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• BLAIRR
• Tandem van de GRAAFF

• NSLS II XPD Beamline (PIE)



Aim: Capitalize on Complex Unique 
Features:
• Multitude of energies the Linac can 

provide
• Polarized H-

• Beam current (140 μA 2 x in future 
update of source) enabling spallation-
related studies including ADS-relevant 
experiments

• Availability of infrastructure (currently 
dormant)

• Neutron time-of-flight path lengths of 30-
100 meters at 0, 12, 30, 45, 90 and 135°

• Single micro-pulse selection (<1 ns) with 
period as low as 400ns

• Pulsed Neutron Potential

 FAST neutron damage studies of materials for 
fast neutron and fusion reactors 

 Proton irradiation damage of materials for 
accelerator initiatives as a function of energy

 Validating experiments of neutron flux/reaction 
rates for accelerator-driven systems

 Blanket, moderator, reflector concept 
validation/optimization

 Nuclear cross-section data 

 Neutron detector studies

 Expansion of the range of isotope generation 
augmenting BLIP capabilities

 Neutron scattering potential

 Neutron time of flight (nTOF) and nuclear physics 
experiments
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66-200 MeV
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BLAIIR pre-cursor

200 MeV proton/target interaction 
and damage studies

Spallation-induced fast 
neutron irradiation studies
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BLAIRR STUDY STATUS
Beamline Complex Evaluation/Assessment and 
Adaptation to the Goals

Facility Radiological Constraints
Large scale analyses of conventional facility and 
integrated shield (concrete, soil) 

Target Optimization and Design:
Beam-target interaction optimization

Hadronic interaction and energy deposition 
limitations

Single phase and Hybrid target concepts
Irradiation Damage
Thermo-mechanical considerations

Spallation neutron fluence optimization for 
(a) fast neutron irradiation damage
(b) moderator/reflector studies, 
© NTOF potential and optimization
(d) mono-energetic neutron beam

Phase – I BLAIRR-200 

Use of existing Source/Linac infrastructure 
and operate at energies up to 200 MeV and 
peak current

Consider planned upgrades to the source 
and Linac leading to 2x the spill and 
consequently to 2x the accelerator peak 
power (from 30 kW to 60 kW)

Phase – II BLAIRR-1000
Primary Objective: Integrate into the design a 
“tunable” acceleration system (i.e. FFAG, 
CCA) to populate energy space  up to 1 GeV

• Linac/TF Upgrade
• Booster Use
• or possibly FFAG 

Path Forward
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Spallation Target Considerations and Impact to the Facility

Target Optimization
 Optimize for:
 Spallation Neutron YIELD
 Spatial Distribution
 Energy 
 Target Longevity

Target Optimization Studies 

1 GeV
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After Bauer et al
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Facility Radiation Protection Consideration and Infrastructure Upgrade
Developed models have been BENCHMARKED against field measurements with exceptional results (BLIP LHC target 

activation and decay, Tandem Experiment) 

Based on the success of these models to predict radiation effects, FULL scale numerical schemes have been developed 
specifically for BLAIRR studying the radiological IMPACT on the existing facility and the need for infrastructure upgrade
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Option-1:
Use Booster to accelerate up to 2 
GeV and feed BLAIRR

LINAC: 200MeV/30kW
(200 MeV, 6.67 Hz, 7.0e+14 pps)

Booster: 0.2-1.5 GeV/30kW
(1.5GeV, 6.67Hz,1.0e14pps)

Assessment: 
 Getting  DESIRED Energy
 Loosing CURRENT (big time)

Option-2:
Update LINAC and Utilize Transfer 
Line Straight (~125 m)

LINAC: 200MeV/30kW
(200 MeV, 6.67 Hz, 7.0e+14 pps)

• CCA
• Normal Conducting 

DTL with high 
accelerating gradients 

Assessment: 
POSSIBLE !!!!

or, look into cyclotrons, FFAG



28 MeV Proton & Heavy ion irradiation at Tandem 

IONS Available at Tandem
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Target Irradiation 
Beamline

Recent 28 MeV proton irradiation 
experiment at Tandem
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What Damage Can One Achieve at Tandem?
28 MeV protons on BERYLLIUM target array
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56Fe ion on Be target Array
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PIE assessment using X-ray diffraction at Synchrotron and macroscopic 
analysis in Isotope Extraction Hot Cell Facility 

Study of Irradiated GraphiteUn-irradiated TANDEM irradiated
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Unirradiated Be

BLIP p-irradiated Be

Proton Irradiated Be
XRD with
High Energy X-rays
Monochromatic Beam

Proton Irradiated Be – EDXRD with high energy White X-ray Beam


