
T. A. Mehlhorn, "From KMS Fusion to HB11 Energy and Xcimer Energy, a personal 50 year IFE 
perspective," Physics of Plasmas, vol. 31, no. 2, p. 020602, 2024, doi: 10.1063/5.0170661.

From KMS Fusion to HB11 
Energy, Xcimer Energy, & Fuse 
Energy; a personal 50-year IFE 
perspective

  
Dr. Tom Mehlhorn
17685 SW Pheasant Ln
Beaverton, OR 97003-43043
505-363-6106

tamehlhorn97@gmail.com
Thomas.mehlhorn@hb11.energy

mailto:tamehlhorn97@gmail.com
mailto:Thomas.mehlhorn@hb11.energy


I was invited to write the perspective article at the 
APS DPP conference in Spokane WA 

ÅFirst in person conference since COVID
ÅNIF ignition achieved
ÅExponential growth of private companies
Å4-part mini-conference on DOE 

Public-Private Partnerships



Motivated by NASEM report 
              & DOE Milestone-based PPP Program



First laser constructed in 1960 ς KMS announces thermonuclear 
neutrons in May 1974 ς fusion energy appeared imminent

11/5/2024 Maiman, T. H. (1960). "Stimulated Optical Radiation in Ruby." Nature 187(4736): 493-494. 4
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May 1974

May 16, 1960: Theodore H. Maiman, a physicist at Hughes Research 
Laboratories in Malibu, Calif., constructs the first laser using a cylinder of 
synthetic ruby measuring 1 cm in diameter and 2 cm long, with the ends 
silver-coated to make them reflective and able to serve as a Fabry-Perot 
resonator. Maiman uses photographic flashlamps ŀǎ ǘƘŜ ƭŀǎŜǊΩǎ ǇǳƳǇ 
source.

I toured KMS in 1973 as an 
undergraduate with a professor who 
was a consultant



Overly optimistic 1-D simulations led Nuckolls, Basov, & KMS to 
predict breakeven in late 70s and energy production in the 80s

ÅN. G. Basov and O. N. Krokhin, inProceedings of the Conference 
on Quantum Electronics, Paris, 1963

ÅDawson, J. M. (1964). "On the Production of Plasma by Giant 
Pulse Lasers." The Physics of Fluids 7(7): 981-987.

ÅKidder, R. E. (1968). "Application of lasers to the production of 
high-temperature and high-pressure plasma." Nuclear Fusion 
8(1): 3-12.

ÅKidder, R.E., Barnes, W.S., WAZER, A One-Dimensional, Two-
Temperature Hydrodynamic Code, UCRL-50583 (Jan.31, 1969).

ÅNuckolls, J., L. Wood, A. Thiessen and G. Zimmerman (1972). 
"Laser Compression of Matter to Super-High Densities: 
Thermonuclear (CTR) Applications." Nature 239(5368): 139-142.

ÅBrueckner, K. A. and S. Jorna (1974). "Laser-driven 
fusion." Reviews of Modern Physics 46(2): 325-367
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1-5 ά²!½9wέ ǇƘȅǎƛŎǎ
One fluid model
Two temperature (electron, ion)
Ideal gas EOS ς ions
Thomas-Fermi EOS for electrons
Inverse Bremsstrahlung laser deposition
Flux limited thermal conduction

Worse for long laser wavelength
ne  ρπ/‗ (e/cm3)

Electron preheat?

Industrial programs disappeared as magnetic and inertial fusion was 20-30 years away



An important US dichotomy: magnetic fusion primarily civilian 
funding (DOE), ICF primarily defense funding (NNSA)

DIII-D National Fusion Facility NIF

DOE is spearheading fusion energy efforts ς IFE is still a small fraction
Fusion Energy Sciences Advisory Committee (FESAC) has similar bias



The High Average Power Laser (HAPL) Program: Develop S&T for 
Fusion Energy with Laser Direct Drive (1999-2008)

19th HAPL meeting
Oct 22-23, 2008

Madison WI 
54 participants, 10 students

Universities
1. UCSD
2. Wisconsin
3. Georgia Tech
4. UCLA
5. U Rochester, LLE
6. UC Berkeley
7. UNC
8. Penn State Electro-optics

