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Abstract

A 26 metercircumferencel.5 GeV electron storage
ring, designed to delivex-rays with a criticalenergy of
10.4 keV, and has been proposedtfer UCLA campus.
This ring has twelve 6.9 Tsuperconducting dipoles
grouped in pairs. Each paiendsthe beam sixtydegrees.
The quadrupoles andextupolesare conventional. The
alternative ring design presented in this report winalse Superconducting Dipole
twelve separate6.9 T superconducting dipolethat bend |
the beam thirty degrees each. Although this vimgld
have a larger circumferend¢about 36 metersind more
focusing elements, it would have a smaller emittance and
consequently it would be a brighter source of x rays. As
with the smaller ring, the focusing elememisuld be
conventional. The-ray power from the alternative ring
delivered to thausers isexpected to benuch higher than
that from the smaller ring.
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1 BACKGROUND

UCLA hasproposed tobuild an ultra compactight
source (UCS) onthe campus. The electron storage ring
produces synchrotron light within 6.9 T bending . . .
magnets. ltwould have an energy df.5 GeV and a Figure 1 A Schematic Representation of Half of the
circumference of 26 meters[1,2]. The compactness of tiaseline UCLA Ultra Compact Light Source
ring is achieved by pairing the 30 degree bending magnets
to form six bending stations.  Synchrotron light is 2 THE ALTERNATIVE RING DESIGN
extractedfrom the downstream dipole. The synchrotron The design of the alternative ring dsiven by the
light from the upstream magnet igbsorbed by the desire to extract the synchrotroadiationfrom all of the
downstream dipole vacuum chamber. The beam currentdipoles so that beam current canihereased andhore x-
the machine is limited by the amount of synchrotromays can besent to more user3here isalso adesire to
radiation that can babsorbed bythe downstream magnet reducemachine emittance so that the vacughmmber
and its vacuum chamber. The compact storage ring hasheoughout the ring can have the same cross-section. As
racetrack structure about 10.8 meters long by about 5&result, the quadrupoles and sextupoles would all have the
meters wide. same aperture. The number of types of quadrupoles would

Eacharc inthe baseline machine consists of six 3e reduced tawo and there would beonly one type of
degreesuperconducting dipoles, four conventional roonsextupole. Theeducedemittancelead to asmallerbeam
temperatureguadrupoles andix conventional sextupoles. size in the dipoles and brighter x-ray beams.

The dipolesare grouped in thregairs; each pair share a The alternative ring has siklentical 6 metetong
common cryostat. Conceptually, thecs ofthe ring are cells. Thus the periodicity of the machine is six as
built up of three cells, where the outer two cells are compared toone for the baseline ring.Each ofthe six
truncated beyond the two dipoles. The beam emittance glls contains two 3Qdegree superconducting dipoles.
the ring is entirelydetermined bythe arc lattice. The Each cell has a 1.34 meter lodgft space (between two
baseline ring has twadlifferent straight sectiorbetween quadrupole doublets) and a secttbat contains all of the
the two arcs. Oneide of the race track has seven chromaticity sextupoles. The sextupolssrround QF3

QF2R QF4R

quadrupoleswith short straight sectionbetweenthem.
This region will contain RF Cavities. The othgde of
the racetrack has eightquadrupolespne 1.6 metetong
spaceandtwo 0.8 meter long spaces. Thsgle of the
race track will be used for injection. A schematic
representation of the baseline UCS ring is shown
Figure 1
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focusing quadrupole which forcesthe dispersion to be
zero in the long straight section. The dipolémve
parallel faces that provide vertical edge-focusing.

The ring has six 1.34 meter lomyyift spaces. Three
adjacentiong straight sectionsan be usedor injection
ifone for the septunandtwo for kickers thatare three

quarters of a betatron wave length from the septum in the

horizontal direction.
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One or two of the other long



straight sections can be used for RF cavities. Teages
one or two straight sections that canusedfor insertion
devices. The x-rays from thmsertion devices would
travel through thedownstreamdipole. The insertion
devicex-rays would be athe edge ofthe x-ray fan from
the downstreamdipole. Figure 2 shows achematic
representation of half of the alternative complght

source storage ring.

The x-ray fan shown in figure 2 represents abiwit
of the x-raysproduced ineach ofthe bendingmagnets.
The quadrupoles are assumed to behsaf figure of eight
type. This type ofguadrupole isopen along themid-
plane to allow for the passage of x-raysttie user. By
using quadrupoles andextupoles thatare open on the
mid-plane, 70 to 80 percent of theray fans can be
transmitted to the users.
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Table 1 A Comparison of the Lattice Parameters for
Two 1.5 GeV Compact Light Source Rings

