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Modern Nuclear Physics@Nuclear Medicine

state-of-the-art techniques:
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Radionuclides production
(coupled to radiochemical separation)
methods 18-92-260

C.H.Amutpues, H.I.3aiyesa, P.l.OranecsH,
F.r.frynebexsu, INN.M.Onumuernko, B.A.Xankux

medical imaging = nuclear imaging

(detectors, modeling etc.)
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OEAEPA/IBHOE MEAUKO-BUONTOMMYECKOE ATEHTCTBO:

SnepHass MeTUIIMHA — HAIIPABJICHUE COBPEMEHHOU MEJIUIIMHBI, UCTIOJIB3YIOIIEE
PAaAMOAKTUBHBIE BEIIECTBA U CBOMCTBA ATOMHOTIO Spa JJIsi AMATHOCTUKHU U TEPANUH B

Pa3IMYHBIX 00JACTSAX HAYYHOU M MPAKTUUECKON MEIUIIUHBI
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Esxeronno oxoJ10 50 MJIH MeAMIIMHCKHUX UCCJIeA0BaHUI!
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Radionuclide Diagnosis and Therapy

KAK PABOTAET M3T- 10 Q:;‘)

o RN Diagnosis: imaging disease

e penetrating radiation: f* emission (PET -
BE etc.)

e y emission (SPECT - 99Mo/99™Tc, 2°'T] etc.)
e 80%

o RN Therapy
e particles: o, B~ or Auger e-
° 15381’1’1, 90Y’ 1311, 226Ra

e Theranostics

o Radiation therapy
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Production methods and facilities

Generator Protons Reactor Photons

.
®
<
=

-—— &
Mother/daughter
decay (p,Xxn) (neutron capture) (y,Xn)
thermal and fast neutrons
11-18 MeV - PET RN 10'2 - 10% n/cm? s 10-50 MeV

30 and 70 MeV - SPECT RN
new developments are needed
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Production methods and facilities

PRODUCTION METHOD

LINEAR NUCLEAR NUCLEAR REACTOR

ACCELERATOR/ REACTOR (NEUTRON RADIONUCLIDE
CHARACTERISTIC CYCLOTRON (FISSION) ACTIVATION) GENERATOR
Bombarding Proton, alpha Neutron Neutron Production by
particle decay of parent
Product Neutron poor Neutron Neutron excess Neutron poor

excess or excess

Typical decay Positron Beta-minus Beta-minus Several modes
pathway emission,

electron capture
Typically carrier  Yes Yes No Yes
free
High specific Yes Yes No Yes
activity
Relative cost High Low Low Low (*"Tc¢)

High (**Rb)

Radionuclides "E. "0 "l Ly TP "k S+ %Ga, *'"Kr, =Rb,
for nuclear Co, ¥Ga, ®Ge, $3Sm s oy
medicine i ey o 1
applications
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F114 Flerovi

Product Half-life Target Natural Inter- Half-life ®=10"cm2s" ®=10" cm2s™’
isotope isotope abund. mediate

% isotope
Production via (2n,y) reactions
%Dy 3.4d 84Dy 28 'SDy 2.35h 10 1 2 5 1 100
188y 69.8 d 188\ 28 8w 0.99d 100 10 0.002 50 10 0.1
Indirect production via (n,y)B"
“7Sc 3.3d “%Ca 0.004 4Ca 45d 10 1 0.5 10 1 5
129] 59.4d 12¢Xe 0.10 5Xe 17 h 7 7 6 4 7 20
3 8.0d 190Te 34 HTe 25 min 28 2 0.1 28 2 1
¥1Cs 9.7d 130Ba 0.11 ¥Ba 12d 7 7 0.7 7 7 7
'S"Tb 6.9d 180Gd 22 81Gd 4 min 14 0.5 0.4 14 05 4
Ty 6.7d 7%Yb 12.8 Yb 1.9h 14 1 0.6 14 1 4
19%Au 3.1d 98Pt 7.2 9Pt 31 min 7 0.5 0.7 7 0.5 7
2ZiAc 21.7 a 22Ra 0 22'Ra 42 min 100 | 30 0.02 28 30 0.03
Indirect production via (n,f)
%Mo 2.8d 5y 0.72 7 1 5.7
131 8.0d 5y 0.72 12 0.7
133Xe 53d 25U 0.72 7 7 3

i
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Existing Accelerator Facilities
for Radioisotope Production at High Intensity Proton Beam of
Intermediate Energy

* Los Alamos National Laboratory (NM, USA), 100 MeV, 200 nA

« Brookhaven National Laboratory (NY, USA), 200 MeV, 90 uA
« TRIUMF (Vancouver, Canada), 110 MeV, 500 MeV, 70 nA

 iThemba Laboratory (Cape Town, South Africa), 66 MeV, 250 nA
* Institute for Nuclear Research (Troitsk, Russia), 160 MeV, 120 nA

« ARRONAX GIP (Nantes, France), 70 MeV, 2 x 100 pA
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Proposed Accelerator Facilities for Radioisotope Production
at High Intensity Proton Beam of Middle Energy