Government Labs
1. NRL
2. LLNL
3. SNL
4. LANL
5. ORNL
6. PPPL
7. SRNL

Industry
1. General Atomics
2. L3/PSD
3. Schafer Corp
4. SAIC
5. Commonwealth Tech
6. Coherent
7. Onyx
8. DEI

9. Voss Scientific
10. Northrup
11. Ultramet, Inc
12. Plasma Processes, Inc
13. PLEX Corporation
14. APP
15. Research Scientific Inst
16. Optiswitch Technology
17. ESLI



I!t[ ƎŜƴŜǊŀǘŜŘΣ ŀƴŘ ƛƴ Ƴŀƴȅ ŎŀǎŜǎΣ άōŜƴŎƘ ǘŜǎǘŜŘέ ǎƻƭǳǘƛƻƴǎ 
for most key components

Final Optics:
High Laser Damage Threshold
Grazing Incidence Metal Mirror

Target Fabrication:
Mass Produced Foam Shells

10 M shots at
 3.5 J/cm2

(not a limit!)

Target Engagement:
Glint system: accuracy 28 microns

Developing two chamber concepts
  Engineered Wall       Magnetic Intervention

Axis Polar 

cusp (2)

Equatorial

cusp

Axis Polar 

cusp (2)

Equatorial

cusp

Estimate Target Cost 16 c each



Electra Krypton Fluoride (KrF) Laser
Laser Energy:  300 to 700 Joules
Repetition rate: up to 5  pulses per second
Continuous Runs:  10 hrs at 2.5 Hz (90,000 shots)

Gas recirculator

Pulse power Laser gas cell

Mercury DPPSL >50 J of laser light (1051 nm) for >300000 
shots in runs of 0.5ς2 h at a repetition rate of 10 Hz



IFE Roadmap from the Snowmass 2002 final report was 
strongly influenced by HAPL & remains relevant

No DOE-funded IFE program was established 



NAS studied ICF targets and IFE in 2011-2012, 
final report in 2013

DOE chose to interpret the report as saying to wait until NIF achieved ignition before starting an IFE program



{ǳŎŎŜǎǎ ƻŦ {ŀƴŘƛŀΩǎ aŀƎ[LC ǇǊƻƎǊŀƳ ƛƴ нлмп ƭŜŘ ǘƻ !wt!-E
fusion funding, thereby catalyzing private companies

ÅAccelerating Low-Cost Plasma Heating and Assembly (ALPHA) $15M
ÅInvestment in shear-flow stabilized z-pinches led to Zap Energy ς 2017

ÅResults from MagLIF @ Sandia and Rochester led to Fuse Energy ς 2019

ÅBreakthroughs Enabling Thermonuclear Fusion Energy (BETHE) ς 2020
Å18 projects including a follow-on for Zap Energy

ÅCFS ς pulsed HTS central solenoid development

ÅHTS magnets also for Type One Energy (stellarator) & Realta Fusion (mirror)

ÅArF laser development ς NRL - LaserfusionX



NIF achieved ignition after 10 years of research on 12/5/22 
& has increased gain to ~2.45 in subsequent shots. 

Overconfidence in 2- and 3-D simulations hampered progress
Development of physical models, improved diagnostics,  and 
deep analysis of data were required to finally reach the goal

Date Laser 
Energy (MJ)

Target 
Yield (MJ)

Target 
Gain

8/08/2021 1.75 1.26 0.72

7/30/2023 2.05 ~3.88 1.9

10/8/2023 1.9 2.4 1.26

10/30/2023 2.2 3.4 1.55

2/2024 5.4 2.2 2.45



Ignition led to the IFE Basic Research Needs (BRN) workshop
Key Findings:
Å Creating a new IFE program will require collaboration with MFE
ÅbLCΩǎ ŘŜƳƻƴǎǘǊŀǘƛƻƴ Ǝƻ ƛƎƴƛǘƛƻƴ άŎƻƴǎǘƛǘǳǘŜǎ ŀ ǇƛǾƻǘŀƭ ƳƻƳŜƴǘέ
Å Ignition and IFE were mostly funded by NNSA ς has made U.S. 
άǘƘŜ ǊŜŎƻƎƴƛȊŜŘ ƭŜŀŘŜǊ ƛƴ LC9 {ϧ¢έ

