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Reactor complex PIK



Spallation Source
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A prototype of the pulsed source of neutrons utilizing the 

spallation-evaporation reaction (Protvino, Moscow Region) with 

a beam of 0.8 microAmp (averaged)/2.7 microAmp (pulse inside 

the packet), neutron output of 1015 per injection cycle, proton 

beam power at the target of 1kW, proton beam energy of more 

than 1.3GeV and the maximum number of stations – 6 units
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Spallation Source
J-PARC

Japan Proton Accelerator Research Complex



European spallation source (ESS), Lund, Sweden

https://europeanspallationsource.se/
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SpokesDTLMEBTRFQLEBTSource HEBT & Contingency
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Target

2.4 m 4.6 m 3.8 m 39 m 56 m 77 m 179 m

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

352.21 MHz 704.42 MHz

ESS Main Characteristics

Parameter Value Unit

Average proton beam power 5 MW

Proton kinetic energy 2 GeV

Pulse repetition rate 14 Hz

Pulse length 2.86 ms

Average current during pulse 65 mA

Number of moderators 2

Number of neutron beam ports 42
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Spallation neutron source

elerator Driven System ADS,
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E. Fagotti                    IPAC 2018 - Vancouver

IFMIF facility: two, high power CW drivers, each delivering a 125 mA deuteron
beam at 40 MeV (5 MW power) hitting a liquid lithium target in order to yield
neutrons (1017s-1) via nuclear stripping reactions.
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The IFMIF Main Characteristics

Parameter Value Unit

Particle d

Output energy 9; 40 MeV

Current 125 mA

RFQ frequency 175 MHz

RFQ input energy 100 keV

RFQ output energy 5 MeV

RFQ length 9.8 m

RF power 1.2 MW

IFMIF RFQ MODULE CHARACTERIZATION VIA MECHANICAL AND RF MEASUREMENTS, Luigi Ferrari et.al., LINAC2016, THPLR050
TOWARDS COMMISSIONING OF THE IFMIF RFQ, A. Pisent , LINAC2016
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ECR ion source (IAP RAS, N.Novgorod)
24 - 37 , 10 

10-6 – 10-2

100 /c 3

5

2

> 90 %

1. V.Skalyga, I.Izotov, S.Golubev, A.Sidorov, S.Razin, A.Vodopyanov, O.Tarvainen, H.Koivisto, T.Kalvas. New progress of high current gasdynamic ion source. Review of Scientific 
Instruments. 87, 02A716 (2016); http://dx.doi.org/10.1063/1.4934213

2. V. Skalyga, I. Izotov, S. Razin, A. Sidorov, S. Golubev, T. Kalvas, H. Koivisto, and O. Tarvainen. “High current proton beams production at Simple Mirror Ion Source 37”. // Review of 
Scientific Instruments, v. 85, no. 2, 2014, p. 02A702-1 – 02A702-3.   DOI: 10.1063/1.4825074
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Emittance measurements
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Proton linac for DARIA
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Structure RFQ DTL
Beam energy, [MeV] 0.06 ÷ 3.3 3.3 ÷ 13.0
Maximum field strength [Kp] 1.8
Acceptance to emittance ratio 3
Length, [m] 5.4 5.9
RF power loses, kW 680 1500
Transmission, [%] 99.5 100

Operating frequency, MHz 162.5
Injection current, [mA] 100
Pulse length [μs] 100
Repetition rate [p/s] 100
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PROTON BEAM THERAPY
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Proton beam therapy complex with a proton accelerator for an energy of 250 MeV



Heavy ion pulse linac
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Laser ion 
source (5.3GW)

RFQ

DTL1

RFQ DTL1 DTL2

Operation mode Pulse

A/Z 8

Iinp 10

frequency, MHz 40,625 81.25 162.5

Kilpatric 1,8EKp

Emittance 99% , *mm*mrad 2

Acceptance/emittance, * * 3

Energy, MeV/n 0,00875 – 0.6 0.6÷1.25 1.25÷4

Length 10,998 4.896

Number of gap/resonator 2 5

Number of resonators 12 28

Inner diameter, mm 850 420

Radii resonator/lens, mm 21/22.5 25/22.5

Synchronic phase, grad -50 ÷ -40 -50÷-40

Gradient (max), T/m 41 45.5

Number of quadrupoles 12 28

Q

Power, kW 484



MICROELECTRONICS
semiconductor features modification 

by the ion beams
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Proton Alvarez accelerator
Energy, MeV 0,7 24,6
Beam current, mA 200
Pulse length, μs 10
Repetition rate, pps up to 1
RF frequency 148,5
Resonator length, m 18,4

1370
Average accelerating field, kV/cm 20/23
PulseRF power, MWatt 2,6

 

Proton Alvarez for 
ITEP and  IPHE

Proton Alvarez for Proton Alvarez for
ITEP and  IPHE Heavy ion linac

Irradiation by C3+ trr , ns IR, nA UF , V (at IF = 10 mA)

Initial > 100 < 3 0.81 ± 0.01

8.4 MeV, F = 1 · 1012 cm 2 18 ± 2 < 100 0.80 ± 0.01

8.4 MeV, F = 4 · 1012 cm 2 5.5 ± 0.5 900 ± 100 0.76 ± 0.01

8.7 MeV, F = 2 · 1012 cm 2 2.2 ± 0.2 < 10 0.78 ± 0.01
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Radioisotops for medicine 
generated by proton beam

Energy, MeV Isotopes
0–10 18F, 15O

11–16 11C, 18F, 13N, 15O, 22Na, 48V
17–30 124I, 123I, 67Ga, 111In, 11C, 18F, 13N, 15O, 22Na, 48V, 201Tl

124I, 123I, 67Ga, 111In, 11C, 18F, 13N, 15O, 82Sr, 68Ge, 22Na, 48V
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Pulse vs CW
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Beam dynamics: 
Ek(pulse) > Ek(cw), Ek(cw
Acceptance/emittance(pulse)<Acceptance/emittance(cw)
Frequency(pulse) > Frequency (cw)
Transport (Iin/Iout) (pulse)=>95-98% vs Transport (Iin/Iout) (cw)=> 100%
Transmission (Iac/Iout) (pulse)=>95 vs Transmission (Iac/Iout) (pulse)=>100%
LEBT (pulse) – 4D matching vs LEBT(cw) – 6D matching



Pulse vs CW
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Construction:
Resonator material

Pulse – steel covered by cooper
CW – oxygen free cooper
Bemetall?

Cooling
Pulse – Not always
CW – always both resonator and electrodes
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HIGH ENERGY PHYSICS

Future Circular Collider Study  
Overview and Design Status

M. Benedikt and F. Zimmermann
gratefully acknowledging input from FCC coordination group,

global FCC design study team and all other contributors
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DERICA - Dubna Electron-Radioactive Isotope Collider fAcility
http://derica.jinr.ru/
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