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Abstract

Two ac dipoles with vertical and horizontal magnetic field
have been proposed at RHIC for applicationsin linear and
non-linear beam dynamics and spin manipulations. A mag-
netic field amplitude of 380 Gm is required to produce a
coherent oscillation of 5 times the rms beam size at the
top energy. We take the ac dipole frequency to be 1.0% of
the revolution frequency away from the betatron frequency.
To achieve the strong magnetic field with minimum power
loss, an air-core magnet with two seven turn winding of low
loss Litz wire resonating at 64 kHz is designed. The sys-
temisalso designed to allow oneto connect the two magnet
winding in series to resonate at 37 kHz for the spin manip-
ulation. Measurements of a half length prototype magnet
are also presented.

1 INTRODUCTION

Two ac dipole magnets with oscillating horizontal and ver-
tical magnetic field will be installed in RHIC in the sum-
mer of 2001. One application of the ac dipolesisto excite
a coherent oscillation in the transverse planes for optics
measurement and beam dynamics studies [1]. By manip-
ulating the ac dipole in an adiabatic fashion, namely be-
ing slowly energized and de-energized, a sustained coher-
ent oscillation with a large amplitude can be obtained and
the beam emittance can be preserved after the beam ma
nipulation [2]. This has been demonstrated in the AGS po-
larized proton experiments [3] where a similar device (RF
dipole) was employed to induce a strong coherent oscilla-
tioninthevertical planeto avoid the beam polarization |oss
when crossing strong intrinsic spin resonances.

In addition, the vertical ac dipole (with horizontally ori-
ented magnetic field) will also be used to induce an adi-
abatic spin flip for RHIC spin physics experiment [4]. In
this application, the vertical ac dipole kicks the spin vector
away from the vertical direction every time when the beam
passes the magnet. When the frequency of the ac dipole os-
cillating magnetic field coincides with the spin precession
frequency, the kicks on the spin vector from the ac dipole
then add up constructively. Thus, a spin flip is induced.
In RHIC polarized proton acceleration, two full Siberian
snakes areinstalled in each ring (blue and yellow) to elim-
inate the spin depolarization resonance [5]. In their pres-
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Table 1: Expected ac dipole parameters for different appli-
cations

application | B,,L center tuning | Duty
[G-m] | frequency | range | time
fm [kHZ] | [kHZ]
spinflipper | > 100 | Vert: 375 | £1.0 | 24s
optics meas- 78 Hori: 63.95 40 ms
-urement
Vert: 63.73
non-linear 380 | Hori: 63.95 | £1.0 | 80ms
dynamics
Vert: 63.73

ence, the spin precession tune? is independent of the beam
energy.

Based on the above physics requirements, table 1 sum-
marizes the expected ac dipole parameters.

2 RHICACDIPOLE SYSTEM
2.1 Magnet

To eliminate the power dissipation in the ferrite or other
magnetic material, the RHIC ac dipole is designed to be
an air-core magnet. each magnet consists of two coils with
seven turn winding. Figure 1 is the schematic drawing of
the ac dipole coil. The pseudo cosf shaped coil is for the
concern of the field quality. It is made of a special type of
wire (Litz Wire) which consists of more than 4000 individ-
ually insulated strands to minimizethe ac power dissipation
in the winding due to the eddy current effects. Figure 2
shows the measured ac resistance of in two half meter long
ac dipole prototypes, oneis made of regular stranded cable
and the other is of Litz wire. The Litz wire ac resistance
is amost independent on the the frequency and is signif-
icantly less than the ac resistance of the regular stranded
wire.

The two ac dipole magnets are identical except the ori-
entation of the two coils. Each magnet is 1.19 meter long.
The two coils are assembled around a ceramic beam pipe
of 53" (length) x 13" (ID)x 1%" (OD). The sametype of
beam pipeisalso usedinthe RHIC injection kicker. Thein-
side surface of the ceramic beam pipeis coated with athin

Inumber of precession when particle finishes one circulation aong the
ring
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Figure 1: Schematic drawing of the ac dipole coil. The top
part of the figure is the 3D side view of the coil and the
lower part of the figure shows the cross section of the coil.
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Figure 2: The dashed line is the measured ac resistance of
the half meter long ac dipole made of regular stranded wire.
The solid lineisthe measured ac resistance of the Litz wire
ac dipole prototype. It is clear that the ac resistance of the
Litz wire has much less dependence on the frequency than
the regular stranded wire.

layer of high impedance material to reduce the collection
of the static charge. Although it allows a good penetration
of the oscillating magnetic field, it does not provide a good
path for the image current follow. In order to minimize the
beam impedance of the ac dipole, each magnet hastwo thin
aluminum strips located at the symmetry plane of the mag-
netic field to provide a path for the image current flow as
shown in Figure 1.

