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Open-access model 
· 40+ research groups worldwide are 

using OSIRIS
· 300+ publications in leading scientific 

journals
· Large developer and user community
· Detailed documentation and sample 

inputs files available

Using OSIRIS 4.0
· The code can be used freely by 

research institutions after signing an 
MoU

· Find out more at:

Ricardo Fonseca: ricardo.fonseca@tecnico.ulisboa.pt

OSIRIS framework
· Massively Parallel, Fully Relativistic  

Particle-in-Cell Code 
· Parallel scalability to 2 M cores
· Explicit SSE / AVX / QPX / Xeon Phi / CUDA support
· Extended physics/simulation models -  Coulomb collision module

http://epp.tecnico.ulisboa.pt/osiris

Open-source version available
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 Biermann Battery Setup
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<latexit sha1_base64="EspT1p9Z7TJR/xlqeTlEytGL2Nw="></latexit>
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<latexit sha1_base64="9KEvyAuezQtxjNsQSJeyCYMEmro="></latexit>
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<latexit sha1_base64="/Glj3dd8Gw2YXZSe577ZPdewJk8="></latexit>

Density profile

Temperature profile

R2 = |x|
<latexit sha1_base64="z8gyFpAzHrBkYBOpk1dHRgYRdYs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw8xYnXYhFN24rGIf0g4lk2ba0CQzJBmxtP0KNy4UcevnuPNvTB+Cih64cDjnXu69J0wYVdpxPqyFxaXlldXMWnZ9Y3NrO7ezW1NxKjGp4pjFshEiRRgVpKqpZqSRSIJ4yEg97F9M/PodkYrG4kYPEhJw1BU0ohhpI91etz14Bkf3o3Yu79iFwonn+tCxHd8veTNSdE5L0LWdKfJgjko7997qxDjlRGjMkFJN10l0MERSU8zIONtKFUkQ7qMuaRoqECcqGE4PHsNDo3RgFEtTQsOp+n1iiLhSAx6aTo50T/32JuJfXjPVUTEYUpGkmgg8WxSlDOoYTr6HHSoJ1mxgCMKSmlsh7iGJsDYZZU0IX5/C/0nNs91j27sq5Mvn8zgyYB8cgCPgAh+UwSWogCrAgIMH8ASeLWk9Wi/W66x1wZrP7IEfsN4+ASD6j/0=</latexit>

dB
dt

∼ ∇T × ∇nBiermann 
Battery
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 Weibel instability driven by temperature gradient
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p

x2 + (LT /Lny)2
<latexit sha1_base64="/Glj3dd8Gw2YXZSe577ZPdewJk8="></latexit>

Density profile

Temperature profile

R2 = |x|
<latexit sha1_base64="z8gyFpAzHrBkYBOpk1dHRgYRdYs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw8xYnXYhFN24rGIf0g4lk2ba0CQzJBmxtP0KNy4UcevnuPNvTB+Cih64cDjnXu69J0wYVdpxPqyFxaXlldXMWnZ9Y3NrO7ezW1NxKjGp4pjFshEiRRgVpKqpZqSRSIJ4yEg97F9M/PodkYrG4kYPEhJw1BU0ohhpI91etz14Bkf3o3Yu79iFwonn+tCxHd8veTNSdE5L0LWdKfJgjko7997qxDjlRGjMkFJN10l0MERSU8zIONtKFUkQ7qMuaRoqECcqGE4PHsNDo3RgFEtTQsOp+n1iiLhSAx6aTo50T/32JuJfXjPVUTEYUpGkmgg8WxSlDOoYTr6HHSoJ1mxgCMKSmlsh7iGJsDYZZU0IX5/C/0nNs91j27sq5Mvn8zgyYB8cgCPgAh+UwSWogCrAgIMH8ASeLWk9Wi/W66x1wZrP7IEfsN4+ASD6j/0=</latexit>

Biermann 
dominates at small 

scales
 L/de = 25

Weibel 
dominates at large 

scales
L/de = 400

Schoeffler,  et al.  (2014)
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 Anisotropy evolves with collisions

Ansotropic distributionIsotropic distribution
v y
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vx
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Th = v2Th/me
<latexit sha1_base64="JKe4JnhxzFJ/gTahfYAJe83ajcc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZV0I1QdOOyQl/QxjCZTtqhM5MwMymWkF9x40IRt/6IO//GaZuFth64cDjnXu69J4gZVdpxvq3C2vrG5lZxu7Szu7d/YB+W2ypKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkE47uZ35kQqWgkmnoaE4+joaAhxUgbybfLTX8Eb+DET5uj7LF2zn3i2xWn6swBV4mbkwrI0fDtr/4gwgknQmOGlOq5Tqy9FElNMSNZqZ8oEiM8RkPSM1QgTpSXzm/P4KlRBjCMpCmh4Vz9PZEirtSUB6aTIz1Sy95M/M/rJTq89lIq4kQTgReLwoRBHcFZEHBAJcGaTQ1BWFJzK8QjJBHWJq6SCcFdfnmVtGtV96Jae7is1G/zOIrgGJyAM+CCK1AH96ABWgCDJ/AMXsGblVkv1rv1sWgtWPnMEfgD6/MHgj+TdA==</latexit>

