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The NSTARs and friends 
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What is next?

TargetBeam 

NeutronsShort-lived nuclei Measure reaction 

product

Storage Ring

Direct measurement of (n,) cross section of short-lived radioactive nuclei

Stable/ long-lived nuclei Neutrons
Measure decay or 

reaction products
down to ~1015 atoms

Revolution frequency ~100 kHz → luminosity x105 !
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(Modern) Heavy RIB Storage Rings

• Experimental Storage Ring (ESR) at GSI Darmstadt (since 1990)
• Cooler-Storage Ring (CSRe) at HIRF in Lanzhou (since 2010)
• Rare RI Ring (R3) at RIKEN Nishina Center (since 2012)
• CRYRING at GSI Darmstadt (1992-2014, since 2016)
• Collector Ring (CR) and High-Energy Storage Ring (HESR) at FAIR (>203x)
• Spectrometer Ring at HIAF in Huizhou (2025)

Fr
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lit

y
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O
L 

fa
ci

lit
y • Test Storage Ring (TSR) at CERN-ISOLDE (2012) (1988-2013)

• ISOLDE Storage Ring (ISR, proposed) at CERN-ISOLDE (>203x)

• TRIUMF Storage Ring (TRISR, proposed) at TRIUMF-ISAC (>203x)

• Los Alamos Storage Ring (proposed) at LANSCE (>203x)

+ Neutron Target

Operational
Under construction
Postponed
Proposed
Cancelled/closed
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Storage Ring + High-Flux Reactor

No ISOL facility near reactor

Difficult: Storage ring through reactor core
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Storage Ring + Spallation Neutron Target

→ Los Alamos Project (S. Mosby, A. Couture, R. Reifarth)

But no ISOL facility and storage ring at LANL



62/8/21

LANL is exploring subsystem concepts, technologies

• LANSCE-based concept would produce 

radionuclides via ISOL technique

• Initial focus on “fast” (5 – 15 MeV/A beam energy) 

reactions

• Produce neutron field via spallation using 

existing accelerator

• Investigating moderator material choices 
and associated trade space

• Recoil separator-based reaction tag could 

extend reach to shorter nuclear lifetimes

• Beginning investigation of detector 
technologies, consequences of choosing this 
approach

from Shea Mosby (LANL)

Los Alamos National Laboratory preprint LA-UR-21-30261 (2021)

Los Alamos Neutron + Storage Ring Project 

existing
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The TRIUMF Storage Ring (TRISR) Project

Existing ISOL facility + Storage Ring + Neutron Target

Focus on neutron 

capture cross sections 

for heavy nuclei 

(r- and i-process)​ :

E= 0.1-2 MeV/u
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The TRIUMF Storage Ring (TRISR) Project

Existing ISOL facility + Storage Ring + Neutron Target

Focus on neutron 

capture cross sections 

for heavy nuclei 

(r- and i-process)​ :

E= 0.1-2 MeV/u
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(Little) Problem

No facility (yet) with RIB + Storage Ring 

+ Neutron Target 
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The NSTAR Project

https://arxiv.org/pdf/2508.15465 

https://arxiv.org/pdf/2508.15465
https://arxiv.org/pdf/2508.15465
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The NSTAR Project

https://arxiv.org/pdf/2508.15465 

Cesar

Ariel

https://arxiv.org/pdf/2508.15465
https://arxiv.org/pdf/2508.15465
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Key Factor: Neutron Target Design

• High-Flux Reactor: Very high flux but very expensive

• Spallation Neutron Source: High flux but still expensive

• (Compact) Acc-Driven Neutron Source: Good flux but large

•  

•  

•  

• Neutron Generator: So-so neutron flux and very cheap
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Key Factor: Neutron Target Design

• High-Flux Reactor: Very high flux but very expensive

• Spallation Neutron Source: High flux but still expensive

• (Compact) Acc-Driven Neutron Source: Good flux but large

• High-intensity cyclotron-driven neutron source

• Compact cyclotron-driven neutron source: Best compromise

• Array of compact neutron generators: scalable and needs space

• Neutron Generator: So-so neutron flux and very cheap



14

D
is

c
o

v
e
ry

,
a
c
c
e
le

ra
te

d

2025-08-27

The NSTAR Project: Proof-of-Concept

https://arxiv.org/pdf/2508.15465 

ERC Synergy Grant application: Limitations

1) Need an existing storage ring facility → space constraints

2) Need existing RIB facility

3) Provide physics results within 6 years project duration

4) Funding constraints (max. 14 MEuros)

https://arxiv.org/pdf/2508.15465
https://arxiv.org/pdf/2508.15465
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The NSTAR Project: Proof-of-Concept

• Existing (low-energy) storage ring: CRYRING at GSI Darmstadt

• Energy range: E>100 keV … few MeV

• Existing RIB facility: GSI Darmstadt 

• Supercompact cyclotron: 9 MeV p, ~130 A → 9Be(p,n)

• (Cryogenic) Neutron moderator-reflector target

• Beam and reaction products extracted

→ Expected areal neutron density: ~3*106 n/cm2

https://arxiv.org/pdf/2508.15465 

https://arxiv.org/pdf/2508.15465
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The Cryogenic Moderator-Reflector

