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Abstract of ca. 35 beam line equivalents per year. Included in this
number there is the fraction of the so called CRGs.

In response to the ever increasing demand for acce®szam lines built and operated by external collaborating
to synchrotron radiation (SR) sources the Spanigiesearch groups) available to the scientific community at
funding agency CICYT and the Catalan one CIRIT havkarge as well as the public beam lines (built and operated
jointly commissioned a detailed feasibility study for aby the ESRF). With a 4% share of the ESRF the Spanish
national Synchrotron Laboratory at Barcelona (LSB). Arscientific community can only expect a yearly average
analysis of the current and predicted needs hascess of ca. 1.4 beam line equivalents. Leaving aside
established the following priorities: broad range ofssues such as whether the facilities at the ESRF map
utilisation, high beam stability and long lifetime, smallonto the Spanish future needs and the desirability of
vertical and horizontal source dimensions, verticahaving regular access to the technological know-how
collimation, horizontal collimation and time structure.derived from having a national SR source, this volume
The design of the LSB cannot be adventurous becausd,access is already insufficient for current needs and
among other reasons, it must deliver photons from dayecludes the future expansion of the Spanish scientific
one to a "photon hungry" community, nevertheless itsommunity involved in research at the forefront of
design must have the potential for substantial furthéechnological possibilities.
development with which to face the challenges of SR Recognising this situation, Spain has decided to
research in the 21st century. The proposeihvest via the CRG route on its own beam line at the
characteristics of the accelerator will be reviewed anBSRF and it is jointly funding a beamline at Super-ACO
put into context in relation to the needs that have to H®CI). Alongside these short term solutions there is an
satisfied. agreement  between  the CICYT  (Comisidn

Interministerial de Ciencia y Tecnologia) and the CIRIT
1 INTRODUCTION (Comissio Interdepartamental de Recerca i Innovacio

Tecnologica) to fund a detailed design study for a future

Synchrotron Radiation (SR? emitted by the ber_]dm_ﬂational SR source. This paper describes the overall goal
magnets of an electron or positron storage ring, with i this project and its current status

well known properties of spectral continuity, intensity,
collimation, polarisation and time structure, has been for
some time the most versatile source of electromagnetic 2 SCIENTIFIC BACKGROUND

radiation available. In addition, the radiation delivered Practically all scientific disciplines use photon based
by insertion devices such as multipole wigglers antéchniques. In particular, research in the physical,
undulators can have a brightness which is several ordetsemical, biological, materials and applied sciences
of magnitude superior to that delivered by the bendingakes extensive usage of these methods and within this
magnets. The quality of SR, whether from bendindramework there are emerging scientific and technical
magnets or from insertion devices, is such that its useéballenges which can only be met by thegeo enjoy
now an essential requirement for cutting-edgenimpeded and regular access to synchrotron radiation
fundamental and applied research. Spain has saurces. A few examples of these new challenges are
substantial and growing scientific community who needsketched below.

access to SR sources. Currently this access is obtained aWery often the functionality of materials relates to
national sources elsewhere and also at the Europeamor phases. This type of materials range from glasses
Synchrotron Radiation Facility (ESRF) at Grenoble, ofo self-assembled clusters, from quantum dots to
which Spain has a 4% share of the costs. Thewpurities in semiconductors. To determine the
characteristics and scientific brief of the ESRF precludgmoperties of these materials the knowledge of their
its usage in the soft X-ray region or at lower energieatomic structure and of the atomic environments of the
where many of the needs of the Spanish community anginor phases as the functionality of the material is
to be found. Moreover, the ESRF at full capacity igenerated (or lost) is required. To this end one must use
expected to provide a total public volume of utilisatiomon-invasive X-ray spectroscopic and imaging



techniques. For example, the microstructure whiclnembrane). Similar considerations apply to the studies
determines the functionality of most polymer andf structural dynamics of many "live" fibrous structures,
ceramic products is submicron and multiphase. Theaological organelles or tissues (e@NA, microtubules
limitations of conventional methods restrict probing thi@nd muscle tissues). lall cases the weakness of the
structure toex situmeasurements and the most that caacattered/diffracted signals demands the use of SR.
be achieved in picturing the fundamentals of a Even with the traditional, and relatively
manufacturing process is the capture of a series sfraightforward from a technical point of view,
“stills”. On the other hand SR techniques allow the macromolecular crystallography techniques, many
situ structural differentiation and the elucidation of thdimitations due to insufficient photon fluxes can only be
phases as they change because the speed of ddyed using SR. In addition, SR is absolutely required
acquisition matches, in principle at least, that ofor the development of future methodologies. For
manufacturing rates. Experiments of this nature migt&xample, anomalous scattering methods have long held
lead to a quantification of what, in many cases, is still afie promise of providing a direct experimental method
empirical science with many potential industrial returngfor solving the phase problem. But the need to have a
e.g. polymer processing technology can incutuneable X-ray source and the precision required in the
considerable waste and an improved understanding @easurement of the diffracted intensities requires SR.
the principles would be directly beneficial in reducingCryogenic methods, where important structural
wastage. However, for the development of theswtermediates formed during a reaction are frozen, can
technologies use and regular access to SR is an absoRi®y be applied effectively to very small crystals and
requirement. once again the intensity is the limiting factor

