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Electron	
  acceleraYon	
  



•  Texas	
  PetawaG:	
  150	
  J	
  focused	
  into	
  7cm	
  He	
  gas	
  cell	
  
•  Highly-­‐collimated	
  <1	
  mrad,	
  high	
  charge	
  ~1.8nC	
  	
  
•  Betatron	
  x-­‐ray	
  radiaYon	
  observed	
  
•  Observed	
  quasi-­‐monoenergeYc	
  beams:	
  	
  ~1.1GeV,	
  	
  ∆E~0.2GeV	
  ,	
  64	
  pC	
  
	
  

Xiaoming	
  Wang	
  (Texas)	
  -­‐	
  Electron	
  Accelera8on	
  to	
  >2GeV	
  by	
  PetawaS	
  Laser-­‐driven	
  
Wakefield	
  in	
  1017	
  cm-­‐3	
  Plasma	
  



S.	
  Karsch	
  (MPQ)	
  -­‐	
  Electron	
  accelera8on	
  and	
  radia8on	
  genera8on	
  at	
  Munich	
  	
  

•  Laser	
  upgrade	
  at	
  MPQ:	
  ATLAS60	
  -­‐	
  1.5	
  J,	
  25	
  fs:	
  	
  500	
  MeV	
  ,	
  ~100	
  pC	
  LPA	
  beams	
  
•  InvesYgated	
  energy	
  gain	
  versus	
  gas	
  cell	
  length	
  	
  
•  Undulator	
  radiaYon	
  generaYon	
  ~6	
  nm	
  
•  EmiGance	
  measurement	
  (norm.	
  emiG.	
  =	
  0.14	
  mm	
  mrad)	
  using	
  quads	
  to	
  image	
  
•  CTR	
  for	
  temporal	
  characterizaYon:	
  	
  ~5	
  fs	
  (FWHM)	
  beams	
  	
  
•  Triggered	
  injecYon	
  using	
  density	
  transiYons	
  (shocks)	
  
•  Betatron	
  radiaYon	
  measurements	
  (tomography)	
  
•  Thomson	
  scaGering	
  measurement	
  



A.	
  Popp	
  (MPQ)	
  -­‐	
  Accelera8on	
  Dynamics	
  in	
  Laser-­‐Driven	
  Wakefields	
  



Simultaneous observation of LCS X-ray image and energy-resolved 
electron image of quasi-momoenergetic electron beam with single shot "

(E. Miura, "
AIST 
Japan) "Electrons"

LCS X-
rays"

Divergence angle ~ 5 mrad"
X-ray yield ~ 2x107 photons/
pulse"

X-rays produced by laser Compton scattering (LCS)"
using laser-accelerated quasi-monoenergetic electron beam"

X-ray spectrum  
within 5-mrad scattered 
angle  
(Simulation result)"

X-ray energy ~ 60 
keV"



N.	
  Lopez	
  (IST)	
  –	
  High	
  energy	
  beams	
  produced	
  by	
  a	
  laser	
  wakefield	
  
accelerator	
  

•  LWFA	
  experiments	
  at	
  Astra-­‐Gemini	
  Laser	
  Facility	
  
•  Using	
  pre-­‐formed	
  (discharge)	
  plasma	
  channels,	
  up	
  to	
  2	
  GeV	
  beams	
  observed	
  



A.	
  Walker	
  (Oxford)	
  -­‐	
  Electron	
  Accelera8on	
  in	
  Capillary	
  Discharge	
  Waveguide	
  at	
  
Astra-­‐Gemini	
  



•  Laser-­‐plasma	
  electron	
  acceleraYon	
  with	
  Hercules	
  Laser	
  System	
  
•  Betatron	
  x-­‐ray	
  radiaYon	
  measurements	
  and	
  phase-­‐contrast	
  tomography	
  
•  	
  Probing	
  magneYc	
  fields	
  (generated	
  in	
  laser-­‐solid	
  interacYon)	
  with	
  fs	
  LPA-­‐produced	
  e-­‐beam	
  
	
  

