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Very fast damage dose
acquisition

No activation of
irradiated material
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Difficulties with the direct
comparison with neutron
data due to

dose rate effect
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Heavy ion irradiation
as a tool for simulation
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Project NICA (JINR)
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Multidiscipline Facility Based on ECR
lon Source
and

Linear Accelerator
NRC “Kurchatov institute”-ITEP



SN X

ION BEAMS APPLICATION

Material science — materials modification, fusion
and fission reactor materials investigations;

Facility for semiconductor industry — improvement
of power electronics units by proton/ion beam
Irradiation;

Neutron generator;

Medicine (BNCT, Radiopharmaceutical for PET);
Astrophysics;

v

v’ Spallation Source

v

Accelerator Driving Ssytem



New “basic facility” for
researches with neutron and ion beams

.-

KeagpynonbHbie NuH3bI

MuweHHbIA 6nok

UwxeKyMoHHBLIRN
KOMMJeKe

BB nnarcropmac
SUP ucTo4HMKOM



BELA
Stage | ECR IS and cw RFQ (5 years)

Heavy ions =
irradiation Irradiation

of the samples for
atom-probe
tomography

lon source
(ECR)

lon source ' ' Injection into
(ECR) RFQ
2-beam
experiments

RUPAC.2014, WEPSB27
BAHT. 2014. Ne3(91),
REV. SCI. INSTRUM. 85 , 02A910 (2014) 7



(BNCT)

BNCT

ECR ion source with total magnet system at permanent magnets
+

RFQ for 2.5 — 3 MeV
+

Li target and moderator

10 mA proton beam at energy 2.5 MeV generates 103 HeimpoHoe/ceKyHOy




Facility for neutron generation .
and production of

radiopharmaceutical for PET

PMQ module for PRIOR : the magnetic field
gradient — G=123 T/m at aperture of @30
mm, nonlinearity of less than 0.7 %

NdFeB quadrupole section of 40x40 mm
rectangle aperture for ITEP’s 800 MeV
PUMA proton microscopy facility
quadruplet (field gradient — G=28 T/m at
aperture of @40 mm, nonlinearity of less

than 0.75 %)

PERMANENT MAGNET LENSES

«Radiopharmaceutical for PET prototype of compact facility for

clinic application;

«Astrophysics 9
eInitial part for ADS



Other applications

Aside from neutron scattering

1. Educational:
» Accelerator technology

» Dosimetry
2. Scientific:

» Proton beam techniques
3. Industrial:

» Irradiation

» |sotope production
» Energy and heat producing
» Radiography (incl. transportable n sources)

4. Medicine
» Boron-capture cancer therapy

| DARIA source



Possible layout

DARIA

Compact meutron source prototype

UDOD

Powrder and single
crystal diffraction

INDIGO
Direct and indirect geometry
spectrmmeter

Proton accelerator

LASSO

Srmall angle scattering
Reflectometry
Radiography

Free beam ports

Ol

Auxilary egipment

| DARIA source

USPEH

Spin echo techniques

» total ~1000 m?

» flexible
geometry

» optional
beamlines




Compact neutron generator
(BELA DARIA)

BNCT

ECR ion source with total magnet system at permanent magnets
+

RFQ for 2.5 — 3 MeV
+

Li target and moderator

10 mA proton beam at energy 2.5 MeV generates 103 HeimpoHoe/ceKyHOy



Per aspera ad astra




TexHonoauu co3daHusa yckopumens-dpatlieepa &
Poccuu

Oobananarenu
N KOMIIeTeHIHii/
OnsbITHBIE Cepuiinas
Pa3zpaborku YuyacrByommue B
o0pa3ubl TEXHOJIOTUsA
3apy0esKHbIX
MPOEKTAX
Pacuer nunamMukw, a a a UTOD, MUDU,
[IPOCKTUPOBAHUE A A A MPTU
VCTOUHIKI HOHOB a Heo0XoauMa OUAn, TPUHUTU,
A 10padoTKa UTD®, ICD
WmiyibCHBIE HOPMAJIBHO HEOGXO0MHMA NTO®, MUDU,
IIPOBOJSIINE YCKOPSIOLINE na aa o aﬁf)lTKa N®BO, OUAN,
CHCTEMBI Aaop WU, USID
CW HOpManbHO TIPOBOSIIINE UTD®, OB,

YCKOPSAIOIIHNE CUCTEMBI MUDOU, UAD, SN,

UTR®, MUDH, USD,

CII yckopsromue cucTeMsl

AN OUSIA

ITocTostHHBIE MATHUTBI aa \ NA®, UGB, OUN,
CII marauTel aa niAd, OUSIN

A0padoTKa
CoBpemennsie cuctembl BU Heoﬁx:jmnMa ITD®, MUADIL,
MTATaHUS aopadoTka OVSIIA, VS
CucrteMbl TPaHCIIOPTUPOBKH 0 ISIug Wl if
e PaHCHOpTHP na na “e;’ ;‘é’;‘;‘lga N®BD, MPTH, UMW,
JInarHoCTHKa U yIpaBJICHUE 1a 1 Heo0XoqUMA UTO®, WS, USD 14
IIY4YKOM aopadoTKa




