
THE ESS LINAC AS THE DRIVER 
FOR ESSNUSB

Mamad Eshraqi for ESSnuSB

Beam physics section leader / Accelerator Division / ESS

1



M. Eshraqi ESSnuSB2024 Jan 31

ESS

2022 Feb 22

2



M. Eshraqi ESSnuSB2024 Jan 31

ESS

3

MOST OF IT IN ONE SLIDE
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MAGIC
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VESPA
MIRACLES

Linac
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

Controls
Control variables.      ~1.6E6 PVs
MPS and PSS
EPICS7
µTCA.4
 

Rotating tungsten target
Target diameter                  2.6 (0.45) m
Mass                                 11 (3) tons
                                        36 sectors 
Rev. freq.                            ~0.4 Hz
Expected lifetime                5 years
Cooling                             He gas
Beam ports                        42
Peak flux                            ~30-100 x ILL
Cold moderator                 Liquid H2

                                                             17 K
                                        30 mm
Thermal moderator            H2O
                                        300 K
                                        30 mm

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

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

Soft condensed matter

Energy research

Archeology and heritage conservation

Chemistry of materials

Magnetism and superconductivity 

Engineering and geo-sciences

Life sciences

RFQISRC

4.6 m 4.0 m 38.9 m 55.9 m 76.7 m 178.9 m

75 keV 3.6 MeV 90 MeV 216 MeV 470 MeV (+50) 560 MeV (+60) (+200)

352.21 MHz 704.42 MHz

DTL Spoke Medium β High β

2.5 m Target

LEBT MEBT HEBT DMPL

A2T

TBD
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PHOTONS VS. NEUTRONS

PSI
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Neutron Imaging

0.8 

34

Figure 2.17: Non-destructive imaging of an Indonesian dagger sheath, illustrating how neutrons mitigate
the obscuring e↵ects of the out metal cover on images of the inner wood parts. Top left: A photograph
of the dagger and the sheath, which has an outer metal cover (containing silver) and an inner wooden
structure. Top right: A neutron transmission (radiography) image. Bottom left and right: 3D renderings
of neutron and X-ray tomography data, respectively. Courtesy of E.H. Lehmann [165].

2.2.8 Fundamental and particle physics

Fundamental physics seeks to understand the “what” and the “how” of the universe. Even
slight deviations from the predictions of the Standard Model, which embodies our current state
of understanding of particle physics, would have important implications for both cosmology and
particle physics. Fundamental neutron physics o↵ers high precision tests of this model. High
brightness and long pulses will allow a wide range of fundamental phenomena to be probed with
sensitivity superior to that which is possible at present.

Fundamental physics currently stands at the interface of particle physics with nuclear physics, astro-
physics, and cosmology, as illustrated in Figure 2.18. For three decades, the Standard Model of particle
physics has successfully provided the framework for explaining phenomena involving three of the four
known forces of nature. However, there exist many reasons to believe that the Standard Model is not the
complete theory. Besides the high-energy frontier, there exists another frontier in the search for what is
called the New Standard Model – the high precision frontier. The pattern of deviations (or their absence)
that emerges from precision experiments is a “footprint” of new forces. The higher brightness and the
pulse structure of ESS provide new possibilities for fundamental neutron physics experiments. It will be
possible to investigate a wide range of fundamental phenomena with a sensitivity superior to that of previ-
ous experiments. A review of possible topics in which the gain factor over current facilities is expected to
be large can be found in articles by Rathsman and Sand [172,173]. The fundamental physics science topics
mentioned above are addressed by the fundamental and particle physics beamline in the reference
suite.

I  =  I0  e- µ.d

neutron µ different to x-ray

contrast hydrogen / deuterium.

not increasing with Z2

neutron x-ray

x-ray

neutron

Neutron Imaging

0.8 

34

Figure 2.17: Non-destructive imaging of an Indonesian dagger sheath, illustrating how neutrons mitigate
the obscuring e↵ects of the out metal cover on images of the inner wood parts. Top left: A photograph
of the dagger and the sheath, which has an outer metal cover (containing silver) and an inner wooden
structure. Top right: A neutron transmission (radiography) image. Bottom left and right: 3D renderings
of neutron and X-ray tomography data, respectively. Courtesy of E.H. Lehmann [165].

2.2.8 Fundamental and particle physics

Fundamental physics seeks to understand the “what” and the “how” of the universe. Even
slight deviations from the predictions of the Standard Model, which embodies our current state
of understanding of particle physics, would have important implications for both cosmology and
particle physics. Fundamental neutron physics o↵ers high precision tests of this model. High
brightness and long pulses will allow a wide range of fundamental phenomena to be probed with
sensitivity superior to that which is possible at present.

