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CUNbHOTOUYHbIE IMHENHbIE YCKOPUTENN NPOTOHOB

* AIMNynbCHblE NCTOYHMKN HEUTPOHOB (Spallation) Ha
OCHOBE CUNbHOTOYHbLIX NIMHEUHbLIX YCKOPUTENEN
NPOTOHOB CPpeAHUX SHEPTUU

» YCKOpUTEnbHble NogKpuTnyeckme cnctembol ADS

* ViccnegoBaHna doyHOaMeHTanbHbLIX CBOUCTB
MaTepun (oTaeNbHble YCTAaHOBKN U/UIN NHXXEKTOPbI
KOINbLIEBbLIX YCKOPUTENEN)

* [lpuknagHsie nccnegosaHua — nsotonesl POI ans
OVarHoCTUKN N NEYEeHns, NPOTOHHas Tepanusa
(cpniaw!), yctaHoBKKM 0OnyvYeHNs p/3 KOMMNOHEHTOB U
YCTPOWCTB U np.



MolLHble yCKopUTenbHble HEMTPOHHbIE UCTOYHUKMU
(spallation)

" /AIMNynNbCHble NCTOYHUKU HENTPOHOB HA OCHOBE
CUNBbHOTOYHbIX JIMHENHbLIX YCKOPUTENEN NPOTOHOB CpeaHNX
oHeprun (0.4 - 1.5 'aB) cTaHOBATCA BaXXHENLLIMMU
NHCTPYMEHTaMM NCCIiea0BaHNSA BeLLLeCTBaA: KOHOEHCUPOBAHHbIX
cpen (~ 70-80% BpemeHun paboTbl ycKkopuTeneun), aaepHou
dom3urkn 1 paboT NpuKnagHoro xapakrepa.

* OCHOBHbIE MPenMyLLECTBA HENTPOHHbBIX NCTOYHUKOB TaKoro
TMNa COCTOAT B Clie4yoLLEM:
« fpepHas 6e30MacHOCTb;
* LLnpoknn cnektp HENTPOHOB OT XOSTIOAHbLIX 4O SHEPrnK
HecKonbkux coteH MaB:;
 BO3MOXHOCTb UCMOSIb30BaHNA B 3KCNEPUMEHTaX
BpPEMANPOseTHOU METOAUKN ONA cenapaunm HENTPOHOB
NO 3HEPruamMm U N3MeHEHNA BPEMEHHbIX U YaCTOTHbIX
XapaKkTepPUCTUK B LUMPOKUX Npeaenax



Los Alamos Neutron Scattering Center LANSCE
52 years in operation!
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The first stage of the accelerator contains injector systems for each kind of
particle (H+ and H-). Each injector system has a 750-keV Cockroft-Walton
generator and an ion source. The two ion sources produce H+and H- particles
inside high-voltage domes. After they leave the injector, the two ion beams are
merged, bunched and matched into a 201.25-MHz drift-tube linac for further
acceleration to 100 MeV. The third and longest stage of the accelerator (800m)
is the side-coupled-cavity linac, where particles are accelerated to their final

energy of 800 MeV.



The LANSCE instruments operate in time-of-flight mode,
receiving neutrons from a tungsten spallation target. Four
moderators provide epi-thermal, thermal and cold
neutrons to specialized beamlines. The facility operates for
a total of 3,000 hours per year.

Instrument Suite

*SMARTS - Spectrometer for Materials Research at
Temperature and Stress

*Engineering diffraction

*HIPPO - High-Pressure-Preferred Orientation instrument
Crystallography, engineering and strain, disordered
materials

*ERNI - Energy-resolved Neutron Imaging

*Neutron radiography and tomography, neutron resonance
spectroscopy, detector development

*Asterix — Neutron reflectometer / cold neutron imaging

LINAC Upgrade - RFQ and DTL- approved !
2025-2027



SNS Accelerator Complex
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Spallation Neutron Source Instruments