TexHono2uu co30aHus ycKkopumens-opaueepa 8
Poccuu

Oobananarenu
N KOMIIeTeHIHii/
OnsbITHBIE Cepuiinas
Pa3zpaborku YuyacrByommue B
o0pa3ubl TEXHOJIOTUsA
3apy0esKHbIX
MPOEKTAX
Pacuer nuHamuku, a a a UTOD, MUDU,
[IPOCKTUPOBAHUE A A A MPTU
VCTOUHIKI HOHOB a Heo0XoauMa OUAn, TPUHUTU,
A 10padoTKa UTD®, CD
NMiynbCHbIE HOPMAIIBHO 0Bx0 a UTOD, MUDU,
IIPOBOJSIINE YCKOPSIOLINE aa H o :6())11“/; NDOBS, OUSN,
CHCTEMBI nopadorka (] | WU, USID
CW HopManbHO POBOAS UTD®, OB,

YCKOPSIOIHUE CUCTEMBI MUDU, D, U,

UTR®, MUDH, USD,

CII yckopsromue CUCTEMBI

WS OUSIN
ITocTostHHBIE MATHUTBI aa \ NA®, UGB, OUN,
CII marHuTHI aa o, OUAN
a0padoTKa
CoBpeMenHnbie cucteMbl BU HeOGXé)JII/IMa UTD®, MU,
MMUTaHUS aopadoTka OVISII, VISID
CucreMsl TPAaHCIOPTHPOBKHU 0 TS0, WAL
e PaHCHOpTHP na na Heo Xgl‘“:c“a HU®B?, MPTU, WS,
y4 nopadoTka TSI
L
JlnarHocTHKa U yrpaBJCHHE 1 1 Heo0XoauMa UTD®, U, VS 15
ITYYKOM aopadoTka




TexHono2uu co3daHusn yckopumens-dpateepa e
Poccuu e pesynbmame peanusayuu BELA (Tu )

Oobananarean
OnbITHBIE Cepuiinas KOMIIEeTeH I/
Pa3paborkn
o0pa3ubl TeXHOJIOT Ul YuacTByomue B
3apy0e:KHBIX MPOEKTAX
Pacer AuHaMAKH, na a a UTD®, MUOU, MPTH
MIPOCKTUPOBAHUE
e TOUHIKH HOHOR OusAU, TPUHUTU,
CTO OHO aa aa aa UTD®, UCD
NmnynbCHBIE HOPMAJIBHO UTO®O, MUDU, UDBD,
MPOBOJIAIINE YCKOPSIOIINE aa na aa OUIN,
CUCTEMBI AU, USAD
C:IYOH;iMaEZi‘;fTI’;‘;f;M“He na na a UTH®, UDB?, MUDH,
yeropstiomt YSID, VS,
CII yckopstoiye cucTeMbl UTOD, MUDU, UAD,
WA OUSIN
IlocTossHHBIE MATHUTHI aa Jaa NAD, UOBO, OUAN,
CII marguTel aa aa L) UAD, OUAN
aopadoTKa
I(IJP(I)::;:I&:HHLE cuctembl BU Heg)ﬁ;(ggflga WTD®, MU, OUSIL,
op WD
Cucrembl TPAaHCHOPTUPOBKHU a a a UTO®, MUDOU, UDBD,
nyuKa A a A MPTU, U, VSID
JlnarHoctrka u ynpaBJieHUE 1 1 1 AT, VSTH, s

MYYKOM
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TexHono2uu co3fdaHusn yckopumens-dpaueepa 8

Poccuu e pesynbomame peanusayuu BELA (1)

Oobnanarean
OneITHBIE Cepniinas KOMIIeTeHI Ui/
PazpaboTkn
o0pa3ubl TEXHOJIOTHs YuacTByHOIIHE B
3apy0eKHBIX MPOEKTAX

Pacer auHaME, 1a 1a na UTD®, MUDU, MPTH
MIPOEKTUPOBAHNE
HcTOYHMKH HOHOB aa aa na OWSLM, TPUHATH,

UTOD, UCD
NMiynscHpIE HOPMAIBHO UTO®, MUDOU, NUDOBO,
MIPOBOASALINE YCKOPSIOLINE aa na aa OousN,
CHCTEMBEI AU, UAD
52’!0322“2;:‘:;33&‘33;””1““6 1a na na UTD®d, UDBD, MUY,

HAD, AN,
CII yckopsitoiine cucTeMbl aa aa aa UTO®, MUDU, USD,

WS OSSN
ITocTosIHHBIE MArHUTHI Jaa Jaa aa UAD, UGB, OUSN,
CII marauThl aa aa aa iAd, OUAN
Cospemennsle cucteMsl BU HE00X0aMMAa '
HHT:HH}I Hopaﬁ():rka _ I/ITSCD’ MI/ICDH’ OH}H/L

