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osiris framework	


·  Massively Parallel, Fully Relativistic ���
Particle-in-Cell (PIC) Code 	


·  New Hybrid algorithm	

·  Visualization and Data Analysis Infrastructure	

·  Developed by the osiris.consortium	

⇒   UCLA + IST	


Ricardo	  Fonseca:	  ricardo.fonseca@ist.utl.pt	  
Frank	  Tsung:	  tsung@physics.ucla.edu	  

http://cfp.ist.utl.pt/golp/epp/  
http://plasmasim.physics.ucla.edu/	


OSIRIS	  2.0	  

New Features in v2.0	


·  High-order splines	


·  Binary Collision Module	


·  Hybrid code	


·  Boosted frame	


·  PML absorbing BC	


·  Vector processor optimization (SSE)	


·  Energy and momentum conserving 
field interpolation	


·  Higher order and dispersion free 
solvers	


·  OpenMP/MPI hybrid	


·  3D Dynamic Load Balancing	


·  Parallel I/O	
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SELF-‐MODULATiON	  INSTABiLiTY	  (SMI)	  

 	  IniEal	  small	  transverse	  wakefields	  modulate	  the	  bunch	  density	  
  Seeding	  of	  SMI	  important	  to	  shorten	  length	  to	  saturaEon	  and	  for	  wakefield	  

phase	  for	  determinisEc	  external	  injecEon	  

z=5cm,	  e-‐	  

Eaccel~4%EWB	   Eaccel~40%EWB	  
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Grows	  along	  the	  bunch	  &	  along	  the	  plasma	  
ConvecEve	  instability	  

Pukhov,	  PRL	  107,	  145003	  (2011)	  
Schroeder,	  PRL	  107,	  145002	  (2011)	  

J.	  Vieira,	  IST	  

Vieira,	  Phys.	  Plasmas	  19,	  063105	  (2012)	  
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Kumar,	  PRL	  104,	  255003	  (2010)	  	  

  Longitudinal	  wakefields	  can	  lead	  to	  energy	  (not	  spaEal)	  modulaEon	  
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! 

Q=50pC,	  Lbeam/	  λpe=2	  

Energy	  Gain/Loss:	  

! 

"E =
1
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1
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m# eLplasma! 

m = Lbeam "pe =1,2,..

Ez	  must	  decreases	  from	  	  
~6	  to	  ~1.2MV/m	  to	  
preserve	  visibility!	  
Choose	  Q=50pC	  

ENERGY	  SELF-‐MODULATiON	  

	  	  	  Front	   Back	  

Energy	  ∆E0	   High	  Low	  

DeceleraEon	  

AcceleraEon	  

Periodic	  Ez	  Periodic	  Ez �

 Similar	  to	  FEL	  energy	  modulaEon	  
  Indirect	  evidence	  (W//=Ez)	  of	  driving	  of	  wakefields	  
	  that	  can	  seed	  the	  SMI:	  Wperp=(Er-‐cBθ)αW//	  

m	   Ez,	  opt	  
(MV/m)	  

Ez,	  lin,	  OSIRIS	  
(MV/m)	  

ne~m2	  
(cm-‐3)	  

1	   5.2	   3.7	   1.2x1015	  

2	   3.0	   3.2	   4.8x1015	  

3	   2.0	   2.6	   1.1x1016	  

4	   1.5	   2.1	   1.9x1016	  

5	   1.2	   1.8	   3.0x1016	  
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ATF	  Beam	  Line	  2	  

 Use	  masking	  method	  to	  produce	  “square”	  bunch	  for	  SMI	  seeding	  

EXPERiMENTAL	  SETUP	  

Muggli,	  PRL.	  101,	  054801	  (2008)	  
PRST-‐AB	  13,	  052803	  (2010)	  
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 Need	  cut/step<<λpe:	  <0.3λpe	  in	  exp.	  =>	  Ez0>0.9Ez0	  sharp	  

Seeding	  
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EXPERiMENTAL	  SETUP	  
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Laser Parameters

Ionizing Laser Parameters

Parameter Value
Bunch Energy E0 ∼ 60 MeV
Bunch Charge Q 50pC − 1nC
Bunch Focused Size σr0 ∼ 100µm
Square Bunch Length Lbunch ∼ 960 µm
Normalized Emittance �N ∼ 3 mm−mrad
Plasma Density ne ∼ 1014 − 1018 cm−3

Plasma Length Lplasma ∼ 2 cm
Capillary Radius 500 µm

In addition, the laser must allow for:

• energy stability at the < 5% level,

• second beam extraction at the oscillator or regenerative amplifier level
for RF photo-injector gun,

• mode-locking to external RF signal (klystron) with ∼ 100fs synchro-
nization,

• on-call triggering within a few milliseconds for ∼ 100ps synchronization
with long p+ bunch,

• output telescope for adjustment of long ZR,

• full remote operation,

• reliable and stable operation for ∼ 6+ hours at a time,

• low maintenance.

