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Introduction
A few months after 2004 Strategic Planning meeting, we began to 
study alternate short x-ray pulse-generating schemes
These alternate schemes are all transient (i.e. pulsed) and disrupt 
the entire ring
– Characterized by beam manipulation to create short pulse
– Emittance or bunch length eventually blows up
– Relies on radiation damping to restore emittance, bunch 

length
– Repetition rate limited to ~20-50 Hz (possibly 1 kHz)

Potentially useful for beam & beamline diagnostics development, 
possibly experiments (only during machine intervention/studies)
Transient schemes studied (2004-2006)
– Synchrobetatron coupling (Guo et al.)
– Pulsed rf phase modulation (Decker)
– Quarter-integer betatron resonance (Borland, Guo)
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Introduction (cont)

Synchrobetatron coupling
– Chirp is produced via a magnet kick rather than deflecting 

cavity
– Beam (y-t) tilt in ID, rather than (y’-t) as with defecting cavity

Pulsed rf phase modulation
– Bunch length actually compressed – no tilt
– Bunch shape oscillation at 2x synchrotron frequency

Quarter-integer betatron resonance
– Same chirp as deflecting cavity, only build-up over several 

turns using resonant excitation
– Drive at much lower power at 1 MV at a frequency (8 x frf + 

0.25frev)
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Synchrobetatron coupling: simulation including chrom, QE, 
damping (y-t plots)

Harkay, Guo SBSR05, Frascati Nov 2005
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Short x-ray pulses from a chirped bunch

y z
Initial bunch Tilted bunch Photons Slit

σz = 5.8mm, 20ps (rms)
(APS nominal, I=0)

σl = σy /θ σy = 8μm, 0.03ps

Shorter pulse

A(z) sin(νx θ
 

+ ψ)Betatron oscillationCavity kick

Magnet kick Synchrobetatron coupling A sin(νx θ
 

+ ψ(z))
Harkay, Guo SBSR05, Frascati Nov 2005

W. Guo, K. Harkay, B. Yang, M. Bolrand, V. Sajaev, Proc. 2005 PAC, 3898 (2005)
B.X. Yang, M. Borland, W. Guo, K. Harkay, V. Sajaev, Proc. 2005 PAC, 3694 (2005)
W. Guo, B. Yang, C.-x. Wang, K. Harkay, M. Borland, Phys. Rev. ST Accel. Beams 10, 020701 (2007)
W. Guo, M. Borland, K. Harkay, C.-x. Wang, B. Yang, Proc. 2007 PAC, 1133 (2007)
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Pioneering 
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Technology

Office of Science
U.S. Department 

of Energy

Generate tilted bunch using synchro-betatron coupling: 
Sector 35 tests (W. Guo, K. Harkay, B. Yang)

Y-Kicker (IK5) OFF

Length of visble light pulse: 6 ps
(length limited by spatial resolution)

Streak camera image: 64 turns after kick
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Streak camera image: 64th turn with slits
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Slide courtesy B. Yang
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W. Guo et al
Effect of jitter, wakefields

2.1 mA single bunch, 
4 kV kick

2.1 mA single 
bunch, 2 kV kick

10 bunches spaced 3 λrf, 2.3 
mA total intensity, 4 kV kick.

Wakefield effect. Kicker calibration is 0.36 mm peak beam orbit offset per kV kick.
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X-ray Beamline Experiment Demo

Goal: Carry out a demonstration short-pulse x-ray experiment on 
APS beamline (L. Young and colleagues)

Structural molecular reorganization following photoinduced isomerization/ 
dissociation can be studied on a finer timescale. Transient pulse 
requires acquisition of entire x-ray absorption spectrum in a 
single shot. Time resolution of ~5 ps is demo goal.

1. Improve synchronization between kicker, x-ray streak camera trigger, 
and pump laser 

2. Improve kicker rep. rate, as necessary
3. Investigate tune jitter
4. Implement single-shot experimental method [Pettifer et al., Nature 435, 

78 (2005)]

FY2006 LDRD addressed items 1&2 and separately, item 4

Harkay, Guo SBSR05, Frascati Nov 2005
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August 23-24, 2007

July 5, 2007 Test (Interim beamline test)

S7 ID took beam for 4 hours with SR pinger running at 40 Hz
Did not use Laser
1.7 mA pulse (low current), 2 kV kick
4 psec rms pulse (measured with S35 Streak Camera), 1.7 mA
Successfully Imaged beam – Intensity is sufficient for experiments
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Rf Phase Modulation Concept

G. Decker          S35 Diagnostics Beamline Review            Mar 2006

Experiment: G. Decker, W. Guo, N. Sereno. K. Harkay, B. Yang, A. Lumpkin, D. Horan (Mar 2005)

G. Decker, M. Borland, D. Horan, A. Lumpkin, N. Sereno, B. Yang, S. Krinsky, Phys. Rev. ST 
Accel. Beams 9, 120702 (2006)

G. Decker, N. Sereno, Proc. 2005 PAC, 3247 (2005)
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Quarter-integer resonance

Non-resonant RT deflecting cavity scheme requires several MV 
and several MW of power, requiring a klystron
Driving the beam resonantly, i.e. at a fraction of the betatron 
frequency, would require far less power (few 100 kW)
Idea is to build up chirp over several turns (with up to 1 MV), 
then turn drive off and let beam decay
M. Borland initially studied integer resonance1, then W. Guo
suggested the quarter-integer resonance (8 x frf + 0.25frev)
Simulations2 predict x-ray pulses down to a few ps

1. M. Borland, Technical Note OAG-TN-2005-021, Rev. 1 (Aug 23, 2005) 
2. M. Borland, Technical Note OAG-TN-2005-023, Rev. 2 (Aug 23, 2005)
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Simulation results

M. Borland, Technical Note OAG-TN-2005-023, Rev. 2 (Aug 23, 2005)
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Predicted performance

M. Borland, Technical Note OAG-TN-2005-023, Rev. 2 (Aug 23, 2005)
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Summary

Pulse 
compres- 

sion 
achieved

Repetition 
rate limit

Pro Con

Synchro- 
betatron

3x (avg)
6.5x (w/o 

jitter)

~40 Hz     
(1 kHz w/ 

fast 
kickers)

Available h/w Bunch current 
limited to few 
mA, sensitive 
to tune jitter & 

wakefields
Rf phase 

modulation
2x ~40 Hz Available h/w, 

should allow 
~50 mA

Limited pulse 
compression

Quarter- 
integer 

resonance

To be 
demo’d 

(simul. 50x)

~20 Hz Same as RT 
deflecting cav

Needs h/w 
(cost TBD)
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