Fundamental physics currently stands at the interface of particle physics with nuclear physics, astro-
physics, and cosmology, as illustrated in Figure 2.18. For three decades, the Standard Model of particle
physics has successfully provided the framework for explaining phenomena involving three of the four
known forces of nature. However, there exist many reasons to believe that the Standard Model is not the
complete theory. Besides the high-energy frontier, there exists another frontier in the search for what is
called the New Standard Model – the high precision frontier. The pattern of deviations (or their absence)
that emerges from precision experiments is a “footprint” of new forces. The higher brightness and the
pulse structure of ESS provide new possibilities for fundamental neutron physics experiments. It will be
possible to investigate a wide range of fundamental phenomena with a sensitivity superior to that of previ-
ous experiments. A review of possible topics in which the gain factor over current facilities is expected to
be large can be found in articles by Rathsman and Sand [172,173]. The fundamental physics science topics
mentioned above are addressed by the fundamental and particle physics beamline in the reference
suite.

I  =  I0  e- µ.d

neutron µ different to x-ray

contrast hydrogen / deuterium.

not increasing with Z2

neutron x-ray

x-ray

neutron

Neutron Imaging

0.8 

34

Figure 2.17: Non-destructive imaging of an Indonesian dagger sheath, illustrating how neutrons mitigate
the obscuring e↵ects of the out metal cover on images of the inner wood parts. Top left: A photograph
of the dagger and the sheath, which has an outer metal cover (containing silver) and an inner wooden
structure. Top right: A neutron transmission (radiography) image. Bottom left and right: 3D renderings
of neutron and X-ray tomography data, respectively. Courtesy of E.H. Lehmann [165].

2.2.8 Fundamental and particle physics

Fundamental physics seeks to understand the “what” and the “how” of the universe. Even
slight deviations from the predictions of the Standard Model, which embodies our current state
of understanding of particle physics, would have important implications for both cosmology and
particle physics. Fundamental neutron physics o↵ers high precision tests of this model. High
brightness and long pulses will allow a wide range of fundamental phenomena to be probed with
sensitivity superior to that which is possible at present.

Fundamental physics currently stands at the interface of particle physics with nuclear physics, astro-
physics, and cosmology, as illustrated in Figure 2.18. For three decades, the Standard Model of particle
physics has successfully provided the framework for explaining phenomena involving three of the four
known forces of nature. However, there exist many reasons to believe that the Standard Model is not the
complete theory. Besides the high-energy frontier, there exists another frontier in the search for what is
called the New Standard Model – the high precision frontier. The pattern of deviations (or their absence)
that emerges from precision experiments is a “footprint” of new forces. The higher brightness and the
pulse structure of ESS provide new possibilities for fundamental neutron physics experiments. It will be
possible to investigate a wide range of fundamental phenomena with a sensitivity superior to that of previ-
ous experiments. A review of possible topics in which the gain factor over current facilities is expected to
be large can be found in articles by Rathsman and Sand [172,173]. The fundamental physics science topics
mentioned above are addressed by the fundamental and particle physics beamline in the reference
suite.

I  =  I0  e- µ.d

neutron µ different to x-ray

contrast hydrogen / deuterium.

not increasing with Z2

neutron x-ray

x-ray

neutron

Neutron Imaging

0.8 

34

Figure 2.17: Non-destructive imaging of an Indonesian dagger sheath, illustrating how neutrons mitigate
the obscuring e↵ects of the out metal cover on images of the inner wood parts. Top left: A photograph
of the dagger and the sheath, which has an outer metal cover (containing silver) and an inner wooden
structure. Top right: A neutron transmission (radiography) image. Bottom left and right: 3D renderings
of neutron and X-ray tomography data, respectively. Courtesy of E.H. Lehmann [165].

2.2.8 Fundamental and particle physics

Fundamental physics seeks to understand the “what” and the “how” of the universe. Even
slight deviations from the predictions of the Standard Model, which embodies our current state
of understanding of particle physics, would have important implications for both cosmology and
particle physics. Fundamental neutron physics o↵ers high precision tests of this model. High
brightness and long pulses will allow a wide range of fundamental phenomena to be probed with
sensitivity superior to that which is possible at present.

Fundamental physics currently stands at the interface of particle physics with nuclear physics, astro-
physics, and cosmology, as illustrated in Figure 2.18. For three decades, the Standard Model of particle
physics has successfully provided the framework for explaining phenomena involving three of the four
known forces of nature. However, there exist many reasons to believe that the Standard Model is not the
complete theory. Besides the high-energy frontier, there exists another frontier in the search for what is
called the New Standard Model – the high precision frontier. The pattern of deviations (or their absence)
that emerges from precision experiments is a “footprint” of new forces. The higher brightness and the
pulse structure of ESS provide new possibilities for fundamental neutron physics experiments. It will be
possible to investigate a wide range of fundamental phenomena with a sensitivity superior to that of previ-
ous experiments. A review of possible topics in which the gain factor over current facilities is expected to
be large can be found in articles by Rathsman and Sand [172,173]. The fundamental physics science topics
mentioned above are addressed by the fundamental and particle physics beamline in the reference
suite.