ARCS | Wide Angular-Range Chopper Spectrometer | BL-18
BASIS | Backscattering Spectrometer | BL-2
CNCS | Cold Neutron Chopper Spectrometer | BL-5
CORELLI | Elastic Diffuse Scattering Spectrometer | BL-9
EQ-SANS | Extended Q-Range Small-Angle Neutron Scattering Diffractometer | BL-6
FNPB | Fundamental Neutron Physics Beam Line | BL-13
HYSPEC | Hybrid Spectrometer | BL-14B
LIQREF | Liquids Reflectometer | BL-4B
MAGREF | Magnetism Reflectometer | BL-4A
MANDI | Macromolecular Neutron Diffractometer | BL-11B
NOMAD | Nanoscale-Ordered Materials Diffractometer | BL-1B
NSE | Neutron Spin Echo Spectrometer | BL-15
POWGEN | Powder Diffractometer | BL-11A
SEQUOIA | Fine-Resolution Fermi Chopper Spectrometer | BL-17
SNAP | Spallation Neutrons and Pressure Diffractometer | BL-3
TOPAZ | Single-Crystal Diffractometer | BL-12
USANS | Ultra-Small-Angle Neutron Scattering Instrument | BL-1A
VENUS | Versatile Neutron Imaging Instrument | BL-10
VISION | Vibrational Spectrometer | BL-16B
VULCAN | Materials Diffractometer

+ 8 under design for the Second target

Upgrade- 1,3 GeV/ 2 MW Target 2025-2026
The Proton Power Upgrade (PPU) Project at the Spallation Neutron Source (SNS) at Oak Ridge
National Laboratory will upgrade or replace accelerator components for beam power capability
from 1.4 to 2.8 MW and upgrade the first target station for 2-MW beam at 1.3 GeV and at 60
pulses per second. The remaining beam power will be available for the future second target station.


https://neutrons.ornl.gov/arcs
https://neutrons.ornl.gov/basis
https://neutrons.ornl.gov/cncs
https://neutrons.ornl.gov/corelli
https://neutrons.ornl.gov/eqsans
https://neutrons.ornl.gov/fnpb
https://neutrons.ornl.gov/hyspec
https://neutrons.ornl.gov/lr
https://neutrons.ornl.gov/mr
https://neutrons.ornl.gov/mandi
https://neutrons.ornl.gov/nomad
https://neutrons.ornl.gov/nse
https://neutrons.ornl.gov/powgen
https://neutrons.ornl.gov/sequoia
https://neutrons.ornl.gov/snap
https://neutrons.ornl.gov/topaz
https://neutrons.ornl.gov/usans
https://neutrons.ornl.gov/venus
https://neutrons.ornl.gov/vision
https://neutrons.ornl.gov/vulcan

European Spallation Source

The European Spallation Source (Lund, Sweden)
is one of the largest science and technology -

.......

infrastructure projects being built tOday- The Protons are generated The protons strike the target & s, 5 When the neutrons arrive
facility design and construction include the in the lon source and high-energy neutrons Q&’ at the instruments, researchers
are released (3} = . use them to examine matter

down to the atomic level

most powerful linear proton accelerator ever
built, a five-tonne, helium-cooled tungsten
target wheel, 15 state-of-the-art neutron

instruments. o

Europe’s need for an advanced, high-power (9

neutron spallation source was articulated many .

years ago. The European Spallation Source is a

pan-European project with 13 European 2 Cavities accelerate
. the protons to 96%

nations. of the speed of light

The construction of the facility began in the
summer of 2014.