Many advances are taking place in magnetism and Finally, there are a number of emerging techniques,
surface engineering. Research in these disciplines Sgch as magnetic circular dichroism (CD), SR confocal
required for the production of sensors and storag®icroscopy and correlation experiments using X-ray
devices and relates to problems of “wear and tear” ghffraction/scattering methods which have enormous
well as to the alteration of surfaces for particu|apotential for structural/functional studies in biological
applications. With regards to surface engineering, faiystems. All of these methods are at the moment either
example, it is often the monolayer at the surface @n idea or no more than a demonstration experiment and
interface that its critical and the chemistry is that oWill only become routine applications if unimpeded
second and third row elements in the periodic tabl@ccess to SR sources and to purpose built, optimised
Probing carbon, oxygen and nitrogen and the orientatigperimental stations, is available. Currently, the
of molecular species demands very high photoﬁhortage of SR beam time prevents the development of
intensities at soft X-ray energies as well as polarisatiomany of these ideas. This problem is particularly severe
To bring precision and diversity to these methods arf@r the Spanish scientific community because lacking its
feed directly into the knowledge required to understan@wn national SR facility it can contribute neither to the
and improve anti-corrosion coatings, lubricantsdevelopment of these new methods nor to the
electrochemically altered surfaces, hydrophobi€xploitation of existing technologies with the same level
coatings, adhesives etc., it is essential to use SR frdthexpertise that has been developed in nations with their
purpose-built insertion devices operating at soft X-rapwn source. In addition to the industrial and
energies. technological benefits derived from the know-how

Within the life sciences there are many techniquecquired from a national SR facility there is the
which are "photon hungry" and thus require SR. Fdmportant strategic aspect of providing a level playing
example, using time resolved X-ray diffractionfield for Spanish scientists.
techniques one can study conformational changes of
macromolecules in solution, i.e. in their functional 3 USER COMMUNITY
environment, their folding, and their self-assembly. The Part of the brief of the LSB staff is to define the

(r:nec?rtéalc:rlgiftirl)cneal bstvggfrgségeisf rﬁ;hgzcshr}:]utisata%geciﬁcations of a future SR source which are
P P ommensurate with current and longer term needs. In

addition to kinetic information they provide dlreCtgractice this means a national SR source with built-in

structural information at the molecular level. There ar ibilities f . .
also many biological complexes that naturally form two: 0ssibi |t|_es or expansion. Recently, a national survey
‘was carried out and this was followed by a workshop

dimensional arrays (€. g. membrane systems). Glanc'g%ended by the future user community. A total of 87

angle X-ray dlffractlon_ experiments, similar to those roups wishing to use SR replied to the sufi@yThese
currently performed on inorganic surfaces, could provid : g
) ) . . dre very active groups as, on average, they manage 1.7
direct information about the structural dynamics of these .

rojects per year, They also cover a broad range of

frfnf”;sm%’Vheri‘orfzeyorcag?’naﬁ“t n:gleé::u‘;ggc“gzm(:s' ggisciplines including  Materials  Science  (35%),
P 9 folecular  Sciences (23%), Surface Sciences and



Interfaces (18%), Structural Biology (10%), Chemistry With regards injection, the main requirement is that
(5%), the study of industrial processes (4%), Atomic anthe LSB should enjoy good injection efficiency. To this
Molecular Physics (3%) and instrumentation (2%)end a booster synchrotron with relatively low emittance,
About 75% of these groups expressed the view that thbgam size at the extraction point and an adequate
required access to spectroscopic and diffraction methobdarmonic number will be needed. A booster synchrotron
using X-rays, with a majority (70%) requiring X-rays ofwith a FODOlattice, operating at a maximum energy of
intermediate energies (4-20 keV). The remainder of th25 GeV and with a circumference of 126 m appears to
replies indicated a requirement for optimised radiation dtlfil the desired specifications [4]. Injection into the
longer wavelengths such as it can be provided Hyooster from a 0.1 GeV pre-injector (as yet not fully
tuneable undulators. To satisfy these requirements it defined) can be done with a septum and kicker
necessary to construct an accelerator that providescambination. Injection from the booster into the storage
measure of overlap with the spectral range provided bing is complicated because of space considerations and
the ESRF and which can accommodate insertion devictk®e relatively high energy of injection. A modified
such as multipole wigglers, superconducting wigglersersion of the scheme proposed by S. Tazzari for the

and undulators. ESRF [5], i. e. using two septum magnets in tandem,
appears to solve the problem and yields good injection
4 SOURCE SPECIFICATIONS efficiencies [6]. Details of the current designs of the