• D2O or BeO ceramics as moderator

• Graphite as reflector

• 20K liquid H2 as cryogenic material

 → ~14-15*10-7 n/cm2/primary

https://arxiv.org/pdf/2508.15465 

Storage ring beampipe

(diameter ~1 cm!)

https://arxiv.org/pdf/2508.15465
https://arxiv.org/pdf/2508.15465
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The Supercompact Cyclotron

https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/ 

• IBA Cyclone KEY is best solution for limited space in CRYRING

• p up to 9.2 MeV

• Current up to 130 A

https://arxiv.org/pdf/2508.15465 

https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://www.iba-radiopharmasolutions.com/cyclotrons/cycloner-key-0/
https://arxiv.org/pdf/2508.15465
https://arxiv.org/pdf/2508.15465
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Cyclotron

Assembly at CRYRING

https://arxiv.org/pdf/2508.15465 

https://arxiv.org/pdf/2508.15465
https://arxiv.org/pdf/2508.15465
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Extraction of beam and reaction product

• Beam and (n,) product cannot 

be distinguished inside ring 

(momentum conservation)

• But: Different velocities!

→ Extraction into Wien 

velocity filter

→ Full separation achieved 

after ~2.5m drift length

• Detection via Faraday Cup 

(beam) and DSSD (Reaction 

products)

https://arxiv.org/pdf/2508.15465 

https://arxiv.org/pdf/2508.15465


20

D
is

c
o

v
e
ry

,
a
c
c
e
le

ra
te

d

2025-08-27

Proof-of-Concept Experiments (First 6+y)

• Limitations: En>100 keV … 10 MeV

• Availability at CRYRING: Local ion source and RIB

• Beam intensities: need 108 - 109 ions stored

• (n,) and (n,2n): Wien filter [Note: (n,2n) not astro focus!]

• (n,p) and (n,a): Detection inside ring (particle detectors)

Validation experiments: 

• Stable beam + (n,p)/(n,a) 

• Stable beam + (n,)

• Long-lived radioactive beam (n,p)/(n,a)

• 81,85Kr(n,) via fragmentation?
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Beyond NSTAR: Future “dream” facility

• New storage ring at ISOL facility (ISOLDE? TRIUMF? Other facility?)

• High-current cyclotron (100 A → mA)? CANS? Spallation neutrons?

• Adapted Neutron moderator-reflector target

• Wien filter inside ring matrix → only n-capture reaction products 

extracted → detection in recoil separator → duty factor increase

Dream: No funding constraint, no space constraint

Possible scaled areal neutron density: ~109 n/cm2

→ Cross sections down to mb!

Several orders of magnitude gain
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Status Quo
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The NSTAR project: Future “dream” facility

Within next decades



Thank You!

Merci!

hay č xʷ q̓ə!

www.triumf.ca

@TRIUMFLab
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Phases in a storage ring

1. Injection of (radioactive) beam

2. Beam is orbiting and accumulated. 

Momentum spread can be reduced by 

cooling techniques

3. Beam orbit is changed to “interaction” 

orbit or target turned on (reactions)

4. Detection of reaction products inside or 

outside of ring / Dump beam

Target

Injection

Ejection

(to detection 

or dump beam)

Detector

Beam 

monitor

Detector

Beam 

monitor
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How to separate beam and reaction products?

https://arxiv.org/pdf/2312.11859.pdf 

• Schottky pickups

Problem: Sensitivity for E<500 keV/u

• Wienfilter + Recoil Separator

Problem: Never done before

Cannot use dipoles + particle 

detectors for (n,) anymore like 

for (p,) reactions…

https://arxiv.org/pdf/2312.11859.pdf
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Extraction of beam with a Wienfilter

https://arxiv.org/pdf/2312.11859.pdf 

• Calculations done with COSY INFINITY

• Separate beam and reaction products with Wienfilter and magnetic septum - never 

done before for a storage ring!

• Extraction into recoil separator

https://arxiv.org/pdf/2312.11859.pdf
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Extraction of beam with a Wienfilter: 80Zn(n,)81Zn

https://arxiv.org/pdf/2312.11859.pdf 

• WF: E= 35 kV cm-1, l= 2m,

aperture 10 * 10 cm2

• 80Zn15+ at 150 keV/u, 

• Transverse emittance: 0.2 p m

• Assume 1  emitted after capture

→ ~40mm separation of 81Zn15+ and 80Zn15+ 

after 4m → magnetic septum

https://arxiv.org/pdf/2312.11859.pdf
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Conceptual recoil separator study

https://arxiv.org/pdf/2312.11859.pdf 

• Based on experiences and designs for 

DRAGON and EMMA

• 5Q, 2S, 40deg electrostatic deflector, 60deg 

magnetic dipole 

• L= 11 m

Leaky 

beam

Reacted

beam

https://arxiv.org/pdf/2312.11859.pdf
https://arxiv.org/pdf/2312.11859.pdf
https://arxiv.org/pdf/2312.11859.pdf
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