P. Muggli 2013/04/23 1
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Square Bunch Length Lbunch ∼ 960 µm
Normalized Emittance �N ∼ 3 mm−mrad
Plasma Density ne ∼ 1014 − 1018 cm−3

Plasma Length Lplasma ∼ 2 cm
Capillary Radius 500 µm

In addition, the laser must allow for:

• energy stability at the < 5% level,

• second beam extraction at the oscillator or regenerative amplifier level
for RF photo-injector gun,

• mode-locking to external RF signal (klystron) with ∼ 100fs synchro-
nization,

• on-call triggering within a few milliseconds for ∼ 100ps synchronization
with long p+ bunch,

• output telescope for adjustment of long ZR,

• full remote operation,

• reliable and stable operation for ∼ 6+ hours at a time,

• low maintenance.
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FIGURE 2. (a) Time evolution of the plasma light at wavelengths between 633 and 682 nm recorded with a PMT for successive

discharges. The hydrogen Hα atomic line is visible. (b) The photodiode signal (not dispersed in wavelength), the wavelength

index links the traces to those of part (a) recorded as a function of time for the corresponding discharges. In this case the average

amplitude is 0.683 arb. units and its standard deviation is 0.029 arb. units, indicating the reproducibility of the discharge. The

hydrogen backing pressure is 105 Torr and the discharge voltage is 15 kV . The discharge current is about 700 A and the discharge

current half-cycle duration is about 300 ns.
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FIGURE 3. (a) Hydrogen Hα atomic line evolution as a function of the time in the discharge obtained from the curves of Fig. 2.

(b) time evolution of the plasma density obtained from the fitting of a lorentzian profile to the Hα lines of part (a) for the middle and

the end (1/8
th

of its end) of the capillary. An electron temperature of 1 eV is assumed for the α1/2 parameter [12]. The two densities

are essentially equal. Also shown by the straight line, the exponential fit to the calculated density after the discharge current has

stopped, i.e., approximately 300 ns after the beginning of the discharge. The two corresponding time constants for the exponential

decay of the plasma density in time are 489 and 478 ns, respectively.

CONCLUSION

We have developed a method to produce electron bunch trains for the study of the resonant excitation of plasma

wakefields. The beam correlated energy spread is such that the accelerated witness bunch enters the plasma with

an energy larger than that of the drive bunches. The capillary discharge plasma has a density sufficient to reach the

resonance. The density is longitudinally uniform over more than three quarters of the 2 cm-long capillary. PWFA

498
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SMI	  AT	  HiGH	  CHARGE	  

 	  Growth	  from	  energy	  gain/loss	  with	  high	  charge	  (1nC)?	  

 Note	  with	  1nC	  featureless	  energy	  spectrum	  (∆E>>∆E0)	  
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 	  Gain=∫E+(z)dz=E0Lplasma	  w/wo	  SMI	  growth	  	  

 	  With	  50pC	  E0≈3MV/m,	  Lplasma≈2cm	  =>	  Gain≈60KeV	  <	  ∆E0≈480keV	  =>	  ModulaEon	  

 	  With	  1nC	  E0≈20*3MV/m,	  Lplasma≈2cm	  =>	  Gain≈1.2MeV	  without	  SMI	  growth	  

SMI	  GROWTH?	  

Q=50pC	   Q=1nC	  

Gain	  
no	  growth	  

Gain	  if	  
no	  growth	  

 Determine	  occurrence	  of	  SMI	  growth	  from	  energy	  spectrum	  ∆E>>∆E0?	  

Lplasma=2cm	  

x20	  



Y.	  Fang,	  EAAC,	  June	  2.	  2013	  	  ©	  Y.	  Fang	  

0

100

200

300

0 1 2 3 4 5 6

E
z (M

V/
m

)
z (cm)

0

2

4

6

8

10

0 5 10 15 20

E
z (M

V/
m

)

z (cm)

 	  Gain=∫E+(z)dz=E0Lplasma	  w/wo	  SMI	  growth	  	  

 	  With	  50pC	  E0≈3MV/m,	  Lplasma≈2cm	  =>	  Gain≈60KeV	  <	  ∆E0≈480keV	  =>	  ModulaEon	  

 	  With	  1nC	  E0≈20*3MV/m,	  Lplasma≈2cm	  =>	  Gain≈1.2MeV	  without	  SMI	  growth	  

 	  With	  SMI	  growth	  ∫E+(z)dz>E0Lplasma	  (Gain	  ≈2.6	  Gain)	  

SMI	  GROWTH?	  

Q=50pC	   Q=1nC	  

Gain	  
no	  growth	  

Gain	  if	  
no	  growth	  

Gain	  if	  
growth	  

Lplasma=2cm	  

<<x20	  
x20	  

 Determine	  occurrence	  of	  SMI	  growth	  from	  energy	  spectrum	  ∆E>>∆E0?	  
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WAKE	  PHASE	  VELOCiTY	  

 	  At	  1nC	  E0≈20*3MV/m,	  Lplasma≈2cm	  =>	  Gain≈1.2MeV	  without	  SMI	  growth	  
 	  With	  SMI	  growth	  ∫(E+(z)dz>>E0Lplasma	  (Gain	  ≈2.6	  Gain)	  

v! ! c 1+
1

dz / d"
"

#
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%

&
' ! 0.98c Gain/Loss(ξ)=∫Ez(ξ,z)dz	  

Pukhov,	  107,	  145003	  (2011)	  
Schroeder,	  107,	  145002	  (2011)	   Phase	  velocity	  vφ<c	  during	  SMI	  growth	  
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WAKEFiELDS	  DEPHASiNG	  

 At	  saturaEon	  the	  wakefield	  period	  is	  much	  longer	  in	  the	  bunch	  front	  

 The	  evoluEon	  in	  the	  front	  of	  the	  bunch	  causes	  the	  slow	  wakefields	  phase	  velocity	  …	  
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SUMMARY	  

 	  Shaped,	  square	  with	  Lbeam>λpe	  bunches	  drive	  linear	  wakefields	  with	  period	  λpe	  	  

 Wakefield	  period	  observed	  in	  energy	  modulaEon	  along	  chirped	  bunch	  with	  Q=50pC	  

 If	  Ez,	  W//	  then	  Wper=Er-‐cBθ	  =>	  seed	  for	  SMI	  	  

 Looking	  for	  evidence	  of	  SMI	  growth	  from	  energy	  spectra	  in	  1nC	  bunches	  

THANK	  YOU!	  