All the data is sent to the Data
Management and Software
Centre in Copenhagen to be
stored, managed and analysed
with the researchers

The neutrons are slowed down
and sent down neutron guides to
the instruments

The ESS accelerator high level requirements are to provide a 2.86 ms
long proton pulse at 2 GeV at repetition rate of 14 Hz. This represents
5 MW of average beam power with a 4% duty cycle on target.
ACCELERATING CAVITIES-155, HIGH-POWER RF SOURCES-152, APPROX. LENGTH
(M)- 600

The installation of the superconducting part of the ESS Linac is
progressing towards the first operation at 870 MeV on the beam

dump in 2024.


https://europeanspallationsource.se/sites/default/files/images/media/2023-09/Poster%20Example%20EXPLORE%202-01.png
https://europeanspallationsource.se/sites/default/files/images/media/2023-09/Poster%20Example%20EXPLORE%202-01.png

China Spallation Neutron Source (CSNS)
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The Basic Parameters of CSNS
Name CSNS-1 CSNS-II
Beam power(kW) 100 500
Repetition rate(Hz) 25 25
Target number 1 1

Average current(uA) 62.5 312
Proton energy(GeV) 1.6 1.6

Linac energy(Mev) 80 250



J-PARC Machine Parameters

LINAC RCS MR (FX / SX)
Energy 400 MeV 3 GeV 30 GeV
Repetition cycle 40 ms (25 Hz) 40 ms (25 Hz) 2.48s/5.20s

Current(pulse or

averaged) 60 mA x 500 ps

176 pA

16.7 pA / 1.83 pA

Beam Power

400-MeV normal-conducting Linac,

530 kW

600-MeV superconducting Linac to increase the energy from 400 to

600 MeV,

3-GeV synchrotron ring, which provides proton beams at 333microA

(1MW), and

50-GeV synchrotron ring, which provides proton beams at 15microA

(0.75MW).

In addition, an upgrade towards 5-MW proton beam power at the few

GeV energy region is proposed as a next step in the future

500 kW / 55 kW

3 GeV Synchrotron(PS)
(~300m Cricumference)

50 GeV Synchrotron(PS)
(~1500m Cnicumference )

Nuclear & Particle
Physics Facility

Accelerator-dnven
Transmutation System

Experimental Facility \g

=
Linac (~450m Length)

Materials & Life

Science Facility
Neutnno To

Super-Kamiokande 0 S00m

High Intensity Proton Accelerator Project



High-intensity proton accelerator
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Proton beam

ADS PROTON LINACS

Parameter CiADS MYRRHA JAEA-ADS
Energy (GeV) 0,5 0,6 1,5
Beam current (mA) 5 4 20
Operation mode cw/pulse cW cwW
Maximum beam

power (MW) 2,5 2,4 30

- Stable cw operation, beam power of ten to tens of
MW

- Beam energy 1-2 GeV for efficient neutron
spallation

- Beam current of few to tens of mA

- Beam loss less than 1W/m

- High reliability to avoid thermal stress

- High beam stability

36



Komnnekc cnnbHOTOYHOTO AnHenHoro yckoputensa UAU PAH 0
MockBa, TpouuK <N

4. U3oTOnHbIN
KomnaeKc

2. HeiTpOHHDI KOMNAEKC

3. KomnneKc
Ny4yeBou
Tepanum

5. 9KcnepumeHTaNnbHbIN
CTeHA

{1. CUNbHOTOYHbIN
NVNHEeNHbIN
ycKoputenb

1. /IuHelHbI ycKOpUTENb
33 33 roga sKcnayaTaumm 2. HeiATPOHHbI KOMNAEKC

* MMnynbCHbI UCTOYHUK TENNOBbIX HEMTPOHOB
nposeneHoO ucnaputenbHoro tTuna UH-06
158 ceaHcoB pa 60Thl yCKopuTens * MIMNynbCHbI UCTOYHUK 3NNTENNOBbIX HeWTpoHOoB PALLIKC

6 o * CneKTpomeTp No BpemeHU 3amegneHua s ceuHue CB3-100
OOLLEN NPOAONHKNTENBHOCTDIO 3. UccnepoBaTenbCKMU KOMMNJIEKC 1y4€BOM Tepanum

6onee 55 TbIC. YacoB 4. PafMON30TONHDBIN KOMMNJIEKC
5. dKCnepuMeHTa/IbHbIN CTEHA, ANA UCCNeA0BaHUA BO34ENCTBUA
MOHOB BOAOPOAA Ha Y3/1bl PAAMO3NEKTPOHHOM annapaTypbl

