
Metrology	  of	  picosecond	  laser	  driven	  ion	  bursts	  

Brendan	  Dromey	  

b.dromey@qub.ac.uk 
WG2,	  EAAC	  2,	  Isola	  d’Elba	  Sept	  13th	  –	  18th	  ,	  2015	  	  



Acknowledgments	  

b.dromey@qub.ac.uk 

	  
	  

•  D.	  Jung,	  	  
•  M.	  Coughlan,	  	  
•  M.	  Taylor,	  	  
•  G.	  Nersisyan	  
•  D.	  Riley	  
•  M.	  Borghesi	  
•  C.	  L.	  S.	  Lewis	  
•  M.	  Zepf	  

•  L.	  Senje	  
•  C-‐G	  Wahlström	  

WG2,	  EAAC	  2,	  Isola	  d’Elba	  Sept	  13th	  –	  18th	  ,	  2015	  	  



Outline	  

b.dromey@qub.ac.uk 

• 	  Nanostructured	  dose	  distribuVon	  and	  few	  picosecond	  ion	  pulses	  

• Target	  normal	  sheath	  acceleraVon	  	  

• 	  Fundamental	  mechanism	  

• 	  Temporal	  structure	  
	  

• 	  Ion	  Bandwidth	  selecVon	  in	  SiO2	  	  

• 	  Ultrafast	  response	  in	  SiO2	  

• 	  Temporally	  resolved	  ion	  induced	  damage	  –	  opVcal	  streaking	  method	  

• 	  First	  measurement	  of	  ps	  ion	  pulse	  duraVon	  

• 	  New	  Horizons	  

• 	  Outlook	  

WG2,	  EAAC	  2,	  Isola	  d’Elba	  Sept	  13th	  –	  18th	  ,	  2015	  	  



Nanostructured	  dose	  distribuVon	  
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Nanoscale	  tracks	  of	  ion	  damage	  from	  a	  combinaVon	  of	  TRIM	  
calculaVons	  (trajectories)	  and	  FLUKA	  simulaVons	  (track	  
size)	  ,	  	  

However,	  this	  only	  the	  instantaneous	  picture…..	  

Nanometer	  scale	  energy	  density	  gradients	  drive	  rapid	  
diffusion	  over	  picoseconds	  

CriVcal	  for	  understanding	  early	  stage	  diffusion	  driven	  dynamics	  and	  isochoric	  heaVng	  

Osmani	  et	  al.,	  e-‐J.	  Surf.	  Sci.	  Nanotech.	  Vol.	  8	  (2010)	  278-‐282	  

>	  1021	  cm-‐3
	  per	  track	  

Resolving	  this	  evoluVon	  is	  	  
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Target	  Normal	  sheath	  acceleraVon	  
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Schwoerer	  et	  al.,	  Nature,	  439,	  26	  (2006)	  
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Few	  picosecond	  ion	  pulses	  
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Radiofrequency	  cavity	  pulsed	  ion	  sources	  
	  	  

	  	  Rely	  on	  hot	  cathode	  seed	  sources	  –	  large	  thermal	  spread	  
	  

	  >	  100	  ps	  ,	  	  	  	  	  10-‐2	  eV	  s	  longitudinal	  emifance	  
	  
Laser	  driven	  Target	  Normal	  Sheath	  Accelera=on	  

	  	  

	  Cold	  cathode	  source	  with	  low	  thermal	  spread	  	  
	  

	  Rapid	  acceleraVon	  phase	  	  	  <	  1	  ps	  ,	  	  	  	  

2-‐D	  pic	  simula=on	   Velocity	  dispersion	  dominated	  pulse	  durataion	  	  1	  

10-‐2	  

10-‐4	   2 6	   10	  
Energy	  (MeV)	  

	  <	  10-‐5	  eV	  s	  inherent	  longitudinal	  emifance	  
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Bandwidth	  selecVon	  in	  SiO2	  
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Combina=on	  of	  rapid	  temporal	  response	  and	  spectral	  filtering	  –	  Spectro-‐temporal	  metrology	  

2-‐D	  pic	  simulation
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Bandwidth	  selecVon	  in	  SiO2	  
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Proton	  stopping	  in	  SiO2	  

Slowed	  Down	  

Combina=on	  of	  rapid	  temporal	  response	  and	  spectral	  filtering	  –	  Spectro-‐temporal	  metrology	  
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Ion	  induced	  damage	  in	  materials	  
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<	  Few	  femtosecond	  
>	  1	  -‐	  10	  picoseconds	   >>	  10	  picoseconds	  
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Ultrafast	  response	  SiO2	  
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Exciton	  formaVon	  can	  limit	  the	  upper	  state	  lifeVme	  to	  ~	  150	  fs	  
Guizard	  	  J	  Phys	  Cond	  Maf	  8	  1281-‐1290	  1996	  “Time	  resolved	  study	  of	  
colour	  centre	  formaVon	  SiO2”	  
	  
