. Tselyaev. JETF Lett.,104(2016) 6, 374.

[C.IN.KamepoxmeB (2014) cemnHap HAMNAD MIY]

1.HoBaga (?) domsumka B obnactm aHeprum
Nap:

1.1 NsockanapHasa npupoga NaP

1.2 M1,E2 (PQR),M2 ,twist, TopounganbHbie
N KoMrpeccuoHHble E1mMmoabl )

1.3 HoBble aapa(Mo, nedopmMupoBaHHbIE
anpa-"HOXHU4YHble” Moabl)

) ¢ f o J— - EE B T AY By U S— s P R

s | 1ML CrLIiaallill IALITAaIIMN2NikWiJiWi waoan..iriAa

2. VO BbACHEeHDbI MHTelrpalibHble Xap-KW1
¥ i

m AN (?)
» I NY & )



http://inspirehep.net/record/1503019
http://inspirehep.net/author/profile/Achakovskiy%2C O.I.?recid=1503019&ln=ru
http://inspirehep.net/author/profile/Kamerdzhiev%2C S.P.?recid=1503019&ln=ru
http://inspirehep.net/author/profile/Tselyaev%2C V.I.?recid=1503019&ln=ru
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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 (botcom row). The solid lines show results for **¢-132Sn 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 Society.



doTosiaepHble peakumm BONM3un nopora

akcnepumeHTbl Ha J1IYS-8 MaB AN PAH

HccnenoBanue GoTosaepHbIX peakiuii (y,y) u (y,n) Ha sapax W, In, Cd u nap.
B oOjiactu sHepruit 10 7.5 MaB, J® ,2017 ,B neyatn.

Y
&
o >w

In Cd

N | O6paszey | U, I, MKA |t 00myu., Lot Ouvam,cm | Tonw,cm | Bec, r
BonbT cex Wi

1 | Cd-1 250 40 1800 1.85 3.2 0.1 2.26

2 | Cd-2 220 14 1800 1.85 3.2 0.1 2.32

3 | Cd-3 200 35 1800 1.85 3.2 0.1 2:80

4 | Cd-4 180 16 2100 1.85 3.2 0.1 2.44

KoHBepcroHHas TopmosHaa myieHs — W tonwmHoun 0,4 mm

HAnameTp ny4yka Ha MULLEHN —8 MM
AnuTeneHOCTb MMNynbca —3 MKC
UactoTta nosTopenumsa — 50-100 Ny




4

» 12

Pacyer M30MepHBIX OTHOIIEHUH Ut peakimid 20In(y,y)™ u BOHF(y,y)™
TU1st AUTnobHBIX (1) 1 KBaApyMOJIbHBIX (2) Mepexo/10B
J1.3.JlxunassH, B.JI.Kayu, B.1.®ypman, A.JO.Yynpukos. AD 51(1990)336-344.

BepositHOCT paguanmoHHoro nepexoa i—f Ha ocHoBe Moaenu depmu rasa:

dw=(I'i—f/T’i tot)-p{Ef,Jf,nf}-dEF,
rae p{Ef,Jf,nf} — mnorHocTh cocrostamii f, I'i—tu I'i tot — napumanbHas paguaoHHas U TOJTHAS
IIIUPUHA YPOBHS 1.

150|n(y’y')m 180Hf(y’y')m
e
v . 1o Y
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| / it
\ 41/
~ 3B 1
el
i ~
Ey, MeV 10
/ |
{1
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MeToa KBa3sMOHOXpoMaTM3aLmMm TOPMO3HOMo nyyka :
MmogenuposaHue Nno GEANT-4 E.van Camp e.a. Phys.ReV. C 24 (1981) 2499
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CeuyeHune Bo3byxaeHna nsomepa 111-Cd,
KPYXXKM C oumbkamm — gaHHble paboTel Masypa B. [ KUA-88-13(1988)],
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Cd-111

]




JeMEHT Hzomep CopeprxkaHue T Ey, k3B
Sr §ImQp 0.07 2,8 uac 388
Rh 103m Rh 1.0 56 MuH 40
Ag 0imAg 0.518 44 ¢ 94
Cd 111mCd 0.128 49 MuH 247
In HSmyy 0.043 105 muH 392
In 115mln 0.957 4,5 yac 335
Ba 137mBa 0.112 2,6 MUH 661
Lu 176mLLu 0.026 3,7 yac 89
Hf 179mHf 0.137 19c¢c 379
Pt 19smPt 0.338 4,1 nus 130
Hg 199m Hg 0.168 44 MyH 368




Cd-111 1/2+  Cd-111m11/2 -

In113 9/2+ In113™ 1/2 —

In-115 9/2+ In115™m 1/2-
o D Pi(E E)E,
Ev = i
> @, (E..E})
g, | 20pexmme s, | Xy | o,
DJeMeHT HOCTB peru E, Y 10 o
OTCYETHI MKG 10
CTpalyu
Hled 211914 0.099 5.4 128+2 | 453 6.5
31 43400 0.116 5.4 267+3 | 244 9.3
1 593087 0.076 5.4 245+ 3 73.0 12.8