12



M
JINHEeMHbIN YyCKopuTEelb NPOTOHOB U H- MR

Isotope Production

H* 0.75 MeV 100 MeV 160 MeV FaCIllty 247 MeV 423 MeV 602 MeV
R Experlmental Area
:l- : : RIN— : - - [ - : -----
_.- _/' RFQ C, Ciwo Cu Cy Cy
H-

UHXKeKTOp KaHanbl TpaHcnopTupoBKu LEBT
NPOTOHOB

13



Low Energy Part (Drift Tube Linac)

750 keV 20 MeV 49 MeV 74 MeV 94 MeV 100 MeV

RFQ |- Tank 1 - Tank 2 =1 Tank 3 =  Tank 4 1 Tank5 (-—-—---—

5 Drift Tube Tanks
Frequency — 198.2 MHz
Inside Drift Tube Tank Output energy- 100 MeV

14



High Energy Part (Coupled Cavity Linac,100-600 MeV)

27 four-section Disk and Washer cavities

Frequency 991 MHz

Accelerating cavities in the tunnel Klystron Gallery

15



OcHOBHble NapameTpbl YyCKOPUTENS

Parameter Design Obtained 2024
Particles p, H-minus p, H-minus p, H-minus
Energy, MeV 600 502 423
Pulse current, mA 50 16 15
Repetition rate, Hz 100 50 50
Pulse duration, ps 100 200 0.3+200
Average current, pA 500 150 130

16



HenTpoHHbIN Komnaekc MAW PAH

® AMNYNbCHBIN MCTOYHUK TenoBbiXx HenTpoHoB UH-06
AN uccnefoBaHUM KOHOEHCUPOBAHHbIX Cpeo U
HAHOOUQA2HOCMUKU C HEUTPOHOrpadnU4eCcKknmm
YCTaHOBKaMM
* IMNYNbCHbIN NCTOYHUK 3NUTENNOBbIX HEUTPOHOB C
BPEMANPO/IETHbIMW CNEKTPOMETPAMMU Ha Hase
yctaHoBku PAAIKC
(uccnedosaHus HeliIMPOH-A0epPHbIX
83aumodelicmesuti, ompabomka HelimpOoHHbIX
MemoOUK Uuccnedo8aHUS Mamepuanos)
e CNeKTpoOMETpP No BpeMEHMU 3ameaNeHnA
HenTpoHoB B cBMHUe CB3-100
(uccnedosaHus HelimpoH-a0epHbIx 83aumooelicmeauti)



Al S A

[TOMCK HOBbIX 3/IEMEHTaPHbIX YaCTUL, U HOBbIX CUJ1 B NpUpoae
JKcnepumeHmMbl HA CUIbHOMOYHOM MPOMOHHOM yCKopumesne
AU PAH (beam dump moda)

Mpeun3noHHbIe U3MEPEHUA CEYEHUN KOTePEHTHOIO pacceaHUs HEMTPUHO
MwunnusapsceHHble Yyactuubl (MCP)
AKCcMOHONOA0b6HbIE YacTULbI

CTepunbHbIE HEUTPUHO
[pyrne moaenun: TemHble GOTOHbI, HOBble Nerkme ckanapbl n ap.



PALAVUORYKNUIbI, MPOU3BOAUMBIE B UAN PAH, U
BO3MOXHOCTU UX TMPOU3BOLCTBA 3A OJHO
OBNTYYEHUE (MPU TOKE 120 MKA)

