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TOP LEVEL PARAMETERS

Design Drivers: 
High average beam power 5 MW 
High peak beam power 125 MW 
High availability    >95 %

Key Linac parameters: 
Energy   2.0 GeV 

Current   62.5 mA 
Repetition rate 14 Hz 

Pulse length  2.86 ms  
Losses   <1W/m 

Ions    p 
 
Flexible/Upgradable design 
Minimize energy consumption

Spokes Medium β High βDTLMEBTRFQLEBTSource HEBT & Contingency 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

First proton beams ready in 2019,
User operation planned for 2023
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ESSNUSB

• European grant to study an ESS based 
neutrino super beam.

• ESS involvement is mainly studying the 
modifications needed for the ESS linac 
to deliver an additional 5 MW of 
power to an accumulator ring.

• The ESSnuSB should not interfere 
with the neutron production or affect 
the scheduling or cost of the ESS.
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NEUTRINO SUPER BEAM FROM ESS

Target

Near Detector

• Linac modifications: doubling the beam 
power by adding 5 MW of H- beam
- New front end including an H- ion source

- H- stripping and losses, HOMs

- RF power and cooling

• An accumulator ring (or multiple rings) to 
compress the 2.86 ms proton pulses to 
~1 µs
- Including two transfer lines and switch yards

• Target station for creating pions
- Including the magnetic horn system

- 300 MeV neutrinos to Garpenberg

• A near detector

• A far detector at second oscillation
- A water Cherenkov detector
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ESSNUSB UPGRADE CASES

• Scenario 1
‣ The ESSnuSB requires the ESS linac to provide an additional 5 MW of beam power, there are two scenarios 

being discussed for the additional 5 MW:

๏ 28 Hz:

✴  14 Hz for neutron production + 14 Hz for neutrino production  
(5 MW to each destination)

๏ 56 Hz:

✴ 14 Hz for neutron production + 42 Hz for neutrino production  
(5 MW to each destination)

• Scenario 1I
‣ Any energy upgrade beyond 2 GeV will simplify the delivery of a second 5 MW beam from the ESS linac. 

๏ With the energy upgrade to 2.5 GeV the increase of average power needed from the nominal Radio Frequency (RF) 
stations is ~60%, which looks feasible within the existing RF gallery space. 

๏ An energy upgrade to 3 GeV would further decrease the need for higher RF power from the existing stations to 
~30%. 

‣ The high-beta superconducting cavities have a total filling time of around 0.3 ms, and for a beam duty cycle of 
8%:

๏ 28 Hz yields an RF duty cycle of 8.4%

๏ 56 Hz yields an RF duty cycle of 9.45%

Extracted from the  report by Frank Gerigk and Eric Montesinos, CERN-ADD-NOTE-2016-0050
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PULSE FREQUENCY

P PH- H-

P P
H- H-

28 Hz

H-

56 Hz

P P56 Hz H- H- H- H- H- H-

RF power

H- H- H-

P P28 Hz (rf) H- H- H- H- H- H-

Gap should be long enough for ring and target needs, 
but still much shorter than the filling time of cavities

same current, ~25% higher duty cycle (9.45%)
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H-

28 HZ RF

20% lower current, ~same duty cycle (8.4%)

P P2 GeV H- H- H- H- H- H-

P P2.5 GeV H- H- H- H- H- H-

H-

30% lower current, <10% higher duty cycle (8.8%)

P P2.5 GeV H- H- H- H- H- H-

H-

40% lower current, <20% higher duty cycle (9.2%)

P P2.5 GeV H- H- H- H- H- H-
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RFQ

• Accelerates the beam from 75 keV to 3.62 MeV

4.6 m 4.0 mLEBT
Source

2.4 m
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MEBTRFQ

3.6 MeV
LEBT

Source

DTL

39 m
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DTL
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4.6 m

LEBTSource

2.4 m
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MEBT

RFQ

3.6 MeV

LEBTSource

X.X keV
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TRANSVERSE FOCUSING

Spokes Medium β High βDTLMEBTRFQLEBTSource HEBT & Contingency 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 561 MeV 2000 MeV

352.21 MHz 704.42 MHz

0.98%
&2% 98% 198% 298% 398% 498% 598% 698%

Source% LEBT% RFQ% DTL% Spokes% LowBeta% HighBeta% ConGngency% MEBT% Upgrade% HEBT%

Proton beam 
shape

H- beam shape

• P and H- beams have opposite orientation at each interface (except at RFQ 
entrance/exit).

• Same polarity of quadrupoles could provide the right focusing.
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CRYOMODULES

• Spoke and Elliptical internal pipes?
- These pipes should be OK, the jumper connectors could be a bottle neck at higher repetition 

rates (maybe not?).

CavityCryo 
line

RF coupler
Wave guide

possibility of 
active coolingSized for 

cool-down
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MODULATOR

Capacitor Charger

Capacitors and 
transform

ers

H
igh voltage

• The ESS modular topology of modulators would permit increasing the output 
power by increasing the size of capacitor charger.
- If each modulator is feeding 4 klystrons (660 kVA case), there might be enough space saved to 

add the extra capacitor chargers.

- If each modulator is feeding 2 klystrons (330 kVA case), there could be difficulties fitting the 
additional capacitor chargers in the gallery.

• In both cases the life time is reduced to ~half if they ran at 28 Hz

• A four times power increase does not seem feasible.

Thanks to Carlos Martins
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NEUTRINO TARGET AND HORN

• Canister bed packed with titanium alloy 
spheres with symmetric transverse flow of 
coolant

• To distribute the 5 MW power of the beam 
4 targets are used.

• Each target is enclosed in a  
magnetic horn driven by a  
350 kA power supply

T. R. Edgecock, High intensity neutrino oscillation facilities in Europe PR STAB 16, 021002 (2013)



M. Eshraqi ESS J-PARC Workshop, Lund 2018 Jan 19

NEAR AND FAR DETECTORS

• Studies on the near detector
- A. Burgman, M.Sc. thesis “Cylindrical kiloton 

water Cherenkov detector”, R x L: 5 x 10 m

- P. Simion, M.Sc. thesis, Beam tests of “Baby 
MIND” detector with Geneva Group, now 
shipped to Japan

• Sofia and Uppsala Groups are 
interested in taking part on the 
Scintillator Cubes detector

• MEMPHYS like Cherenkov detector*
- 500 kt fiducial volume

- Around 240k PMTs of 0.2 m for read out

- 30% Optical coverage 
 
* arXiv: hep-ex/0607026 
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Courtesy: Tord Ekelöf
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ESSNUSB

Spokes Medium β High βDTLMEBTRFQLEBTSource HEBT & Contingency 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

RF (Modulators, SSA, Tubes), LLRF

Beam physics (Halo, losses)

SC cavities (couplers, cavities)

H- source

Operations, Reliability, Availability and Safety

Front End

• Areas of common interest:
- H- ion source, transport and stripping losses

- Transferline, and Ring (Uppsala University)
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SUMMARY

• The ESS linac has the potential of being 
upgraded to a driver for a neutrino 
super beam
- The major cost for such an upgrade is the high 

power RF system

- Electrical substations, an additional cryoplant 
and front end additions are the other major 
changes

• ESS will deliver ~1E15 protons per 
pulse, 2.5E23 protons per year, enough 
to go to the 2nd oscillation maximum 
and increase the CP violation sensitivity

• Studies on the Garpenberg mine are 
financed through another grant
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