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Outline

Motion of charged particles in static electromagnetic fields
Made to understand (analytical engine)
Meant for averaged squared physicists (ROOT/C+ +)

- Actual simulation tools
- Education and teaching

New features:
- Numerical (+analytical) input E and B fields (CST,
Comsol, ...)
- E and B from simple geomtry
B from wires, Laplace)
E, from equipotential surfaces, BEM)



Repository

Prerequisite:

- ROOT/C+ + (v6) installed
- GitHub account

mailto:
nicola.rossi@lngs.infn.it

git clone git@github.com:gkrossi/lorentz4.git



Lorentz4 folder
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How to compile

make

{st Home / Desktop / Sen...vity / GitHub / lorentz4

b

ancillary cfg
8| -
lorentz4 lorentz4.C

spin-off

Makefile

src

C++

plot.C

of

LICENCE.md

README.md

loop.sh



How to run

Optional
./lorentz4 0.0001 10 cfg/user cfg user root

/]

Step [ns] Duration [ns] Config file Output




Relativistic formulas

p(t) = ymov(t) K = /(pc)? 4+ (mc)2 — mc?
L ﬁ(t) Kinetic energy
r(t) =
mo7y -
. ﬁ(t) . U — /E dT
p(t) = ( 2 X B>
o7y Potential energy

Integration: Runge-Kutta 4™ (RK4)



RF emission

Adiabatic A -
Condition N N

Non conservative

% — ﬁLorentz =+ ﬁRad (friction)
poe B L, D éé
6mems? T\ e



2 dt

Adaptive bin step

dt

dt

z(t+ 2dt) ~ x1 + (2dt)° ¢ + O(dt°)

©(t + 2dt) = zo + 2dt° ¢ + O(dt°)

x(t + 2dt) = xo A - O(dt®)
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Source (src) folder

D lome / Desktop /
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open | v || @M whirlpool.cfg
# Initial dynamics: energy (eV) and polar angles [deg]
EO 18000

thetad® 30
phi@ 20

# Initial position [m]
X0 a3

o o
yo 0
: config File
# Exteral fields (true if filename is present, 0 otherwise )

ExtE [¢]

ExtB (]

WhichF EB

# Eletric Field [V/m]
Ex [¢]

0

"0.1 *le5"

# Magnetic Field [T]

Bx "®.01*sin(atan2(y,x))/
"-8.01*cos(atan2(y,x)) [sart(
0

# Radiation energy loss: @ = disabled; 1 = enabled
ifRad @

# Stop conditions on trajectory (x, y, z)
StopIf "x>1e9 && y > 1e9"

# Down Sampling: max number of points in the track (Np > 8)
Np 10000000

# Adaptive step: @ = disabled; 1e-8 (or better) precision otherwise
Prcs le-8

# Verbose and plots: 0 = disabled; 1 = enabled
Verb 1

# Save options (kinematics, frenet, fields): 0 = disabled; 1 = enabled
Skin 1
Sfren 1
Sfiel 1

PlainText ~ Tab Width: 8 ~ Ln1, Col 47 INS




cfg

Demos (cfg)

init.cfg

Bconst.cfg
hemispheres.cfqg

EparB.cfg
hemispheres ext.cfg

ptolemy.cfg
v_selector.cfg
ext fields.cfqg

RFcalib.cfg
whirlpool.cfqg

katrin.cfg
SimEB.cfqg



Trajectory
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c_projection
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c_frenet B @ &
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Kinematic spectrum

c_frenet _ 8 x
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Curvature FFT

Curvature

Residuals
After LOESS

Detrend

Power Spectrum

FFT
(Sidebands)
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To be implemented



File Edit View Options Tools
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File Edit View Options Tools

MAC-E filter (katrin.cfg
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Dyn.E.M. Filter (ptolemy.c£fg)
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Looping on many events

./loop.sh
(parallel)

root plot.C
(TChain)