AD

CucremMbl TPaHCTIOPTUPOBKHU 1 1 1 UT3®, MUDOU, NDBDI,
myJKa MPTU, UAN, USID
JlnarHocTuka U ynpaBjieHUeE 1 1 a AT, WS, VSID
MTyYKOM
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TexHono2uu co30aHus ycKkopumens-opaueepa 8
Poccuu e pesynbmame peanuszayuu BELA (1)

Oobnanarenu
OnbITHBIE Cepuiinan KOMIIeTeHIIH I/
Pa3paborku
o0pa3ubl TEXHOJIOT Ul YuacTByHouue B
3apy0e:KHBIX POEKTaX
PacueTr nuHaMuKH, IPOEKTUPOBAHUE Ja Jaa Jaa UTOd, MUDOU, MPTU
HcToYHUKHM MOHOB aa aa aa OVAH, TPIHUTH,
UTOD, UCD
NmMnynbCHBIE HOpMATBEHO VA0 20, W VAL VARDIEC),
MIPOBOJISIIIINE YCKOPSIONIHAE CUCTEMBI . a as QL LI
WAN, UAD
gggoiig“fuaggizcr‘g;f;ﬂmm na na na UTA®, UDB?, MUDH,
HAD, UAN,
CII yckopsitoiine cucTeMbl aa aa aa UTOD, MUDU, UAD,
WS OUAN
IlocTOsIHHBIE MAarHUTHI Jaa aa aa HAD, NDPBS, OUAUN,
CII Mar"HuThl Ja Jaa Ja i, OUsIN
CoBpeMennble cucteMbl BU 1 a a AT, MI/I-('I)I/I, OVISI
MMATAHUS
NsID
CucremMbl TPaHCIIOPTUPOBKHU MTy4YKa aa aa na AT, MUOH, NOB3,
MPTU, UAU, USID
JInarHocTHKa M ynpasjeHUE IyYKOM aa aa aa NTO®, UANU, USAD
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Koncmpykuus

LBNL AECR-U lon Source

NdFeB Aluminum
Sextupole Plasma Chamber  Aluminum/Iron

/ Plasma Electrode

Plasma Chamber
7 Cross Section

Iron Yoke

Iron Plug

Microwave Feed
(14 + 10 GHz)

Gas Feed —*2

-Radial
Bias Disk \ Slots
B A “_ Extraction
o ______ Pump ,
Injection & SRR oy Region
Magnet ‘ N |
14 GHz out 10 GHz Extraction
ECR Surface ECR Surface  Magnet




Koncmpykuus

Supernanogun




Koncmpyxkuus

DECRIS (AQy6Ha)
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Koncmpykuus

Plasma electrode Accelerating column

(19

3 steps ridge

200mm

—

Permanent
Magnetic rings

Iron rings :
g Ceramics

d

2.45I Ty nctouHnk ALUP npoTOHOB 1 4ENTPOHOB HA NOCTOSAHHbIX
MarHuTax npousBoacTBa CEA/Saclay



Koucmpvrkuius

7,
71
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EVEDA voHoB ¢ BY
okamu.

cncreMmon un oxrnaxpgarwmMmm Tpy

Bug ceepxy Ha QUP nctouHuk ans IFMIF



Period 2005 -2010:

- Construction of SNS and J-PARC facilities

- China enters with strong accelerator
programme

- European EUROTRANS research programme

- ESS is going from fiction to reality

- MYRRHA

Period 2010 - today:
Operational Experience from running facilities
SNS and J-PARC
Construction of first stage of MYRRHA
Construction of ESS SC-linac
Construction in China of ADS-linacs at 2 sites

Construction of Linac components is INDIA focused on
Thorium ADS



The Spallation Neutron Source

ORNL hosts the worlds most powerful Currently the SNS
accelerator-based neutron source and the operates at 1.2 MW
highest flux reactor-based research neutron with near term plans to
source in the United States. More than 1000 run continuously at 1.4
users per year conduct experiments physics, MW and later up to 2.8
chemlstry, blology, materlal science and MW to simultaneously

engineering. s support a second target
‘ g station

1.4 MW PPU & STS
Operation Upgrade

Energy (GeV) 0.94 1.3
Macro-pulse length (ms)  0.97 0.97
RFQ output beam current ~35 ~46
(mA)

Macro-pulse un-chopped 0.78 0.82
fraction



| Ne SNS accelerator system

Front-End: .
Produce 1 ms long, H- Accumulator Ring:
beam pulses at 60 Hz Compress 1 ms long pulse
with ~300 ns chopped to ~700 ns

every ~1 us

LEBT chopper

system makes
gaps
mini-pulse =
= o
o 5
S O
@)
= 1% 1 ms macropulse - |
|< ~1 ms macropulse >| - 1ms =
~1ms >

The multi-turn charge exchange injection and clean extraction of
the accumulator ring requires chopped H- beam from the linac.



Four-vane Radiofrequency-Quadrupole (RFQ) Cross Section

E field
region

B field

region

« The four vanetips (poletips) are excited in a TE210-like mode
with rf electric quadrupole voltages that focus the beam
transversely.

