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Abstract used to create a longitudinal bending field profile

We report on the status of SIRIUS, the new 3 Gevlesigned to help reducing the emittance. The idaa w
synchrotron light source currently being designedha implemented in the new lattice design and, togettitr
Brazilian Synchrotron Light Laboratory (LNLS) in further considerations on the need to produce high
Campinas, Brazil. The new light source will congista brightness radiation up to about 100 keV, led to a
low emittance storage ring based on the use of wm modification of the prOjeCt to a 3.0 GeV EIECtrdnrage
magnet technology for the dipoles. An innovativéing with 20 TBA cells. The permanent magnet digole
approach is adopted to enhance the performancheof 10w combine a low bending field of 0.5 T for theima
Storage ring dipo|es by Combining low field (05 T)beam deflection with a 2.0 T slice to prOduce haﬂiy
magnets for the main beam deflection and a shiogt sf ~bending magnet photons of 12 keV critical energy.
high field magnet. This short slice will create mth
bending field (2.0 T) only over a short longitudieatent, ==
generating high critical photon energy with modes{j
energy loss from the complete dipole. There arers¢v |
attractive features in this proposal, includingewsity for

and possibility to reduce the beam emittance bgipda
the longitudinal field gradient at a favorable gac

INTRODUCTION

In order to satisfy the future demand for synclmotr
radiation in Brazil, a proposal for a new ring isifg
developed to replace the existing 1.37 GeV UVXtligh
source, a facility that is being operated for ussrge
July 1997 in Campinas, Sdo Paulo. The proposed ne
source, SIRIUS, is a "B generation 3.0 GeV low Figure 1: Aerial view of the LNLS site with the plaed
emittance synchrotron light source facility to bailbbin  new SIRIUS light source.
the same LNLS site, as shown in Figure 1.

Many alternative lattices have been analysed irake THE STORAGE RING LATTICE
year, including the 2.5 GeV, 16 cell TBA latticeepented | ) ) o
at PAC09 [1]. That design was based on the usewf | LInear optics — emittance optimization
field (0.45 T) permanent magnets for the storagg ri  The 3.0 GeV low emittance SIRIUS lattice structisre
dipoles. The use of permanent magnets can redute bef a modified TBA type, with the middle dipole dpto
the investment and operation costs of the projéitt the  accommodate the high field slice in its centerstasan in
elimination (or significant decrease) of power dig® Figure 2. Concerning emittance reduction, the ceofe
and cooling systems. The low dipole field also favo the middle dipole is the most favourable positiorplace
emittance reduction by wigglers. There is howeves t the high field slice since this is where the sdecalH
considerable drawback of excluding hard x-ray begdi function is small [2]. In addition, this is also poper
magnet sources, which can have substantial demand f position for the dipole synchrotron light port. RBkes the
users since the beam size is naturally very snaipmle  |ongitudinal field variation, we also resort to ettknown
sources and some experiments do not need the higltipes to reduce the emittance, specifically, ube of
brightness of the insertion devices. transverse field gradient in the dipoles to inceedise

In the second half of 2009 a new idea came up thRbrizontal damping partition number, the allowarafe
would allow the implementation of hard x-ray dipoleslightly positive values for the horizontal disgersat the
radiation sources but would still preserve the fienef straight sections (thus breaking the achromat dimmgj
low overall dipole radiation power. The idea i<timbine and the increase in the inner bending angle inTRA
the low bending field for the main beam deflectwith a  cell with respect to the outer angles [3].
high magnetic field which extends over only a venhprt Based on the above guidelines along with the olsviou
longitudinal length (a slice magnet, for 1° defien) so  (and conflicting) requirements of a low emittanegtite
that the hard x-ray radiation is produced only la t with large dynamic aperture and limited circumfemn
beamline exit. In addition, this high field slicewtd be e propose a 20-cell modified TBA structure for BIR.
The total deflection per cell of 18° is divideddng® for
*liu@Inls.br each outer dipole and 8° for the middle one. Tkterain




turn, is split into a central 1° deflection by thigh field
slice and two lateral deflections of 3.5° each. Ebpace
created to fit the slice is such that the samegnated
field would be obtained if it were filled with theame
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bending field of the adjacent dipoles. See Figure 2

Figure 2: Layout of the modified TBA arc with theggh
field slice in the center of the middle dipole.