Tc = v2Tc/me
<latexit sha1_base64="bvQVvv1alW/9Xx3YrMWjGzR9Ybg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZV0I1QdOOyQl/QxjCZTtqhM5MwMymWkF9x40IRt/6IO//GaZuFth64cDjnXu69J4gZVdpxvq3C2vrG5lZxu7Szu7d/YB+W2ypKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkE47uZ35kQqWgkmnoaE4+joaAhxUgbybfLTR/DGzjx0ybOHmvn3Ce+XXGqzhxwlbg5qYAcDd/+6g8inHAiNGZIqZ7rxNpLkdQUM5KV+okiMcJjNCQ9QwXiRHnp/PYMnhplAMNImhIaztXfEyniSk15YDo50iO17M3E/7xeosNrL6UiTjQReLEoTBjUEZwFAQdUEqzZ1BCEJTW3QjxCEmFt4iqZENzll1dJu1Z1L6q1h8tK/TaPowiOwQk4Ay64AnVwDxqgBTB4As/gFbxZmfVivVsfi9aClc8cgT+wPn8AcqmTag==</latexit>

Te
<latexit sha1_base64="KiIISqo/C5jLVxJeS/tVmfRi1xI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOdtEs3m7C7EUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRh/7pbJbcecgq8TLSRly1Pulr94gZmmE0jBBte56bmL8jCrDmcBpsZdqTCgb0yF2LZU0Qu1n81On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2iDcFbfnmVtKoV77JSfbgq127zOApwCmdwAR5cQw3uoQ5NYDCEZ3iFN0c4L86787FoXXPymRP4A+fzByT2jbQ=</latexit>

Te
<latexit sha1_base64="KiIISqo/C5jLVxJeS/tVmfRi1xI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOdtEs3m7C7EUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRh/7pbJbcecgq8TLSRly1Pulr94gZmmE0jBBte56bmL8jCrDmcBpsZdqTCgb0yF2LZU0Qu1n81On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2iDcFbfnmVtKoV77JSfbgq127zOApwCmdwAR5cQw3uoQ5NYDCEZ3iFN0c4L86787FoXXPymRP4A+fzByT2jbQ=</latexit>

Anisotropy evolution

Collision rate
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T 3/2
e

ln⇤C

<latexit sha1_base64="LTPlyjt51L2w6YeY8FeaEZMTZjY="></latexit>
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dA

dt
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<latexit sha1_base64="N8Yl9iFnCxsovOAtyxP2k8HI3PM="></latexit>
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 Simulations show when collisions suppress Weibel
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⌫A(⌫0, A(0))
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Schoeffler,  et al.  (2020)
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 Simulations show when collisions suppress Weibel
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 Regimes of collisionality
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Schoeffler,  et al.  (2020)
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 Regimes of collisionality
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Only energetic electrons are frozen-in 
to the magnetic field, and they drag it 

faster than when all of them are, 
causing pile-up

Schoeffler,  et al.  (2020)
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Electrostatic Shocks 
Transition from collisional to collisionless

Laser solid interaction experiment 
Biermann and Weibel 

Relativistic Reconnection 
Effects of collisions

Outline
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 Regimes of collisionality

No ion acoustic 
waves

Ion acoustic 
wave-train

Ion acoustic 
wave-train

Kindi,  et al.  (2020)
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 Regimes of collisionality

Kindi,  et al.  (2020)
ND ≡

4πλ3
din0

3
∼

Ti
3/2

n1/2
0
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Laser solid interaction experiment 
Biermann and Weibel

Relativistic Reconnection 
Effects of collisions

Outline

Electrostatic Shocks 
Transition from collisional to collisionless
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 Reconnection not affected much by collisions

 Biermann fields
dominate

Nernst effect
visible

σh,e =
B2

0

4πnehe
=

B2
0

16πneTe
= 10000

Collisional case 
νcLy/c = 60

Collisionless 
case νcLy/c = 0
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 Spectra becomes only slightly harder

Collisional case 
νcLy/c = 60

Collisionless 
case νcLy/c = 0
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 Linear growth rate not significantly affected
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Zelenyi theory Collisional tearing
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 Linear growth rate not significantly affected
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 Fastest growing mode enhanced



Conclusions

Laser Solid interaction experiment
๏ Collisions kill anisotropy, driving mechanism for Weibel instability
๏ Biermann Battery dominates again

Electrostatic shocks
๏ Ion acoustic waves are suppressed with collisions
๏ Transition from collisional to collisionless thickness 

Relativistic Reconnection
๏ Reconnection only weakly influenced by collisions
๏ Small magnetization allows for collisional influence on linear tearing stage
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