« This produces time-dependent alternating polarity FD focusing.
(Other accelerators provide spatially-dependent alternating 27
polarity focusing)



The new RFQ accelerator

e Mechanical & RF
structures designed
at ORNL using the
Berkeley physics
design .. same beam
dynamics .

e Much better pumping ) (Qﬂ}“-_ E
* No brazed joints 1 -~ |
(solid Cu) vacuum

deformation: -18 vs -

119 kHz

e Octagonal shapecan
provide better
vacuum quality and
mechanical strength
(RF efficiency slightly
decreases, but losses
by stabilizers are
much smaller)

e RFQ needs to be
tested at ORNL: BTF




Some RFQ Examples

CERN- LINAC 1l SNS LANL-LEDA TRIUMF-

ISAC

lon H+ H- H+ Q/A>1/30

Freq (MHz) 202.56 402.5 350 35

Win(keV) 90 65 75 2 keV/u

Wout(MeV) 0.75 2.5 6.7 0.150 MeV/u

Structure 4-vane 4-vane 4-vane Variant of 4-rod
Uses split ring, CW

Length(m) 1.8 3.76 8.0 8.0

E(Kilpatrick) 2.5 1.85 1.8 --

I(mA) 165 to 200 38 100 <l pA

& s ) 1.2 0.21 0.2 0.026

29



Proof-of-Principle RFQ —1980- Los Alamos
30-mA proton beam, 100 keV to 640 keV, 425 MHz

~15cm

30



ATS RFQ — 1985
100 mA protons, 100 kev to 2 MeV, 425 MHz

A

A IRV -X

31



Beam Aboard A Rocket (BEAR) RFQ — 1989
30 mA H» 425 MHz, 30 keV to 1 MeV




LEDA CW RFQ 1999
100-mA protons CW, 75 keV to 6.7 MeV, 350-MHz, 8-m long

33




SNS H- RFQ — designed and built by LBNL
65 keV to 2.5 MeV, 402.5 MHz

SNS RFQ seen from the LEBT (Low-
Energy Beam Transport) side.

4-vane RFQ with t-mode
stabilizers for dipole mode
supression

— 4 modules with 3.72-m total
length

402.5 MHz resonant frequency

640 kW pulsed power needed
to achieve nominal gradient
without beam

— 8 power couplers

— 80 fixed tuners

— Dynamic tuning
Implemented by adjusting
cooling water

— 2.5 min. needed to reach

stable operation from cold

start
34



The MSU reaccelerator RFQ will look similar to this CW 4-rod for
SARAF (Soreq applied research accelerator facility) in Israel.
4 mA D+, CW, 3MeV, 176 MHz, 3.8 m, 220 kW, 39 cells.
Now operating at full power.

35



The ISIS Four-Rod RFQ at Rutherford Appleton Laboratory
35 keV to 665 keV H- beam, 202.5 MHz, V=90 kV

36



SARAF 4-ROD RFQ - 4-mA D* to 3 MeV, 176 MHz,
3.8 m long, 220 kW power 39 cells




J-PARC
Japan Proton Accelerator Research Complex

Pacific Ocean

H- ion source
70microA

MR (750 kW)




Japan ADS

ADS without MA fuel
(LBE coolant,
Accelerator,

AP
ower Operation of ADS)

Experimental
ADS=>MYRRHA
~2.4MW-beam,
50~100MW,,,
Engineering feasibility of
ADS and fuel irradiation

Advanced material
for beam window

TEF in J-PARC
250kW-beam
-LBE target
technology
*Reactor physics of
transmutation system

EFAG Accelerator]

'!nh 1
L e
e

O

Basic research (LBE loop test, KUCA experiments)

ADS Transmutation plant
30MW-beam, 800MW,;,

Reactor physics of MA transmutation
system and material development for
spallation target material

TEF in J-PARC MYRRHA
R&D for elemental Fuel irradiation,
Purpo technology Accumulation of
se |(LBE target, Reactor|operation experience
physics) of ADS
Power 'I?Iglc:)kl\;vgggr\?v AL AT
: Power : 50~100MW,;,
(max.)
Mock-up
experiments of Irradiation
MA transmutation experiment with

system with massive small amount

MA (kg order)

- Transmute 250kg of MA annually

2010 2020 2030

2050 year

»39
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../../haitabde/MYRRHA Animation_2/MYRRHA_DV-4.avi
../../haitabde/MYRRHA Animation_2/MYRRHA_DV-4.avi

Eeponeuckuu npoekm ADS - MYRRHA

(Multi-purpose hYbrid Research Reactor for High-tech Applications)

\\‘\\\\\\\\\

Spallation source

!

