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Spin-flip Radiation and Polarization Buildup
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Spin Precession and Spin Tune

Spins interact w.|th em field or Qsp < §  — Qsp — ay
through magnetic moment ds MeCY o~

*Lorenz transformation to lab
frame

*Thomas-BMT equation
*Simplifies for E = Ez, B = Bpend
*Larmor precession

fsp 3 - fO 3.9 - fO 1- fO
AQ =10 MHz = 11.667 MHz = 13.333 MHz
Vst 3 3.5 4
| , L
| |
8 2587 3018 3449
E 1.321 GeV 1.542 GeV 1.762 GeV
1.5 GeV
v = 2936.4
VsT = 3.40522

Simon C. Leemann « February 14, 2008 3of 10



Depolarizing Effects and Equilibrium Polarization

Real machines are not flat

* errors

* misalignments

* kickers

* or any other hor. B-field component
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* calculated build-up time: 31 min

- flat, well corrected, and ‘quiet’ machine
* observed up to 90% polarization!
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Resonant Depolarization

Once high degree of equilibrium
polarization has been verified...

ize!
— depolarize! i
* Apply horizontal magnetic field to ' 4
kick S out of the vertical A8 A6

ea '
Al = — - / B ds
meC kicker
A Bick

* If kicks are applied in resonance
with the spin precession frequency
fsp, S can be knocked into horizontal
plane = P =0
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Energy Calibration Measurement

* Setup:sine generator — amplifier — fast vertical kicker magnet

* Sweep frequency of sine wave; when resonance is hit, beam depolarizes; this
frequency fq is directly linked to the beam energy

But how do we measure polarization break-down?

* MAXIlis Touschek-limited machine 1 _ 1 1 1 — (238 1)

T Tts Tel Ths

 Touschek scattering is polarization dependent o, = f1(8,0) — P* - f2(5,0, ®)

* Upon resonance crossing Touschek scattering increases dramatically
= Touschek lifetime drops: ITs |
= |[ncrease of loss rates ,
]\fts/I2 T

= Scintillators in coincidence downstream of dispersive section (BESSY,
SPEAR) or at location of global aperture limitation (ALS, SLS)
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During the sweep, sine
generator writes its
current frequency to a
channel (EPICS control
system)
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There are some obstacles though...

Mirror resonance
(Nyquist theorem)

= Change ff and observe
direction of resonance shift
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é (synchrotron motion — Qs
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= Change Vs = Qs shifted —
find unshifted resonance
candidate
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Applications and Benefits for MAX I

* Better understanding of MAX |l storage ring

* Not fast, but very high precision (~10) = long-term studies (energy stability,
slab settlement, temperature stability, seasonal variations, etc.)

* High precision allows measurement of nonlinear momentum compaction
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Requirements for Implementation at MAX ||

* Real-time logging of beam current and beam lifetime with a time stamp
(sampling > | Hz)

* Sine generator for the frequency sweeps (adjustable range, step size, and dwell)
(ideally with time-stamped output)

* Fast and sufficiently strong vertical kicker magnet with the sine generator as
source

* Pair of scintillators in coincidence installed at the MAX |l storage ring; signal
readout with time stamp
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