K.	
  Krushelnick	
  (Michigan)	
  -­‐	
  Laser	
  wakefield	
  accelera8on	
  up	
  to	
  200	
  TW:	
  physics	
  and	
  
applica8ons	
  



W.	
  Schumaker	
  (Michigan)	
  -­‐	
  Electron	
  Accelera8on	
  and	
  Radia8on	
  Genera8on	
  up	
  
to	
  200TW	
  



S.	
  Mangles	
  (IC)	
  -­‐High	
  energy	
  electrons	
  and	
  hard	
  x-­‐rays	
  from	
  a	
  laser	
  wakefield	
  accelerator	
  



B.	
  Cros	
  (LPCP-­‐CNRS)	
  -­‐	
  Electron	
  beams	
  and	
  X-­‐ray	
  radia8on	
  generated	
  by	
  laser	
  wakefield	
  in	
  
capillary	
  tubes	
  



S.	
  Y.	
  Yoon	
  (Maryland)	
  -­‐	
  Quasi-­‐Phase	
  Matched	
  Direct	
  Laser	
  Accelera8on	
  In	
  a	
  
Corrugated	
  Plasma	
  Waveguide	
  

•  Quasi-­‐Phase	
  Matched	
  Direct	
  Laser	
  AcceleraYon	
  of	
  electrons	
  is	
  an	
  alternaYve	
  LWFA	
  
•  2D	
  PIC	
  simulaYons	
  of	
  DLA	
  in	
  a	
  corrugated	
  plasma	
  channel	
  –	
  narrow	
  energy	
  spread	
  



Low-emittance bunches measured using 
single-shot X-ray spectroscopy 

!  Single shot X-ray spectra with     
statistics sufficient for fit 
!  matches r! ~ 0.1 µm std 
!  consistent with matched beam 

!  Estimate normalized emittance: 

!  Competitive w/state of art RF accel. 
 0.1 mm-mrad  

Plateau et al, PRL accepted 

electron spectrum Betatron oscillations in wake  
" Xray emission 

X-ray spectrum & fits 

C.	
  Geddes	
  (LBNL)	
  -­‐	
  Low	
  emiSance	
  electron	
  bunches	
  from	
  a	
  laser	
  plasma	
  accelerator,	
  measured	
  
using	
  single	
  shot	
  X-­‐ray	
  spectroscopy	
  



Plasma	
  sources	
  and	
  structures	
  



• 	
  Gas	
  jet	
  designs	
  allow	
  for	
  high	
  rep-­‐rate,	
  density	
  tapering,	
  and	
  unique	
  density	
  profiles	
  	
  

M.	
  Krishnan	
  (AASC)	
  -­‐	
  	
  Tailored	
  supersonic	
  gas	
  jet	
  targets	
  for	
  wakefield	
  accelera8on	
  



H.	
  Suk	
  (GIST)	
  -­‐	
  Tapered-­‐capillary	
  plasma	
  source	
  development	
  for	
  laser	
  wakefield	
  accelera8on	
  



W.	
  RiSershofer	
  (Oxford)	
  -­‐	
  	
  Op8cal	
  Spectra	
  Analysis	
  for	
  Staged	
  Laser-­‐Plasma	
  
Accelerators	
  

•  Calculated	
  density	
  and	
  plasma	
  radius	
  variaYon	
  for	
  phase	
  locking	
  witness	
  bunch	
  
•  Performed	
  gas	
  dynamics	
  simulaYons	
  for	
  tapered	
  capillary	
  design	
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High Sensitivity Gas Density Profilometry. 
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 Raman Scattering        and      longitudinal Interferometry 

In combination allow for absolute density profiles in 1017 cm-3 density range 

15mm 

>  Transverse density profiles: 

!  Matched PFN grants steep gradients,  
dV/dt and dI/dt < 20ns 

!  Tuning of energy deposition via active 
discharge termination 

L.	
  Schaper	
  (UHH,	
  DESY)	
  -­‐	
  	
  High	
  Sensi8vity	
  Gas-­‐Density	
  Profilometry	
  for	
  Plasma	
  Accelera8on	
  
Targets	
  



Spectrally Multiplexed Tomography 
Summary 

June 13 21 Nicholas Matlis: Advanced Accelerator Concepts 
2012 
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SMT	
  resolves	
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SMT	
  Resolves	
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profile	
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N.H.	
  Matlis,	
  A.	
  Axley,	
  W.P.	
  Leemans:	
  SubmiGed	
  to	
  Nature	
  CommunicaYons	
  



