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ABSTRACT 

The quality of synchrotron radiation beams from SPEAR, 
in particular the brilliance of undulator radiation, 
can be improved significantly by reducing the emittance 
of the stored electron beam. A reduction of the hori- 
zontal emittance by a factor of 3.5 to a value of 130 
nanometer-radians (nm-r) at 3 CeV has been achieved by 
using stronger focussing, mainly in the horizontal 
plane. The low emittance configuration also reduces 
the dispersion and vertical beta functions in the 
straight sections, making them more suitable for wig- 
glers. The higher betatron tunes lead to a larger 
phase advance between the two kickers, which has to be 
corrected during injection by shunting current from 
some ,quadrupoles. The configuration was optimized 
within SPEAR hardware limitations and tested for 
aynamic aperture with tne tracking program PATRICIA. 
After implementation of this scheme, beam was success- 
fully injected and accumulated. The measured emittance 
of the storec beam was in agreement with calculations. 
Presently tne configuration is being made operational. 

INTRODUCTION 

SPSAfi ‘was designed as an e+,e- collider, and has an 
emittance of 50 nm-riCeV’, or 450 nm-r at 3 GeV, the 
usual operating energy for synchrotron radiation 
research. Although this is comparable to most otner 
presently operating mu1 ti-CeV synchrotron radiation 
sources (e.g. the Daresbury SRS with 1500 nm-r at 2.0 
GeV, DC1 witn 1500 nn-r at 1 .8 GeV, DORIS with 270 nm-r 
at 3.7 GeV, ADONE with 225 nm-r at 1 .5 CeV, the Photon 
Factcry with 500 nm-r at 2.5 SeV), a reduction in emit- 
I;ance wculd benefit users by increasing the brilliance 
of synchrotror. radiat:on beams, particularly those from 
undulators. 

The importance of low emittance in optimizing the bril- 
liance- of synchrotron radiation from andulators and 
other sources has been discussed by several authors’, 
and is now w;dely recognized. It was a primary consid- 
eration of R. Chasman and K. Greene in designing the 
lattice of the NSLS rings at Grookhaven (e.g. the X-ray 
ring with 80 nm-r at 2.5 GeV> , and grotips in Europe, 
Japan and the United States are now proposing new 5-6 
GeV rings with emittances of about i’ nm-r. Many of the 
presently operating synchrotron radiation sources have 
programs to reduce their emittances. 

We report here on the status of a project tc reduce the 
emittance of SPEAR by about a factor of 3.5. This can 
be accomplisned by strengthening the horizontal focus- 
sir.g, 1 .e. using a higner tune configuration. A study 
was made’ icentifying some low emittance configurations 
for SPEAR, followed by some preliminary experimental 
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work carried out by C. Y. Yao, a visitor from Hefei, 
China. Some success was achieved in demonstrating that 
the emittance could be reduced. However no conf igtira- 
tion looked promising enough to pursue because the 
higher tunes resulted in an increase Ln betatron phase 
advance between the two injection kickers, from the 
optimum 180 degrees to as high as 2:‘C degrees. This 
makes injection very difficult cr impossible. 

SPEAR is made up of standard cells in the arcs, low 
beta interaction regions, and transition sections which 
match the two (figure 1). To achieve a low emitl;anc; 
in a symmetric configuration it is necessary that the 
focussing be increased in the standard cells, resulting 
also in the injection problem. In early 1983 Blumberg 
and Liu3 proposed that this problem could be circum- 
vented by using a high tune asymmetric injection con- 
figuration that preserves the 180 degree phase advance 
between kickers, followed by a gradually stepped tran- 
sition to a low emittance symmetric configuration after 
the beam has been injected and stored. 