N3omMepHbIe OTHOIIECHUS I PEAKIINI ¢ BO30YKICHUEM BRICOKOCTTMHOBBIX H30MEPOB (COCTOSIHUH €
OOJBIION pa3HUIICH CITIMHOB) YYBCTBUTEIIbHBI K BHOCUMOMY B SIIPO yTrioBoMYy MOMeHTY. [lepexon B
doTonornomiennu ot E1 xk E2 gomxen npuBoIuTh K BO3paCTaHUIO N30MEPHOTO OTHOIICHUS JIJIS SIIEP
3o070T1a mpuMepHo ~10 pasz. s nerkux sigep JaHHbIE OTCYTCTBYIOT. TeopeTndeckux paboT MpaKTHIECKU
HET.



doTossaepHble peakuum BONU3m nopora

Tekylwue 3agayu

[MonHble ceveHna gpoTonornoweHns saep Bonmsu nopora. Nurmmn —
pe3oHaHcbl B (v, y) u (y,n) peakumsax.

CeueHunsa Bo3bYyxaeHnst BbICOKOCMMHOBLIX M30MepoB. Bknaa nepexodos ¢
BbICOKOW MYINbTUMONbHOCTLIO.

3anasabiBatoLme HGI7ITpOHbI oT AAep — akKTUHNAOB..



MeTo4 pa3oBOro KOHTpacTa npu NoNyyYeHnu
PEHTIEHOBCKNX N300pakeHnn

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




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

(@)
camera

(6)

=

Atomic plane . T — ==

Objectives: the soft tissue discrimination capability of X-ray dark-
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-
collimator (MC), a Laue-case angle analyser (LAA) and a CCD
camera. The specimen is placed between the MC and the
LAA. For the light source, we used the beamline BL14C on a
2.5-GeV storage ring in the KEK Photon Factory,
Tsukuba,Japan.

Results: In the eye specimen, phase contrast images from XDFI
were able to discriminate soft-tissue structures, such as the
iris, separated by aqueous humour on both sides, which have
nearly equal absorption. Superiority of XDFI in imaging soft
tissue was further demonstrated with a diseased iliac artery
containing atherosclerotic plague and breast samples with
benign and malignant tumours. XDFI on breast tumours
discriminated between the normal and diseased terminal
dictlobular unit and between invasive and in-situ cancer.

Conclusions: X-ray phase, as detected by XDFlI, has superior
contrast over absorption for soft tissue processes such as
atherosclerotic plague and breast cance
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K.M.Podurets, D.K.Pogorelyi, A.A.Manushkin, V.G.Nedorezov, V.A.Somenkov, S.A.Shchetinkin,
N.K.Kononov and A.P. uvardlna Experiments on Refraction Imaging of Biological Objects at the
Kurchatov Synchrotron Radiation Source,

Crystallography Reports Vol. 49, Suppl. 1, 2004 p.50-54) .

YrnoBoe OTKNOHEHNE My4vKa Ha
rpaHuLEe BO3OyX—OObEKT B
NPUONTMKEHUN TEOMETPUYECKON
ONTUKN :

oa. = (1 — n)-ctga
N3ameHeHne koadhpurumeHTa
NpesfioMSIEHNA Ha rpaHuLe

opraqueCKon TKaHW C BO3O4YXOM.

(1-n)=1.5-10-6)2




X-ray phase contrast imaging of biological specimens with femtosecond pulses of
betatron radiation from a compact laser plasma wakefield (kmnbBaTep) 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

e a- anorange tetra fish

* Db- adamselfly

¢ [u=2,79 m]

Ltrans = )
27wy

« X-ray phase ontrastima,. .

« C- adamselfly

« d- ayellow jacket.

 [u=0,44m] L - 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.




3akrntodyeHume

ﬂﬂ,epHaﬂ CbOTOHI/IKa — HOBO€E Hay4HO€ HarnpaBlieHne uin TpagamumnoHHbIE
dooTos4epHbIE UccneaoBaHUs NPU HU3KNX IHEPIUAX BONM3n nopora ?

MeTto1 00paTHOI0 KOMOTOHOBCKOI'O pacCesHUs Ha HAKOMUTENSAX IEKTPOHOB € JUIMHHOBOJIHOBBIMHU JIa3€PaAMHU.
®a30BbIll KOHTPACT PEHTI€HOBCKUX M300paxeHuil. [Ipuknanneie 3agaumn.

Ectb nu npenmywecrtsa HOBbIX METOO0OB, OCHOBAHHbIX Ha UCMNOJ1Ib30OBaHNUN
CbeMTOCeKyH,EI,HbIX Jla3epos, Mo CpaBHEHUIO C TPaAULUNOHHBLIMA
YCKOPUTEJIbHBIMU 3KCNEPUMEHTAMU ?

DHeprus myyka, MOHOXpPOMAaTUYHOCTh, UHTEHCUBHOCTb, IMUTTAHC, CKBAXKHOCTh, CTAOMIBHOCTD, CTOMMOCTb.
Bricokuii TeMn yckopeHusi, MOOUIBHOCTh M KOMIIAKTHOCTb.

HoBblie ramMma - UICTOYHMKM CO3[aHbl Kak Ha TPAAULMOHHBIX YCKOPUTENSX, Tak u
dbemTocekyHaHbIX nasepax. OHM NO3BONAOT PELUNTb PA NPUKNaaHbIX 3a4ad,
BKItOYas Npobrnemy 90epHOro HepacnpoCcTpaHeHUs.