Fast
neutron
source

lNnaH peannsaunn npoekTa :
co3faHune HayaribHOM YacTy MPOTOHHOrO JIMHENHOro yckopuTtens Ha 3Hepruio 100 MaB
(2016-2024 r.r.),
co3faHne NPOTOHHOro JIMHEUHOro ycKopuTensa Ha 3aHepruto 600 MaB
(2025-2030 r.r.)

co3faHue peaktopa n pu3nyYecKMmn NycK BCcem yCTaHOBKMN B KOMMJIEKCe 40
(2030-2034 r.r.).
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Journey to deliver the world’s leading - -
facl'h;ty fo,riggsearch US,U‘]Q&FTEUU@HS R

2025 ‘“"f’“
ESS construction %7 .
complete

= Ready For Installatlon
03/11/2017

P
2014 .
Construction work
#| starts on the site

2 2009 7 i.j‘. ‘ e B S starts
"l Decision: ESS will ‘ : W S user program
%4 be bUIItIn Lund 2. b e S

First European o v :
design effort of ESS &2 SR 3 : S First beam on
completed : " Target
_ , ‘ . 2012 § .3
ESS Design Update
phase complete

Source LEBT RFQ =y Medium B | High B " |HEBT & Contingency | (Target




ADS/ADANES Roadmap in China

V>
Py
W ¥

>¥1.8B Phase IV
¥1.78 B Phase II Phase II1 € r——— =\
Phase I 2016--2022 — e — . \
2011--2016 € ———— <2021 _\ '
e — \
\ L) ~ 1MW Close \ ,
InjectI |., \ #" Fuel Recycle \ \
H . g ' T T T—— . T T——— .
.| 1L .............. :.‘s. ]. ‘iﬂ | "} Y
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Inject I | \ o o\ 1\
r \ - =\ =\
: e A \ .= * -

E -\ Y A r N
2014 2016\ 2022 : <2030\ ~203x \
~2.5 MeV ~25 MeV \ 400~600 MeV | ~1.0 GeV ) ~1.0 GeV \.
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Key Tech. R&D : Acc., \ : \ \
Target, Blanket... Protatype '+ Initial Facility \ Demao. Facility ) Indust. Facility \
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Accelerator Development for ADS

LEHIPA Phase |l
High current injector 20 MeV, 30 mA

" {

| Proton1s| | RFQ pTL. [§ | G imee

| 50kev | |3MeV[T|20MeV|} | HWRISSR

Y 5 T 200 MeV

Phase lll

SC Linac
1 GeV

Fission =

r
accelerator

Spallation
© rsaction Zons




20 MeV Linac (LEHIPA) at BARC

@

lon Source | RFQ L-' DTL
2.45 GHz 352.21 MHz, 352.21 MHz, Conical target for
ECR lon source 4 Vane type RFQ 20 MeV,30 mA  Neutron generation
50 keV, 35mA. 3 MeV, 30 mA Alvarez type DTL

Beam Dump




“Small” powerful neutron

generators

‘FRANZ —
the Frankfurt Neutron source at Stern-Gerlach-Zentrum

*SARAF —
Soreq Applied Research Accelerator Facility

|IFMIF —
International Fusion Materials Irradiation Facility

EVEDA —
Engineering Validation and Engineering Design
Activities -> prototype for IFMIF



The Frankfurt neutron source at the
Stern-Gerlach-Zentrum (FRANZ)

s R Wi = 120 keV We = 700 keV We = 2.0:0.2 McV  Multiaperture
p: - 24 kW P. = 3.5kW Po = 10 kW Rebuncher ~ Beam 20 mA

Volume . Y dum D C

Type Diagnostics
lon Source

RFQ
CH-~ f c
Rebuncher ¢ Kf:kae{{
- 7

150 kV Chopper ; i
Terminal fre = 250 kHz ‘ o= Activation

SIS At =50-1000s | o e Final Focus Mode

ave v» . RCbuﬂCh@'
Li Target for

Compressor

e—

2 mA proton beam (8 A peak current)
250 kHz

< 1ns pulse width

neutron flux at1 m: 107 s cm™2
neutron flux at 0.1m: 109 s-1 cm-2




SARAF Accelerator Complex

Parameter Value Comment
lon Species | Protons/Deuterons M/q <2
Energy Range 5—40 MeV Variable energy | :
Current Range 0.04 -5 mA CW (and pulsed) \‘[, :
Operation 6000 hours/year |
Reliability 90%
Maintenance Hands-On Very low beam loss

‘Phasel-2009|

LEBT RFQ PSM

Phase Il - 2019
5 » SC Modules

Nuclear
Astrophysics
: 3 3 Radioactive
v v v b
Energy: 20 1.5 p:4MeV 40I\XE €ams
keV/u MeV/iu d: 5.2 MeV Radio
L (m): 5 9 12 31 Pharm aceuticals

Thermal n
radiography

n Diffraction

Beam Dump




Liquid Lithium Target - LILIT

* The basis for most of the R&D at SARAF ‘
* Liquid target enables utilization of the SARAF high power beam Jet Chambe:r

At SARAF Phase I:

Li(p,n)’Be E,=1.880 MeV

M. Paul
(HUJI)

At SARAF Phase II:

An upgrade of LILIiT will be
used with a deuteron beam to
produce faster neutrons and
higher flux