[lepuoa

Paauo- [lepuog nony- MULLIEHE [lnanasoH 0BnydeHMs, ﬂpomssen..
HYKna pacnaga aHepruun, MaB yac AKTUBHOCTb, Ci
Sr-82 25.5 gH. Rb 100-40 250 5
Na-22 2.6 net Mg, Al 150-35 250 2
Cd-109 453 oH. In 150-80 250 2
Pd-103 17 OH. Ag 150-50 250 a0
Ge-68 288 pH. Ga, GaNi 50-15 250 0.5
Sn-117m 14 pH. Sb, TiSb 150-40 250 3
Se-72 8.5 [1H. GaAs 60-45 250 3
Cu-67 62 yac. Zn-68 150-70 100 10
Cu-64 12.7 vac. Zn 150-40 15 15
Ac-225 10 oH. Th 150-40 250 4
Ra-223 11.4 gH. Th 150-40 250 13

19



KOMIUIEKC TTPOTOHHO¥ TEPAITUU M

Ilyuok npomonos: ukcupoeaniviii 20pu30HMAaAILHLIU
Ionoorcenue nayuenma: cuoa unu nexca

Tounocmo nepemewjernuu — 40 mxm
Pazmep muwenu: 0o 90 mm

Iuepausa npomonos: 70-220 M>B
Yacmoma maxpoumnynocos: oo 100 'y
Hnumenvrocmo Makpoumnynocoe:

00 200 mxc
Humencuenocmo nyuxa: ne ocpanuiena
Immumanc nyuka ~ 3 Mpao.

20



Llenb 1 Ha3Ha4yeHMe npoeKTa MeraBaTTHOro
YCKOPUTE/IbHOro KoOMnNeKca

Lenb MeracaeHc npoekTta — moaepHusauus J1Y u co3gaHue
MeraBaTTHOrO YCKOPUTE/IbHOTO KOMMJIEKCA Ha 6a3e cyLecTBYIOLIMX
3[0aHNN N NHXeHepHoU nHdpacTpykTypbl UAU PAH, Tponuk, MockKsa.

HasHayeHwue :

* 1 MBT lMnynbCHbIN NCTOYHUK HENTPOHOB Spallation Tnna

* noakputnyecKaa agepHasa cbopka Accelerator Driven System ADS -
8AM(HbI CPEOHAA MOWHOCM®b 8 My4YKe U 8bICOKAA HA0EHHOCM®,

* HENTpUHHaA ¢pabpuKa - cpedHAa MOUWHOCMb 8 MyYKe,

* dyHOAAMEHTa/IbHbIe NCCNeA0BaHUA — CpedHUU MOK, BpeEMEHHAA
CMpyKkmypa rny4yKka

* NPOn3BOACTBO PAaANOU30TOMNOB - CPEOHAA MOUWHOCMb 8 YYKeE.




OcHoBHble napameTpbl U CcTPYKTYpPa CI1 JTY (npepnoxerue)

YcKopeHue NpoToHOB B =0.015 B =0.09 B =0.43 B =0.87
SHeprua E=1T3B, E=0.1 M3B 4 M3B 100 M3B 1000 M3B
CpeaHuii ToK

la=1 mA l l l l
CpeaHAAa MOLLHOCTb Pa=1 MBT

. B CEKLMA HU3KOW CEKLMSA CPEOHEN y
MmnynbCHbIN TOK [p=40mA MCTOYHUK " SHEPFUM "~ SHEPIVV .~ CEKLIMA BbICOKOW SHEPTUM |

NMPOTOHOB 400 MT 400 MT 800 My,

OnntenbHOCTb Mnynbca T=1 mc. 4 4

B TexHn4yeckom npegnoxxeHnn paCcCMoTpeHbl YETbIPE BapUaHTa peainsaunmn 1IMHaKa:

BapuaHT 1 — ycKopuTenb, paboTatowmin B HENPEPbIBHOM PEXMME UIN B PEXMME MAaKPOMMMYNbCOB, B KOTOPOM
BCE YCKOpAKLLME CTPYKTYPbI NOAHOCTbIO CBEPXNPOBOAALLME.

BapuaHT 2 - ycKopuTeb, paboTatowmii B UMMNYAbCHOM PeXXMME, B KOTOPOM BCE YCKOPAKOLLME CTPYKTYpPbI
NOJIHOCTbIO CBEPXMNPOBOAALLME.