 Institute for Nuclear Research of National Academy of Sciences of Ukraine
(Kiev)
H+ Cyclotron, 70 MeV, 100 nA (82Sr production from RbClI-target)
» Positron Corporation (lllinois, USA)
H- Cyclotron - 70 MeV, 2x375 pA: 8Sr production
» Petersburg Nuclear Physics Institute
H- Cyclotron - 80 MeV, 100-200 nA, Isotope separator facility: 8°Sr from Y-target
« Proton Engineering Frontier Project (Gyoungju, South Korea)
LINAC - 100 MeV, >300 uA
« Legnaro National Laboratory, INFN (Padova, Italy)
Cyclotron - 70 MeV, 2x400 nA
« National Institute for Radioelements, IRE and IBA (Belgium)
Cyclotron - 350 MeV, 1000 nA (Ta-target to produce neutrons for ®®Mo)

» Institute for Nuclear Research (Troitsk, Russia)
H-Cyclotron — 70 or 120 MeV, ~1000 pA: production of 8°Sr, 11'mSn, 225A¢, %°Ra
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CeroagHsa B Poccuu

38 NAT/KT (27 umknotpoHoB) B 20 ropoaax 1 40 000 npoueayp B roa

MHHHCTEPCTBO 3JPABOO
POCCHUCKOW ®EJIEFR

(Munsapas Poccan)

NMPUKA3

13 amfé.{e 201 Fr

Mocksa

SRR m‘:-.:r.nncmn enIERAM
ARAPETHCTPHPOBAHO

Perncvpaimonnsiii N </ 8 8 OX
o OF Qe 215

Ne Ja‘?ﬂ

06 yrBep:KIeHHH
HOMEHK/IaTYPbl MEAHIHHCKHX YCJIyTr

BBICIIEH
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Mpukazom Ne 1061, nocie cTpoOKH
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MHHHCTEPCTBO OBPA3OBAHHSA H HAYKH
POCCHHCKOH ®EJAEPAILHHA

(MHHOBPHAYKH POCCHH)

NMPHAKA3
MRBRCTRBE TG RICT i POLLARCED STAEPAH

23 2018 1. : pa_210
«23 » _ mapra r Mk SAPEIHCTPHPOBAHO

Beruerpaiponumi M S O Z2F
o A etplre LR
O BHeceHHH H3MeHeHHH B MepeuHH cnenualbHOCTEH H HATPABAeHNI NOATOTOBKH
BhiciIero 006pazoBaHus

B cootercteuu ¢ mynktom 3 Tlopagka dopMupoBaHua mepeuned npodeccHii,
crennansHocTell ¥ HAMpPaBACHHAN MOATOTOBKH, YTBEPHIEHHOTO NIPHKa3oM MHHHCTepCTEa
obpasosanus M Hayku Poccwickoit ®enepaunu ot 12 cewrabps 2013 r. Ne 1059
(zaperucTpupoBal MHHHCTEPCTBOM IOCTHLIHK Poccuiickoit Denepannu
3 okrabps 2013 r, perucrpaumonnbid MNe 30088), ¢ H3MEHEHHAMH, BHECCHHBIMH
npukazom  MunucreperBa  ofpasosasMs M Haykn  Poccuiickol  @enepaunn

ot 18 nekafipa 2013 1. Mo 1363 (zaperucrpuposan MunicTepcTBoM rocTiuny Pocciickoi

Beiciiero 00pa3oBaHMA — MOATOTOBKH KaJpoB

OpPOHHATYPLL,  YTBEPHKIAECHHOM

(DapMaleBTHYECKAS XHMHA H

»

33.08.03 [TpoBu30p-aHaTHTHK
(hapMaKoOrHO3Us

AONOIHHTE CTPOKOH

33.08.04 |PamHodapmaleBTHKA [TpoBusop-pannonor | ».
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New Demands

"0y HECKOJIbKO MUJIITMOHOB YeN0BEeK B MMpPE He NMpoLusiv AnarHocTmyeckoe obcnegosaHum
(7 MmnH. 0o3)

OCHOBHas TeHAeHUUS - yBenu4eHue Ucnosib3oBaHna tepaneBTuyeckmux POI
N paspadboTka HoBbiXx metoaoB nony4veHus PH v POl

Pa3BUTUE MalnbIX NPOU3BOACTB U AACEPHbIX alnTekK

«...technical evolution that has led
to a medical revolution...»

BO3BpalleHne nccneaoBaHn B Hay4Hble rnaboparopun!
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150-51em lNepuodu4yeckomy 3akoHy []. . MeHOeneeesa

Nepuoanueckasa cuctema anemeHToB . U. MeHaeneesa
Periodic Table of the Elements
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NEW FACILITY FOR SUPER HEAVY ELEMENT
RESEARCH: SHE-FACTORY

«» New experimental facilities
Discovery of new SHE

High statistics experiments

Study of elements with Z =112 - 118

u, Cm, Cf, Bk, Es isotopes production
IS highly needed!!!

EPJ Web of Conferences 131, 08001 (2016) Do ool sy o v i vuuu
Nobel Symposium NS160 — Chemistry and Physics of Heavy and Superheavy Elements

THANK YOU
Status and perspectives of the Dubna FOR YOU R

superheavy element factory

Sergey Dmitriev®, Mikhail ltkis, and Yuri Oganessian A I I E N I I O N o

Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, 141980 Dubna,
Russian Federation
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