CSRtrack: Faster Calculation of 3d CSR Effects
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Projected Method / Sub-Bunch Approach
Field Calculation: Convolution Method

Iterative Tracking
CSRtrack
Example

Pseudo Green’s Function Approach

Meshed Fields
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Projected Method

(1d approach)

p, = q(eV”E(’” (s,,0)+V, x B(e’“)) no transverse self-forces

rigid 1d charge distribution:
2“(5) (S T tOC) = ZQV5((S _tOC) - (Sv _S))

AUs—t,c) =1 (s—t,c)®(g(s/c)/o)

1d E-field without ¥ =2 singularity:
EP(s,t,)=[A'(u+s—cty))K(s,u)du

very low numerical effort

no transverse dependency
of longitudinal forces

see: Saldin, Schneidmiller, Yurkov: NIM A398 (1997) 373-394
Dohlus: TESLA-FEL-2003-05



Sub-Bunch Approach

self-consistent tracking:

N source distributions
pairs of source- and test-particles (o)

(sub-bunches)

+ additional test particles o
—>M2N
perturbative tracking:
e source- and test-particles independent ()
.‘..:.o *
*® )/ test particles effort per field calculation:
“macro” distribution E=MNE

ptop



Iterative Tracking

p = q(FV(self) +v, % B(ext))

integration with fine steps

but: forces are calculated on time mesh
with larger steps F*"(¢,), F*"(t,),---
linear interpolation:

F(Self) ([) _ (tZ — t)F(Self) (Z.l) + (t _ tl )F(Self) (tz)
L, =1
:: o new force F¢eld(z,) depends on new phase space
([ )
: 0°: coordinates x (¢, that depend on Feli(z))
o

— iterative tracking



Iterative Tracking
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Convolution Method

source distributions:
1d distribution 2d distribution 3d distribution

As) n(r.2) p(r)

em fields:

E(/l)(r), B(’U(r), ® n % E(M)(r), B(?n/)(r)’

singular (s) and non-singular (ns) parts:

EY(r) =E" (1) +E.(r) EC)(r)=n®E" (1)+n®E(r)
BY(r)=... Ln@EP )+ [ EQ(r) )
analytical numerical

functions 1d integration

see: M.Dohlus, A.Kabel, T.Limberg: Efficient field calculation
of 3D bunches on general trajectories. NIM A445 (2000) 338-342



Pseudo Green’s Function Approach

reference path I, ()

E?(r,z,)
B”(r,z,)

reference path after
shift&rotation transformation

r, () ~,(t,) + R (ry () -1, (1,))

EY (r.1,) ~ %R-E“’) (1) + R (r =, (,).1,)
0

B (r.1,) ~ Z-R-B (1, (r,) + R (r =1, (1, )).1, )

qy



the “Green’s functions” are calculated numerically on a 2d-mesh with M, points

EO© _ E)(Co’tO)(X,y)llx +EJ(}0,to)(x’ y)uy Tﬁrﬁeid L L]

reference

B = BZ(O’tO)(x, y)u, sup-bungh

effort per field calculation:

E,.=M,E +NME,

g ptop

E ., = effort per point to point interaction
E,, = effort for interpolation on grid << £, |

N = number of source distributions
M = number of test particles (> N)




Meshed EM Fields

not now in CSRtrack

density of particles large compared to fine structure of field:
calculate field on mesh (M, points) and interpolate to M test-particles

effort: £, =M NE, ,,+ME, (~linearwith particles)

top L,em




Meshed EM Fields + Pseudo Green'’s ...

not now in CSRtrack

effort: £, =M LEoop TMNE ,+ME,

EN-fiefd of
reference

sub-bungh




Scaling of Effort
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Example: BC2-TTF1
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Example: BC2-TTF1
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Example: double BC

(proposal for TTF2)

Q=1.0 nC

e-beam

> BC1 BC?2

RF-GUN ACCl ACC2 ACC3 ACC4 ACC39 !!

.ﬁ H H

1 E=511MeV eV
20 MV/im 1365 MWV/m 20.22 MV/m 32.5MV/m o~ 1.88% .
-2.773 deg 2e22n i -24.3 deg EIHILE R, =100.7mm R, =48mm
-25.0 deg

0=4.25deg 0=0.93 deg

— ﬁ
ASTRA ELEGANT CSR.Track

(space charge) (geom. Wakes, CSR)

—_—




Example: double BC

st oaon2ienz S°0 projected : ~15min on 1x1GHz CPU
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