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better than one with the same total energy?
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Previous studies

(Ferri et al 2019)

(Ferri et al 2020)
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(Morace et al 2019)

Total energy: 270 J
Pulse duration: 1.5 ps



  
(Morace et al 2019)
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Note: 
This is a simulation study



  

Three Laser Pulses!



  

The Literature
● Mostly simulation studies
● Enhancements of both peak proton energy and numbers of protons
● One experiment (LFEX)

– Angle was small, timescale was picosecond
– Authors argue that the enhancement relates to hole boring of beamlets

● No experimental study with short pulse (<< ps) and large angle
● Aside: Some similarities to Raymond et al 2018 (UMich)



  

My interest / expertise
Much of my prior research has involved constructive 
interference of laser fields (esp. normal incidence)

Orban et al 2015, PoP



  

Much of my prior research has involved constructive 
interference of laser fields (esp. normal incidence)

Morrison et al 2015, PoP

Best e- 
acceleration 
at normal 
incidence!

(Figure credit S. Feister)

My interest / expertise
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Smith & Orban et al 2019, PoP
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Reflectivity matters!

(from Panaseko et al 2010) (from Orban et al 2015)



  

Questions in Rahman et al 2021
● What is the absorption?

– Conversion efficiency from laser to electrons

● What is the energy transfer to protons?
– Conversion efficiency from electrons to protons

● Does this work at lower intensities than Ferri et al have 
considered?
– Lower intensity experiments are easier to perform!



  

Single Pulse

Double Pulse

2D3v PIC simulation results from Rahman et al 2021

Electric Fields



  

Single Pulse

Double Pulse
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2D3v PIC simulation results from Rahman et al 2021

Electric Fields



  

2D3v PIC simulation results from Rahman et al 2021

Position vs Proton Energy

Single Double



  

Electron Energy Distribution Electric Field Lineout

2D3v PIC simulation results from Rahman et al 2021



  

According to TNSA theory:

Observed: Closer to 1.5 for 
lower energy 
thresholds



  

2D3v PIC simulation results from Rahman et al 2021

Protons leaving 
the simulation



  

Why?!



  

2D3v PIC simulation results from Rahman et al 2021

Single Pulse Double Pulse

Note: Laser Pulse was 42 fs FWHM



  

2D3v PIC simulation results from Rahman et al 2021

Single Pulse Double Pulse

21% Absorption 53% Absorption!

Note: Laser Pulse was 42 fs FWHM



  

Why 2x absorption?
● The short answer is constructive interference
● Long answer:

– You do get constructive interference for the single 
pulse reflecting off a boundary

– Ferri et al 2019 shows that you get still higher E 
fields with the double pulse reflecting



  
From Ferri et al 2019



  

2D3v PIC simulation results from Rahman et al 2021

Single Pulse Double Pulse

43% of e- energy 
transferred to protons

28% of e- energy 
transferred to protons



  
From Ferri et al 2020



  

From Oropeza et al in prep.



  

3D PIC sims (from Ricky Oropeza’s DPP poster)




  

3D PIC sims (from Ricky Oropeza’s DPP poster)

Single pulse Double pulse 



  

19% Absorption 33% Absorption!

3D PIC sims (from Ricky Oropeza’s DPP poster)

Single pulse Double pulse 



  

26% of e- energy 
transferred to protons

36% of e- energy 
transferred to protons

3D PIC sims (from Ricky Oropeza’s DPP poster)

Single pulse Double pulse 
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Factor of ~2 in proton energy



  

Experimental 
Considerations



  

Experimental Considerations
● Spatial overlap & shot-to-shot jitter
● Temporal overlap
● Pre-pulse



  
from Rahman et al 2021



  

Preplasma Results



  

Preplasma Results  :(

(Rahman et al 2021) (Unpublished work, same sims)



  

Upshot #1
● Constructive interference produces higher effective 

intensity
– Ferri et al 2019 explain ~2 increase in intensity

● Reflectivity is the ~same but more energy is absorbed 
because of higher intensity

● The effective reflectivity of the entire interaction is 
therefore reduced, and more energy absorbed



  

Upshot #2
● Electrons transfer higher % of energy to protons 

and ions in double pulse sims
– Unclear why: quasi-static magnetic fields?

● This combined with enhanced absorption 
makes two half intensity pulses better than one 
pulse with twice the intensity and energy!



  

Summary
● Double pulse enhanced TNSA is a promising 

method for accelerating protons
● Enhanced absorption and e- to ion energy 

transfer are both key to the effect
● The absorption remains high in 3D PIC sims
● Sensitive to pre-plasma



  

Future work
● We received an NSF/DOE grant to pursue double 

pulse enhanced TNSA experiments and theory
● Experiments at Wright Patt and eventually 

LaserNetUS
● The grant also includes a machine learning effort to 

control proton acceleration (single pulse)
● We do have postdoc $$ so let me know if interested!
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