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 Targets for Ultra-Intense Laser Pulses 
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Nano-targetry at LMU 

DLC Nanofoils Carbon Nanotubes Foams 

Elevating Nanospheres Structured Nanotargets 



Ion Acceleration with Nanofoils 

Radiation Pressure Acceleration (RPA) 

 high conversion efficiency (>10%) 

  quasi monoenergetic  peak  

A. Henig et al. Phys. Rev. Lett. 103, 245009 (2009). 

 RPA in light sail regime High efficiency 

Steinke, S., A. Henig, et al. Laser and Particle 
Beams 28, (2010). 

(in collaboration with MBI) 

𝜎~𝜎𝑐 



"A laser-driven nanosecond proton source for radiobiological studies."J. Bin et 
al., Appl. Phys. Lett. 101, 243701 (2012)  (Cover Letter) 

Biomedical Applications 



• radiate 2-7 Gy (“lethal”) dose in one single ns pulse 
• dose response curve from a single shot 
• low laser energy (400 mJ, 10 Hz operable) 
• low background radiation  

• thick foils: few microSv / shot 
• DLC: 1-2 microSv / 50 shot 

cells 
focus 

Peak Dose Rate 
7 GGy/s 



2 order of magnitude 
more flux for protons 



Small Divergence of Ion Beams from Nanofoils  

On the small divergence of laser-driven ion beams from nanometer thick foils. J.Bin, W.Ma et.al. 
Phys. Plasmas 20, 073113 (2013) 



Projection 



LEX and CALA at Garching 

LEX 
EL~6J 
20-30 MeV/u CALA 

EL~60J 
>100 MeV/u 



Relativistic transparency Dense Electron Bunch Generation 

 "Enhanced Laser-Driven Ion Acceleration in the Relativistic 
Transparency Regime." Physical Review Letters 103(4) 

Kiefer, D., A. Henig, et al. (2009). " European 
Physical Journal D 55(2): 427-432. 

Underthick Targets 

(in collaboration with LANL) 

𝜎 < 𝜎𝑐 



Relativistic Flying Mirrors 

Kiefer, et al. (2013). Nat Commun 4: 1763 (in collaboration with QUB,RAL) 



Frequency-upshift from Flying Mirrors 

Kiefer, et al. (2013). Nat Commun 4: 1763 (in collaboration with QUB and RAL) 



Thomsen Backscattering from Double Foil Targets 

4𝛾2 = (4𝛾𝑥
2)2~200 
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Self-focusing in Relativistic Plasma 

Theoretical Formula 
𝑛𝑒 = 𝟏𝟎−𝟐𝒏𝒄 

𝑎𝐿 = 𝟏𝟎 

𝑛𝑒 = 𝒏𝒄 
𝑎𝐿 = 𝟏𝟎 

Refractive Index (𝜂) [1 − 𝑛𝑒 (𝑎𝐿𝑛𝑐) ]1/2 0.9995 0.95 

Self-focusing Length (𝐿𝑠) 𝜎𝐿(𝑛𝑐𝑎𝐿/𝑛𝑒)
1/2 32𝜎𝐿 3𝜎𝐿  

Focus Spot (𝜎𝑚) 0.74𝜆(𝑛𝑐𝑎𝐿/𝑛𝑒)
1/2 19 μm 1.5 μm 



Pulse Focusing and Shaping in NCD Plasma 

Enhancement on the Intensity 

I=2×1020w/cm2 1.5×1021w/cm2 



Ultrathin Carbon Nanotube Foam 

Freestanding UCNF UCNF on DLC Foils 

ρ= 13~30 mg/cm3  

ne/nc =2~5 
d= 0.2~20 μm 

Density: 

Thickness: 



NCD Plasma from CNUF 

𝑛𝑒/𝑛𝑐  

𝑥 

102 
101 

10-2 

100 

10-1 

~ tens of nm 

1μm 

1020 W/cm2 

1011 W/cm2 

pulse contrast 
 Fully ionized 
 Highly uniform 
 Sharp boundary  
 Thickness smaller deletion length 
 Freestanding or deposited on any 

substrates 
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