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First-Wall Life-Time Limitations and Solutions 
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 HiPER Technical Background 
and Conceptual Design Report 2007 
This report is available on the HiPER website 

www.hiper-laser.org  

   [4] ICE Turcu and Brian Dance, 
“X-Rays from Laser Plasmas: 
Generation and Applications”
J Wiley and Sons, 1998 

 1 Year from Neutron Radiation Damage 
at Full 3GW-Fusion Radiation Power: 
400MJ x 6.7Hz 
 Solution: Increase First Wall 

DISTANCE to Fusion Source: Reduce 
Neutron Flux Increase Life-Time 

 
 ~Seconds from Ion Radiation Damage = 

20% of Total Fusion Radiation Power for 
DT 
 Solution: Buffer Gas ‘STOPS’ Ions: 

Eliminates Damage see Book → 
       [2] R. Gonzales-Arrabal, 
 “Materials and Technology for Inertial Fusion 
Reactors: Lessons Learned from the HiPER 
Project”, DDFI-2025 . 
         [3] R. Gonzalez-Arrabal, A. Rivera, J.M. 
Perlado,  
“Limitations for tungsten as plasma facing material 
in the diverse scenarios of the European inertial 
confinement fusion facility HiPER: Current status 
and new approaches”, Matter Radiat. Extremes 5, 
055201 (2020) 



Fusion Reactor Driven by Lasers: No stringent space LIMITATIONS on DIMENSIONS of 

Plasma/Reactor Chamber: Example for DT Reactor.  
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Laser Fusion Power (IFE) Reactor Proposal – schematic 
• Small mm-size Solid DT target in Centre of Reactor 
• Pulsed Operation – Scale Power by Laser Rep Rate 
No stringent space LIMITATIONS on Plasma/Reactor Chamber DIMENSIONS 
• Blanket Pannels, not Vacuum-tight convert 80% of P-Fusion + T3 
• Blanket panels, and closest mirrors - consumables 
• Vacuum wall separated in space from Blanket. Permanent wall. 
Buffer Gas fills the whole Reactor/’Vacuum’ Chamber 
• 3MeV Alphas and Ion-debris stopped in Buffer Gas which heats up, converting 20% Fusion-Power to Heat
• Heat exchanger at top of Reactor sends this 20% Power to Turbines 
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Laser-IFE Reactor Concept – Vertical Plane Crossection Schematic: Neutron Blanket-Converter 
SEPARATE from Vacuum Wall. Vacuum Wall is External Wall protected from Radiation: Neutrons. 

Buffer gas in chamber stops ions/debris and Converts Alpha Power to Heat Power. 
Buffer gas stiops T3 and D2 – collect in top hot gas container, cooled and separated in T and D 
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Tritium and Deuterium~10KeV are 
stopped in He gas.  
T and D collect at top of chamber 

with all the hot He. 
Heat exchanger extract heat ~20% of 
Fusion Power, 500MW for Hyper. 
T and D is separated from He. 
~ 40% of 200gT3 Fuel/day burned  
~ 75 g T3/day, same of D. 

Replenishing by breeding 75 g T3/day 

60% of Fuel can be recovered and  
Recycled: 125gT3/day. 

TARGET INJECTION through the COLD 
- Bottom of Reactor Chamber 



Extend Concept to Aneutronic Fusion Power Reactors: Ion and X-Ray Radiation 
instead of Neutron Radiation 
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DT Fusion:  
14MeV Neutrons 80% Fusion Power: heat First Wall and 
feed Heat Power to Electric Generators. 
3MeV Alphas 20% of Fusion Power: Heat Buffer gas, heat 
exchanger, Heat to Electric Generators 
<1% X-rays 

Proton Boron Fusion and Deuterium-Helium-3 : Preferred 
Reactions 

3MeV Alphas 100% of Fusion Power: Heat Buffer gas, 
heat exchanger, Heat to Electric Generators 
BUT, Significant Bremsstrahlung emission because of 
Boron with Z=5.  Also part of the Alpha Energy heats 
electrons which generate even more Bremsstrahlung. 
Example: 50/50% Alpha-Xray emission – work required: 

ray Bremsstrahlung Power Direct Conversion to 
Electric Power in X-Ray PIN Diodes or ‘X-Ray 
Converter Pannels’ : Solar X-Ray-Panels for OUR  
    Artificial X-Ray-Sun 



 HB11 and DHe3 Fusion Fuels for Aneutronic Fusion Power Reactors: 
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HB11 Fuel  solid at Room temperature, example:  
BNH6, Ammonia Borane NOT Cryogenic, non-Toxic 
B2H6, Di-Borane,  LN2 Cryogenic, Toxic 

-Ray Bremsstrahlung: Large Fraction 
Higher Fusion Temperature than DHe3 
Higher Fusion Crossectionn but over narrow Energy Range 
Neutron Very Low emission 

DHe3 Fuel: 
Need to produce He3 for example from DD Beam Fusion 
Cryogenic 

-Ray Bremsstrahlung:  Considerable Fraction 
Neutron Low emission 



Laser-IFE Proton-Boron Reactor Concept-example with only two laser beams: Only Residual Neutron 
Radiation.  X-Ray ‘Solar Pannels’ convert X-rays directly to Electricity. Vacuum Wall is External Wall. 

