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Accelerator Driven Neutron Sources @
Global Landscape
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ESS @

Accelerator Overview
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ESS Medium Pulse Upgrade “ldeas”

What is the next generation European Neutron Source (beyond ESS)?
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ESS 5 MW Baseline: 35 0% ey ]
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= 2.86 ms, 14 Hz, 62.5 mA, 2 GeV -> 5 MW v %o %7€ X
100 I— X e L
Upgrade Idea: 1I:0us :
= Reduced pulse length to 50-100 us, but gain 505 E
preserve beam power. 1F00 ' |
= Better matched to the moderator time- 10 ] i
constant of thermal neutrons. g """"" =
= Boost the performance for many instruments 0 = '1 ' é ‘ _l, ' 4'1 L _6

at ESS. A[A]

g Relative gain in peak brightness for ESS instruments for medium
" Use the existing target, moderator and proton pulse lengths with respect to the case of the long 2860

neutron instruments us proton pulse (courtesy of Werner Schweika).

Challenges and opportunities:

» |nstruments, Target/Moderator, Accelerator




ESS Medium Pulse Upgrade “ldeas” @

ESS Afterburner Concept

Spallation sources using an RCS or AC have a proton pulse length
in the order of a ps

ESS will have a pulse length of 2.86 ms

E22 road

50-100 ps with preserved total pulse power cannot be achieved in
the ESS linac.

Producing a 50-100 ps pulse from an accumulation ring or and RCS
has long been considered difficult for high power beams:

Beamlines 2

- Simple single turn extraction ~ circumference %/\‘/
2>

- For 100 ps the ring circumference would have to exceed 30 km! (3.3 ps -> 1 km b ireriaten
ring)

Odarslovsvagen

- For a smaller ring, one could consider resonant extraction, but limited in
beam power by losses.

= A scheme was proposed by D. McGinnis, M. Lindroos and R. /

Miyamoto in 2013 to use a large stacked (4 rings) storage ring with
a circumference of 1100 m

- Use fast strip line kickers (as in the ILC damping rings) to enable low loss
bunch-by-bunch extraction generating a bunch-train of a total length of 50-
100 ps.




ESSNUSB @

ESS as a Multidisciplinary Facility

A

/' Near Detector = |njection into a ring usually requires using an H- beam.

= This would require an upgrade of the ESS linac.

ESS Target Accelerator /

= Studies made for the ESSnuSB on how H- and H+
bunches can be accelerated in the linac (double rep
rate to 28 Hz)

Far Detector IS+LEBT RFQ MEBT DTL Spoke Medium beta High beta
New ~New ~New — — — — New
Accumulator Ring = Additional Additional Additional Additional Additional Additional
Device capacity / pipes / temperature Cryo-line/Cryomodule/Coupler/Waveguide
Cooling skids / Klystron cooling / pipes Klystron cooling / pipes / skids? New
= 2.5 GeV, 384 m circumference accumulator ring I I e 1
. . . Modulator PC Modulator Modulator / Power converters Modulator
— Inspired by SNS, adapted for energy and intensity - a . a — T -
L. . Cryoline / Cryo plant
= Charge-exchange injection - -

= Single-turn extraction with kicker magnets and

Septum 25m 4‘:m:j 40m 318:5"'2!2I MH:I— 55.9m i «—767Tm —> TMI:"‘;::Z €«— 683 m —>
— For neutrons, investigate slow extraction with a fast | =) WHH(H+||||||||||||H||||||||*||||||||||||||||||||!Q Q}
integer resonance scheme 5 kev 36 Mev 50 mev 206 v 571 Mo 2000 MoV 2500 Mev
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https://indico.esss.lu.se/event/3179/
https://indico.esss.lu.se/event/3179/
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Rutherford Appleton Laboratory (RAL)
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= |naugurated in 1984. ISIS was originally expected
to have an operational life of 20 years = 70 MeV Linac
» |ts continued success has already doubled its - H-lon Source, LEBT, 0.665 MeV RFQ@202.5 MHz, 4 DTL Tanks
lifetime

= 800 MeV proton RCS

= 50 Hz, 184 kW (achieved 200 kW)
~ 148 kW to TS-1 (40 Hz)

- Neutron demand from users

- R&D, maintenance, refurbishment, upgrades

- 36 kW to TS-2 (10 Hz)
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Requirements and ongoing R&D

= 2.4 MW proton beam on target. FFA Studies.

