MODIFICATION OF THE ALS BOOSTER SYNCHROTRON FOR AN
EXPERIMENT ON OPTICAL STOCHASTIC COOLING *

A. Zholents, M. Fahmie, J. Johnston, C. Kim, K. Luchini, D. Massoletti, and J. de Vries
Accelerator and Fusion Research Division,
E.O. Lawrence Berkeley National Laboratory, Berkeley, CA 94720

Abstract

Modifications to the Booster synchrotron of the Advance

Light Source of the Lawrence Berkeley National Labora-

tory have been made in preparation for a test of the Opti-
cal Stochastic Cooling in a single pass beam line, planned
for installation in the extraction area of the synchrotron. .
Electron beam acceleration to 650 MeV, synchrotron radi- §

have been demonstrated. Measurements have been mac ; \
of the beam horizontal and vertical emittances and beam

new beamline

energy spread in the beam extracted from the synchrotron § ' o/ C s SDSXBSSX S0, SF B
at 200 MeV and 250 MeV and compared with computer > é %%3 QFAQFB™  QFB QFA Qgggf

simulation results. Ch B (A s e

1 INTRODUCTION

The work that we are going to describe in this paper was )

done in preparation for a test of the optical stochastic coo#gure 1: The layout of the extraction area of the ALS
ing scheme[1],[2] in a single pass beam line[3]. We prc,Booster synchro_trqn showing several Booster synchrotror_1
pose to build a new beam line in the extraction area of th®agnets, the existing beam transport line and a schematic
ALS Booster synchrotron, where we will include a bypas8f @ Proposed new beamline.

lattice similar to the lattice that could be used in the cool-

ing insertion in a storage ring. The design of this beam 2 MODIFICATIONS TO THE BOOSTER

line is being presented in an accompanying paper at thliﬁ order to get a good quality beam extracted from the

conference[4]. The ALS Booster synchrotron will prowdeBooster at the energy 200250 MeV, we modify the energy

electrons for the test beam line. It is idle all the time befamp profile. Namely, we ramp the Booster beam energy

tween injection cycles into the ALS and, thus, is availabI%p from 50 MeV to~650 MeV, allowing the beam time to

as a source of electrons for a new beam line. The Ia}é'tay at this energy, and then ramp the beam energy down to

out of the experimental area, showing several Booster SYN-500 MeV. The goal of this proceedure is to cool the beam

chrotron magnets, the existing beam trgnsport line from tk@mittance and energy spread by using synchrotron radiation
synchrotron to the ALS, and a schematic of a proposed neeﬂamping at the energy of 650 MeV.

beamline, is shgwn In I|:|g. (1). h ical hasti The modification to the energy ramp was accomplished
For an experimental test of the optical stochastic cool, sejecting a particular output current ramp shape of the

_3 . .
energy Egreade < mh , the'holrlzontal emittance, < the output current. The quadrupole, sextupole and steering
1.5 x 107" m-rad, and the vertical emittaneg < 6 x 10 magnet power supplies just follow the bend magnet ramp.

m-rad are required for a successeful test. In order to reacfla ensure no losses of the beam current in the modified

the desired beam quality, we did a number of modificaz,, special attention was paid to a smooth transition from

tions to the Booster that we describe in this paper. We alse 1, ramp to the flat top and from the flat top to the down
did computer modeling of the beam characteristics in thg, ., However, some extra variations to the output current
Booster in the modified mode of operation and measured yq fiat top were intentionally induced. The control sys-
their actual performance. All of these results are descnbei m interprets any period of level ramp that exceeds 25 ms
in the paper. as the end of the ramp and resets tables used to control the
*Work supported by DOE under Contract DE-AC03-76SF00098. RF ramﬁ phmfge a:jnd to correct trg'Ckmg of Tgcﬁ.smg ma,‘g_
IThe lower energies are preferable for this experiment since the eleR€tS With the enc magnet. In order t_o avol t. Is, we sim-
tron radiation in the visible part of spectra is used. ulated some activity at the flat top by inserting just enough
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slope in the field. Figure (2) shows the oscillograms of the
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Figure 3: (a) shows the two ramping configurations where the

dotted line represents a 180 msec flat top ramp and the solid line
a 330 msec flat top configuration, (b) shows how the calculated
vertical emittances corresponding to the two configurations as in
(a) vary with energy during the accelerating phase (upper part of
ahe curves) and the decelerating phase (lower part of the curves).