Audebert,	  P.,	  et	  al.,	  Space–Vme	  observaVon	  of	  an	  electron	  gas	  in	  SiO2.	  
Phys.	  Rev.	  Le+.	  73,	  1990–1993	  (1994)	  

	  SiO2	  	  
	  -‐	  Rapid	  decay	  channel	  possible:	  
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Δt	  =	  0	  ps	  
Δt	  ~	  90	  ps	  Δt	  ~	  150	  ps	  Δt	  ~	  200	  ps	  

Δt→	  ∞	  ps	  

(ii)	  
(iii)	  

(iv)	  

(i)	  

(ii)	  

(iii)	  

c)	  Op=cal	  streaking	  of	  highlighted	  region	  
with	  ps	  -‐	  ns	  scale	  chirped	  pulse	  

Ions	  

Incident	  laser	  pulse	  
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a)	  Schema=c	  of	  experiment	  

	  ~	  2mm	  

	  	  ~	  2mm	  
(i)	  

(iv)	  

	  ~	  1.1	  mm	  

	  ~	  210ps	  

b)	  Op=cal	  probing	  with	  ~ 400fs	  pulse	  

Ultrafast	  probe	  
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Experimental	  method	  overview	  
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SchemaVc	  of	  opVcal	  streaking	  method	  
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Results:	  OpVcal	  streak	  of	  opacity	  in	  SiO2	  
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Filtered	  to	  remove	  high	  
frequency	  noise	  



Results:	  OpVcal	  streak	  of	  opacity	  in	  SiO2	  
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Picosecond	  ion	  pulse	  duraVon	  
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Self	  trapped	  exciton	  decay	  
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Example:	  SiO2	  vs	  BK7	  
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D.	  Grojo	  “Exciton-‐seeded	  mulVphoton	  ionizaVon	  in	  
bulk	  SiO2”	  PHYSICAL	  REVIEW	  B	  81,	  212301	  (2010)	  

Why	  is	  the	  SiO2	  response	  fast?	  

(i) 

(ii) (iii) 

(ii) 

(iii) 

E	  Electron 
Hole 
Proton 

Exciton 

Time	  (fs)	  

N
(e
)	  

(i) 

tc ~ 150 fs 

>1020	  cm-‐3	  

~1018	  cm-‐3	  

“Dual	  speed”	  decay	  

Possible	  explanaVon:	  
TransiVon	  from	  free	  
electron	  gas	  to	  
electron	  hole	  plasma	  
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Nanostructured	  dose	  distribuVon	  
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Nanoscale	  tracks	  of	  ion	  damage	  for	  our	  flux	  
condiVons	  –	  combinaVon	  of	  TRIM	  calculaVons	  
(trajectories)	  and	  FLUKA	  simulaVons	  (track	  size)	  	  

However,	  this	  only	  the	  instantaneous	  picture	  

Nanometer	  scale	  energy	  density	  gradients	  drive	  rapid	  diffusion	  over	  picoseconds	  
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predicVons	  from	  Monte	  Carlo	  
simulaVons	  for	  electron	  diffusivity	  

>1020	  cm-‐3	  
~1018	  cm-‐3	  
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Tortuous	  nanostructured	  matrix	  
of	  SiO2	  

SiO2	  Aerogel	  –	  reduced	  dimensionality	  
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InhibiVon	  of	  diffusion	  in	  Aerogel	  
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The	  nanostructured	  network	  inhibits	  the	  rapid	  evoluVon	  of	  density	  
	  
This	  implies	  that	  electron	  hole	  plasma	  condiVons	  are	  maintained	  –	  	  

	  	  
	  Thermal	  energy	  too	  great	  to	  allow	  long	  lived	  exciton	  states	  

>1020	  cm-‐3	  
~1018	  cm-‐3	  
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Outlook	  

	  
•  First	  ion	  pulse	  duraVon	  measurements	  –	  single	  shot	  basis	  
	  
•  Building	  and	  tesVng	  ab-‐iniVo	  models	  of	  reacVon	  of	  Vme-‐resolved	  
response	  to	  radiaVon	  damage	  may	  be	  possible	  

	  
•  A	  broadband	  probe	  can	  look	  at	  reacVon	  Vme	  histories	  in	  water	  
etc.	  

	  
•  This	  technique	  is	  also	  applicable	  to	  electrons/X-‐rays	  

•  Clear	  diagnosVc	  for	  ps	  pulses	  of	  protons	  

•  Sheds	  new	  light	  on	  proton	  interacVons	  in	  mafer	  

•  A	  possible	  tool	  to	  perform	  the	  first	  absolute	  study	  of	  the	  
emergence	  of	  ultrafast	  processes.	  
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