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the basis of creating the National Centre of SR\\ldys of
ABSTRACT realizing this concept are discussed.

The generallayout of 1SI-800, alow emittancethird MAIN STORAGE RING PARAMETERS
generation machine consisting of a linac injector (V&Y),

a storagering with 4-period TBA lattice,and intended for  The upper limit of the magnetic-field strength range, at
research and industri@pplications, is presented togethewhich the magnetic materials can ensure a high-quizity,
with a discussion of most important design consideratiois.aboutl.5T. Besidesthe radiation from bending magnets,
Design features of magnet, vacuum, injectionggétems are the modern SRources incorporate superconducting wigglers
described. Threstraightsectionsare availabldor wigglers (with the field up to 10 T) to increase tlmergy of the
and undulators, and up to 2dhoton beam lines mayphotons produced. The electrbeam energy of about 1 GeV
ultimately emanate from dipole magnets. The emittance is&@lbws the generation of photdmeams complying with the
nm. The dynamic aperture issufficiently large for the requirements of most applications.

injection and the stable storage of the beam. We came to conclusiatihat SRsource would be a 1 GeV
compact electron storagimg. Injecting energy was chosen to
INTRODUCTION be 120 MeV. The travelingavelinac is intended temploy

o ) as an injector. The injector is placed belowrihg to provide
The use of synchrotroradiation notedfor its broad oom for more beamlines. Fdhis purpose the injecting
continuousand highrightness has brought the research Wstem and the RF cavity share the same long strsegtion.
thefields of molecular physics, physics of condensed statesgg general layout of the complex is presented in Fig. 1.
matter, chemistrymicrobiology, etc. to a qualitativelyigher The magnet lattice is responsitier boththe efficient
level. In recent years, great interéws been displayed in gneration of thesourceand the SPeam quality. One of the
basic synchrotronadiationsources whose physical propertieﬁrincipeﬂ SR beam parameters, i.e., brightness, is proportional
along with performance parameters provide a means {orihe transverse electron-beatensity in the region of
handling process problems of X-ray lithography inagiation. Therefore, it imecessary to have a beam with a
microelectronics (photon energye, [ 1 keV), microme- minimal cross-sectional area; the lattice must ensure the
chanics (g, 06 keV)andangiography €,0 33 keV). The minimal beam_ emittanceand adow value ofthe vertical
design of a relatively cheapnd compact source with thebetatron function in bending magnets. The lasitows one

above-mentioned photon beam parameters is a complicifediMminish the magnet gaphereby reducinghe cost of
task, since the compactness of soerrce settimits, first of Magnet manufacture and operation. -

all, on theelectron energyand hence, on thesnergy of W€ have chosen th@BA lattice as providing low
emitted photons. This, iturn, necessitates the mountingem'ttance' It consists of four superperiod$ie structural
arrangement of specialevices such as superconductintj’rmUIa of each superperiod has the form

wigglers with limiting magnetic-fieldzalues of about 10 T.

However, the installation of such wigglers in the storaggs 81 3%%8?3 O,\:jl QR ©, QD O MO, QF,
with a beam energy lowethan 1 Gev isimpeded by an 4 4x72™4

impact of magnets on the beam focusing and phase stabilityvbere QD, QF are the horizontallglefocusingandfocusing
the orbit in the storageing. This makes necessary longquadrupoles; M is the dipole magnet, Qs the straight
straightsections in the lattice taccommodatéhe matching section; G=0.7 m; G=0.15 m; @=3.23 m; Q=0.6 m.
elements,and also imposes special requirements on the The curvilinear part of thrajectory includes: 3 magnets,
wiggler design. Furthermore, in consequence of a greath with a bending angle of 30the curvature radius
distortion of the reference orbit in the wiggl&x(O0 5 cm at R=2.005 m (B=1.34 T at an electron energy E=0.8 GeV, B is
an electron energy of 0.8eV and afield of 10 T in the the magnetic field strength at the equilibrium orbit), the field
wiggler), there arise essential technological difficultiBisis

paper describethe concept of a SR source whiclan form



Fig.1. The general layout of the ISI-800
index n=3 and 2 focusing quadrupoles providing thefunction in the long straight section.
achromaticity of the long straight part of the orbit. The phase advander the focusing period iqu, = 6.666
The straight-line part of thérajectory comprises fourand p,=5.026 for radial and vertical oscillations,
quadrupole magnets which ensure the stabilityadfal and respectively. These values correspondht® tunes Q= 4.25
vertical motion in combination wittwo quadrupole magnetsand Q=3.20. Since the verticafocusing is mainly
and vertically defocusing dipole magnets. Fig.sBows the
machine functions of the superperitmd the zero dispersion
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| nnl ('] R [ J—— | p— Fig.3 Machine functions of the modified TBA cell.
Fig. 2. The machine functions of a superperiod. accomplished by gradient dipole magnetss provides the