Add qsub for parallel

# Step doubling precision error estimation:
Prcs 0" > cfg/loop_Sn.cfg

L]
.[lorentz4 0.0001 1 cfg/loop_Sn.cfg out_5n.roo ComPU.I-I ng

((n=n+1))
one

d
=
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External simulated fields
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Example

rE[0] vector<double> x
rE[1] vector<double> y
rE[2] = vector<double> z

\VAVAVAVA

—_ E = Ex:Ey:Ez
:lj vector<vector<vector<double>>>
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Fast trilinear

interpolation algorithm
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Config file

# Exteral fields (true if filename 1is present, @ otherwise ),

E or B or EB

ExtE e trap light.root
ExtB e trap light.root
WhichF EB

# Eletric Field [V/m]
Ex 0]
Ey 0]
Ez 0]

# Magnetic Field [T]
Bx 0
By 0]
Bz 0]

WhichF E/B:

select

Options

Analytical only
Analytical + Simulated

B and E analytical and/or
simulated in all
combination



Simulation
of

the RF trap

(ext_fields.cfg)

p

Hell

Unconstrained Track

c_track
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Open ~ @ hemispheres.cfg

Save = - O *
# Initial dynamics: energy (eV) and polar angles [deg]

E© 12

thetad 90

phie 0

# Initial position [m]
X0 -8.1

ye 0

z0 0.1

# Exteral fields (true if filename is present, © otherwise )
ExtF 0

# Eletric Field [V/m]

Ex 26.67*0.05%0.15/(0.15-0.05)*x/pow(x*x+y*y+z*z,1.5)*(x>=0)+0*(x<0)
Ey 26.67%0.05%0.15/(0.15-0.05)*y /pow( X*x+y*y+2*7 ,1.5)*(x>=0)+0*(x<0)
Ez 26.67%0.05%0.15/(0.15-0.05)*Z fpow( x*xX+y*y+Zz*Z,1.5)*(x>=0)+0*(x<0)

# Magnetic Field [T]
Bx 0
By 3]
Bz (6]

# Down Sampling: max number of points in the track
Np 100000

# Stop conditions on trajectory (x, y, z)
StopIf (sqrt(x*x+y*y+z*z)<0.05)+(sqri(x*x+y*y+z*z)=0.15)+(z<0)*(x<0)

# Adaptive step: @ = disabled; 1e-8 (or better) precision otherwise
Prcs (6}

# Verbose and plots: ® = disabled; 1 = enabled
Verb 1|

Plain Text ~ Tabwidth: 8 ~ Ln 34, Col10 ~ INS

Hemispheres

mem = Qalector for E = 10 eV
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SimEB (beta)

E and B fields
generator




Descriptive geometry [fEEsass

B

B fields (Laplace)

Wires as parame’rric curves

¥(r) = (x(t), y(t), z(1))

E fields (BEM)

Equipotential conductive surfaces

o(u, v) = (x(u, v), y(u, v), z(u, v))




Laplace formula
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Boundary Element Method

V3V = o P.D.E. with
Dirichlet’s
conditions




Self interaction

1 3.92
dr | dy ~ ——
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\/:132+y2 \/§




Meshing
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string msolver

vector<double> Volume(- |,
vector<double> y = Volume(-1,
vector<double> z Volume(-1,

TCanvas *cO = new TCanvas("c0®", "cO"

TGraph2D* g0 = new TGraph2D();
g0->SetTitle("Source shapes; x

[m]; v

template.C

g0->SetPoint(®, x.front(), y.front(), z.front());
g0->SetPoint(, x.back(), y.back(), z.back());

g0-=Draw("P");

vector<Surface> S;
vector<double> Vi;
vector<vector<Point3D>> L;
vector<double> Bi;

TGraph2D* gE = new TGraph2D();
TGraph2D* gB = new TGraph2D();

AddEsource(S, Vi,
AddEsource(S, Vi,

AddBsource(L,
AddBsource(L, Bi,

E

cout << "All

e |
ana I

*TMath: :Pi(),
*TMath: :P1(),

C++ ~ Tabwidth:8 ~

» 9B);
» 9B);