— TS1: 1.6 MW 30 pps = Some advantages:

— 1S2 0.8 MW 15 pps — Fixed magnetic field -> simplified operation
= Low loss < 0.1 % uncontrolled for hands on — Wide momentum acceptance

maintenance — High repetition rates

" Studies of Accumulator. ring (1.2 GeV) and - Compact design -> Smaller footprint/buildings, less
RCS (0.5-1.8 GeV) starting shielding — mean carbon cost is lower during

= Conventional technology designs for construction.

magnets, RF, etc. — Versatility. In a conventional RCS increasing beam

, , , power for neutron users by increasing the bunch
= Accelerator designs undergoing review to intensity is difficult due to space charge limits. FFA is
maximise sustainability metrics. flexible from this point of view and the intensity limit

ca be overcome by beam stacking at extraction.

= Require a lot of R&D




SIS 1T @ RAL @

R&D Focus
= Beam physics codes = Sustainability
— Accurately predicting beam loss to the 0.1% — Key focus requiring careful consideration of
level remains a significant challenge construction and technology choices
— Existing codes are becoming outdated — Building a new machine has a carbon cost equal
struggling to keep up with modern to 60 years of operation! Need to rethink the
operating systems and available optimisation metrics.

computational power. — Efforts include exploring green concrete,

— To address future needs for the design, sustainable materials/supply chain, etc. Ring
construction, commissioning and operation lattice designed to reduce power consumption.
of ISIS Il over the next 20 years, there is
increasing consideration of developing new, Technology R&D
custom-built codes. — RCS vs AR vs FFA

— NC vs SC linac/ring

— Thin film SC RF cavities, permanent magnets, etc.




J. Grillenberger et al., SciPost Phys. Proc. 5, 002 (2021)
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Facility Overview

Paul Scherrer Institute (PSI)




SINQ at PS

Facility Overview

0

High Intensity Proton Accelerator facility

| | AC C e | e ra tO r: Paul Scherrer Institute

— 2.3 mA CW proton beam, Cockcroft-Walton, 72 MeV
cyclotron injector, 590 MeV main ring cyclotron Coskerof-Walion

870 keV.

Experimental Hall

— Generate neutrons in spallation targets

— Generate pions in meson production targets for
condensed matter and particle physics research at
the intensity frontier.

1
Injector 2 P2

Sx s

Ring Cyclotron 590 MeV

= 1.4 MW beam power
- 0.86 MW to SINQ facility (spallation)

(1202) 200 'S 2014 "SAUd 150d1dS “|e 18 4aB1aqua|uD [

— Recent upgrade (neutron guides, shielding
improvements, instrument upgrades, etc.)

» Potential R&D directions (1.8 MW upgrade):

— Beam loss minimisation, RF cavity upgrade,
extraction, collimation, etc.

yo'isd-mmm

— Target

11



Summary @

R&D

= Multi-MW facilities (Europe) = Operational aspects
— ESS, ISIS I, SINQ — Machine availability, reliability and robustness
= R&D directions — Beam loss mitigation
— High intensity proton drivers = Sustainability and energy efficiency
— RCS vs AR vs FFA vs Linacs — Construction choices
— SRF technology — RF systems innovation
— Thin film SC RF cavities, surface treatment, high power - High—power targets

fundamental couplers, etc.
= Compact Accelerator Based Neutron Sources

— Beam dynamics and stability
— Direct proton injection
— Novel extraction ideas
— Beam physics codes

— High precision diagnostics

— Laser stripping for injection
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Particle physics at ESS (

Using neutron and neutrinos
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BSM

.. ElectroWeak physics

* Neutrons (arxiv.org/pdf/2211.10396)

o Precision measurements in neutron beta decay Neutrino interactions

Radiative corrections

Nuclear physics

o Searches for a non-zero neutron electric dipole moment
o Neutron oscillations to anti-neutrons or to sterile neutrons (HiBeam, nnbar)

o Searches for extra fundamental interactions, gravitational spectroscopy, Lorentz
Invariance tests

o Studies of hadronic parity violation
o Dark matter search (arxiv.org/abs/2404.15521)

* Neutrinos
o Coherent neutrino-nucleus scattering (CeVens)

o Neutrino oscillations, leptonic CP violation, non-standard neutrino interactions with
matter (ESSnuSB)

*Higher proton power is required for almost all the above
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