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Purpose of pole

Simulating polarization

I energy of some GeV

I time scale < seconds

I energy ramps

I crossing isolated depolarizing
resonances

I synchrotron motion & radiation
effects

I not: equilibrium polarization
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ELSA

I Polarized Electrons

I Møller polarimeter

I Compton polarimeter
(coming 2014)
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ELSA

I storage mode

I acceleration with up to
6 GeV/s

I arbitrary ramp



Purpose of pole

fast

X ‘get an idea’

X systematic parameter studies

X balance accuracy against
computing time

accessible

X regular desktop PCs

X using MAD-X & Elegant

X open source release

4 / 20



The basic concept of pole

Thomas-BMT equation

d

dt
~S(t) ≈ c · ~S(t)×

[
(1 + γ(t)a) ~̃B⊥(t) + (1 + a) ~̃Bq(t)

]

with ~̃B := e
p
~B

I Runge-Kutta algorithm, adaptive step size

I Polarization

~P =
1

N

N∑
i=1

~Si
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The basic concept of pole

crossing integer resonances at γ(t)a ∈ N

I driven by ~Bx(t) with revolution harmonic frequencies

Magnetic Field as Fourier Series

B̃(t) ≈
∑
i

Ai cos(2πfi · t + ϕi ) with fi = i · frev
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Frequency filtering of magnetic fields
Vertical magnetic fields (one revolution)
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Frequency filtering of magnetic fields
Spin precession during one revolution (γa = 3)
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Frequency filtering of magnetic fields
Spin precession during one revolution (γa = 3)
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Frequency filtering of magnetic fields
Horizontal magnetic fields
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Frequency filtering of magnetic fields
Horizontal magnetic fields
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Frequency filtering of magnetic fields
Vertical Polarization while crossing Integer Resonance γa = 3 with 4 GeV/s

2.96 2.98 3 3.02 3.04

−1

−0.5

0

0.5

1
γa

P
z

26 28 30 32 34

t / ms

fmax = 10frev fmax = 60frev

10 / 20



Frequency filtering of magnetic fields
Convergence of polarization after crossing γa = 3
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The basic concept of pole

crossing intrinsic resonances at γa = kxQx + kzQz + kP

I driven by tune ⇒ particle trajectories
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Composition of pole

*.spectrum

.txt.txt.txt.txt.txt.txt

.txt.txt

GUI config.dat

resonance-
strengths.dat

.txt.txt

.txt.txt

param.dat
orbit.dat
watch*.dat

Elegant

.txt.txt

twiss.dat
obs*.dat

MAD -X

BSUPPLY

.txt.txt

pol*.dat

TBMT
SOLVER
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Bsupply
Exemplary program output
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TBMTsolver configuration
Graphical User Interface
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Synchrotron motion & Depolarization
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t / µs

γ

Thomas-BMT equation

d

dt
〈~S〉(t) ≈ c · 〈~S〉(t)×

[
(1 + γ(t)a) ~̃B⊥(t) + (1 + a) ~̃Bq(t)

]
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Depolarization
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Resonance Strengths
‘get an idea’ of depolarizing resonances - immediately from a MAD-X or Elegant lattice
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Summary & Outlook

X resonance crossing (some minutes)

X ‘get an idea’ of resonance strengths (some seconds)

X depolarization if ~P ∦ ~Bguide

X . . . based on MAD-X or Elegant & running on regular desktop PCs

coming:

I benchmarking at ELSA

I open source release

Interested in testing pole?

schmidt@physik.uni-bonn.de
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Thank you for your attention!

Interested in testing pole?

schmidt@physik.uni-bonn.de



Model: synchrotron oscillation

γi (t) = γ0(t) + Ai cos(ωi t + φi )

I Gaussian distributed Ai & ωi I uniformly distributed φi
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Model: synchrotron oscillation

γi (t) = γ0(t) + Ai cos(ωi t + φi )
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Model: synchrotron oscillation

γi (t) = γ0(t) + Ai cos(ωi t + φi )
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Model: constant energy offset

γi (t) = γ0(t) + Ai cos(ωi t + φi ) + Ai
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