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Laser-Plasma Interaction Summer School 
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!"#$jk 

! "lmnXYZ[o 

! "pqrstuXYZ[v 

! "wWxyz{y|>\XY}~ 

! "wWKL{y\XY}~ 

! "��~z����H� 

! "�X����������� 

! "XYZ[\��y� 

! "��z�� 
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!"#$%&'&(!)*!

!"#$+!

! ",-./01234056789:; 

! "<==>?@AB0CDEFG; 

! "HIJAKL+MNOPQRNJS; 
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!"#$%&'&(!)*!

!"#$+!

! ",-./01234056789:; 

! "<==>?@AB0CDEFG; 

! "HIJAKL+MNOPQRNJS; 

(!)*+ 

! "TUVWXYZ[\]^_`; 

! "abcdXYZ[efgh\di; 
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lmnXYZ[o 

! "XYZ[�n�O$�0�>t��@��0

Z[ ¡¢£¤pq¥¦KL(§; 
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lmnXYZ[o 

! "XYZ[�n�O$�0�>t��@��0

Z[ ¡¢£¤pq¥¦KL(§; 

!"¡¢\¨B0©|ªE«�«0¬­®¯°

±²>XYZ[�³´\(§µ¶; 
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lmnXYZ[o 

! "XYZ[�n�O$�0�>t��@��0

Z[ ¡¢£¤pq¥¦KL(§; 

!"¡¢\¨B0©|ªE«�«0¬­®¯°

±²>XYZ[�³´\(§µ¶; 
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[�50n6Yþ78; 
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lmnXYZ[o 

! "XYZ[�n�>NÅÆÇEG\XY}~0«NÈÉ
½\xy}$��system ODEs or PDEs�!0Ê¾0
ËÌENÈ}$�nÍKLxy\}$��ÎÏ�;!

! ">x{y\]^_`�wW{yzxy0nNÐÑÒÓ
Ô0ÑÕÖ×0ØÙt�\��;!

!!!!!��\Ú{+�ÛÜÝ0ÞÛßà;!

!!!!!áUâ�\EGãX+����0ä100%Çåæ~çF;!

!!!!!]^}$�0èéêNëìxíiî0­n100%Çå;!

!!!!!ïðGe+ñìò<iîóôõöç÷øùK0úëûèé\!

!!!!!!!!!!ìxíiî05üýþ |T<0ÿ!"T0­5#$;!

!!!!!E%\t�&'+RAM, HD, CPU, I/O()!

!!!!!E%\9ÃKL!

! "NÅÆÇEG\XY}~0­*<+0,<-.<Ç/!

0<-+­<12KL!
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ÍKLxy\}$�!
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H>&'.üIJI.KL®M!

Do your best to save 

! "Memory 

!" N®TOä>working Arrays 

! "CPU time 

!" PQTOI�+RX.ÍX.STUX; 

!" TOI�EF0N®VW½Table7 

! "Real time 

!" Watch out your I/O scheme 
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Bad and Good I/O Schemes 
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Good I/O Schemes for Massive Data Set 
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! "4�W�Z�n6GåYW;!
!" W�Z�©|5Ñ�§XNÈÉ½\xy}$��system ODEs 

or PDEs�;!

!" “To understand is to know how to calculate”  

                                                             - Direc 

! "Z���R[Ö\Û­!;!
!" ��R[Ö]÷KÁ^_\%`0aaæ~bþ!cÆd\KÁ&
e;!

! "fghKÁ«�i\Z[�50ê« ¡¢9$¾\j5
klzò<mW�`; 
!" “… the more I discover, the more I want to know” 

                                                     - Maeve Leakey 

! "nÖ�no�D­pqr^_zst^_u ¡¢9$\
vwµ¶;! 14 

pqrstuXYZ[v 

! "rsZ[v0<Íxuy+Choose a 

right simulation code for your problem 

! "<¥KBE+z[\${zx[\|};

·~7�\Z[v0�>\�¡D��/ 

! "<VJ9tumW0CD@Gå\rs/ 
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tuXYZ[v\]^��+ 

! "Fluid Simulations 
!" MHD code 

!" Two-Fluid code 

! "Kinetic Simulations 
!" Hybrid code (Fluid electrons and kinetic ions) 

!" Full particle code 

!" Test particle code 

!" Vlasov code 

The particle-code simulation is indeed a multiple-

fluid simulation.   
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Test particle code 
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Full particle code 
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Vlasov code 
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XYZ[<>÷\XY}~!

Ñu��!

! "«System ODEs or PDEs<>÷\]^

XY}~!

! "ztumWæk!

! "�nKinetic Plasma SimulationÄ�÷

\UXôñ­�H0j�Z[K5ü�
�\����j0�< |��í?/!

20 

wWxyz{y|>\XY}~ 

! "Finite Differences (based on Taylor’s 

expansion) 

! "FFT (Fast Fourier Transform) 

! "Cubic Spline  

! "Cubic Spline with Corrections 
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Finite Differences 
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Z[v¾wWÁL\xyz{y0�ê>
Finite Differences,5>!

! "FFT��>��SUX0 �SUX>FFT�
xyz{yK05ü���j��;�!

! "Cubic Spline 
!" Piece-wise continuous cubic function 

   f(x) = Ax3 + Bx2 + Cx + D 

!" D��U\0UXY.UXN�xyY.zUX�
�xyY0���; 
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Cubic Spline 
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wWKL{y\XY}~ 

Explicit Scheme: �ÎÏ�!

! " The future information are determined based on 
the present and the past information 

! " Easy to program, easy to blowout! 

