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OSIRIS 2.0

0Siris | osiris framework

Massively Parallel, Fully Relativistic
i Particle-in-Cell (PIC) Code
N | - | New Hybrid algorithm
- | Visualization and Data Analysis Infrastructure

- | Developed by the osiris.consortium
=| UCLA +IST

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

Ricardo Fonseca: ricardo.fonseca@ist.utl.pt solvers

Frank Tsung: tsung@physics.ucla.edu - OpenMP/MPI hybrid @X
http:/cfp.ist.utl.pt/golp/epp/ + 3D Dynamic Load Balanc 3%
http://plasmasim.physics.ucla.edu/ . Parallel 11O AT L3N

Y. Fang, EAAC, June 2. 2013




USCO SELF-MODULATION INSTABILITY (SMHI)

Kumar, PRL 104, 255003 (2010) N
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<> Initial small transverse wakefields modulate the bunch density
<> Seeding of SMI important to shorten length to saturation and for wakefield

phase for deterministic external injection

<> Longitudinal wakefields can lead to energy (not spatial) modulation Bl“g?lﬂﬁaﬂl
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USC ENERGY SELF-MODULATION LM

MAX-PLANCK-CESELLSCHAFT
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<> Similar to FEL energy modulation N s s 010t
< Indirect evidence (W, =E,) of driving of wakefields BROGKIRUEN
. that can seed the SMI: W, =(E -cBg)aW,, RATIOXEL LARORNTORY
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USC EXPERIMENTAL SETUP LM
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<-Use masking method to produce “square” bunch for SMI seeding

<Need cut/step<<h.: <0.3A , in exp. => E,;>0.9E 4 ;.
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USC EXPERIMENTAL SETUP

MAX-PLANCK-CESELLSCHAFT

Parameter Value

BuncE grﬁergy go ~ 6% M eVC Energy

Bunc arge 50pC — 1n .

Bunch Focused Size o, ~ 100pum ATF Bea m LI ne 2 SpectrOmeter
Square Bunch Length Ly,nen  ~ 960 um E

Normalized Emittance €y ~ 3 mm — mrad

Plasma Density n. ~ 10" — 10" ¢m =3

Plasma Length LPlasme ~2cm

Capillary Radius 500 pm

Muggli, PRL. 101, 054801 (2008)
Muggli, PRST-AB 13, 052803 (2010)
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USC EXPERIMENTAL SETUP

MAX-PLANCK-CESELLSCHAFT
Parameter Value
Bunch Energy Ej ~ 60 MeV Energy
Bunch Charge @ 50pC — 1nC .
Bunch Focused Size o, ~ 100pum ATF Bea m Ll ne 2 Spectrometer
Square Bunch Length Ly,nen  ~ 960 um E
Normalized Emittance €y ~ 3 mm — mrad
Plasma Density n, ~ 10" — 10" ¢m =3
Plasma Length LPlasme ~2cm
Capillary Radius 500 um
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<>Use masking method to produce “square” bunch for SMI seeding

< Need cut/step<<i .: <0.3A  in exp. =>E,;>0.9E,4 ;.0
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USC SMI AT HiGH CHARGE """‘
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<Note with 1nC featureless energy spectrum (AE>>AE,)
<> Growth from energy gain/loss with high charge (1nC)? "'?3?"'6(""
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USC SMI GROWTH?

MAX-PLANCK-CESELLSCHAFT

<>Determine occurrence of SMI growth from energy spectrum AE>>AE,?
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USC SMI GROWTH? % \J

MAX-PLANCK-CESELLSCHAFT

<>Determine occurrence of SMI growth from energy spectrum AE>>AE,?

10 Q=50pC SN _Q=1nC_ :
- IL =2cm - : I\ :
: : plasma ] 300:_
8L 1 i
|
PR —
E 6l I £ 200}
S - >
= ol =
VN 4 R : LUN
W e 100 |
2 Gain ] Gainif
. no growth <— x20 -, no growth]
o 5 10 15 20 0o 1 2 3 4 5 6
z (cm) z (cm)

< Gain=[E,(z)dz=E,L w/wo SMI growth

plasma

<~ With 50pC E;=3MV/m, L =2cm => Gain=60KeV < AE,=480keV => Modulation
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< With 1nC E;=20*3MV/m, L

=2cm => Gain=1.2MeV without SMI growth
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USC SMI GROWTH? @

MAX-PLANCK-CESELLSCHAFT

<>Determine occurrence of SMI growth from energy spectrum AE>>AE,?
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<~ With 50pC E;=3MV/m, L =2cm => Gain=60KeV < AE,=480keV => Modulation
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< With 1nC E;=20*3MV/m, L =2cm => Gain=1.2MeV without SMI growth

plasma

<~ With SMI growth [E (z)dz>E (L ..., (Gain =2.6 Gain) "“‘l?"'ﬁa‘"
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USC WAKE PHASE VELOCITY

. ) Pukhov, 107, 145003 (2011) MAX PLANCK CESELLSCHAFT
<>Phase Ve|OCIty V¢<C durlng SMI growth Schroeder, 107, 145002 (2011)
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USC WAKEFIELDS DEPHASING :

MAX-PLANCK-CESELLSCHAFT
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<At saturation the wakefield period is much longer in the bunch front

<>The evolution in the front of the bunch causes the slow wakefields phase velocity ...
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USC SUMMARY

<> Shaped, square with L'f’eam>)\IOe bunches drive linear wakefields with period A,
<>Wakefield period observed in energy modulation along chirped bunch with Q=50pC
<If E, W, then W =E -cBy => seed for SMI

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