. . ulsed magnets for injection and extraction are given in
A source with which to cover these needs must ha\fgf [7] g ) 9

a minimum particle energy of 2.5 GeV and_, indeed, this The LSB will have the capacity to incorporate up to
IS _the design energy of the proposed m_achme. Ver_y hi fb insertion devices. At this stage only relatively
brightness X-ray beams are not perceived as being t aightforward undulators and multipole wigglers

main objective of such source, on the other hand a bro PW) are being considered as they appear to satisfy
range Of UtI|IS§l'[;10_nh ﬁtab'“ty’ long _lifetimes, . smaltl the requirements of known future users [8]. The study of
Source siz€ and nign TuXes are seen as very impor qﬂ% non-linear behaviour of particles has shown that a
reql_urer_nents. To achieve th's. speuflcgtl(_)n the Curre%mfortable dynamic aperture is possible with the
design is based on a TBA lattice, consisting of 12 cell urrent design of the LSB and with the chosen working

andt in;:osrpora_tljﬂg straigf:_t Isections ¥Vith Lree !engthﬁ_B oint [9]. The effect on the dynamic aperture due to the
up to 7.5 m. 1he essential reason for choosing a troduction of undulators is essentially negligible.

Iatti_ce s that it offers a good compromi_se between_ IO‘1\1|owever, the introduction of MPW, specially for high

emittance (specially small source S'Zes)'_ relatlvelgn axis magnetic fields, has a non-negligible effect on
comfor_table tolerance to magnetlc_lmperfecnonsz Iargﬁ]e dynamic aperture which is practically halved. Even
dynar_mc aperture and good potent|al_ for low emittanc ough compensation for the tune shift and chromaticity
coupling (at the moment conservatively estimated #ads to the recovery of a large enough horizontal

0 : . o
;:}/;J).fFurlther c:etans athUt the deggn .spimtl;llcationfs alE{/namic aperture and the vertical dynamic aperture is
ISt ot relevant parameters are given in table L of re cceptable, this is an area where further study will be

[2]. _ o <5 Deeded.

In the current design the magnetic lattice consists 0 Vacuum, RF and control systems are essential
36 combined magnets without a centr_al field ;trength %fomponents in determining the good behaviour of any
1T _a_nd a gradient of 3.3 T/m. The. I_attlce also includes ccelerator. Evaluation of the vacuum requirements is in
families of quadrupoles and 3 families of sextupoles [3

) rogress. It appears that either a rectangular or
It should be noted that the bending magnetsarefarfro”ptica”y shaped vacuum pipe with minimal

saturation and, therefore, there exists the possibility fof, - <ions ofa. 520 mnt would be acceptable from
ramping to higher energies if the scientific case evefe point of view of the accelerator design (e.g.

demands it. Also, the pOSS|_b|I|ty exists fpr the.Touschek effect). Nevertheless, these dimensions would
replacement of one or more pairs of central dipoles eld relatively small vacuum conductances and in

some tOf .the TBAh ﬁ?”ﬁ by shorthstjperc.:fondéucurr: ractice the vacuum pipes in the straight sections will be
magnets giving much higher energy pnotons It and w ﬂgnificantly larger, at least in the horizontal plane. The
requ_lred. In the Io_ng te_rm It r_mght becpme deswgble t ery compact magnetic lattice of the TBA cell imposes
prowde peams with high brightness n t_he region Yimitations in the positioning of the vacuum components
intermediate energy X-rays. The combination of NarroW he ideal points. Modelling studies [10, 11] have

gap undulators and the use of high orders fro'Ehown that an acceptable mean pressure can be achieved

undulators with apprppn_ate ;hlmmmg offers SucrEiuring beam on conditions. Nevertheless, these studies
prospect. Therefore, injection will be at nominal energ how that the vacuum pressure will rise to relatively
so that the expected lifetime reduction associated wi h values in the regions where radiation from the

the use of narrow gap undulators can be compensat@ ding magnets hits components. Thus, and even
for. ' ’



