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• Abstract

The Advanced Light Source, a third-generation national synchrotron-radiation facility now under construction
at the Lawrence Berkeley Laboratory in Berkeley, California, is scheduled to begin serving qualified users across
a broad spectrum of research areas in the spring of 1993. Undulators will generate high-brightness, partially
coherent, plane polarized, soft x-ray and ultraviolet (XUV) radiation from below 10 eV to above 2 keV. Wigglers
and bend magnets will generate high fluxes of x-rays to photon energies above 10 keV. The ALS will have an
extensive research program in which XUV radiation is used to study matter in all its varied gaseous, liquid, and
solid forms.

I. Introduction

The availability of intense, tunable, collimated, polarized radiation in the x-ray and ultraviolet regions of the
spectrum has driven the evolutionary development of dedicated facilities optimized for the generation of
synchrotron radiation. The newest, third-generation synchrotron sources are based on the use of an electron or
positron storage ring specifically designed to have very low emittance and several long straight sections
containinginsertiondevices(wigglersand undulators).The combinationofa very-low-emittancestoragering -
withoptimizedundulatorsmakes possiblethegenerationofradiationwitha spectralbrightnessthatisafactor
of20ormoreoverthatofexisting,second-generationsources,dependingonthespectralrange.Aroundtheworld,
constructionofseveralthird-generationsourcesiseitherunderway orplanned.They includetheAdvanced
LightSource(ALS)attheLawrenceBerkeleyLaboratory[1].The projectisscheduledtobecompletedinApril
1993.

II.Accelerator

An overalllayoutofthefacility'sacceleratorcomplex,whichconsistsofa50-MEV linac,a l-Hz,1.5-GeVbooster
synchrotron,and an electronstoragering,isshown inFig.I.The ALS latticehas 12longstraightsectionsthat
arejoinedby 12achromaticarcs,eachcontainingthreebendingmagnets.The ALS produceselectronbeams that
arebunched,withabunch spacingof2nsanda lengthis35ps.Forparticularexperimentsmforexample,those
involvingtime-of-flightmeasurements--itwillbepossibletohaveonlyoneorafewcirculatingelectronbunches
inthestoragering.

III. Photon Sources

, The ALS latticeisoptimizedfortheuseofinsertiondevices.The periodicmagneticfieldofan insertiondevice
bendstheelectronsintoan approximatelysinusoidaltrajectoryinthehorizontalplane,causingtheemissionof
synchrotronradiation,asshown inFig.2. Ten fullstraightsectionsareavailableforundulatorsand wigglers
up to4.5m inlength.Operatingat 1.5GeV, theALS isoptimizedforinsertion-deviceoperationintheXUV
spectralregions.The designperformanceofinsertiondevicesthatcovertheALS spectralrangeshown inFig.
3.Threeundulatorsspanthesoftx-rayand ultravioletspectralregionswhen theALS operatesat1.5GeV,and
awigglerextendsspectralcoverageintothex-rayregionbeyond10keV.Between them,theundulatorswillbe
abletoexcitetheK shellofelementsthroughsiliconand theL shellofelementsup tokrypton,whilethr,wiggler
willbeabletoexcitetheL shellofnearlyeveryelementintheperiodictable.



The spectral range of the undulator is scanned by varying the undulator magnetic field. The wiggler, which
operates with a high magnetic field, generates a broad continuous spectrum extending into the hard x-ray region
near 10 keV. High-quality synchrotron radiation will be available from the 24 bend-magnet ports as well.

IV. Insertion-Device Beamlines

Low-emittance storage rings and insertion devices have created new challenges for designers of UV and soft x-
ray optics. The attainment of high r resolution by use of small slits also becomes practical (the spectral-resolution
goalofmonochromatorsinundulatorbeamlinesisAE/E _,I0_).UndulatorbeamlinesattheALS arebasedon
thespherical-gratingmonochromatorsystemwithwater-cooledgratings.Becauseofthelowemittanceofthe
ALS storagering,themonochromatorcanaccep_theentireundulatorbeam inmostcases,evenata slit-width
of 10 _tm.

V. Atomic Physics and Highly Charged Ions

The ALS will be a national user facility that is open to all qualified scientists and technologists. Participating
research teams (PRTs) consisting of investigators with related research interests from one or more institutions
will be assigned privileged access to the facilities it helps develop for its own research program. A substantial
fraction of the beam time at every beamline will be allocated to independent investigators by means of a proposal-
review process.

The ALS is particularly well suited for research on tenuous targets, as, for example, occurs in atomic physics
and chemistry, in which targets are often gas-phase, beams, or an excited population. A few examples are
photon-ion interactions, in which either the ion beam after the collision 2], or electrons emitted are detected;
these ions can be highly charged. Other examples are coincidence experiments [3], where low collection
efficienciesrequireintensephotonbeams;experimentswithactinidetargets,wherematerialiseitherscarce
orhighlyradioactive;and laser-excitedtargets[4].Many otherapplicationsinatomicphysicshave been
considered[5].

Highlychargedionscanbe producedby photonimpact;theseionsareverycold[6],and couldbe usedfora
varietyofcollisionsand especiallyspectroscopyexperiments.Theseionscouldaslobe storedina trap[7].

Scientistsdesiringtodo researchattheALS cansubmita proposaltoforma new insertion-deviceorbend-
magnet team,theycanrequesttojoinan existingteam,ortheycan submita proposaltodo researchasan
independentinvestigator.Interestedpersonsshouldcontacttheauthorforadditionalinformation.
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FIG. 1. Layout of the ALS accelerator complex showing the FIG. 3. Spectral brightness as a function of photon energy
placement of the 50-MEV electron linear accelerator, the for pro_ ALS undulators, wiggler, and bend magnet.
I_-GeV booster synchrotron, and the storage ring, Performance envelope for each insertion device is shown.

This figure was calculated using ¢.,,• I0_ m-radian; effects of
electron energy spread and undulator errors are relatively
small on the scale of the figure and have not been included.
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FIG. 2. Schematic drawing of a periodic magnet structure
(an undulator) of period _. and with a number of periods, N.
The oscillations of the electron beam passing through the
structure produce ultraviolet and soft; x-ray radiation (pho-
tons) of high spectral brightness.
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