! " To avoid blowout " Choose shorter time step " 
Require more CPU time 

Implicit Scheme: �ÎÏ� 

! " The future information are determined based on 
the future, the present, and the past information 

! " Difficult to program and/or Require more memory 

! " Stable in large time step " Save CPU time 
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Examples of Explicit Scheme 

! "Euler method 

! "Runge-Kutta method 

! "Adams' open Formula (Adams-

Bashforth Formula) 

! "Lax-Wendroff scheme 

�*���ÁLxyÛKÁxy}$�� 
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Euler method/ Runge-Kutta 

method 
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Euler method/ Runge-

Kutta method 
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wW*���ÁLxyÛKÁxy}$�5>Explicit Scheme!! 
0Lax-Wendroff scheme 

n!

n+1/2!

n+1!

i! i+1!i-1!
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Examples of Implicit Scheme 

! "Equatons of motion with gyro-type 

motion 

! "The diffusion equation  

�� �ÁLxyÛKÁxy}$�� 

! "Adams' close formula (Adams-

Moulton formula) 
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Z[¡¢â±Gyro Motion N3<>Implicit Scheme 
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Z[� �ÁLxyÛKÁxy}$�N3<>Implicit Scheme+ 

00The Diffusion Equation 
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The Diffusion Equation 

33 

Based on Runge-Kutta Method and Adams Formula 

Predictor-Corrector Method  

34 

Cannot self-start!

Cannot self-start!

Cannot self-start!

Cannot self-start!

Cannot self-start!

nÖ>Explicit Scheme+ 
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£G>Implicit Scheme+ 

36 

��~z����H� 

! "Iteration scheme 



37 

��~z����H� 

! "Machine-dependent relative error U 

! "ñáUâ�K0!

0Ät�ÅX1+U,µ�1K0  

"U�nôÍ�1\��ôÍ���uNÆ�!

! "�>áUâ�\��05>�ÇI 

    �ÈyÉÛ�X��������� 
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XYZ[eghz4�\di 

! " Always use double precision in your simulation 

! " Normalize your equations5ÑÊË¤rbZ[ôkl
X0pÌÍÎi.KLLÏ.ÁLLÏ; 

! "4ÐÌÍ�ü»n6ÑÒ 

! "4Ðn6Ó!Courant condition: dt * Vmax < dx 

ÊÔ/NÕ\4Ð+ Make Sure 

! "ñÌÍÎiÖ×NØ0Z[�5ÙETjÚý;!

! "ñKLLÏÛÜ0Z[�5ÙETjÚý;!!

! "ñÁLLÏÛÜ0Z[�5ÙETjÚý;!

! "ñÝÞXÖ×NØ0Z[�5ÙETjÚý;!

! "r>ß�àÞtÞá»â0Z[�5ÙETjÚý;!!
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XYZ[\��y� 

Display your simulation results 

! "�>!MatlabR!IDL R PVWaveµ¶·0�N
O�¸¨©¹�Rº¹�7±wWj»XYZ
[�5;  

! "�> ExcelRKaleidagraphµ¶·0O¼wW
��¶�\©½&!�3¾¿ÀÁ+XÂÃ©�!

! "Carefully trace the time evolution of all 
fluid variables.  

! "Carefully trace the phase-space trajectory 
of a group of simulation particles. 
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XYZ[\��y� 

! "<>?y�¤\Z[�50­<12ê¥¦�
§�\Z[�5/!

! "�=­<NsZ[Ns@��¨©;p5Z[
NOCaseÄª2\KL0«9NÔ0�=¬­
<y�\&®¯u�0>°±N²t�³³\
´dy�;!

! "ÎÏN!

! "ÎÏ�!
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! "üIJI0KL®M+Do your best to save 

memory, CPU time, and real time (Watch 

out your I/O scheme). 

! "rsZ[v0<Íxuy+Choose a right 

simulation code for your problem 

! "<¥KBE+z[\${zx[\|};·~
7�\Z[v0�>\�¡D��/ 

! "=\��� good diagnostics �5ÑÊË:
;ê«Z[£¤ãä\mW9$; 
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! "=\Z[9Ã0­<!

!" =\(·!

!" =\¶·0!

!" )*\.E<�\Z[+C�manpower�;!

! "NOßGE<�\Z[,-0­®>t�0�

5Ñj.nHZ[\�5;�=/012Þ3
ä0A4üå5;!

�tuZ[,-Dawson!6XtumW�Â7¾
\ ¡¢#B8634\3¢12;�!
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Z[�5ÎÏî 

åæ+¾¿jJjïÂJÌ0jðJ�ñòó0
ÀÁtuXYZ[Sôåõ!

Bö+÷ÝÞXYZ[vZ[øù·­+3!!

! "©N+ÌÍ�ü.ÝÞ±ü.túü»¥KL
ý§©!

! "©�+/û ¡¢üýþÿK0ôÁLÝÞy
É©�!tÞyXð"0àÞ#"�!

46 Time*Omega_pe!
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Z[�5ÎÏ �!

åæ+¾¿jJÀÁÄ9Ã�çèé 

! "Vlasov SimulationZ[êtëìí 

"non-periodic boundary condition 

0âMZ[�5phase space plots  

"""mi/me=1836 : at t!pe=0~3000 

                                      t!pi=0~70 

"""mi/me =25    : at t!pe=300"

                                      t!pi=60 
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Electrons’ phase space plots 
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Ions’ phase space plots 
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�9E��:XYZ[�5�åæ+¹!� 

Color phase space plot can reveal 

characteristic curves in phase space 
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! "particle-code simulations  

! "Monte Carlo simulations 

Random Number Generators for: 

! "Uniform Probability Function  

! "General Non-uniform Probability Function  

! "Normal Distribution Function  
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Uniform Probability Function 
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General Non-uniform Probability 

Function 

56 

Normal Distribution Function 