Laser	
  propagaYon	
  



•  OpYcal	
  spectra	
  as	
  a	
  non-­‐destrucYve	
  diagnosYc	
  of	
  (staged)	
  laser-­‐plasma	
  accelerators	
  	
  
•  	
  Red-­‐shining	
  determine	
  laser	
  energy	
  depleYon	
  and	
  wake	
  amplitude	
  
•  	
  Measurements	
  compared	
  with	
  modeling	
  (including	
  realisYc	
  laser	
  mode	
  content)	
  

S.	
  Shiraishi	
  (LBNL,	
  Chicago)	
  -­‐	
  	
  Op8cal	
  Spectra	
  Analysis	
  for	
  Staged	
  Laser-­‐Plasma	
  
Accelerators	
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•  	
  Self-­‐guiding	
  experiments	
  are	
  performed	
  with	
  the	
  200	
  TW,	
  60	
  fs	
  Callisto	
  laser	
  at	
  LLNL	
  
•  	
  Self-­‐guiding	
  demonstrated	
  in	
  100%	
  N2,	
  enabling	
  more	
  charge	
  from	
  ionizaYon	
  injecYon	
  
•  	
  Self-­‐guiding	
  with	
  up	
  to	
  5%	
  Ar	
  with	
  He	
  was	
  demonstrated	
  (x3	
  increase	
  in	
  charge)	
  

B.	
  Pollock	
  (LLNL)	
  -­‐	
  	
  Self-­‐Guided	
  Laser	
  Wakefield	
  Accelera8on	
  in	
  
High-­‐Z	
  Gases	
  in	
  the	
  Blowout	
  Regime	
  

The effects of increasing the dopant concentration 
are examined in a 4 mm gas cell 



C.	
  Benedef	
  (LBNL)	
  -­‐	
  Quasi-­‐matched	
  propaga8on	
  of	
  ultra-­‐short,	
  intense	
  laser	
  pulses	
  in	
  
plasma	
  channels	
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•  CondiYon	
  for	
  matched	
  laser	
  propagaYon	
  (valid	
  for	
  a0~1)	
  calculated	
  
•  Determined	
  channel	
  depth	
  or	
  pulse	
  profile	
  for	
  matched	
  propagaYon	
  



•  Spectral	
  broadening,	
  energy	
  depleYon,	
  and	
  acYon	
  conservaYon	
  of	
  nonlinear	
  LPA	
  examined	
  
•  Full	
  wave	
  equaYon	
  in	
  WAKE	
  (similar	
  results	
  to	
  Modified	
  Paraxial	
  EquaYon)	
  

W.	
  Zhu	
  (Maryland)	
  -­‐Studies	
  of	
  Spectral	
  Modifica8on	
  and	
  Extensions	
  of	
  the	
  Paraxial	
  
Equa8on	
  in	
  Laser	
  Wakefield	
  Simula8ons	
  



InjecYon	
  and	
  Staging	
  



NRL Plasma Physics DivisionNRL Plasma Physics Division
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Shock Enhanced Self-Injection with “Down-Ramp” 
and Bubble Diagnostics. 

Regular 
“Gaussian”
gas jet. 

Shock
Wave
jet 

Plasma density 
profile is shaped 
using shock wave 
for optimum “down 
ramp” injection.

1 MeV
Regular 
Gaussian
gas jet. 

40 MeV stable 
injector using 
shaped plasma 
density profile.Laser

focus
Laser
focus

40 MeV

Electro-Optical Shock (bubble) 
diagnostics of the “Down Ramp” 
injection:

wavelength (nm)

ra
di

us
 (c

m
)

One bubble
no electrons

Two bubbles
unstable electrons

One and a half bubble. Stable “down 
ramp” injection for both Gaussian 
and shock wave modified gas jets.

