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RESONANT SPIN DEPOLARIZATION MACHINE SETUP

The theory of resonant spin depolarization as a means of measuring the beam energy in a e |n order to maximize the Touschek effect on the life time, the bunch current had to be as
storage ring has been described in detail in Ref. [1]. After injection, the beam polarization high as possible,

builds up with a machine-dependent time constant, usually in the range of a few tens of e The bunch current was limited by the head-tail instability,

minutes. Depolarization is then accomplished by applying an RF-signal at the resonant

frequency of the spin. The effect of the resonant depolarization is observed either as an * In order to minimize the vacuum effect on the life time, the total current had to be as low

increase in the amount of Touschek scattering, or as a decrease of the beam life time. as possible,
Several facilities have used this method in the past [1-7]. e The total current had to be high enough for a sufficiently accurate measurement of the
The frequency at which resonant depolarization occurs is a direct measure of the beam storage ring current and the life time.
energy. Equation (49) in Ref. [1] gives the spin tune v as: Compromise:
v=ay=a E Three bunches in the storage ring were filled with a current of about 10 mA/bunch.
mec2 |
where
&2 ).00115965
Ty T MEASUREMENT
Is the anomalous magnetic moment of the electron, E is the beam energy, and m. is the e The frequency-modulated oscillator was swept and the product of life time and beam
electron mass. At the nominal beam energy of the CLS storage ring, which is 2900 MeV, current was observed. The product dropped when the beam was depolarized (Fig. 2).
the spin tune is v = 6.5812. o After the beam was allowed to polarize again the process was repeated in narrower
The expected resonant depolarizing frequency fy, is: frequency ranges, until the depolarization frequency was determined with the desired
fgep = Virac - fo =1.0197 MHz, accuracy.
where vy, IS the fractional part of the tune and f, = 1.7544 MHz is the orbit frequency of the
storage ring. Note that there is an ambiguity between v;.,. =0.5812 and 1—v;.,. = 0.4188, so 107 | ' ' | | 1026
that another solution for the depolarizing frequency Is: Depolarization
faep = (I = Ve )- fo = 0.7347MHz.
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TRANSVERSE FEEDBACK SYSTEM o 105F 11022 X
The CLS transverse feedback system is based on Libera Bunch-by-Bunch units. In _g 5}
transverse feedback operation, one Libera Bunch-by-Bunch front-end and two Bunch-by- O C
; . = QO
Bunch processors are used (Fig. 1). The Bunch-by-Bunch processors were customized to — S
CLS specification and a numerically controlled oscillator (NCO) was added. This oscillator L 104r | 11020 ¥
controls the vertical Bunch-by-Bunch unit in bunch cleaning mode [8] and during storage ) L
ring energy measurements. %
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e Power || Fig. 2: The blue curve shows the product of beam current and life time. The green curve is
| Hbera BbB = plifier [ N the frequency of the oscillator. The blue curve drops between t=800s and t=1200s as the
1M +Y beam is depolarized.
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RESULTS
— Table 1 shows the results of the measurements. The error of the depolarizing frequency is
— dominated by the energy spread of the beam (+ 3 MeV). The ambiguity between v;,. and

Beam 1- vy leads to two solutions for the beam energy. The measurement was therefore

Kicker repeated after the beam energy was increased slightly, and solution 2 was ruled out.
Fig. 1: The CLS transverse feedback system. Only the vertical system is used for storage

ring energy measurements. Table 1: Depolarizing frequencies and the resulting beam energies.

Machine Setting Frequency Energy (Solution 1) | Energy (Solution 2)

Lower energy 1.0190 £ 0.001 MHz |2899.8 MeV 2828.6 MeV
Higher energy 1.0205 £ 0.001 MHz |2900.2 MeV 2828.2 MeV

DETECTION OF DEPOLARIZATION

There are two methods of detecting depolarization:

1. Measuring the count rate of Touschek electrons. The cross section for Touschek
scattering depends on the orientations of the electron spins. If the spins are anti-
parallel, the cross section is higher than if the spins are parallel. Therefore there is
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