Å Public-private partnerships could greatly accelerate the 
development of all fusion energy concepts

Å Accelerating IFE will require a suite of dedicated, new, and 
upgraded facilities to increase the rate of learning

Å ICF computer models primarily reside in NNSA. An assessment 
of how to access ICF codes should be carried out with NNSA.

Å Improved diversity, equity, and inclusion are needed to 
enhance the climate and culture

Å The first three IFE STAR Hubs have recently been formed.
Å STARFIRE ς LLNL
Å RISE ς CSU
Å IFE-COLoR ς UR/LLE
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The Challenge: p-11B reactivity less than DT alpha reactivity 
below 200 keV; nuclear cross section negligible above ~5 MeV

S. V. Putvinski, D. D. Ryutov, and P. N. Yushmanov, "Fusion reactivity of the 
pB11 plasma revisited," Nuclear Fusion, vol. 59, no. 7, p. 076018, 2019

M. H. Sikora and H. R. Weller, "A New Evaluation of the 11B(p,ʰύh Rheaction 
Rates," Journal of Fusion Energy, vol. 35, no. 3, pp. 538-543

A. Tentori and F. Belloni, "Revisiting p-11B fusion cross section and reactivity, 
and their analytic approximations," Nuclear Fusion, vol. 63, no. 8, p. 086001, 
2023/06/15 2023, doi: 10.1088/1741-4326/acda4b.

DT

p-11B
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Target Gain determines laser & chamber size 
Limiting G set by ICF burn physics 

80% electrical conversion efficiency
40% electrical conversion efficiency

Chamber:
MW/m 2

Laser:
MW, MJ/pulse

G



ÁInnovation : Advances in fusion burn simulation codes and fuel 
fabrication techniques enable the development of alternates to D-T for 

laser fusion that are more aneutronic & reduce system complexity.

ÁFinal Deliverable: Fuels containing boron, hydrogen isotopes, & 
possibly He3 and lithium will be identified via simulation & evaluation 
of fabricability, & tools tp be shared with alternative fusion community.

ÁTie to Vision OPEN Goal: Laser fusion ignition has been demonstrated 
& promises to provide GHG-free, abundant primary energy. Alternate 
fusion fuels could reduce or eliminate problems with tritium in DT fuel 
cycle, leading to a safer, more acceptable power plant.

ÁImpact: Ignition with D-T fuel has been demonstrated on the NIF, but 
tritium is scarce, radioactive, requires cryogenics & creates 14 MeV 
neutrons. Aneutronic a fuels could minimize & even eliminate these 
issued  if a burn space can be identified & the fuel can be fabricated.

ÁRisks: Little of no modern simulations & evaluations of alternate fuels 
compared to person-millennia of research into DT.

Metric State of the Art Proposed Target

Fusion ignition temperature 10 keV (DT) Ṃ50 keV (HBXXX)

% of reactions producing 14 MeV neutrons 100%  (DT) Ṃ5%

Cryogenic cooling & protection required 100%  (DT) none ς noncryogenic fuel

Suprathermal enhancement of reactivity few % (DT) up to 20%

Tritium breeding required 100%  (DT) no

Alternate Fuels for Laser Fusion Energy
PI: Tom Mehlhorn, Ph.D.
HB11 Energy USA, Ltd

1.B Transformative Advances 

Prism Computational Sciences, Igor Golovkin

Voss Scientific, Dale Welch & Carsten Toma

ARPA-E funds: $1.60M
Cost share: 20%
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University of Rochester, Adam Sefkow & Petros Tzeferzcos
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Xcimer Energy summary

Xcimer is developing 10MJ-class lasers that could be relevant to HB11
Selected to be participate in the DOE Milestone PPP Program ($9M)

https:// xcimer.energy/
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