Phys. Rev. Lett. 101, 045004 (2008), Phys. Rev. Lett.  105, 105001 (2010), Appl. Phys. Lett. 97, 191501 (2010), Physics of Plasmas 18, 120701 (2011) 

D.	
  Kaganovich	
  (NRL)	
  -­‐	
  Laser	
  Wakefield	
  Electrons	
  Injec8on	
  and	
  Accelera8on	
  in	
  Gaseous	
  Foils	
  



Zhaohan	
  He	
  (Michigan)	
  -­‐	
  High-­‐repe88on	
  Rate	
  Wakefield	
  Electron	
  Source	
  
Driven	
  by	
  Few-­‐millijoule	
  Ultrashort	
  Laser	
  Pulses	
  

•  Stable	
  collimated	
  electron	
  beams	
  with	
  100	
  keV	
  energies	
  were	
  observed	
  using	
  mJ	
  laser	
  
•  mechanism	
  is	
  based	
  on	
  injecYon	
  in	
  the	
  plasma	
  wake	
  at	
  the	
  density	
  down-­‐ramp	
  	
  
•  ApplicaYon:	
  ultrafast	
  electron	
  diffracYon	
  (beam	
  has	
  short	
  temporal	
  duraYon)	
  



J. S. Liu et al, Phys. Rev. Lett. 107, 035001 (2011) 

Cascaded Laser Wakefield Accelerator	
�

e	
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Electron injection and acceleration are successfully separated, controlled, and 
optimized in different LWFA stages to ensure the efficient coupling between them. 
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Cascaded laser wakefield accelerators provide a promising 
route to obtain controllable multi-GeV monoenergetic e-beams 



Min	
  Chen	
  (LBNL)	
  -­‐	
  Electron	
  injec8on	
  and	
  emiSance	
  control	
  by	
  transverse	
  colliding	
  
pulses	
  in	
  a	
  Laser-­‐Plasma	
  Wakefield	
  Accelerator	
  



MagneYc	
  Assisted	
  Self-­‐InjecYon	
  for	
  LWFA	
  and	
  PWFA	
  (J.	
  Vieira)	
  



T.	
  Sokollik	
  (LBNL)	
  -­‐	
  	
  Staged	
  Laser	
  Plasma	
  Accelerators	
  



!"#$%&'( )*++&,$%*'(-!./#&*0#(%

!"#$" %!&'()*+*,)*- "'&-)./0 #10 2/. $)/3*- "45'/.()*/06
!"#$%&"'%() *+"'$,%( -.//,0'$.%( (!*-12!3()0#"($0+ .(/%,#0$.%( %( 3+$,0 /0&$ 0$%#.' 4,%'"&&"&
%, #05.(6 0 #%+"'3+0, #%7.",

8%9 $% &%+7" :40'" ';0,6" 4,%<+"#=

>1 ?3#<", %/ "+"'$,%(& 4", <3(';
:40$.0+ ,"&%+3$.%(

,"7",&.<+" 4,%'"&&
@.#" ,"&%+3$.%(

A1 ,"+0$.7.&$.' "+"'$,%( <"0#

:40$.0+ ,"&%+3$.%(

@.#" ,"&%+3$.%(.,,"7",&.<+" 4,%'"&&

<3('; '3,,"($

*+"'$,%( 4,%<"
<"0#

&0#4+"

B0&", 43#4
<"0#

C%3,$"&D %/ EF :'.0.(. G %/ @%,%($%1

A)1234,&"5&67#-38,&$7-9:;;------------------------------------------------<7*0, =,>#5%#73)!<?

Relativistic Electron Gun for Atomic Exploration
Operation of plasma activities starting in 2013

Accelerate electron bunch to >> 5 MeV

photocathode

magnetic lens

Gas target

mirror with hole

high-intensity
laser pulse

Prospects for Plasma-Based Particle Acceleration at DESY

Jens Osterhoff for the LAOLA Collaboration
University of Hamburg and Deutsches Elektronen-Synchrotron DESY

Time step 1 Time step 3Time step 2Slice rotation speeds vary
along electron bunch

time

x2

!

> Bunch emittance evolution, compression studies will be possible for the first time
> Results will be relevant for staging of plasma acceleration modules, HEP & photon science applications

http://plasma.desy.de/
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Prospects for Plasma-Based Particle Acceleration at DESY

Jens Osterhoff for the LAOLA Collaboration
University of Hamburg and Deutsches Elektronen-Synchrotron DESY

Time step 1 Time step 3Time step 2Slice rotation speeds vary
along electron bunch
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!

