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Why a shearing module in a PIC code? [ISBOA Ill.ﬁ)ﬂ-(

l Large scale astrophysical rotating system =2 Accretion disks

e Local kinetic behaviour

l Generation of pressure anisotropy in collisionless plasmas

* Mirror instability

* Firehose instability

* Whistler instability

*Simulation results obtained using OSIRIS 4.0
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Outline

W TEcIco I ) I ' ﬁ)g IC

l Necessity of shear module
* Collisionless magneto rotational instability (MRI)
* Study of pressure anisotropy

l 2D shearing co-rotating framework
* Modified Maxwell’'s and motion equations
e Physical benchmark: ID linear MRI

l 3D co-rotating framework + shearing periodic b.c.
* The 3D shearing co-rotating framework does not work
e Description of the shearing periodic b.c.

e Benchmark: E| behaviour at the boundary

l Conclusion & Future works
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2D shearing co-rotating framework W TECNICO Ilr ﬁ)“‘(

Moditied Maxwell's and motion equations

Shearing co-rotating framework equations 2D shearing simulation box
B(7,t ;
0 {E’Z’ ) = -V x E(1,t) — gan?)
E(7 , ,
o g;t) VX B—dnS - SaB,g

Q|

dp 1 ) =
i 2ap, T — 5 Py + q(E +

><§>

Validity of the model in the limits:

® non-relativistic limit Vo = X1rg<<c

* small box approximation L << rg

M.A. Riquelme, et al.,,Ap] 755,50 (2012)
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Scheme of implementation in OSIRIS 4.0

W TEcIco I ) I ' ﬁ)g IC

example of input file

EMF solver particle pusher

Modified Yee solver Modified Boris pusher
T (By* = By + 20*rqm™y)

RK shear term +

FD shear term

shear_2D branch @ ginchingolo/osiris

()] dev branch @ GoLP-IST/osiris

Example of input file

l-—--global simulation parameters----

simulation

{

particles
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Physical benchmark: | D MRI dispersion relation W s Ilrﬁ)ﬂ-(

Comparison between numerical results and analytical model

Analytical Expression 1D MRI linear dispersion relation

W+ 41+ + ¢ —6¢2 =0

Simulation Parameter (quasi 1D simulation)

mass ratio resolution
1

m; wpe Az 0.007

beta parameter

T
5= 3L o5 N,pe = 1000

B;
magnetisation seed

f‘_]tseed 1 vaA . (27737) n
— — —sin d
C 20 c
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2D collisionless Magnetorotational Instability W TECNICO Ill‘ﬁ)ﬂ_‘(

Large scale mechanism for amplification of magnetic field

Simulation Parameter

7 x B mass ratio magnetisation box size
Physical i _ 1 X — @ _ 11 16 \2 <)\0 _ QWA)
configuration Me Wei o
beta parameter Alfvén velocity
N VA ~1 100x1 100 c/wp
RN — = 0.0143

\ ' Po = 2TT/0(= 4.8% 103 1 /wp,

Simulation \ 10 ¢ U RSPP L R LP P PECT sext2
box 100 : IR ] _

102| e .
~ 3 105 — <g,_> [(m_c?)?]
B = Byz Ushear — — 7QXY e P
2 4
104 .
2 4 6
Time [P ]
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pNnection C

etween the channel flows activates the turbulence at late time
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3D shearing co-rotating issues W TRENICO Ilrﬁ)“‘(

LISBOA

No charge conservation in 3D

3D shearing co-rotating Maxwell’s equations

—

OB (7, ) o 3 _ . 3 OE(t) . e

= — E — —abB, — - :

ey V x E(7,t) 5O y+204t 9 X T dp L 13 9,

= = 0 y i

OE(r,t) - > 3 . 3 0B(r,t) . PR '
5 VX B—4nJ §ozE$y —50415 2y X I

Achtung! Charge is not

conserved with the standard
3D PIC algorithm!

Solution: co-rotating framework

Standard Maxwell’s equation™ == b _ e(E T ( b | 2a2>) 4+  shear periodic b.c.

*in the non relativistic limit
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Shear periodic b.c. W i IIII ﬁ)ﬂ.'(

Deposition of shifted grid quantities (fields/current) at the boundary

A Shear periodic b.c.
T 3 F0.+ S0Lot,2) = f(Lay, 2)
Sheafl“(t) — —OéLmt ’ 9 TYy Ty Y
=4
2 = 3 S — flOOI‘(Sheal‘/d)’) fOI" n-l_-, Bx, By, Bz, Jx,Jz, Ey
A = Shear - s 3
T E.(0,y + 504th, 2) = FE, (L, Yy, 2)
3
T §aLsz(L:U7y7Z)
gc gc 8¢ gc
il - === ala 3
: | : | E.(0, —al,t, z)=FE, (L, v,
i AR ik fhst ) : R o : 0,y + 5 2) (Lz,y, 2)
p- - - T T ST 3
<A : (I-D)f( i+Lx , j+s) : : : — QOZL;UBQ;(Lx,y, Z)
| i@ l S B l
l.___. - - =4 L— — — |
I Lx I | Lx
For grid quantities For particle
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Benchmark #lI
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Uniform motion of particles along x

0.0

0.

Time= 3.08[1/w,]

llllllllllll.

| | I | I | | I | | I

vo= 0.5 [c]
—

I — 1 | I — l L1 1l l | I — | 1 'l:

0

0.2 0.4 0.6 0.8
xlc/w])

,—'hl1|111|11||||||'v
—

® Particles
Lx = 1.0 [c/0p]

& = 0.05 [1/w;]

3
f(()ay + 505th7 Z) — f(anya Z)

G. Inchingolo | OSIRIS Workshop | Sept. 18th-21st,2017 | |1



Benchmark #2 W TECNICO
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Ex - no plasma, Initial Ey field Ey(X) = cos(2TTx)

The shear periodic b.c introduces a numerical es

Time= 1.20(1/w,] wave OEcrror at the boundary of E!
1.0 por—T T L L ] [~ =T ==
- 0.4 SEerrorlEO ~ t/O(
0.8 — — , . .
2 . Possible solution: correct E at the boundary using
i 1 M %2 modified poisson equation:
_ 06— = T
3 F ] S
s [ 101%° & x
- v 5 E | n+1 ~ on+1Y) n+1 _
0.4 — - . A (E nyB > 4"t =0
— = -0.2
= -
0-2 I - Opened to suggestion how to implement it in
! il EX OSIRIS 4.0 (kyle’s boris correction module)...
0.0 ; | | | | | | | | | | | | | ] l | | | l‘
0.0 0.2 DA e/ o) s i@ - email me for collaboration

giannandrea.inchingolo@tecnico.ulisboa.pt
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Conclusions & future works LISBOA III 1 DSI(C

l Shearing modules in OSIRIS 4.0

e study of collisionless astrophysical scenarios (accretion disks)
e study of pressure anisotropy instabilities (firehose, mirror, whistler)

l 2D shearing co-rotating module

 modified Maxwell’'s and motion equations to include shear terms
o fully tested with analytical |D MRI linear dispersion relation

l 3D co-rotating framework + shearing periodic b.c. module

e exceeds the limits of shearing co-rotating framework (no charge
conservation in 3D)

numerical ES wave generated at the x boundary with OEerror/Eo ~ t/&
need to implement a Poisson correction for E (to be implemented)
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