In order to switch between the two difference operation
modes, namely, the two difference resonance frequencies,
a contractor relay is used to alow usto switch the vertical

Table 2: ac dipole magnet parameters

frequency | inductance | coil connection
37kHz | 104.20[uH] in serial
64kHz | 26.05[uH] in parallel
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Figure 3: Schematic drawing of the ac dipole circuit dia-
gram. C; and C; are the capacitors for the resonant fre-
guency at 37.5 kHz. ', and (5, are switched on for the
resonance frequency at 64 kHz. The two adjustable ex-
ternal inductors are in series with each coil for frequency
sweeping. For the RHIC 2001 run, they are not avail-
able and two shunt resistors are used instead to deliberately
spoail the Q factor. The shorting relay is to short the circuit
when the ac dipoleis not in use. The linear power ampli-
fier isdriven by a DDS (Digita Direct Synthesizer) which
outputs the low level amplitude and frequency modulated
sinusoidal signal.

ac dipole cail connection between being in series for the
spin application and being in parallel for the coherence ex-
citation. The horizontal dipole coils are permanently con-
nected in parallel. Table 2 lists the calculated magnet in-
ductance.

2.2 Electrical system

For each RHIC ac dipole, aset of capacitorsis employed to
form an LC circuit resonated at 64 kHz for the coherence
excitation. For the vertical ac dipole, the LC circuit also
contains another set of capacitors to allow the magnet to
be tuned at 37.5 kHz for the spin applications. The switch
between the two different operation modes is implemented
through the contact relays. Both circuits are driven through
capacitivetap to load the power supply cablesin their surge
impedance of 50 ). Figure 3 is a schematic drawing of
the ac dipole circuit diagram. In order to maintain high Q
factor of the circuit, the capacitors are chosen to be low
power |oss dissipation.

To achieve +1 kHz frequency sweeping range, an exter-
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nal inductor is employed as shown in Figure 3. Its induc-
tance can be changed by adjusting the bias current. An am-
plitude feedback loop is required for each magnet to main-
tain a constant amplitude magnetic field asthe frequency is
swept.

The driving signal of the power amplifier is alow level
amplitude modulated sinusoidal signal. Eq. 1 is a typical
ac dipole magnetic field B signal.

B = Bm(t)COS(fm (t)t + X)7 (1)

where the amplitude profile B,,,(¢) and frequency profile
fm(t) are

fﬂ?t 0 <t < nyp;
BmO Nup <t<
B, (t) = Nup + N fi; 2
Bpo(1 — =220ty gy <
t < Ntotal;
fml 0 Z t S Nup;
fur + Lo2=tol(t —nyy) g, <t
fm2 Naup + Nyt <
t < Niotal;

where n,,;, is the time for the ac dipole to get ramped from
zero to the desired field, n ¢, is the time when the ac dipole
field oscillating amplitude stays fixed, n4,, is the time for
the ac dipole to get ramped downto zero field and n o101 =
Nup + Nt + Nn-

The high gain power amplifier is driven by a low level
sinusoidal waveform generated by a DDS (Direct Digital
Synthesizer) modul e based on the input frequency and am-
plitude. The DDS module readsthe inputs of the amplitude
and frequency according to a event on the RHIC Timeline.
Since the fastest available event is at 720 Hz, the ramping
of the magnetic field oscillating amplitude has to be longer
than 65 ms to guaranty the adiabaticity.

For the RHIC Year 2001 run, only the vertical ac dipole
will be powered and commissioned as a spin flipper dur-
ing the polarized proton operation. Since the external ad-
justable inductor will not be available for this year, a set of
external resistors is used to deliberately spoil the Q factor
to achieve +1 kHz frequency sweeping range. A 6000 watt
linear power amplifier will be used to reach 100 Gauss
magnetic field. Table 3 summarizes the electrical param-
etersfor this year.

3 CONCLUSION

A pair of ac dipole magnetswill beinstalled this summer in
RHIC. Both ac dipoleswill bethetool to excitelong lasting
coherent betatron oscillations in the two transverse planes
for optics measurement and beam dynamic studies. In ad-
dition, the ac dipole with horizontally oriented magnetic

Table 3: ac dipole electrical parametersfor Year 2001

64 kHz 37.5kHz
capacitance [ F| 0.245 0.173
3 DB bandwidth [H 2] 10 1.0
magnet voltage 1684 volts | 1975 volts
magnet current 158 Amp 79 Amp
total power loss|watts] 5681.0 4731.7
coil power loss|watts] 624 624
shunt resistor €2 300 500
Q factor 236 16.7

field will aso be used as spin flipper during the polarized
proton operation. The two magnets are air-core magnets
with two seven turn coils. To achieve, high quality factor
Q, litz wire is used to minimize the ac power loss. For this
year's RHIC run, the vertical ac dipole (with horizontally
oriented magnetic field) will be commissioned as spin flip-
per during the polarized proton operation.

4 ACKNOWLEDGEMENT

A3) The authors would like to thank J. Delong for providing

the DDS module, L. Hoff, J. P and B. Oerter for their help
on implementing the ac dipole control system. The au-
thor would aso like to thank H. Hahn for his help on the
impedance issue.

5 REFERENCES

[1] S.Peggs, |[EEE Particle Accelerator Conference and Interna-
tional Conference on High-Energy Accelerators, New York,
1999.

[2] M. Bai etal., Physica Review E, 5(1997).
[3] M.Baietal., Phys. Rev. Lett. 80, 4673 (1998).

[4] T. Roser, Handbook of Accelerator Physics and Engineer-
ing, edited by A. Chao and M. Tigner.

[5] RHIC Spin Physics Design Manual

3608