PARAMETER Baseline Alternative
Ring Ring
Maximum Energy (GeV) 1.5 1.5
Injection Energy (GeV) 0.1 0.1
Max. Beam Current (mA) 50 100
Ring Circumference (m) 26.0 36.0
Bend Radius (m) 0.7257 0.7257
Dipole Length (mm) 380 380
Dipole Induction* (T) 6.984 6.894
x-ray Critical Energy* (keV) 10.4 104
Number of x-ray Stations 6 12
Extracted x-ray Power* (kW) 15.4 61.6
x-ray Brightness** (MWn#)  0.51 1.71
Number. of Long Straights 1 6
Long Straight Length (m) 1.60 1.34
Machine Periodicity 1 6
Number of Cells 6 6
Number of Bend Stations 6 12
Number of S/C Dipoles 12 12
Dipole Pole Width (mm) 180 176
Dipole Cold Gap (mm) 40 40
Number of Quadrupoles 23 30
Quadrupole Dia. (mm) Variable 33.2
Number of Sextupoles 12 24
Sextupole Dia. (mm) Variable 33.2
Horz. Op. Emittance* (nm) 2110 309
Vert. Op. Emittance* (nm) 234 34
Horizontal Tune 3.17 4.42
Vertical Tune 2.57 2.38
Horizontal Chromaticity -2.22 -5.24
Vertical Chromaticity -5.24 -7.40
Max. Horizontal Beta (m) 3.09 5.62
Max. Vertical Beta (m) 6.66 5.54
Max. Dispersion (m) 1.29 0.62
Energy Loss per Turn* (MeV)0.62 0.62
RF Voltage (MV) 2.5 1.2
RF Frequency (MHz) 500 500
Energy Spread (parts in 1000)L.52 1.52
Bunch Length* (mm) 30 8.1
Horz. Damping Time* (ms) 0.41 0.57
Vert. Damping Time* (ms)  0.42 0.58
Energy Damping Time* (ms) 0.21 0.30
Quantum Lifetime (s) 2.2x10 >1x10t0

* at the full design energy of the machine
** at full design energy and 5 meters from the dipole

3 DISCUSSION

Table 1 compares the latticearameters for the
baseline ringand the alternative design. Botmachine
have amaximum energy of1.5 GeV and aninjection
energy of0.1 GeV. A microtron isassumed for the
injector for both cases. The beamrrent inthe baseline
case islimited by heatingdue to x-rays from upstream

Figure 2 A Schematic Representation of Half of théipole of the dipole pair in the vacuum chamber of the
Alternate Compact Light Source Ring seconddipole. The Alternative ring desigmas nosuch
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limitation.  With correction, the beam current in the



alternative machine might becreased dactor oftwo or The dynamic aperture, measured in uncougigthax
three. Theincreasedperiodicity results in an emittance units and fully coupled sigmay units, is about 20 sigma,
that is a factor of seven lower than the base line case. #hich corresponds to about 30 mm. The tune variation is

a result, the beanaperture ofall of the dipoles and
quadrupoles igeduced byalmost afactor of two. The
quadrupoles andhe sextupolescan all have the same
design aperture. As eesult, there are two types of
quadrupoles andne type of sextupole.

are 100 mm long. All of thguadrupoles andextupoles

have a pole induction that is less than 0.6 T. As a res

the magnets should track very well during teeeleration
phase of the storage ring operation.

The dipoles in the alternative ringre not much
different from the baseline ring case. Theoposed
dipoles for the ringare similar in design to magnets
proposed by PVobly INFN Novosibirsk[3,4,5]. The
horizontalaperture ofthe dipole is domnated by sagita

andthe x-ray fanout of the upstream part of the dipo'%iéentical elements, its cost may not be greater than that of

A conservative dipole design calls for a cold pole width

176 mm. If the good field region of the dipole covers 9

percent ofthe pole width, the beam positiocan be
shifted and the pole widtfeduced tol55 mm. Thecold
gap of the dipolalid not changefrom the baselinecase
(despite reducedbeam emittance) becaughe vacuum

chamber inside the dipole has been designed to be identig

to the vacuunchamber inthe other elements, iorder
reducethe impedance. If a differenvacuum chamber
dimension wasised inthe dipole, the magnetold gap

could bereducedfrom 40 to 32 mm. The cost of the

dipoles is driven by the pole width.
The energyloss perturn is 0.62 MeVper turn for

All of the

quadrupoles irthe ringcan have the same cross-section
Twenty-four quadrupoles are 200 mm long while the othef
six are 300 mm long. All of the twenty-four sextupoles,

within 0.01 for relative nomentum deviation of +2
percent.

4 CONCLUSIONS

The alternative machine appears to be a better
machine aits design energy than the baseline machine.
he x-ray brightnessand the amount ofx-ray power
vailable to the experimenter could be as much asdan

magnitude higher for the alternative ring operating at

f
Lﬁtigh beam currents. The alternative ring has the potential

to serve more users with brighter x-ray beams.

The major problem with the alternative ring design is
its size. The circular alternative ring is approximately 12
meters in diameter, cquared tothe 6 by 11 meterace
track baseline ring. The increase in size may or may not
reflect negatively on the cost of the machinklowever,
since the alternative designses a large number of

e baseline ring. More engineering is neededrder for

e cost either ring to baccuratelycost estimated. The
alternative ring design has not been optimized. Huiite
possible that the alternative ringan be made smaller
without affecting performance. Further work should be
dope to design a ring using the alternative ring lattice that
QE a circumference from 32 to 33 meters.
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For both rings, 10percentcoupling between the
vertical and horizontal emittances is assumed.
alternate ring, with constamiperturedipoles,quadrupoles
and sextupoles, permits the beam to be fodiypled and
still maintain a 15 sigma marg@roundthe beam within
the dipoles.
quadrupolewould be 11sigma. The margin in abither
elements would be 15 sigma.

baseline case. In both cases, the dipatesexpected to
operate at about 88ercent oftheir design criticaturrent
when the machine operates at its design energy.
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The margin for the beam in the QF

In most respects, the
alternative ring design is more conservative than the
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