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Lund!

5  MW  beam power
2.5  GeV  protons (H+)
2.0  ms  pulses
20  Hz  rep rate
704 MHz RF frequency 
< 1  W/m  beam losses
> 95%  availability
7.5  MW  upgradabilty?

http://esss.se/linac/Parameters.html

Neutrons in 2019 !

http://esss.se/linac/Parameters.html
http://esss.se/linac/Parameters.html
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ESS on the ADS roadmap 
Finding #5: “The missions for Accelerator Driven Sub-critical (ADS) 

technology lend themselves to a technology development, 
demonstration & deployment strategy in which successively 
complex missions build upon technical developments of the 
preceding mission.”    U.S. Dept. of Energy White Paper (2010). 
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Technical assumptions
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ESS Linac:
- Optimised for 50 mA (not 75 mA / 7.5 MW upgrade)
- Fully non-segmented (continuous cryostat), doublet optics
- 1 cavity per klystron

High Energy Beam Transport (HEBT):
- Linac 10 m below grade (assumed flat), Target 1.6 m above
- Octupolar beam profile flattening

NO second “full power” Target Station !
- (but secondary proton extraction lines possible?)

NO H- injection (or short pulses, or accumulator ring) !
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2009 - Artists concept
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584 m
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March 2011 wireframe
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22 neutron lines, keeping the target on the slight ridge through the farm

Target station & hall H1

H2

H3
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Neutron beamlines
Moderators are placed +/-10 cm above/below the proton beamline
Neighbouring neutron beamlines are above/below the target
Neutron lines have a radius of curvature ~5 km
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Target interfaces
The 1-D wireframe does 
not address the complex 
target interfaces:

 Accelerator-to-Target
- Controls
- Naming Convention
- Co-ord. systems
- Beam diagnostics
- Distributed systems
- Beam windows
- Beam optics
- Tune-Up Dump
- Protection systems

 Target-to-neutron-lines
- et cetera
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Seasonal 
storage -
thermal 
aquifer District 

heating 

Baltic
windpower

A carbon neutral laboratory?
32 – 38 MW site power  
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Green cryomodules:
continuous, segmented .... or hybrid?

CONTINUOUS 
cryomodules were 
assumed in the 
Baseline-2010 
design.

HYBRID 
cryomodules are 
under evaluation.

Short connecting 
utility modules 
contain beamline 
instrumentation at 
about 50 K.
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Beam losses
Excessive radio-activation from losses larger than about 1 W/m can 
hinder hands-on maintenance.

Intra-beam stripping is plausibly an important source of beam losses 
in H- linacs like the SNS (0.2 W/m), but not in the H+ ESS.

Other potential beam loss sources are 1) space charge resonances, 
2) transverse overfocusing, 3) uncollimated low energy beam halo.

Attaining the ability to confidently predict the relative 
importance of loss mechanisms is a fundamental challenge to 
our ability to design multi-MW proton linacs.

Resolve this situation, by:
a)  Simulation and theory
b)  Experiment (at SNS?) 
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SNS: simulations & experimental data !
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End-to-end simulations
of course, but what is the question?

1)  Optics design & tuning strategies: integration by beam
- lengths & strengths, optics matching
- diagnostics & correctors, algorithms
- on-line & off-line from one single model

2)  Multi-particle pushing:
- does the emittance blow up, do tails grow?
- collimation
- Beam losses: fundamental challenge - power limit?

3)  Contingency: real-time production line response
- move risk from manufacturer to ESS (cf XFEL)

4)  Upgradability: the cost of preservation
- Power, non-neutron scattering uses, parasitic extraction

5)  Reliability: longer term contingency response
- Synergy with ADSR?
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Design Update collaboration

NC front-end: Ion source (INFN), RFQ (CEA), MEBT 
(ESS-Bilbao), DTL (INFN)

SC linac: Spoke Cavities (CNRS), Elliptical cavities (CEA)

HEBT: Aarhus university

RF sources & controls: High-power (Uppsala U), RF 
regulation and controls (Lund U)

Utilities: power, network, cooling and cryogenics supplies 
and distribution and integration (Tekniker)

14
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Overlapping projects
Prepare-to-Build (P2B) provides 1) Prototyping & 2) Engineering 
Design Reports, in smooth transitions from design to construction. 

2011 2012 2013 2014 2015 2016 2017                                                                                                                                                                                                                                                                                                                                                                                                                                                                         2018 2019

TDRs with Cost & Schedule

International 
convention signed

Design Updates Construction projects

First 
protons

P2B projects

Cryomodule 
production starts

First 
neutrons

DU
P2B

DU
P2B

P2B
Const.
P2B

Const.

P2B
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Accelerator Division expansion 
now  ➞  end of 2012

Technical staff             14 ➞ 42
RF systems & power supplies    2 ➞ 7
Beam Physics & magnets    3 ➞ 5
Beam instrumentation     2 ➞ 7
Vacuum & cryogenics     1 ➞ 5
Controls, databases & scientific computing 3 ➞ 5
Management, admin & Project support  3 ➞ 5
PhD Students      0 ➞ 8

Recruitment is very much in progress!
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