smallest value of the betatroradial function 3, in the



magnet, and hence, the minimum radial size of the beam. TheéThe multiple injection chosefor this designconsists in
radiation emittance is,=2.7-108 mrad (E=0.8GeV) for the the following. The beam fromthe injector is horizontally
steady-state energy stragglihg/p=5.88104 (E=0.8 GeV). introduced, via the transposystem, tahe vacuum chamber
The operating conditions of the SRource are of the ring,where it is bent by theecessanangle with the
characterized by ow radiation emittance attained due to &elp of the septum magnet. By the moment of injection of the
higherrigidity of the magnet lattice. This has resulted in th&ext beam portiorthe orbit of theaing in the region of
increasednatural chromaticity, the compensation of whichinjection comes closer tthe septum. After trapping the
requires the mounting afextupole lensearranged in the necessary number ofirns, theorbit is restored, thénitial
sections with a nonzero dispersion. At large betatrbetatron oscillations are damped.
amplitudes the presence ekxtupole fields leads to the To produce high-brightness photon beams with a
occurrence of undesirablenonlinear effects, which sufficiently high energy, we also considered a compact
significantly decreas¢éhe dynamic aperture. The simulatiostoragering with the latticebased orthe combined TBA cell
has resulted in the following conclusions: ("warm" and superconducting magnets), where the central
- the inclusion ofsextupole lenses to corretbe dynamic dipole magnet of the cell is superconducting.
aperture appreciably increagie latter both in thabsence The contribution of the central superconducting magnet
and presence of sextupole perturbations in the dipole magr(#gld is 10 T) to the emittance value abeam energy of 0.8
- with the corrected equilibrium orbitand  theGeV isg, =2010® mrad.
compensation lenses switched on the dynamic apertureFig. 3 showsthe machine function®r the themodified
exceedghe geometric ongnd therefore, will notaffect the TBA cell of the 1SI-800 storageng. For comparison, Table

beam parameters. 1 lists the values of the parameters for different variants of the
The dynamical aperturgalues calculated athe same ISI-800 storage ring lattice.
conditions by thecode DeCA[3] (200 particles, 50 turns) - Table 1
curves 2.The approacklescribed aboveonsiders theffects Parameters of the 1S1-800 storage ring
of sextupoles otthe latticeonly. To take into consideration Paramete TBA Mod TBA
othereffectssuch as higher-order multipole errors, excitatiofnominal energy, MeV 800 800
and alignment errors numerical tracing simulation istored current, mA 200 200
performed with DeCA. The finathoice ofthe sextupole cijrcumference, m 46.729 46.815
strengths is based on the results of computer simulation.  Number of dipole 12 8+4
2 om magnets
5 ’ Radius of magnet bend, m 2.005 2.005/0.27
. ) Magnet length, m 1.05 1.05/0.14
4 1 %\ Betatron numbersiy, /v, 4.26/3.20 4.26/3.20
I AN / 3 Compaction factom 0.025 0.021
95 Nat chromaticity £/¢, -7.27/-7.24 -6.2/-6.7
- Damping timed,/T,/Tg, 8.7/13.8/9.8 8.4/9.9/5.4
- W% Emittance, mrad 2711038 40108
7] /4 Beam size in centre of 0.15/0.07
0. — w !‘7‘*“ w T w X, cm SC
10 5 0 5 10 Energy spread, % 0.058 0.125
' Losses per turn, keV 18.3 57.4
Crit. energy SC, keV 4.2
Figure 4. Dynamical aperture in the middle of the
insertion straightsection forthe normal operation The simulation of the dynamic aperture of the storaug
mode. 1- Ana|ytica| calculations of dynamuca| with a modified lattice shows that the presence of the
aperture with consideration of tl®mbined action superconducting central magnet in fFBA lattice exerts no
of first-and second-order resonancesd the tune  essential influence on the aperture value.
shift depending on amplitude. 2- Dynamical aperture The synchrotron light generated by the electron beam with

obtained by numerical calculations (200 particles, 50 current up to 200 mAnd the radiatioemittance of 2.2038
turns) ifonly regularsextupoles exist. 3- Dynamical ~ miiadwould be utilized by beartnes. Each line wilprovide
aperture obtained by numerical calculations if the light beam with spectral brightness of (Z38F° phot
systematic multipole errors are occur. 4- Geometrical /(m2fac®) within 0.01% bandwidth. We have designed the
aperture in the middle the straight section. The general purpose beamlinélhis project allows one to
hatched region corresponds uncertainly region of assemble dedicated beamline (for, e.g., photolithography,
dynamical aperture. EXAFS, x-ray material analysis, etc.). The radiatioom

both conventional magnet dipolaadwigglers as welivould

be utilized through this line.



