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• Observations are 
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• Models are only as 
reliable as the underlying 
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Electron Beam Ion Trap Facilities
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Hot Plasmas Across the Universe
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Fabian et al. MNRAS 2011
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Goals

What Can I Measure for YOU?
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The Table of Ions
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Where Are the Gaps?
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NIST Database
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Tellurium

Strontium
Yttrium
Zirconium

Lanthanum
Cerium



Tellurium
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Tellurium

Levan, A. J., et al. (2024)



Energy levels
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“What we need”  
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•A-values 
•Wavelengths
•Recombination rates (RR and DR)
•Photoionization data
•Electron impact excitation rates
•Radioactive heating rates
•Data for strong transitions from all elements to unambiguously 
identify lines



We Need Laboratory 
Benchmarks
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What Is an Electron Beam Ion Trap?
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• Collisionally 
ionized plasma

• Quasi-
monoenergetic 
electron beam

• Isolated charge 
states



The SAO EBIT
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• 100 eV – 20 keV beam 
energy

• 30 mA electron beam 
current

• Electron density 1010

• High-resolution X-ray, 
EUV spectrometers
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Unique Capabilities of EBITs 

• Narrow electron energy 
distribution (non-Maxwellian)

• Beam energy tuned to target 
specific charge states

• Direct control of ionization 
stage 

• Controllable conditions for 
benchmarking
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Charge-State Control
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Charge State IE (eV)
Fe X +9 262.10
Fe XI +10 290.9
Fe XII +11 330.8
Fe XIII +12 361.0
Fe XIV +13 392.2
Fe XV +14  456.2
Fe XVI +15 489.312
Fe XVII +16 1 262.7
Fe XVIII +17 1 357.8
Fe XIX +18 1 460
Fe XX +19  1 575.6
Fe XXI +20 1 687.0
Fe XXII +21 1 798.4
Fe XXIII +22 1 950.4



Production of Charge 
States
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Solar corona → broad distribution
EBIT → narrow distribution

Charge State IE (eV)
Fe X +9 262.10
Fe XI +10 290.9
Fe XII +11 330.8
Fe XIII +12 361.0
Fe XIV +13 392.2
Fe XV +14  456.2
Fe XVI +15 489.312
Fe XVII +16 1 262.7
Fe XVIII +17 1 357.8
Fe XIX +18 1 460
Fe XX +19  1 575.6
Fe XXI +20 1 687.0
Fe XXII +21 1 798.4
Fe XXIII +22 1 950.4
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What elements can we study?

• Gas injection
• Metal Vapor Vacuum Arc
• Laser Ablation
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What Processes can we study?

• Electron Impact Ionization
• Electron Impact Excitation
• Inner shell processes 
• Dielectronic Recombination*
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Dielectronic Recombination

• Two-step recombination 
process

• Resonant Process
• Very sensitive to electron 

temperature
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Nakamura et al. (2016)
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What do we need from an 
EBIT?
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Can EBITs help this community?

Atomic Data Needed Required EBIT Characteristic(s)

A-values Long trapping time + high-resolution 
spectroscopy

Wavelengths High-resolution spectroscopy
RR/DR rates Narrow electron energy distribution
Photoionization data Photon-beam access
Electron impact excitation cross 
sections

Narrow electron energy distribution + 
stable beam energy

Low-charge ion data (strong 
transitions from all)

Low electron beam energy
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Key EBIT Characteristics
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• Narrow electron energy 
• Create low charge states
• High electron beam current
• Photoionization
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SAO EBIT (typical EBIT)
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• Narrow electron 
energy 

• Create low charge 
states

• High electron beam 
current

• Photoionization
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SAO EBIT (typical EBIT)
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What charge states 
can we produce? :
Typical EBIT
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• ~200 eV minimum 
energy

• Lanthanum : La XII 
and higher
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SAO EBIT
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What charge states can we produce?
• Some  can go lower, 30 eV
• Some higher, up to 150 

keV. 
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Lu et al., Phys. Rev. A 99, 042510 (2019)
SH-HtscEBIT

BEAM ENERGY
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SH-HtscEBIT : low energies
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Lu et al., Phys. Rev. A 99, 042510 (2019)

• Narrow electron 
energy 

• Create low charge 
states

• High electron beam 
current

• Photoionization
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Polar-X EBIT : off-axis gun
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Bernitt et al 2025 JINST 20 C03030

• Narrow electron 
energy 

• Create low charge 
states

• High electron beam 
current

• Photoionization
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Polar-X EBIT : off-axis gun
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Bernitt et al 2025 JINST 20 C03030
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Flash EBIT : narrow energy 
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Grilo et al., Phys. Rev. A 113, 032819 (2026)

• Narrow electron 
energy 

• Create low charge 
states

• High electron beam 
current

• Photoionization
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Flash EBIT : narrow energy 
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Grilo et al., Phys. Rev. A 113, 032819 (2026)

• Narrow electron 
energy 

• Create low charge 
states

• High electron beam 
current

• Photoionization
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Tradeoffs 

Characteristic SAO SH Polar-X FLASH
Low energy
High current
Photon access
Narrow electron 
energy distribution
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There is no 
Unicorn EBIT
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Summary
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• Measuring all the data for thousands of ions is not 
possible. 

• EBITs are great at providing certain benchmark 
atomic data, but different EBIT designs excel at 
different measurements. 

• Matching the facility to the scientific question is 
essential.



Tell me specifically how I can help!

• Which elements? – is it injectable?
• Which charge states?  - higher is better
• Which transitions? –required instrument resolution
• Which atomic processes? Collisional or photoionized ?
• Which measurements would most improve your models? 

43

Thank you!
amy.gall@auburn.edu
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