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Testbeam Facilities – why?

Vital for the HEP (and NP) community

• How to test the performance of detectors 
(systems and components) under operational 
conditions?

• How to calibrate detector response?

• How to evaluate new technologies? 

Synergies with other applications (e.g., 
instrumentation for space)

Snowmass White Paper: “Test Beam and Irradiation Facilities”
https://arxiv.org/abs/2203.09944
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Testbeam Facilities – what?

Broad range of energies and 
particle species with precise and 

robust control – Accessibility!

Snowmass White Paper: “Test Beam and Irradiation Facilities”
https://arxiv.org/abs/2203.09944

Broad range of energies and particle 

species with precise and robust control. 

Accessibility! 
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Testbeam Facilities – landscape

Most relevant facilities for US community

shutdown for LBNF/PIPII

shutdown for HL-LHC upgrade

shutdown for PETRA IV/DESY IV
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Testbeam Facilities – future? 
• Several opportunities at BNL, DESY, FNAL, SLAC

• Precision timing capabilities

The LESA beamline, which is currently nearing completion, will deliver low current 8 GeV electron 
beams from the LCLS-II-HE superconducting linac to End Station A. Commissioning is planned to 
begin in late 2025 and continue during the first 2 months of SC Linac beam availability in 2027. 

…planned dedicated lasers at the injector, to be commissioned around 2028.

6



Test Beam Facilities for Particle Accelerator 
Development in the US
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• Maintain and improve existing accelerator capabilities 
• Develop new capabilities 
• Design next-generation facilities 
• Train a new generation of accelerator specialists 

Maintaining and updating the DOE 
Accelerator Complex requires test beams!



Test Beam Facilities for Particle Accelerator 
Development in the US

https://www.beamnetus.org/
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BeamNetUS is a network of facilities united in a common mission 
to advance accelerator research and applications of accelerator 
technology through improving awareness and access to these 
unique facilities.

These facilities provide complementary capabilities enabling 
research in plasma physics, beam physics, material science, 
radiofrequency sources and structures, nuclear physics and 
electron beam irradiation.



Irradiation Facilities – applications 

Study and characterize damaging effects that detectors (systems and components) 
will experience when in operation (HEP and NP): 

• Sensors (silicon and more) bulk and surface damage

• Scintillators (crystal and plastic)

• Materials for integration and packaging

• Electronics including live Single Event Effect [SEE] testing

Single Event Effects

Modern, more complex integrated circuits are 

multilayered and require higher energy beams 

to test (since only higher energy particles can 

penetrate the chips). 9



Facility Particles Energy Range SEE 
Testing

BASE (LBNL, US) p, n, heavy ions 1-55 MeV yes

CERN (Geneva, CH) p 24 GeV yes

CNL (UC Davis, US) p, n 1-67.5 MeV yes

CYCLONE (Louvain, BE) p, heavy ions 14.4-65 MeV yes?

FACET-II (SLAC, US) e- 10 GeV n/a

GIF (Sandia, US) n/gamma, heavy ions 1.17-1.33 MeV yes

HFIR (ORNL, US) gamma - yes

ITA (FNAL, US) p 400 MeV yes

KAZ (Karlsruhe, GE) p 23 MeV yes?

LANSCE (LANL, US) p 800 MeV no

NSRL (BNL, US) p, heavy ions 50-2500 MeV yes

PIF (TRIUMF, CA) p 5-500 MeV no

RINSC (Rhode Island, US) n - no

SEUTF (BNL, US) heavy ions 1-350 MeV n/a

TRIGA (Ljubljana, SI) n few MeV no

main workhorse e.g. for HL-LHC
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Irradiation Facilities – future?

Future collider-based experiments: 

• Unprecedented radiation exposures

• Rates and integrated doses (two orders of 
magnitude greater than systems operating 
today)

• Will require high-dose-rate environments for 
accelerated testing

• Activation of the detector materials may 
require robotics handling 

• Benefit from expertise with accelerator and 
other fields (FES)
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Irradiation Facilities – synergies & accessibility
End station for testing

• Beam enters from particle 

accelerator

• System to measure energy 

and flux of beams

• Mounting support for test 

equipment

• Beam imaging system

Pictured is NSRL target room
• >50 ion species

• From 1 MeV p to 337 MeV Au
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Magnets – meeting future needs
‘A major element of MDP since its inception is the investment in core
technologies, including advanced modeling, the development of unique 
diagnostics and instrumentation, the exploration of novel means to enhance 
training rate in LTS magnets, and materials research to support industry 
advances in conductor performance. These investments continue, with increased 
focus on integrating advances into magnet prototypes. As an example, for HTS 
magnets we expect diagnostics and instrumentation to evolve from tools of 
discovery and understanding, to tools integral to the magnet operation and 
protection.’
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Magnets – synergies and collaborations

NASEM Report: The Current Status and Future Direction of High-Magnetic-Field Science 
and Technology in the United States (2024) DOI 10.17226/27830

“A concerted effort from multiple agencies will bring both scientific and commercial 
advantages for the United States. Without higher magnetic fields, we will not have 
compact fusion devices, next-generation MRI, high-field nuclear magnetic resonance 
(NMR), or the muon collider.”

2020  UPDATE OF THE EUROPEAN STRATEGY FOR PARTICLE PHYSICS Technical Report 
CERN-ESU-015

“The particle physics community should ramp up its R&D effort focused on advanced 
accelerator technologies, in particular that for high-field superconducting magnets, 
including high-temperature superconductors.”
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Noble liquids
Platforms for neutrino and other cryogenic experiments 

ArgonCube test facility at Uni Bern 
for testing pixelated LAr-TPCs
DRD2 meeting, 7 May 2025 
Saba Parsa, University of Bern
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Low background

Ultralow-background test capabilities exists at PNNL and LLNL
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Quantum, characterization, calibration

• All benefit from synergistic activities

• Benchmarking technologies provide the quality we 
need for advanced instrumentation 

• Testbeds, ‘standards’, frameworks

• Good coordination across labs can lead to a virtual 
distributed lab

• Facilities provide excellent training opportunities 
for workforce development

• AI can help!
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Thanks!

To those who willing or unaware help me with this overview…

…and apologies for all the great facilities and capabilities that are out there 
and I missed to report here.
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