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Source Stability Relationships
Can derive basic some basic relationships experimental observables and 
beam properties based simple (1st-order) dependencies (-- = 2nd order):
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Not included:  accelerator lattice stability, lifetime stability, other



Beam Stability Requirements - Summary

Parameter Present Future trend 

intensity stability < 0.1% < 0.01% 

steering accuracy < 5-10% se-, s¢ph < 2% se-, s¢ph 
beam size stability < few % sph  ~ 0.1% sph 
energy resolution 10-4 10-5 
timing stability  < 10% bunch length < 10% bunch length 

min data avg time order 1 ms order 1 µs (ring) 
single shot (FEL) 

   
emittance ~5-20 nm-rad ~0.05-0.2 nm-rad 

e- beam size (vert) ~30-300 µm ~3-30 µm 
ph beam divergence ~10-200 µrad ~0.5-10 µrad 
e- bunch length ~10-100 ps 1-100 fs (FEL)  
   
e- position stability (vert) ~1-5 µm ~0.1-1 µm 
e- angle stability ~1-10 µrad ~0.05- 0.5 µrad 
e- bunch length stability ~1-10 ps ~10-100 fs (FEL) 

e- energy stability  < 10-4  (Df < 0.1o) < 5 x 10-5  
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Long term (weeks-years):  
• ground settlement (mm) • seasonal ground motion (< mm, sometimes more)

Medium term (minutes-days):
• diurnal temperature (1-100 µm) • river, dam activity (1-100 µm)
• crane motion (1-100 µm) • machine fills (heating, BPM intensity dependence)

• fill patterns (1-100 µm) • RF drift (microns)
• coupling changes • gravitational earth tides (DC = 10-30 µm)

Short term (milliseconds-seconds):
• ground vibration, traffic, trains, etc. (< microns, <50 Hz typ)

ground motion amplified by girder + magnet resonances  (x~20 if not damped) and by lattice (x ~5+)
Þ nm level ground motion can be amplified close to µm level

• cooling water vibration (microns) • rotating machinery (air conditioners, pumps)  (microns)

• booster operation (microns) • insertion device changes (1-100  µm)
• power supplies  (microns) • vac chamber vibration from BL shutters, etc. (microns)

High frequency (sub-millisecond):
• high frequency PWM and pulsed power sources  (microns)
• synchrotron oscillations (1-100  µm) • single- and multibunch instabilities  (1-100  µm)

• gas bursts, ions, dust, …..

Some Electron Orbit- and Size-Perturbing Mechanisms



SPEAR I and II

1970



1972



SSRP beamlines

1971
1972

1974



SPEAR II Orbit Instability – ca 1980



e-/e+ BPMs for SPEAR II – ca 1980

Orbit correction:
• Harmon 
• MICADO (most effective 

corrector – ca 1973)
• Other



Vertical Beam Steering at SSRL – ca 1980

trim windings 
on quad

remote-controlled 
resistors

open loop





Speeding up Vertical Steering to Suppress 5 Hz and Closing the Loop



Vertical Steering Feedback to Suppress 5 Hz – cont.

Made Dave Moncton’s experiment possible... 

invited to NSLS in 1984 to implement similar 

system, working with L-H Yu, J. Galayda, S. 

Krinsky, R. Nawrocky, etc...

1986: Invited to Photon Factory for same purpose



Shared Magnet Steering



2-monitor, 4-magnet steering – ca 1986



4-Magnet Bumps:  Superposition of 3-Magnet Bumps



2-Monitor, 4-Magnet Feedback for PEP Beamline

Never built because of 
SPEAR Injector project 
with Helmut Wiedemann



6-Magnet Bumps for PEP



X-ray BPMs at SSRL



X-ray BPMs at SSRL – cont.



NSLS Global Harmonic Feedback

PAC ‘89: 1 harmonic for VUV ring

PAC ‘91: 3 harmonics for X-ray ring



EPAC ‘94

APS-U: 1 kHz BW with 22.6 kHz sampling rate

....

EPAC ‘92

PAC ‘93

SPEAR Global Feedback



Harmonic vs. SVD orbit correction for SPEAR
W.J Corbett et al.



SVD global orbit feedback for SPEAR

X-ray BPMs included with 
superposed local bumps



• Integrated solutions are needed from both accelerator and beam line staff 

• With stability requirements increasing by an order of magnitude, feedback systems on beam line components, 
such as the mirror-tilt feedback implemented at SSRL will become increasingly important. 

• These might be integrated with accelerator stabilizing systems to maintain relative alignment between 
accelerator and experiment. 

• New beam line technology, including adaptive optics and photon parameter monitors used to compensate for 
beam fluctuations, improved measurement methods (e.g., lock-in signal modulation and sample–sample signal 
normalization, and robust experiment design (i.e., where photon and experiment acceptance phase spaces are 
well-matched).

• Demands will increase even more for the next generation of diffraction limited light sources (e ~0.1 nm-rad) 
which include storage rings, energy recovery linacs, and linac-driven free-electron lasers having 100 fs bunch 
lengths.
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The past and the future, not to mention the present