The beamline is supposed to operate in following modesnagnets (length is 10 cm, gradient is 15 T/m) and 4

1. X-ray lithography beamline (comprises from no optichidirectional steering magnets.
elements inside). Transverse beam dimensions could beCorrection of the storageng orbit is accomplished by 8
achieved within the range of 0-30 mm. horizontal, 8 verticabextupole steering elementsombined

2. The line with the turnable flat grid will be applied fowith the sextupoles) inthe curvilinear part of therbit and 8
experiments in physicand chemistry. This linecomprised bidirectional dipole steering magnets distributed in the
few optical elements covers photon frequency fidoV to straight sections (length is 10 cm, field is 0.03 T).
the soft x-ray. Beam energy losses by synchrotradiation and parasitic

3 The toroidal grid monochromator line will hesed in losses in the vacuum chamber walls @mpensated with the
experiments requiring large photon fluand moderate help of a 10 kW RF (699.81Hz) system.The accelerating
resolution. voltage of 200 kV chosen wiew of the Touschek lifetime, is

4. X-ray transmitting microscope. provided by a single half-wave cavityhoseshape habveen

5. The coronal angyography line. optimized against the shunt resistance atihén (operating)

The dipole magnet will have a conventionatype cross mode Q-cavity). As calculationand measurements indicate,
section. The rectangular magnet will be laminated, tties cavity haslower coupling impedances &igher-order
laminates are 1.5 mm thick. Tlyeod-field region extends to modesthan thecylindrical cavityhas andtherefore, is less
+ 15 mm horizontally. The dipole parameten® given in sensitive to the excitation of coupled oscillations of bunches.
Table 2. Based orthe reasonable 6-holife of the zero-intensity

Table 2 beam we come to the conclusion that the residual gas pressure

Parameters of dipole magnet in the chamber should nekceed BLO° Torr throughout the

Number of dipoles 12 range of circulating currents at an operatengergy of the
Length, m 1.05 beam. Pumping is produced by 40 sputtering 400 I/s pumps
Field strength (E=800 MeV), T 1.34 placed on the dipole magnet chambansl by the end of the
Horizontal good field, mm 30 defocusing quadrupole magnets.

Vertical good field, mm 20 Sixteen pickup statiorsnd a current transformer arsed
Field index 3 to monitoring the beam in the storage ring.

Gap, mm 36

Pole width, mm 110 CONCLUSION

Number of turns in the windin 48

Cond cross section (12.5*118%.5), mn? 99.5 . _The_ design of t_he maglnet, thel vacuukrr,htheaﬁﬂ thfe
Exciting current range, kA 016-1.1 |rr1]d|<_:a_t|ngsyst%m; |sbc_c|)(;1_1p eted. Also we hdhe project o
Magnet weight, kG 2000 the injector and the building.

we work on the modified TBA lattice, the

.24 quadrupole magr_\ets are grquped in three fgmilies V‘ﬂ)@amlines, the design of the superconducting dipole magnet
8 in each, the lenses infamily being connected in serles%ﬂd the wiggler

The poles of all the lenses are of one and the same profile §e have got the goverment decisioabout the

bore diameter is 50 mm and length is 20 dor all construction of the synchrotron radiatisource 1SI-800 for

quadrupole magnets. krainian National Synchrotron Center
The 1SI-800 magnet lattice contains 4 families éf’ y '

sextupoles, total 24 magnets. To compensh&e negative

chromaticity §,,,, which is equal to -7.14, -7.3@pur REFERENCES

sextupole magnetre mounted at the curvilinepart of the
trajectory of each superperi@hdtwo sextupolanagnets in
the achromatic part of eacuperperiod correct thdynamic
aperture. The aperture radiusseitupoles is 2&m, with a

pole width of 28mm. The magnets acapable of producting

a field of 200 T/mM over alength of 0.1 m. Thesextupole

weight is 70 kG. In addition to thmain coils mounted on the
poles, thereare sixback-leg coils which, givethe correct

excitation, can generate vertiaahd horizontadipole fields
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The synchrotron radiatiofiacility 1SI-800 will have a

p.1234-1236.

transfer line which habeen designed faransporting 120
MeV electrons from the linac to the storageg. The transfer
line includes 4 dipole magnets (rectangul@rtype, bend
angle is 41.5 degrees, length is 29 cm), 9 quadrupole



