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ADVANCED LIGHT SOURCE

Abstract Accelerator Overview
The LBNL Advanced Light Source, a pioneering e Linear Accelerator: S-band (3 GHz) 50 MeV linac
third-generation soft x-ray synchrotron radiation for initial electron acceleration from therm. gun  Table 1: Advanced Light Source storage-ring parameters
source operating at 1.89 GeV with a 2-nm beam e Booster Ring: operates at 0.7-Hz cycle, elevates Beam energy 1.89 GeV
emittance, stands as one of the earliest facilities in its electron energy to full storage ring energy g;‘;‘;“;ﬁ‘;‘r‘l‘f ;ggili‘
class, continually evolving to maintain its status at the e Storage Ring (SR): operates at 1.89 GeV in Top-off beam current variation < 0.3%
i . . Radio frequency 499.64 MHz

forefront of soft x-ray sources. continuous topoff with a 12-cell detuned triple- Emittance H/V 2.0/0.04 nm-rad

bend achromat and super-period 3 (see Table 1)
As a mature facility, the ALS is entering a new era requiring reliable high-quality e Beamlines: 40+ experimental beamlines deriving from 14 insertion devices and bend
operations, support for ALS-U installation activities, and space for ALS-U component magnets (6 hard x-ray source points in superbends), annually serving over 1,500 users
testing (see dedicated poster). This poster summarizes the accelerator complex and e Insertion Devices (IDs): 7 elliptically polarizing undulators (EPUs) enabling full
key parameters, presents operational statistics for FY21-FY24, and highlights recent polarization control of the photon beam in canted straights, 2 in-vacuum undulators,
advancements in the accelerator's hardware and software infrastructure. 4 planar undulators, 1 wiggler
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® BPMs: precision in ALS beam position measurement was
enhanced by replacing 175 BPM electronics throughout the
storage ring and injector. Integration with orbit feedbacks and

e Developed always-online linac energy
measurement based on scintillator
image analysis and dispersive BPM data.

® Recent additions include 38-mm EPU for

" o - | -~ T | pilot tone calibration has significantly improved measurement COSMIC beamline and 15-mm in-vacuum
° Terst-tun:).tr reaf 'Eg eVelope A =XP 0|;cj|r§—5 A LA | aceuracy. undulator LEDA for GEMINI beamline,
- [omminbae . RSt . . .
B)I(Dlvcljapa ,' 'tT ot the tur;\ sylnc ron.|2he Poom e e e Fast Orbit Feedback Svstem: the FOFB svst ded boosting photon production & expanding
e len;.mﬁ Ie palss mcl). © ? onfg Wit u.ser.- 2 d . a.:h ol B:I\(jl acd VIT emé ”e 3 dsys em was utpgraloekH scientific capabilities with a focus on high-
riendly high-level application for monitoring ata acquisition. with new .s an cell contro gr ar war.e suppor |.ng | Z energy operations critical for biological
throughput, significantly enhancing =y oo promsemmmen :
. L S N RS I R TR “ research (see dedicated poster).
e New fill pattern: a new method of injecting - | ALS stability & performance. Instal- = M SO S
r”tOpOff reEuIted n major |mpro.verr;ﬁnt of - | Iatlo: Off new Caer;]PSsb& replacle- == | . . e In FY21 all legacy ion pump controllers in the ALS
'_ patterdn .omzfiznelty (|mpﬁct|ng |§gnos- . MW ’ hmen ,O vacuudm ¢ amb.fr:plglc?ts ] | il storage ring were replaced with compact, modern units.
t“(?s)' renﬂ =rins ) rr;&ore r.ESI ent a.gamst m tavfe :;nptrcl)ve frms o I. > a. iy t - G b m t]s eeeeeeee " Upgrades improved reliability and allowed for electronic
injector fluctuations & tuning transients. i enfold at low frequencies (image courtesy G. Portmann). rack consolidation, freeing up space for new

. . _ _ i , components dedicated to ALS-U.
e ML/AI applications in support of ALS operational improvements e Multi-bunch Feedback System: multi-bunch FB system has seen

as well as design & modeling optimization (see dedicated poster). major upgrades enhancing both transverse and longitudinal
diagnostics. This included new transverse amplifiers &
longitudinal iGp unit, improving instability damping, beam
dynamics analysis, and diagnostic capabilities.

® \arious aging flexbands (in-vacuum
RF shields for bellows) have been ex-
changed in an effort to restore design
acceptance (lowering radiation dose)
& reduce RF heating during topoff ops.

e In-situ field mapping with beam has been
developed & employed to investigate and
guantify damage to the magnetics of a
4.5-mm gap in-vacuum undulator that is
restricting dynamic aperture and lifetime.
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e Diagnostic Beamlines: upgrades to diagnostic
beamlines 3.1 & 7.2 involved replacing legacy
components with advanced digital systems, LYSO *

® Legacy ion pumps replaced in various sections of the
accelerator complex, most recently all ion pumps in the

O Working point scan.s & p.ern.1anent. s.hift of horizontal tune scinti.llat.o.rs & adding fast-gated ce.lmeras. This SR RF section (SRO3 straight).
implemented to raise injection efficiency when damaged has significantly enhanced operational efficiency
in-vacuum undulator closes to very small gaps. Local skew quad and data quality for turn-by-turn analysis. Recently improved
compensation has been developed & feed-forward implemented filtering at BL3.1 has lowered the required gain and thereby
to reduce adverse effects of this device at small vertical gaps. substantially improved 10-Hz readout noise dynamic range.

Other Software Development

e Control System: the ALS has significantly upgraded its control systems, transitioning to a fully EPICS-based system implementing Linux virtual machines.

e Timing System: extension and improvements to the ALS timing system and enhanced with in-house developed high-speed digitizers supporting advanced RFSoC data acquisition.

e High-Level Applications: ALS has introduced several high-level applications, including multiple feedback systems for beam stability and synchronization, and machine learning algorithms
for dynamic beam size control and stabilization. These improvements have notably enhanced operational flexibility, stability, and precision in beam control.

e Control System Development Environment: transitioned to Control System Studio (Phoebus) for high-level GUI development and converted legacy control room displays (EDM, C#, QT).
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