The circumference of 460.5 m contains 20 ID stragh
with alternating lengths of 5 m and 9.4 m. Theidathas

distributed dispersion function and provides a bewgth
1.7 nm.rad natural emittance. The slightly positivéiser IDs are installed in the ring. SCW is a 1 mT 4
dispersion function at the ID straights increashe t Wiggler and MPWis a 2.7 m, 2 T wiggler.

effective emittance to 1.9 nm.rad. Care has belentto
limit the dispersion function value so that thelusion of
IDs in the lattice still reduces the emittance. ufégg 3

shows the evolution of natural and effective emiteas

potential user IDs are installed in the ring. Wagider 2
types of IDs that are presently in operation at U\B&CW,

a 1 mlong, 4 T superconducting wiggler, and MP\®, &

m long, 2 T hybrid wiggler.

The main parameters of SIRIUS are shown in Table 1

and the optical functions for one superperiod guFe 4.

Table 1: Main parameters of SIRIUS.

Energy (GeV) 3.0
Beam current (mA) 500
Circumference (m) 460.5
Nat. emittance (nm.rad) 1.7
Effective emittance (nm.rad) 1.9
Cell / symmetry / structure 20/10/TBA
Main dipole field (T) 0.5
Slice dipole field (T) 2.0
Total deflection by main dipoles 340°
Total deflection by slice dipoles 20°
Critical energy, main dip. (keV) 3.0
Critical energy, slice dip. (keV) 12.0
SR loss/turn, all dipoles (keV) 417.7
SR power, all dipoles (kW) 208.8
Betatron tune (h/v) 24.2/13.2
Synchrotron tune 9.3 x 0
Nat. chromaticity (h/v) -53.4 /-48.0
Nat. energy spread (%) 0.079
Momentum compaction 6.9 x 10
Harmonic number 768

RF frequency (MHz) 500

RF voltage (MV) 3.2
Bunch length (mm) 4.3

Damping time (ms) (h/v/s)

16.3/22.1/13.4

Straight sections

10*9.4m +10*5.0m

Beam size (k=0.5%) @ slicarf’)

50x 7

Beam size (k=0.5%) @ S§rfr)

246 x 4
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Figure 3: Evolution of natural and effective emitta as

Even though permanent magnets are routinely used in
many synchrotron sources in wiggler and undulator
insertion devices, its large scale use in lattiGgnets is
much less common. Several engineering issues retmain
be analyzed and R&D in this field is crucial to thecess
of this choice of dipole design. First prototypes the
low and high field permanent magnet dipoles havenbe
designed and will be ready to be tested soon [4].
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Figure 4: Optical functions for one SIRIUS TBA
superperiod.

Dynamic aperture optimization

Five families of sextupoles are used to correct the
chromaticity and optimize the nonlinear beam dymami
in SIRIUS. In order to lower the strength of the
chromaticity correction sextupoles, a space indéeter
of the arc quadrupole is created by splitting ibia pair
of quadrupoles. The space created is ideal to p&ace
sextupole since this is where the betatron funstiare
more separated. In this way we succeeded in finding
relatively robust lattice configuration with fairllarge
dynamic aperture. The sextupole families were aggoh
using the program OPA [5] and the dynamic aperisire
calculated by tracking particles with the code MAG).
Figure 5 shows the dynamic aperture for on-energy a
off-energy particles, with and without systematic



multipole errors, at the center of the long straiggction. Closed orbit correction schemes are also beingestud
The systematic multipole errors considered do filec to provide optimized parameters for the slow anst fa
the dynamic aperture. The tune diffusion analybisasy  orbit feedbacks.

in Figure 6 is calculated using a program develojped

house which incorporates a numerical algorithm for a [T LA ]
U1

10
Fourier analysis by J. Laskar [7]. Further dynamic

B
2
aperture optimization in presence of insertion deiis E 10° - U0 —
an ongoing work. The five sextupole families usedhis ~>
preliminary optimization can be further subdividatb a & 10° = 509 B
total of 8 families. £
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Figure 5: Dynamic aperture tracking for 4096 tumsghe _ i )
middle of the long SP(=28.7m,B,=2.4m) with MAD A low emittance lattice for the new proposed light
- . Py—&- .

source at LNLS, SIRIUS, has been presented withiabe
attention to providing cost effective solutions aetjng
both the construction investment as well as theaijon
§ 2 of the facility. In particular the large scale usé
| permanent magnet technology for lattice magnetgiisg
studied. The design combines a low main bendinig fie
with a short high field slice which allows hard ayr
| bending magnet synchrotron light ports while kegpin
. modest overall emitted radiation power.

With the major parameters and the basic latticégdes
1 0 defined, detailed studies of the various subsystems
i including prototype work on the dipoles, are now in
progress.
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