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2002: The 2002: The microbunchingmicrobunching instability (MBI)instability (MBI): First : First 
experimental proof. experimental proof. 
((J.M.ByrdJ.M.Byrd et alet al., PRL ., PRL 8989, 224801, 2002.), 224801, 2002.)

20032003--2004: Stable CSR in storage rings2004: Stable CSR in storage rings: Development of : Development of 
a model accounting for experimental observations. a model accounting for experimental observations. 
(F. (F. SannibaleSannibale et alet al., PRL ., PRL 9393, 094801, 2004.), 094801, 2004.)

20042004--2005: CSR from “2005: CSR from “femtoslicingfemtoslicing” experiment” experiment: First : First 
experimental data and characterization. experimental data and characterization. 
((J.M.ByrdJ.M.Byrd et alet al., PRL ., PRL 9696, 164801, 2006.), 164801, 2006.)

20042004--2006: Laser seeding of the MBI2006: Laser seeding of the MBI: First experimental : First experimental 
observation and model for the phenomenon.observation and model for the phenomenon.
(Submitted for publication.)(Submitted for publication.)

Significantly funded by LDRD.Significantly funded by LDRD.



•• Coherent Synchrotron Radiation (CSR) has been Coherent Synchrotron Radiation (CSR) has been 
matter of great interest and study in the last years:matter of great interest and study in the last years:

as a powerful diagnostic for bunch compressorsas a powerful diagnostic for bunch compressors
(potential collaborations with LCLS, FERMI, ILC, …);(potential collaborations with LCLS, FERMI, ILC, …);

as a ‘nightmare’ for every short bunch high charge as a ‘nightmare’ for every short bunch high charge 
accelerator where CSR can jeopardize the performances accelerator where CSR can jeopardize the performances 

(linear (linear colliderscolliders, short pulses synchrotron radiation sources, , short pulses synchrotron radiation sources, 
damping rings, ...);damping rings, ...);
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but also as a ‘dream’ for potential revolutionary synchrotron but also as a ‘dream’ for potential revolutionary synchrotron 
radiation (SR) source in the THz frequency range;radiation (SR) source in the THz frequency range;

Our group wants to built such a source at the LBNL!Our group wants to built such a source at the LBNL!
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CSR as a PowerfulCSR as a Powerful
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High potential as an extremely powerful source in the THz frequeHigh potential as an extremely powerful source in the THz frequency range.ncy range.
“Ideal” match for filling the “THz Gap”“Ideal” match for filling the “THz Gap”
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The SR wake can have very The SR wake can have very 
significant effects on the significant effects on the 

longitudinal dynamics of the beam.longitudinal dynamics of the beam.
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J.B. Murphy, S. Krinsky, R. Gluckstern , Particle Accelerators 57, 9 (1997)

An analytical expression for the SR wake has been derived and caAn analytical expression for the SR wake has been derived and can be n be 
used for a quantitative calculation of these effects.used for a quantitative calculation of these effects.



M. Venturini, R. Warnock, PRL 89, 224802, (2002).

Simulated instability showing Simulated instability showing 
the the microbunchingmicrobunching. . 
VenturiniVenturini, , WarnocKWarnocK SLACSLAC

Above a current/bunch threshold the SR Above a current/bunch threshold the SR 
wake can drive a wake can drive a microbunchingmicrobunching instabilityinstability
in the electron bunch generating bursts of in the electron bunch generating bursts of 
THz CSR and resulting in a noisy source. THz CSR and resulting in a noisy source. 
S. Heifets, G.Stupakov, PR STAB 5, 054402, (2002).
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G.L. Carr et al.:, NIMA 463, 387, (2001).

A. Anderson et al.:, Opt. Eng. 39, 3099, (2000).

M. Abo-Bakr et al.:, EPAC2000 Proceedings.
...
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Instability thresholds understood:Instability thresholds understood:
-- agreement with observationsagreement with observations

also at other storage ringsalso at other storage rings

HeifetsHeifets--StupakovStupakov instability instability 
model allows the design of a model allows the design of a 

stablestable Ring Based CSR SourceRing Based CSR Source

ALS studies show first experimental confirmation of the ALS studies show first experimental confirmation of the HeifetsHeifets--StupakovStupakov
model for the model for the microbunchingmicrobunching instabilityinstability
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CSR Instability ExperimentalCSR Instability Experimental
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• 1994, First idea of a storage ring based CSR source (1994)
Murphy & Krinsky, NIM A 346, 571 (1994).