Buffer gas in chamber stops ions and Converts Alpha Power to Heat Power. 
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Buffer Gas Stops 3MeV Alphas and Convert their Energy into Heat. Also stops all ‘Ionic debris’
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3MeV Alpha Range in He at 1atmosphre: 1.5 x 10-3 cm2/g [ Williamson et al., CEA-R-3042 (1966)].  
Range ~ 9cm at 1000mBar Buffer pressure: r (He atm) = 1.64x10-4 g/cm2 

Range ~ 10m at 10mBar     Buffer pressure – assume our IFE Reactor works with 10mBar He buffer. 
Range is shorter ~ 1meter if we consider the interaction of Alpha+2 with IONIZED He+2 Buffer Gas even at 10mBar pressure: 
Snow-Plough Effect” [Marshall L. Ginter and Thomas J. Mcilrath, Debris and VUV emission from a laser-produced plasma”, APPLIED 

OPTICS, 5,  885-9 (1988); D. W. Koopman and R. R. Goforth, "Collisional Coupling in Counterstreaming Laser-Produced Plasmas," Phys. 
Fluids 17, 1560 (1974)] 

This means most 3MeV Alphas are stopped within ~ meter Radius of Fusion  
Source even in 10mBar of He.  

(a) 

( b ) Cluster Debris
Buffer Gas Eliminates Debris Damage: experimental proof 
He Buffer 1Bar + Flow:100W, 100Hz, laser, >1015W/cm2 ; 
Copper tape 20um thick [Turcu, J Wiley 1998], work at CLF, UK. 
Also, continuous operation as industrial Prototype at JMAR in 
San Diego: 0.3Bar, 300W laser, 300Hz, >1015W/cm2  

Atomic Debris eliminated by ‘Snow-plough’ effect 
interaction of plasma ions with He+2 Buffer Ions. Cu vapour 
condensates and deposits in the filter of the flow system. 
Cluster Debris are heavy and falls at the bottom of the 
chamber. 

(a) Debris-Free 

Snow Plough



Buffer Gas considerations: He Gas Breakdown Intensity >1014 -1015 W/cm2 for 25ns UV laser 
0.25um Laser: LPP X-Ray KeV emission unchanged by He Buffer gas to 1Atm 
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Buffer Pressure and Type and Gas is chosen for the highest  
Breakdown Threshold. X-Ray Source: No X-ray Loss in Buffer Gas 
CLF: KrF (0.25um) He-1Bar, JMAR YAG (1um) laser, He 0.3Bar 



-I-N Silicon/Ge/Diamond X-Ray Diodes, XRD, Convert LPP X-rays and 
EUV Radiation to Electric Power, even ≥100keV Bremsstrahlung Photons
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PIN XRD: 
An efficiency of 100% 
corresponds to a sensitivity of 
0.27 C/J = e-charge/ gap-Si = 
1.6exp-19 C / 3.7eV 
XRDs can work in pulse mode 
(LPP) and in continuous mode 
(Tokamaks) 
Diode materials: Si, Ge, 
Diamond, etc. 
Normally used as X-ray 
Detectors with area of mm2 to 

2. 
One could build a matrix of 
such diodes to cover full solid 
angles around Laser-Fusion 
Plasma. 



Life-Time of X-Ray-Panel Converter at Large Distance to Fusion Source 
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PIN XRD (X-ray Diodes) convert efficiently X-ray energy directly into electric current. 

time of PIN XRD in GW X-Ray Flux, ~100KeV photons? 

YES, because proposed  First Wall Distance to Fusion Source is Large 

Low X-Ray Flux on XRD Panel at Large Distance from Fusion Source: 
D= 20m, Flux~250 Watt-X-Ray/cm2  

D= 40m, Flux~65 Watt-X-Ray/cm2 

Existing measurements of SXUV100 diode 
NO CHANGE in X-Ray, 100eV, Sensitivity after large dose on     
 SXUV100 diode: 160 kJ/cm2. 
Note XRD with more EUV protection: window of metal-silicide instead of SiO2.  
[ R Korde et. al., Metrologia, 40, S145-S149 (2003); F. Scholtze et al., “Irradiation stability of Silicon 
Photodiodes for EUV Radiation”, Applied Optics, 42, 5621-5626 (2003). 
Work on Hardening XRD for Space Missions is Ongoing. 
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1. HiPER Laser-Driven Fusion Reactor as Benchmark 

2. First Wall Life Limits for DT Fusion Power Reactor DDFI2025 

3. First Wall Concept: Insert Buffer Gas: ‘Ion damage elimination’ and ‘working gas’ DDFI2025 

4. 50m IFE Reactor ‘Diameter’: reduce Neutron flux and increase Wall Lifetime, DDFI-2025 

5. EXTEND Reactor Concept to Aneutronic Fusion: HB11 and DHe3 

6. Buffer Gas Converts the Fusion Ion Radiation Power into Thermal Power 

7. Replace Neutron Radiation Convertor Wall with X-Ray Radiation Power Converter Panels  

8. HB11 and DHe3 Aneutronic Fusion Fuels comparison 
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