BapuaHT 3 - ycKkopuTenb, paboTatowmii B UMNYAbCHOM PEXMME, B KOTOPOM CEKLIMA HU3KOM IHEeprnm
HOPMaNbHOMNPOBOAALLASA, @ CEKLUUM CPEAHEN N BbICOKOW IHEPIUN - CBEPXNPOBOAALLME.

BapuaHT 4 - yckoputenb, paboTatowmii B UMNYIbCHOM PEXMME, B KOTOPOM CEKLIMN HU3KOM U cpeaHelt sHeprum
HOPMaNbHOMPOBOAALLNE, @ CEKLUA BbICOKOW SHEPTUU - CBEPXMPOBOAALLASA.
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1. MoodepHu3sayus Ha4ansHoU Yyacmu J1Y! »



HOHOB

HetouHHEKH

f=165.17MI'n

Wi =65 3B,

Wo=4 M3B,

[ =40MA,

t =200 mMKc,

F =50Tn
oM

Junng 1

4 IHH3LL,
TPYNIAPOBKA,
qommep,
NHATHOCTHKA

23m

COITACOBAHHA

Junng 2
COTIACOBAHHAS

Yckopsomue i $oKycHPYOIEe CHCTeMbI

OnnrHOYHBIE Pe30HATOPbI

-t
113 M1B

CefizaHHEIe Pe30HATOPEI

=330, 34 MI'n, [HH3BI
43 yexopawmux pezoraropa SDTL, COTIACOBAHES, | (B
43 dokycHpywIHEX 31eMeHTa HAa ocHoBe PMQ), TPYIIHPOBATE/E

HMIy/IbcHbIe TBepoTeabHble BY yerantenn P= 500 kBr, IHATHOCTHKA,

371eMeHThI JHACHOCTHKH my4ka - ML, THT

68 M

79,5 ™

ModepHu3ayua HavyansHoU Yacmu J1Y (npeonosicerue)
cnaiig B.ITapamonoB
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3aKs1ro4YeHue

1. B AN PAH pyHKLUMOHMPYET IKCNEPUMEHTANbHBIN KOMMNIEKC HA
6a3e J/InHenHoro yckopmutena npotoHoB. Heobxogmma cpoyHas
MOJEepPHM3aLUMA OTAENbHbIX cucTem yckoputens (HY!) ana
obecneyenmna yctonumsom paboTtbl ¢ nyykom 423 M3B c BpemeHem Ha
nonb3oBaTeneun okoso 3000 yacos B roa,

2. MeraBaTTHbIM MMMY/IbCHbIN UCTOYHMK HEUTPOHOB spallation-tnna B
P® Heobxoamm anAa npoBeAeHUA WNUPOKOTro Kpyra nccaegoBaHum, 4to
NOATBEPXKAAETCA aKTUBHOCTbIO B 3TOM HanpasaeHun B mmpe: SNS, ESS,
CSNS n ap. bonbwas nporpamma pyHAAMEHTANbHbIX U NPUKAAAHbIX
nccneaoBaHMM C YCKOPEHHbBIMM NPOTOHAMM.

3. CN NYN u/vnn NY+ RCS moryT 6b1Tb NOCTpOEHbl Ha base
CYLLECTBYOLWEro TYHHEeNA, 34aHNN, COOPYKEHUN U NHKEHEPHOM
MHPPACTPYKTYPbI YyCKOpUTENbHOTro KomnaeKkca AN PAH, yto no3sonut
CYLLECTBEHHO YMEHbLLUNTb KanuTaibHble B/IOKEHMA N CPOKU BBOAA B
3KCNAyaTaumio .

4. Co3panmne MYHK Bo3MOKHO nuLLb B TECHOW Koonepauun ¢
MHCTUTYTaMmun u npegnpuatnamum K Pocatom, MOH, HAU KA, OUNAN,
'K Poctex n ap. Npocum nogaepKku n npurnatiaem K CoTpyaHu4ecTay.

Crniacubo 3a BHUMAHUeE