though no detailed design has yet been carried out, lit gives a number of user parameters for bending
appears it might be necessary to introduce distributedagnets, undulators and MPW such as horizomgl (
ion pump strips into the design of the dipole vessels. and vertical ¢,), source dimensions and divergences
With regards to the RF system, the frequency hag’,, ¢’). The divergences are given at the critical
been chosen to be 500 MHz and four Bell shapeghoton energy where appropriate (bending magnet and
cavities will be used. The choice of Bell shaped cavitie®PW). The dimensions for the undulator are those
is largely determined by the requirement to achieveorresponding to emission in the central cone.
temperature control within € in order to avoid

multibunch beam instabilities. A total power of 1.2 MW Table 1: Source Parameters

will be installed. This should secure: a) comfortable Energy 25 GeV

operation with 250 mA circulating currents; b) the | Number of Cells 12

option to achieve this current with a 50% gap in the fill | gree straight section lengtt 7.2 m

to allow the clearing of ions and; c) a reasonable bunch Straight section for Ids 10

length (ca. 20 ps) in single bunch operation [12]. Critical energy 4.2 keV
With regards to the control system it is proposed to ;

adopt the so called "standard model" [13]. Although gx (bend!ng magnet) z:' ;80 “2

much work remains to be done in this area of the design,| %Y (oending magnet) ' H

it is clear that the requirements point to the use of a | 9Y (bending magnet) ca. 130 prad

distributed system with a three-level hardware | Ox (undulator) ca. 350 um

architecture (high level processors with global control | oy (undulator) ca.40 pum

functions, mediur_n level processors with functional o'x (undulator) ca.30 prad

control functions in real time and low levptocessors d'y (undulator) ca. 20 prad

controlling the 1/0 of the equipment). Exploitation of the

growth in commercially available hardware (VME/VXI | 9X (MPW) ca. 370 pm
products) and software is intended. Oy (MPW) ca.40 um
i\g 1E+20 90 a'y (MPW) ca. 160 prad
S 1E+19 Undulator - Ugo Jndulator- U461 Horizontal Emittance 7.85 nm-rad
. g 1E+18d — 80 Vertical Emittance 0.50 nm-rad
%% 1517 _ _ B 70 An expanded view of the storage ring cslowing
g 1E+16-4 muitipole wiggler - wos |60 Z the position of critical magnetic elements is shown in
g 1E415 . 3 Figure 1 of ref. [2].
g 1E+148  gonging Magnet —50 §
E 1o " 0 S 5 CURRENT STATUS AND FUTURE
=2 0)
% E 1E+11 30 é PLANS
i% 1E+10d o vt T The conceptual design and much of the detailed
SE 1E+9 V2 — 20 specifications of the LSB is reasonable advanced. A
>Z 1E+8 10 laboratory for the testing and development of magnetic
EE 1E+7 structures is currently being constructed. Also,
S 1E+6 0 construction of prototypes of crucial elements, e. g.
1E-3 1E-2 1E-1 1E+0 1E+1 1E+2 bendin_g magnets W_ith gradients, is_, now in progress.
Photon Energy (keV) Following a nation wide survey, the first formal meeting

Figure 1: Integrated Intensity for photon emission fron®f the future LSB users took place in December 1995.
bending magnets and a typical MPW, and Brightneskhe aim of this meeting was to specify the
from typical undulators. For further details see ref. [8]characteristics of the first ten beamlines, which are
The figure also shows the distribution in terms of energjicluded in the brief of this detailed feasibility study.

ranges and number of groups for the current Spanish 9Re detailing of these beam lines has now begun. The
user community. intention is to have a complete and costed proposal by

the end of 1997 which will then be submitted to the
relevant funding bodies. Thereafter, these bodies will
Finally, the expected performance from a user poirftave to consider budget approval for the construction
of view, i. e. in term of integrated intensities in aphase and appropriate spend profile. It is expected that
wavelength bandwidth of fOand brightness for the the time scale for construction and commissioning will
bending magnets and from a number of insertion devicés ca. 6 years from the moment of budgetary approval.
is given in Fig. 1. This figure also shows hdve range In the meantime, further studies will be carried
of utilisation maps onto the current requirements. Tableut regarding the behaviour of the accelerator when



some of the conceivable expansions are included. For
example: the effects of ramping to higher energy and the
influence of superconducting dipoles on the beam
brightness; the deterioration in the lifetime due to

inclusion of narrow gap undulators, and; the possibility

of a further reduction of the source dimensions by
inclusion of pairs of quadropoles in symmetrically

disposed straight sections.
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