> Bunch emittance evolution, compression studies will be possible for the first time
> Results will be relevant for staging of plasma acceleration modules, HEP & photon science applications

http://plasma.desy.de/



Prospects for Plasma-Based Particle Acceleration at DESY

Jens Osterhoff for the LAOLA Collaboration
University of Hamburg and Deutsches Elektronen-Synchrotron DESY

FLASH II

FLASH

Plasma test beamline

200 TW

LAOLA
> DESY, Germany’s leading accelerator center, is engaging in plasma-accelerator research, 

LAOLA Collaboration formed

> Emphasis on combining conventional accelerator technology with plasma-acceleration 
techniques for improved control over the injection/acceleration process

> FLASH has tremendous potential to contribute 
to progress in novel accelerator research
> by providing a combined beam-driven,

laser-driven wakefield-accelerator beamline
> through its bunch shaping capabilities

(e.g. triangular beams, bunch trains)
> by offering FEL-quality,

1.2 GeV-beams for external injection

Operation of FLASH plasma activities starting in 2014/2015.

http://plasma.desy.de/



Wei	
  Lu	
  (Tsinghua)	
  -­‐	
  Recent	
  Progress	
  of	
  Laser	
  Plasma	
  Physics	
  and	
  Advanced	
  
Accelerator	
  Research	
  at	
  L2PA	
  of	
  Tsinghua	
  University	
  	
  

•  Laboratory	
  of	
  Laser	
  Plasma	
  Physics	
  and	
  Advanced	
  Accelerator	
  Technology	
  –	
  new	
  research	
  
group	
  for	
  laser	
  plasma	
  physics	
  and	
  advanced	
  accelerator	
  technology	
  

•  45	
  MeV	
  linac	
  synchronized	
  with	
  20TW	
  laser	
  system	
  	
  
•  Plans	
  for	
  Thomson	
  scaGering	
  source;	
  use	
  ultra-­‐short	
  e-­‐beam	
  as	
  wakefield	
  probe	
  
	
  



Arnd	
  Specka	
  -­‐	
  	
  CILEX	
  -­‐	
  Interdisciplinary	
  Center	
  for	
  Extreme	
  Light	
  

•  New	
  laser	
  facility,	
  1st	
  phase:	
  ~2015;	
  full	
  operaYon	
  ~2017	
  
•  2	
  disYnct	
  experimental	
  halls:	
  	
  

(1)  long	
  focus:	
  f	
  =	
  10-­‐20	
  m,	
  a=1-­‐10;	
  gaseous	
  targets	
  
(2)  short	
  focus:	
  f=1-­‐5	
  m,	
  a=10-­‐100,	
  high	
  contrast;	
  solid	
  targets	
  

•  Science	
  program	
  focused	
  on	
  laser	
  parYcle	
  acceleraYon	
  and	
  radiaYon	
  generaYon	
  



M.	
  Vranic	
  (IST)	
  -­‐	
  All-­‐op8cal	
  radia8on	
  reac8on	
  configura8on	
  at	
  1021	
  W/cm2	
  



Conclusions/trends	
  
	
  
	
  •  Advances	
  in	
  laser-­‐plasma	
  accelerator	
  beam	
  characterizaYon	
  and	
  diagnosYcs	
  

•  Triggered	
  injecYon	
  concepts	
  (for	
  stability	
  and	
  quality);	
  new	
  concepts	
  proposed	
  

•  Improved	
  understanding	
  of	
  detailed	
  beam	
  dynamics	
  in	
  the	
  LPA	
  
	
  
•  ApplicaYons	
  are	
  becoming	
  reality	
  (RadiaYon	
  sources:	
  Thomson	
  scaGering,	
  ultra-­‐

short	
  undulator	
  radiaYon,	
  betatron	
  emission,	
  etc)	
  	
  

•  New	
  laser	
  faciliYes	
  coming	
  online	
  

•  OpYmizaYon	
  of	
  laser-­‐plasma	
  interacYon	
  at	
  new	
  and	
  exisYng	
  PW	
  faciliYes	
  -­‐>	
  more	
  
energy	
  records	
  are	
  expected	
  	
  



Thanks	
  to	
  all	
  the	
  WG1	
  
presenters	
  and	
  parYcipants!	
  