Lithium jet circul

atin

|

Measured velocity 7 m/s
Maximum e power density
2.0 MW/cm?3 @ 4 m/s

S. Halfon et al. App. Rad. Isot. 2011, INS26 2012, CARRI 2012


e_gun_movie_a.wmv
e_gun_movie_a.wmv

{ SARAF

lon a

tallat

INS

LILI

!\‘\l a— R o<
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The IFMIF/EVEDA EU-JA Project

« |FMIF: International Fusion Materials Irradiation Facility ->
Intense flux of 14MeV neutrons for material characterization
(2 CW linacs, 125mA deuterons, 40MeV, lithium target)

\ —

\ \'

\ \ \
\ Nuclear HVAC ‘

Electric Power Industrial HYAC \
Supply \ Arrces CQ,, e g PIE Detrit}’\ation

\ = .\‘\ L_‘ P\ \

)\ \ \ \ b ‘ \
ace. {3 ”ﬁTestC | = \\
<K T 'F _ W ﬁn d‘l 14 44t i

‘ —"“a;w} _. '
RF Mlodule : : f % \‘ i‘ - /
. R o
Beam-Dum / : Postlrradiation Human
Lilaoe Examination
SRF Linac
|njector RFQ ZO 40 m

|

« EVEDA: Engineering Validation and Engineering Design Activities ->
prototype for IFMIF (1 CW accelerator 125mA, 9MeV)

IFMIF-EVEDA - Accelerator System Group — CS Epics Collaboration
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IFMIF-EVEDA Accelerator

lon source LEBT RFQ MS HWR DP+HEBT BD

Commissioning
L. ECRIS Pulse t, >10-20 us
5 MeV for RFQ comissioning: SrErEEEr s t,>45 ps

*From 0.5 mA to 125 mA. Lo lBges
Pulsed and CW operation. (200 us for stabilization)
L DC=0.1%
*0 MeV for HWR commissioning and Tb>0,1so

beam characterization : T,~1000-t,

*From 0.5 to 125 mA. t R |

*Pulsed and CW operation.
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Comparison of neutrons flux density

Project IFMIF * SARAF
Reaction specification d(40MeV) +Li d(40MeV) +Li
Projectile range in target (mm) 19.1 19.1
Maximum beam current (mA) 2x125 )
Beam spot on the target (cm?) ~100 ~1
Beam density on the target (mA/cm2) 2.5 )
Neutron production over 41T (n/deuteron) ~0.07 ~0.07
Neutron source intensity (n/s) ~10%7 ~101°
Maximal neutron flux on the back-plate [n/(sec ¢ ~1015 ~5e1014
cm?)] (0-60 MeV neutrons)
<En> on the back-plate (MeV) ~10 ~10

* D.Ridikas et.al. “Neutrons For Science (NFS) at SPIRAL-2 (Part |: material irradiations), Internal
Report DSM/DAPNIA/SPhN, CEA Saclay (Dec 2003)



BELA - What for?

v' Material science
In ITEP the imitation experiments for reactor material radiation resistance investigation on the ion beams ongoing
since 2007. The facility with two dc beam irradiation of the samples under controlled heating till the 700°C together
with Laser atom-probe tomography will create the “world level” center. (In word - JANNUS French, FRANZ Germany,
DuUET Japan, MIBL USA) .

v" Facility for semiconductor industry
Improvement of power electronics units by proton beam irradiation (IGBT - Insulated Gate Bipolar Transistors, and

FRD Fast Recovery Diodes). Russian market today requires irradiation of several thousands samples per year and will

increase. The facility in ITEP both for samples irradiation and for development of compact linac for serial production.
v" Medicine (BNCT, Radiopharmaceutical for PET)

o Experimental facility in ITEP for BNCT development with medics (Oncological centre “N. N. Blochin”, Botkin Hospital,
Herzen Institute);

e Prototypes of compact facilities based on linac for hospital application - serial production of BNCT complex for
hospitals.

o Experimental facility in ITEP together with chemical laboratory provides Radiopharmaceutical complex.

e Prototypes of compact facilities based on linac for PET centers.
Now more than 50 PET are bought for Russian medical centers (according word standard it is necessary to have
1 PET for 1.5 million of citizens). About each of them needs Radiopharmaceutical complex based on accelerator but

less than 10 Cyclotrons is under operation now.
v Neutron generators

experimental facility for scientific researches
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RF system
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TBéppoTenbHbin BY reHepaTop ans
N3T uMKNOTPOHOB Ha pabouyto
yacTtoTty 72 Mly c BbIXogHOWM
MowHocTbio 10 KBT (cneBa)

TBEpAoTenbHbIM BY ycunurtens ansa
yckoputensa ESS (LLiBeuus) Ha pabouyro yacTtoty
352 MI'y ¢ BbixogHOU MowHOCTbIO 400 KBT.