Figure 2:The oscillograms of the wave form shape of the ben

magnet power supply output current, amplitude of the RF voltage
and the beam current. tance at 650 MeV, but not for the vertical emittance. A flat

Booster extraction energy is controlled by a ‘gaustprmc aﬁ?ﬁt 5rr?|(r)1 ir:]nseni |snrﬁt?ur|1red ftc;lrithe \;?irtlc?ltier?ll'itazcs
clock’. It processes the output of a pickup coil in one o o reach the um emittance (this configuration is no

the bend magnets and triggers many of the functions in thsé]oWn n F|g: 3a).. .
Booster. Extraction is triggered when the field reaches a ' "€ Plots in Fig. (3b) and other numerical results pre-
value corresponding to the desired energy. Initial efforts t5eNted below were obtained by using the computer pro-
use this system to track the down ramp result in unaccegf@m described in[S]. This program was purposely written
able energy jitter. We decided that we would continue t&° consider the evolution of the beam energy spread and
use it for the up ramp functions, but would base extractio{'® P€am emittances in electron synchrotrons and storage
timing on the measurement of the output of the precisiofin9S under the influence of the various effects listed in the
transductor that measured bend magnet current. The timiR§9inning of this section. The calculations were made for
system was modified to begin the extraction cycle when tH@!tial béam parameters taken to be equal to those measured
current fell through the setpoint of a precision comparatoﬁ‘fter'el,e?tron beam acceleration in the 50 MeV injector

All modification were made in a such way that typically“nac' ,(') |n]ectgd beam intensity of 2 mA (this is apove
it takes approximately 10 minutes to switch from the de'ghe microwave instability threshold for beam energies up to
fault mode of operation to the modified ramp 1 GeV); (ii) the normalized rms beam transverse emittance

' of 1.5 x 10~* m-rad for both horizontal and vertical planes;

(i) the energy spread of 1% and bunch length of 4.5 mm.
5 COMPUTER MODELING Initial longitudinal and transverse beam parameters usually

The electron cooling process in the ALS Booster synare not perfectly matched to the booster acceptance, result-
chrotron being considered in the present paper includes &g in transient oscillations which eventually damp in a few
fects due to the adiabatic damping, intrabeam scattering@mping times at the flat top. In present simulations these
and microwave instability, in addition to the synchrotrorPscillations are ignored because, practically, they do not af-
radiation damping, and the quantum fluctuation excitationéect final results. Additionally, the coupling coefficient was
The electron energy varies as shown in Fig. (3a) frorised as a parameter for fitting the measured horizontal and
50 MeV at injection, to about 650 MeV at the flat top wherevertical emittances with the model, and a good fit was ob-
electrons are cooled for about 180 msec (or 330 msec), afdned at~10% coupling.

decelerated to below 200 MeV. Damping time of betatron Numerically, we studied the relative importance of the
oscillations, 74, at 650 MeV is~120 ms; damping time intra-beam scattering (IBS) and the microwave instability
of synchrotron oscillations is twise as short. Figure (3b§MWI) in the booster by comparing the following computer
shows how the calculated vertical emittances correspongimulations for 330 msec flat top ramp configuration: (i)
ing to the two configurations, as in Fig. (3a), vary with enzero intensity; (i) 2 mA beam with IBS included, but not
ergy during the accelerating and the decelerating phas®dWI; (i) 2 mA beam with IBS and MWI included. The
(The horizontal emittance and the energy spread behakesults are summarized in Table 1.