The procedure, then, is tc fill the ring using high 
current in the horizontally focussing quads, but with 
some current shunted from the four horizontally focus- 
sing quads between the kickers tc preserve the proper 
phase advance. This breaks the ring symmetry but it 
can be restored by reducing the shunted current to zero 
after accumulation. A carefully devised step by step 
procedure was calculated to make this transition, keep- 
ing the tunes constant and paying attention to matching 
requirements. Although tne process is complex, its es- 
sential features have all been successfully tested ex- 
perimentally . Several improvements are now underway to 
increase the reliability and efficiency of the process 
so that it can be used routinely fcr dedicated synchro- 
tron radiation operation of SPEAR. 

DESCRIPTION OF LOW EMITTANCE AND STANDARD 
CONFIGURATIONS 

TABLE 2 summarizes the parameters of several SPE.AR con- 
figurations of interest: SPEAR II, which is the optic 
upon which the rkported tests were performed; SPEAR 
III, the so-called mini-beta optic which was installed 
in summer 1984; and a high beta variation*, which re- 
quires adcitional hardware to be implemented (scheduled 
for summer 1985). 

In addition to a lower emittance, these configurations 
are characterized by dispersion and vertical beta func- 
tions in the SPEAR straight sections that are lower by 
approximately a factor 2. This improves the performance 
of wigglers in these locations both by reducing verti- 
cal aperture requirements and by reducing the disturb- 
ance of the beam by the wiggler. 

* Work supported by DOE contract DE-ACO!-82ER-1300. 
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TAbLE 3 ;s a tabulation of the strengths of focussing 
magnets in normalized units, from the injection con- 
figuration (LEINJ) to the final low emittance symmetric 
configuration (LEC) for SPEP.R III with a value of 
beta-y at tne interaction point of 10 cm. 

EXPERIMENTAL RESULTS 

In the spring of 1984 a series of machine physics ex- 
periments was carried out to study the low emittance 
configuration and prepare its implementation. A single 
pulse of electrons was inj- ‘acted on-axis without accumu- 
lation. This mode of injection does not require the 
correct phase advance between kickers and does allow 
thz study of the symmetric configuration. The eait- 
tance, tunes and chromaticities were measured and were 
found to be in agreement with expectation. The injected 
current was too lcu to permit closed orbit measure- 
ments. 

Next the asymmetric (shunted: configuration was set up 
and accumulation was achieved. The closed orbit was 
measured and corrected using the existing orbit correc- 
tion scheme. The distribution of correctors was not 
dense enough to obtain a good orbit for such a high 
tune, yet a beam i ‘ifetiae of greater than 2 hours ‘was 
achieved. It was not possible to turn on sextupole mag- 
ne:s while injecting, thus stored current was limited 
to about 1 mA per bunch by fast head-tail instabili- 
ties. By filling several bunches, approximately 20 mA 
was stored and sextupoles were then powered. 

Finally, the transition to the symmetric configuration 
was made, and the beam energy was ramped up to 2.9 GeY, 
the romi nal operating energy for synchrotron radiation. 

FUTURE WORK 

During the spring and summer of 1985, the machine phys- 
ics program will continue with studies of low emittance 
on the SFEAR III optic using an expanded orbit correc- 
tion system, a more sensitive orbit measurement appara- 
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tus, and an improved magnet control system. These 
changes are expected to greatly improve the accumula- 
tior. of low emittance beam by allowing the operation of 
sextupoles and better orbit correction during injec- 
tion, and by enabling a higher degree of orbit ar.d tune 
control during transition and ramping. Once reasonable 
currents have been stored and ramped to .operating 
energy, the synchrotron radiation beams will be deliv- 
ered to experimer.ters so that the quantitative effects 
of lower emittance beams can be determined. Finally, a 
new configuration (High Beta LEC) has been calculated 
which has no low beta waist in the interaction regions 
and hence has lower chromatic correction requirements. 
Further tracking studies will be done with PATRICIA’ to 
establish the dynamic aperture. Injection into this 
configuration is expected to be easier and its opera- 
tion more forgiving. A new power supply !scheduled for 
summer 1985 installation! is required for implementa- 
tion of the ccnfiguration. 
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Figure 1 SPEAR lattice configurations, normal and low emittance, for one quadrant. 
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