Project of I\!‘!JI
CENTRE
for Proton Therapy

Layout of CPT for Botkin
hospital (Moscow)




International ion accelerator facilities used for radiation damage studies

DUET TIARA MIBL JANNUS DCF TAMU
(Kyoto (JAERI, (Michigan (Saclay, (University of (Texas A&M
University, Takasaki, Japan) | University, USA) France) Manchester, UK) University, USA)
Japan)
te;%g?wr crio- RT-800 RT-600 cryo-800 RT-400 RT-800
e, C 1773
Accelerator 1.7 MV 3 MV tandem 3 MV Pelletron 3 MV 5 MV tandem 1.7 MV Tandetron
type Tandetron 400 kV injecttor 1.7 MV Pelletron Pelletron 400 kV Van de
3 MV single- Tandetron 2.5 MV Van de Graaff
ended 400 kV injector Graaff 3 MV NEC tandem
2 MV tandem accelerator
Type of Fe, Si, Ni, Fe, Si, Ni, C, ECR source ECR source SNICS for heavy Fe, Si, Ni, C, He
ions/ion C, He He Fe, Ni, Cr.... Fe, Ni, ions
source He, H Au.... TORVIS for He,
He, H H
Beam Fe 6.8 MeV 10 Ni 18 MeV 6 pA Fe 2-9 MeV >200nA Heavy ions <100 Heavy ions 10 pA
currents MA He 3 MeV 50 pA He 5MeV >200nA HA He 15 MeV 15pA
q He 1 Mev 100 Ar 400 keV 50 pA He 2.5 MeV 40
and HA MA
energies
S‘m“u';a”eo 2 beam 3 beam 2 beam 3 beam 1 beam 2 beam

irradiation




Astrophysics
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HellTpoHA HellTpoHA

B3BellIeHHBIii CITEKTD HeiiTPOHOB, 00pasyoutmiics B peaxmmu 'Li(p,n)'Be Ha Muuzenn
paauycom 5 MM H To/lmuHOiIl 30 MkM. /laHHbIe NpUBeIeHb] 1JIs ABYX dHepruii nporona To.

BaxHyro ponb B npouecce 3Bonwuun BceneHHoW wurpaloT s-npouecchbl, T.e.
obpa3oBaHue Gornee TshKenbix SAep Yepe3 3axBaT HEUMTPOHOB. Mo coBpeMeHHbIM
npeacTaBreHUsiM, NMPUMEPHO MOJIOBMHA HabnrogaemMoro KonuyecrBa TsXenbiX
sApep obpasyeTcA B pe3ynbTate s-npouecca. Ans addeKTMBHOro npoTteKkaHusa s-
npoueccoB B 3Be3fgax, Heo6xoamMmMo, YToObl TeMnepaTtypa BewecTBa 6bina 6onee

10° K npu nnotHoctn HeiTpoHoB okono 10™° cm™

HeUTpPoHOB. McxoaHbIM
3NIeMEeHTOM ANl TaKOW LeNOYKU AAEpPHbIX Peakuun CRyXuUT *°Fe. Hanbonblumin
MHTEepeC B MNOCNeAHMe [eCATUNETUE BbI3bIBAaeT HYKNEOoCuHTe3 Fe,
pacnpoCcTpaHEeHHOCTb KOTOPOro B MeX3Be34HOM NMPOCTPaHCTBe CBMAETeNbLCTBYeT
o ¢opmupoBaHMM Maccbl 06bLeKToB COJIHEYHOM CUCTEeMbl M3 HECKOJNbKUX
MacCUBHbIX 3Be3a. [Ona OonblMHCTBA Mogenen 3Bonouuun BceneHHoM,
npouecckl °Fe(n,y)*°Fe nu *°Fe(n,y)®'Fe siBnsitotca onpeaensiowmmu. Kpome Toro,
B HacTosillee BPeMs He CyLieCTBYeT 3KCNepUMeHTanbHbIX AaHHbIX MO CEYEeHUsIM
ans peakuun *°Fe(ny)*°Fe, a TeopeTuyeckue NpeAcKasaHUs AAlOT pasnuuve B
100%. Ha pucyHke nokasaH NyTb OT Hauana Lenoyku k anemeHTy “Fe uepes *Fe,
BpeMsi JKU3HM KOTOPOro cocTaBnsieT NpUMepHO 44 OHs.

M3mepeHue ceyeHUM HEWTPOHHOro 3axBaTa M3OTOMamMu Xenesa BXOAUT B

nporpammy nccnegosaHum akcnepumeHToB FAIR n FRANZ.



Neutron production \i
by ion beam

INDUSTRIAL ACCELERATORS AND THEIR APPLICATIONS
Edited by Robert W. Hamm, Marianne E. Hamm

: 10° ¢
*Be(d,n)"B. i

10°

—
D_n.

"Li(p,n) Be

[:] ] .