I  =  I0  e- µ.d

neutron µ different to x-ray

contrast hydrogen / deuterium.

not increasing with Z2

neutron x-ray

x-ray

neutron

N
eu

tro
ns

X
-ra

ys



M. Eshraqi ESSnuSB2024 Jan 31

DRIFT TUBE LINAC

• All the five tanks are in the tunnel now
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SPOKE LINAC

6

CRYOMODULE INSTALLATION COMPLETE
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MEDIUM BETA LINAC
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CRYOMODULE INSTALLATION ALMOST COMPLETE



M. Eshraqi ESSnuSB2024 Jan 31

KLYSTRON GALLERY

• High voltage moderators, RF, RFDS and Controls
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TARGET, INSTRUMENT HALL

Ulrika Hammarlund (2020-2022)
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SPACEX, FALCON 9

Image courtesy of SpaceX
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YOU DON’T USE THEM 10 TIMES A YEAR
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LUND TO GARPENBERG VIA ZINKGRUVAN

ESSnuSB has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 777419

http://essnusb.eu/site/glossary/essnusb/
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TOP LEVEL PARAMETERS
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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

RF (Modulators, SSA, Tubes), LLRF

Beam physics (Halo, losses)

SC cavities (couplers, cavities)

H- source

Operations, Reliability, Availability and Safety

Front End

L2R

Ring

R2T

Spokes Med. β High βDTLMEBTRFQLEBTSource HB+ TGT

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 2 GeV

352.21 MHz 704.42 MHz

HEBT DgLg

2.5 GeV

A2T

68 m

ESSnuSB beam: 
Energy   2.5 GeV 
Current   62 mA (50 mA) 
Repetition rate 14 Hz (x 4) 
Pulse length  <3.5 ms  
Losses   <1W/m 
Ions    H- 
 

Frank Gerigk and Eric Montesinos, CERN-ADD-NOTE-2016-0050 
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ESSNUSB LAYOUT

Rasmus Johansson and Nick Gazis
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THE PHENOMENA BETWEEN PARTICLES
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H- TRANSPORT AND LOSSES

B. Folsom et al, PRAB 24, 074201 (2021)
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L2RHigh βMβDTL Sp
H = -5 m ∆H = -7.535 m

P

The electron is very 
loosely bound to the 

proton.
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• Possibility of merging the two beams at 70 Hz

- B field: 0.1 T

- Bending radius: 400 mm

‣ pole gap: 100 mm

- A coil with100 turns

‣ Inductance: 17 mH 

๏ possible to switch at 70 Hz

- Power supply:

‣ Current: 80 A

‣ Voltage: 170 V

PULSING IN THE LINAC, RING AND TARGET

Håkan Danared, Björn Gålnander
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H- H- H- H- H- H- H- H-Into ring

14 Hz

100 µs 0.65 ms

Into horn

14 Hz

~1.4 kHz

Horn 1

Horn 2

Horn 4

Horn 3

~1 µs ~0.75 ms

P P
Into linac

50 mA 60 mA

Modulator 
voltage

14 Hz
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• Two different power upgrades for the modulators 
have been studied:
- Using the SML modulators of ESS and upgrading the capacitor 

chargers

- Using the SML modulators of ESS and adding pulse 
transformers for the H- beam

MODULATOR

Max Collins and Carlos Martins
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Scenario Solution Eta
Investme

nt cost 
[M€]

Electricity 
cost per year 

[M€/y]

Increased 
system 

footprint [m2]

Total 
system 

height [m]

H⁻  pulse rise 
time [µs]

A SML upgr. 0.82 13.4 14.6 0 3.1 < 120

B
SML upgr. > 

0.80 13.4 14.8 0 3.1 < 80

SML + 
PT

> 
0.80 26.3 14.8 < 2.5 x 1.5 2.4 60-120

C
SML upgr. > 

0.71 13.4 16.7 0 3.1 < 170

SML + 
PT

> 
0.72 26.6 16.5 < 2.5 x 1.5 2.4 50-120

Baseline SML 0.82 N/A 7.30 N/A 2.6 N/A
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SUMMARY

• The ESS project has seen good progress, with RFQ beam commissioning completed

• ESSnuSB received funding to study the feasibility of ESS linac upgrade from 5 MW to 10 MW to deliver 1E23 p.o.t/yr 
for neutrino oscillation studies

• Linac upgrade
• The ESS linac lattice is capable of accelerating and transporting the H- beam with minimal stripping losses, such that 

the total losses of p and H- remain within 1 W/m

• H- loss phenomena have been studied, and the transfer line to ring designed to respect the loss limits

• The ESS’s stacked multi-layer modulator has the capability to be upgraded for the ESSnuSB
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