similarly). The flat top of 330 msec is long enough for Table 1 shows that when IBS was added to the model
horizontal emittance to cool to the minimum possible emitthe normalized horizontal emittance was increased by 25%
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Table 1: Summary of the three computer simulations. EnFable 2: Measured and calculated beam parameters for the
ergy spread and normalized horizontal and vertical emifour experimental configurations described in the text.

tances are listed as the electrons are cooled at 650 MeV

and decelerated to 350, 300, 250, and 200 MeV. Measured | Calculated
Energy 213 MeYV, flat top time 180 ms
0 mA oag/E | €m mrad | ey mrad er, [mrad] [ 1.6 x 10°7£26% % [ 0.9 x 10~7
350 29E-4 | 2.95E-5| 6.86E-6 ev, [m-rad] 9% 10~8 + 20% 4.8 x 1078
300 3.1E-4 | 2.88E-5| 6.78E-6 OAE/E 1.5 x 1073 £ 26% 1.1 x 103
250 3.4E-4 | 2.84E-5| 6.70E-6 Energy 250 MeV, flat top time 180 ms
200 4.0E-4 | 2.81E-5 | 6.64E-6 em, [mrad] | 1.25 x 1077 £22% | 0.8 x 107
2 mA+IBS ev,[mrad] | 6x108+10% | 4.1x10"%
350 3.4E-4 | 3.44E-5| 7.07E-6 OAE/E <7x1074 D 9.3 x 10—4
300 3.7E-4 | 3.44E-5 | 6.96E-6 Energy 250 MeV, flat top time 330 ms
250 4.3E-4 | 3.47E-5| 6.89E-6 e [mrad] | 1.1x10 7 +18% | 6.2x10 7
200 5.1E-4 | 3.52E-5| 6.83E-6 ev, [m-rad] 6 x 1078 +12% 1.4 % 10~8
2 MA+IBS+MWI OAE/E <7x107* 1.1x1073
350 7.7E-4 | 3.10E-5 | 6.93E-6 Energy 1.5 GeV
300 8.4E-4 | 3.05E-5 | 6.84E-6 e, [mrad] | 25 x1077+£20% | 1.6 x 10~
250 9.4E-4 | 3.03E-5| 6.75E-6 ev,[mrad] | 2x107%+12% | 1.5x 10°®
200 11.0E-4| 3.02E-5| 6.72E-6 OAB/E 7x 1074 6.4 x 1074

@) Statistical error.

b) Measurements were not sensitive to the beam energy
and beam energy spread by 30% at 250 MeV point. When spread below this value.
MWI was also included, then IBS became weak as a result
of more than 100% increase of the beam energy spread due
to the MWI. The vertical emittance is not fully damped and
so mostly affected by the flat top length.

5 CONCLUSION

Modifications to the ALS Booster synchrotron were done
in order to reduce emittance and energy spread in the beam
extracted from this accelerator at low energy. Then, actual
measurements were performed and the horizontal beam
emittance ofl.1 x 10~7 m-rad , vertical beam emittance
With the first energy ramping configuration (180 msec flaPf 6 x }10_8 m-rad, and relative beam energy sprgaq of
top) beam parameters were measured at two energy poit§ 10 were found. A computer model produced similar
250 MeV and 213 MeV. With the second energy rampinéesuns' Our conclgsmn is that this acceler.ator can proylde
configuration (330 msec flat top) beam parameters wefe?®am of the required quality for an experiment on Optical
measured only at 250 MeV. Measurements of the beamfochastic Cooling in the new beam line. ,
parameters were performed with a quadrupole scan, i.e., W& aré grateful to S. Chattopadhyay, J. Hinkson and

by extracting the beam from the booster and observing th% Jackson for interest in this work and useful discussions.
variation of the beam profile at the beam profile monitofl N friendly assistance of the ALS Operations Staff for the

as a function of the strength of the quadrupole located ufmittance measurements is greatly appreciated.
stream of the monitor.
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