The BESSYThe BESSY--II Storage RingII Storage Ring

• Spring 2000, CIRCE (Coherent InfraRed CEnter) Idea Conceived
Presented at the Far-IR Workshop at the ALS Users’ Meeting, October 2000

• 2002, First demonstration of stable CSR at BESSY-II Ring
Abo-Bakr et al., PRL 88, 254801 (2002)
M. Abo-Bakr et al., Phys. Rev. Lett. 90, 094801 (2003)
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Very interesting characteristics Very interesting characteristics 
of the BESSY results were the of the BESSY results were the 
very stable CSR power and a very stable CSR power and a 

spectrum in the THz significantly spectrum in the THz significantly 
broader than the one expected broader than the one expected 

for their bunch length.for their bunch length.



In the short bunch regime (few In the short bunch regime (few psps), the ), the 
SR wake becomes dominant and SR wake becomes dominant and 

induces noninduces non--gaussiangaussian equilibriumequilibrium
distributions with leading edges much distributions with leading edges much 

sharper than trailing ones.sharper than trailing ones.
(Bane, Krinsky and Murphy AIP Proc. 367)

Tail Head
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UnderstandingUnderstanding
the BESSY Resultsthe BESSY Results
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NonNon--gaussiangaussian distributions extends the CSR spectrum towards higher distributions extends the CSR spectrum towards higher 
frequencies:frequencies:

the ‘sawthe ‘saw--tooth’ distribution seems to be the best. Mother nature is helpitooth’ distribution seems to be the best. Mother nature is helping us!ng us!



The understanding of the The understanding of the 
physics behind the BESSY physics behind the BESSY 
results allowed to develop results allowed to develop 
a model for optimizing a a model for optimizing a 
storage ring as a source storage ring as a source 

of THz CSR.of THz CSR.

(F. (F. SannibaleSannibale et alet al., PRL ., PRL 9393, 094801, 2004.), 094801, 2004.)
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Such a model has been used for calculating the CSR performance oSuch a model has been used for calculating the CSR performance of a f a 
number of existing storage rings (DAnumber of existing storage rings (DAΦΦNE, Bates, Spear, …)  and also for NE, Bates, Spear, …)  and also for 
designing a storage ring completely optimized for the generationdesigning a storage ring completely optimized for the generation of CSR of CSR 

in the THz frequency range (CIRCE).in the THz frequency range (CIRCE).



In operation at the ALS since In operation at the ALS since 
1999, at BESSY II since 2004 and 1999, at BESSY II since 2004 and 

soon at the SLS, …soon at the SLS, …

•• A. A. A. A. ZholentsZholents, M. S. , M. S. ZolotorevZolotorev, Phys. Rev. , Phys. Rev. LettLett. . 7676, 912, (1996), 912, (1996)

FemtosecondFemtosecond xx--ray pulsesray pulses
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The `The `FemtoslicingFemtoslicing’ Experiment’ ExperimentCSR Studies    
at the ALS.    
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BL 5.3BL 5.3

BL 1.4BL 1.4

••R. W. R. W. SchoenleinSchoenlein, , etet alal., ., ApplAppl. Phys. B . Phys. B 7171, 1, 1--10, 2000.10, 2000.

‘‘These density modulations should radiate CSR in the THz frequencThese density modulations should radiate CSR in the THz frequency range’y range’

After the energy modulation, the ring After the energy modulation, the ring 
longitudinal dispersion generates a longitudinal dispersion generates a 

perturbation on the bunch distribution:perturbation on the bunch distribution:



Our group at the ALS did the first experimental observation and Our group at the ALS did the first experimental observation and 
characterization of the CSR from the characterization of the CSR from the femtoslicingfemtoslicing experiment:experiment:
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THz CSR From THz CSR From FemtoslicingFemtoslicingCSR Studies
at the ALS.
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The CSR signal is now one of the main diagnostics for the tuneThe CSR signal is now one of the main diagnostics for the tune--up for the up for the 
slicing experiment.slicing experiment.