Be(y,n) Be; —— D(d.n)°He
—— T(d,n)*He
— "Li(p,n)'Be
—"Li(d,n)"Be
—— "Be(p,n)’B 3
———"Be(d.n)"B ]
0° neutron emission

MNeutron yield, n/s/pA
S,

Neutron energy, MeV
=

1
—
=
T

-

I
.-hH(d.n)aHE / , — — — — 180° neutron emission
L L M 1 M i i i i " 10' N 'l L 1 : 1 : 1 :
0 1 2 3 4 5 6 0 2 4 B 8 10
Incident particle energy, MeV Incident particle energy, MeV




Heo6xoanmble ycnoBusi ons opraHM3auum aKcrnepuMmeHTarbHOM nabopartopumn no
N3y4YeHUo, NPOM3BOACTBY U TECTUPOBAHUIO CBEPXMNPOBOAALLMX PE30OHATOPOB ANA
COBpPEMEHHbIX YCKOpUTENEeN 3fieMeHTapHbIX YacTul

He 3aBucsaT ot THNA P€30HATOPOB U CBEPXIPOBOASINIETr0 MaTepuaJa:

[Homemmenus

IMepconan cooTBeTCTBYIOMIEH KBaTH(DUKAIIMH, MOTOIBIE CIKIIHATHUCTHI
CoBpeMeHHasi MEXaHHUeCKasi MacTepcKas

lenueBass cranmus (Jlydmie uWMeTh CBOK WM HAISKHBIA W PETYISPHBIN
WCTOYHUK Ha MEPBBIX MOpax)

Cucrema cbopa renns (Bo3moxHa OYHCTKAa M ITOBTOPHOE HCIIONB30BAaHHE
WITH OTIIPaBKa IPS3HOTO HA 3aBOJK)

Cucrema otkauku renust (B caydae 1.8 K)

Kunkuii a3ot

Yucreie rassl (He, Ar)

Cucrema nenoHn30BaHHON BoabI (18 MOm)

Bonsnoii kommpeccop ¢ kepamukoii 200 atm

VY bTpa3ByKOBBIE BAaHHBI IJIS1 OUUCTKH MTOBEPXHOCTH

Cucrema cOopa 1 HelTpanu3aniuy XUMHYECKIX IIPOTYKTOB

Cucrema ynpaBiaeHHUs 3JIEKTPOXUMUIECKUMH IPOLECCAMHU

CucreMa paJuallMOHHON 3alIUThl KpHOCTaTa

Yucras KOMHATa JJI1 MOHTaXa PE30HaTOPOB

Kameps! 1 XpaHeHUs] pe30HATOPOB B 3aIIUTHON atMocdepe

CoBpeMeHHbIH reJreBbli TeHencKaTenb

Ha6op oTkadHBIX CHCTEM C TypOOMONEKYISIPHBIMHA 1 HOHHBIMH HACOCAMH
PaznuyHbIe U3MEPHUTENHN U PETYISATOPHl BaKyyMa, NaBIICHHUS, TEMIIEPaTypHI,
HIU3KHX TEMIIepaTyp, YpOBHEH JXKHIKHX a30Ta H TN — BCe 00A3aTEIBHO C
KOMIIBIOTEPHBIMH HHTepdeticamu

BY cucrema i M3MepeHMH U TPEHUPOBKHU, IOKPHIBAIOLIAS BCE THIIBI
PE30HATOPOB AJIs MPOTOHHOTO ApaiiBepa- or 50 no 1500 MI',

3aBHCAT OT THIIA Pe30HATOPOB M/MJIM CBEPXIPOBOASIIIIET0 MAaTePHAJIA:

Kpuocrar
Xumuueckas Gpadpuka
VYcraHoBKa U1l IPOMBIBKM PE30HATOPPOB JAEMOHU30BaHHOM Bopoi mpu 200
aT™
BY ycumurenun momuoctr (100 — 2000 BT), mHpKYISTOPHI HA HYKHBIE
9aCTOTHI
TexHOIOrus IPOU3BOJCTBA PE3OHATOPOB
o HwuoOwii
= BricokouncThIii HHOOUEeBbIH T RRR>250
= JleeKTOCKOMHS JTUCTA
= Hapeska, mraMmnoBka (THOpaBIHYecKas), (OPMOBKa,
panuanbHO-BUHTOBAS IPOKATKA, TIIyOOKas BHITSKKA
=  BakyyMmHas 3JIeKTpOHHOIY4€EBas CBapKa
= OmDkur B BakyyMe B IPHCYICTBUM TeTTepa, IMpH
HEOOXOAUMOCTH
=  XuMpuecKas WM 3JIEKTPOXUMUYECKasl OINPOBKA
= TIpomsiBka Bopoii npu 200 atm
o Menb, HuoOuit nHa Menu
=  Ypcras OeckuciopoaHas MeIb
= MexaHuueckas o0padboTka
=  BakyyMHas ne4sb 1Js HailKu CTPYKTYp
=  MexaHu4eckas, JIEKTPOXUMHYECKAS, XUMUYECKast
MIOJINPOBKA, MACCHUBALIUS
=  BrICOKOBaKyyMHAasi CHCT€Ma HambUICHHs (KaTOOHOE WIN
MarHeTPOHHOE PaCIbUICHHE)
=  Hampurenne HuoOwust
= TIpomsiBka Bopoi npu 200 atm