Ln 49, Col 5

INS

template.C

EXAMPLES:

ex0 square.C

exl einzel.C

ex2 helmoltz.C
ex3 tokamak.C

ex4 EparB.C

ex5 hemispheres.C
ex6 tpc.C

ex’/ trap.C




Compile & run

cp template.C mytemplate.C (edit)

./compile.sh template.C
./template myout.root

Generate myout.root in lorentz4 input
format (out.root oterwise)

./compile.sh drawfields.C (Display fields)
./drawfields myout.root



0 e O €

File Edit View Options Tools Help hemi sphe res
Source shapes

Xy

0.1

0.08

0.06

0.04

0.02

Track simulation

—-0.15 ~0.1
~0.2.9.50-15

with lorentz4




Examples

Source shapes Source shapes
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c0
File Edit View Options Tools

Source shapes

tokamak

c0
Eile Edit View Options Tools

Source shapes

Tpc (XENONRT)



drawfields.C

@
T
e e e e e g g g g T -
FrbbbbbbkbkbbbbrbblilSScerrr PP rrrARARARRARAS m
tvrr_\_.v_.vrrrrrrrhraa44147777777)>7>73>>L5.ﬂ;
bbbk bpbbbbrbbrbkbbblicerprpphARNAAARAAAAAANARST]
PP PP PP P b PP b b bbb bl s kR AAARAAAAAAAANARASRT™
PR PP R P bR b b Y LR A RAAAAAAAAAAAARAAY
PR v bbb b bbb vy Y, v, % 2 YAY AL AAAAAAAAAAAA
v<rrrr.‘r_‘rAvMl.w\-ni“\mlljnvvbhvw._;»\_;._;;\.;\
Y PPEEERL, P e YT AA 444449444
t<rvr_‘rALAp4 \\\q\\fﬂ;f”ﬂﬂfb«i;;;;;;;ﬂ1
LA S A \\q\c;lwfwj-/b% Wb oo ddA s
_\v_\v.rhﬂ._;_w_ \\e\ilv:krvfulv/.» /Ak44._._.q44.._
Pebbigbe \_\.\a n % % \EAT T T 1 k
O v_\rh...brwv\\ ORI T 7..1”/. |ﬂ.>44444h5
b e B, YV Y \\A.A._.«.«._.d.wa_w.../b gL *Eoogwae a
] Fhbbabhd 2a9n TVar T I T AT A%y YR 177110
hre ‘.rrp.n...vﬂ« \_\WAAT..44144444.~;K/ N Sl bk
F rlEL Eey P drgrPrIIYYITITY /Kkrr AT7T T
P hrecy Veer»>27277 27774 o W»..v.wq.a..
(&} Priceev vrahbvvvvvvvvvw..%ew Trar >z 23
— bhrigat P LEYAARIP PP Y PR 4 e =]
e bLLivy &rrrevaVVVVVvVﬂh Fazrrre k
.rrrn._.....“ J.n LA A R R Y P
[ Pabrav, zz.ﬂ/ﬁ khbvdddasadds ¢ FE o
[@))] \rrr....ﬂa..r)?.« N oAvievesddassns gid karvvvvms
(0 SR pir, L zv<v¢<<..1gn,»4vx een P Ll —-
bbbk ik ! 4!4L<<<¢L;Lb.w\\\x\\—\_\fabvvvv|u
M ‘v_.._.rr...>,H. LR U ISR AT PR
brbbbas N e ¥ w\n\v;uvvavu
b ¥
bbbk, ..?/ q/q/fffn!w\r\\\ B FA 332333
Ver bbbk J_Ma/ﬂrf?.?.ari!r\h\p\ hv.wbvvvvvvd
o o A A ﬂffffﬁr&l&l&l‘ﬁ\\h\\ﬂrd 7bkbvvvvr4
<¢<rrrvfrapbfq/1/ﬂ:§b\k\h\p\»\ 7 FALasas 500
= PV L PP S o et gty a L > 244 A L3335 5530