The The femtoslicingfemtoslicing scheme can also be used as a source of high energy per scheme can also be used as a source of high energy per 
pulse THz radiation (~ 10 pulse THz radiation (~ 10 μμJJ) for pump and probe experiments.) for pump and probe experiments.

(J.M.Byrd (J.M.Byrd et alet al., PRL ., PRL 9696, 164801, 2006.), 164801, 2006.)



During the experiments for characterizing the CSR from During the experiments for characterizing the CSR from femtoslicingfemtoslicing, we , we 
discovered that if the beam is sliced discovered that if the beam is sliced aboveabove the MBI threshold the the MBI threshold the 

instability can be seeded.instability can be seeded.
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The MBI CSR bursts become The MBI CSR bursts become 
synchronous with the slicing laser and synchronous with the slicing laser and 

the radiated THz power increases the radiated THz power increases 
exponentially with the current per exponentially with the current per 

bunch.bunch.



Stimulated bursts

Heifets model

Above microbunching threshold, 
bursts are observed to be 
synchronous with slicing.

ALS

BESSY-II
K. Holldack

Burst

Slicing signal



The observations can be The observations can be 
explained in the framework of explained in the framework of 
the MBI theory from the MBI theory from StupakovStupakov

and and HeifetsHeifets..
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Laser Seeding of the MBILaser Seeding of the MBICSR Studies
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The average power of the seeded CSR burst is about two orders ofThe average power of the seeded CSR burst is about two orders of magnitude magnitude 
larger than for the “conventional” slicing case, but shows very larger than for the “conventional” slicing case, but shows very large power large power 

fluctuations.fluctuations.

In a more speculative scenario the CSR from the seeded bursts, cIn a more speculative scenario the CSR from the seeded bursts, could be ould be 
brought back inside the vacuum chamber for interacting again witbrought back inside the vacuum chamber for interacting again with the h the 

electron beam in a FEL oscillator scheme.electron beam in a FEL oscillator scheme.

Submitted for publication.Submitted for publication.



ALS LINAC
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ALS Booster
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CIRCE is completely optimized CIRCE is completely optimized 
for the THz CSR production and for the THz CSR production and 

exploits all the described exploits all the described 
techniques for generating techniques for generating 

extremely powerful radiation on a extremely powerful radiation on a 
very broad spectrum.very broad spectrum.



Ready for the check!Ready for the check!

““DOEDOE--NSFNSF--NIH Workshop on Opportunities in THz Science”, NIH Workshop on Opportunities in THz Science”, 
February 12February 12--14, 2004:14, 2004:

http://http://www.science.doe.gov/bes/reports/abstracts.html#THzwww.science.doe.gov/bes/reports/abstracts.html#THz
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Status of CIRCEStatus of CIRCECSR Studies
at the ALS.
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Dipole

QuadrupoleSextupole

Quad-Octupole

•• All accelerator physics issues addressed All accelerator physics issues addressed 
•• All magnets designed All magnets designed 

•• 3D layout updated3D layout updated
•• Evaluated compatibility & impact on the ALSEvaluated compatibility & impact on the ALS

•• Refined cost estimateRefined cost estimate

Perfect Scientific Case (~ 120 pages of THz science)Perfect Scientific Case (~ 120 pages of THz science)
and a very good matching for CIRCE performances.and a very good matching for CIRCE performances.



““DOEDOE--NSFNSF--NIH Workshop on Opportunities in THz Science”, NIH Workshop on Opportunities in THz Science”, 
February 12February 12--14, 2004:14, 2004:

http://http://www.science.doe.gov/bes/reports/abstracts.html#THzwww.science.doe.gov/bes/reports/abstracts.html#THz

2006 Director’s Review of the Accelerator and Fusion Research Division, May 23-24, 2006 
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Dipole

QuadrupoleSextupole

Quad-Octupole

•• All accelerator physics issues addressed All accelerator physics issues addressed 
•• All magnets designed All magnets designed 

•• 3D layout updated3D layout updated
•• Evaluated compatibility & impact on the ALSEvaluated compatibility & impact on the ALS

•• Refined cost estimateRefined cost estimate

Ready for the check!Ready for the check!

Perfect Scientific Case (~ 120 pages of THz science)Perfect Scientific Case (~ 120 pages of THz science)
and a very good matching for CIRCE performances.and a very good matching for CIRCE performances.

Ready for CDR!Ready for CDR!
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