3 ‘¢<<<<*<vvv<ncv<>r1|v VAV AYIAAA333335 0
= VNI YV PV PV bY Ly Mgy £y kg VA A 444333833273
@ AVY VI YYV Y Y VYV vy vy v v ¥ vdddd 44348833333 Hd
s R T B R B S R L L P S O P S ko
& II IV VI VIV Y Y Y YYIYYIYPYYNISI I A ddd s aa333sasrey |
LL....LL,.,:,.H,.:“J.‘.L:,. ._L......n...—..,u vvvvvwvvu
H ,__a_,L_,._..__._rr dd gl lgllgly b gl alaglaglylyle b 44 s slslylyl 44
> ry) ~ 0 o 1) = n
& b = 0_ JI
@
o Nulz
o
)
Ao hAAAALAAAAA LA AT TFrPrr ISR
EPR PR RAILALALL AL dddAATITITITIFIPSIIIIIIAARAY £
Frr o b bbbbddbddddddad ety T T T Y I raddssirdradddaad —
,vvvvvvvvbttﬁtﬂttt144A441Q¢VVYVVVVPDDD.¢PL8VA
Trrbbkbb bt bbbt s dddd et avrrprarraaaasddaaad]
Lyspbrkbbid P4 s A AT Iy wrprranaddadiddsadO
rrwpeni iR LR R R B G P
twenrRERY \\su\uuu!ttfvvb.-.......,.4..44..,.L6
B L LN \.\\\\\i‘iﬁﬁ'?!bl‘4<&<<4¢¢{|p 4
41111111// \\\\\h!i\i.ﬂtivilt.‘.va‘f<<<<<|40
N v wnuRREN \\\ﬁ\\\iii&i‘l#ﬁ#inaqrvvvcttf_‘
bR Ao RIS A O GG O SGtppaaeara g
LR R R e T YT
PR R N S st R 2 PP Gy R
LR R R o o R o o & T Ay PRy S S A S X
d R e e i e Y T rirn/_
—_—
(L3 baeosuubs@fipniin e erhAidcassaatc
p— R A o o o o ok R
L deststtrte <+ rhcet Lt Lttt
YAt et < R
QO e - <> R R R (=] c
R B R AR R R ]
T L e s e e e PYCACCCTCCF
Q) S te biii b & b rPreete e ey ey p
[} B . = e e = Pbbbr P E R T T T T TR
H o 44 vl driririede b b bbb bbb bbb FPPFT FCT T TR T T T t
L e e e em e o o o L e e et D s s AR R
L o I et i dn gt g o gin e g S A L b 8
LR E 7 7 o W mpioh o o b e e T BT RR R wl..%
e L e VY Jrz"i‘.’.f.’-t.’.t.?i.'&..ﬁh; AT P rrppPr b
LR LY Y I, 11111##!‘5&###?«&-‘;7777777.1.
LR Y Y TPy, A rrrriliiiii*&vill‘svrr_r_v_v>>|=6.
.rt-\tt\“\ ((ttll‘libf'ﬁ!!l;nh;s:'s»s}iﬂ
o sremEppygy rrrrtnUKIDVPVVQAAaAaa;s&‘.ad
3 Lasprppyy AANANANRALB P PP Y TTAIAA 44444 4
=) i d a2 R ¥ b&#zl‘B-Dbbrvvvﬂdi.qalaaaaa.qiﬂu.
2 ....r"“v“wt,#*#ttl“hlthVVVVVVHdiiAAJJ.-J]__ﬁ
m fdd Al Z R R T E E E TR R R EEEREE KL Lt d e aaas it b b b b
m_ ‘r!vvvvﬁvGQQAAAAAAA..Ab.—”PHWHVWWWViQ“Q'NH“
H .ww«wa««*%«%**aaadHHﬂ“Hr A wwwMMM.«_ Mv_wlaﬂ
= e ‘&‘ L 1&1 “A”‘ v ‘2-‘ 0 2 .4- 6- & _
s 8 d e =& g ah
@
i [wlz




Outlooks

* Cleaning (C+ + standard)

* Improvement of algorithms

* Documentation (maybe arXiv)

Any other suggestion is really
welcome!



Thank you
for your attention
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