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•• Recent studies indicate that Coherent Synchrotron Recent studies indicate that Coherent Synchrotron 
Radiation could be a potential problem leading to an Radiation could be a potential problem leading to an 
instability.instability.

•• ATF Damping ring is a good test bed for the existing ATF Damping ring is a good test bed for the existing 
theory and also for further studies.theory and also for further studies.

•• Existing experiments mostly study the CSR radiation, Existing experiments mostly study the CSR radiation, 
we need understand how the CSR radiation acting we need understand how the CSR radiation acting on on 
the beamthe beam..

•• Extracted beam measurements at ATF allow Extracted beam measurements at ATF allow 
unprecedented energy spread measurementsunprecedented energy spread measurements

We will study the effect on the beam NOT the lightWe will study the effect on the beam NOT the light



•• Theory Theory [[StupakovStupakov--HeifetsHeifets, , PRSTPRST--AB, 5 (2002) AB, 5 (2002) 
054402 054402 ]] indicates a potential instability due indicates a potential instability due 
to the CSR impedance from to the CSR impedance from dipolesdipoles;;

•• Experimental observations Experimental observations [Byrd, [Byrd, et al.et al. , , PRL PRL 
89 (2002) 22480189 (2002) 224801; NSLS/BNL; BESSY; NSLS/BNL; BESSY--II]II]

20

15

10

5

0

B
ur

st
in

g 
th

re
sh

ol
d 

(m
A

)

2.01.81.61.41.2

Energy (GeV)

 2.0 mm threshold
 3.2 mm threshold

-------- Courtesy of J. ByrdCourtesy of J. Byrd
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Model predictions



•• Free Space ImpedanceFree Space Impedance
–– Dipoles (Dipoles (�� > 0> 0) () ([[MurphyMurphy--KrinskyKrinsky--Gluckstern,Gluckstern, PA,PA, 19971997]]))

–– Wigglers (Wigglers (�� < 0< 0) () ([[WuWu--RaubenheimerRaubenheimer--Stupakov,Stupakov, PRSTPRST--AB,AB,
20032003]]))

•• ScalingScaling
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Dipole impedance dominates for long wavelength; Dipole impedance dominates for long wavelength; 
ATF wigglerATF wiggler--off operation mode is good!off operation mode is good!



Threshold vs. wavelengthThreshold vs. wavelength
•• We hope to get experimental verification!We hope to get experimental verification!

Wiggler onWiggler on
Wiggler offWiggler off Nominal Nominal 

single single 
bunch bunch 
currentcurrent
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Threshold determined by the longest wavelengthThreshold determined by the longest wavelength



Growth Rate vs. wavelengthGrowth Rate vs. wavelength
•• We hope to get experimental verification!We hope to get experimental verification!

Wiggler onWiggler on

Wiggler offWiggler off
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•• CutCut--off off (([[StupakovStupakov--KotelnikovKotelnikov,, PRSTPRST--AB,AB, 20032003]]))

•• ATF parameters give ATF parameters give 

•• High current operation mode, High current operation mode, oror local density local density 
fluctuations
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Should we see something, and how ?Should we see something, and how ?
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•• Shielding added as an ad hoc cutoff, butShielding added as an ad hoc cutoff, but

Frequency

short bunch spectrum

long bunch spectrum

free space impedance

shielded impedance

-------- Courtesy of J. ByrdCourtesy of J. Byrd



•• Coherent enhancementCoherent enhancement

•• Gaussian form factorGaussian form factor

•• ATF parametersATF parameters

ISG - X Meeting 

��� ISRCSR PfNP ���

]/)2(exp[),( 22
����� zzf ��

�� �z�

Form factorForm factor

158
2

10 1067986.3
6.1
52exp)1100.1( ����

�

�
�
�

�
	



�
�



����
�

Smooth is not enough!Smooth is not enough!



An estimate An estimate 
•• Density perturbationDensity perturbation
•• CSRCSR--induced energy modulationinduced energy modulation

•• SaturationSaturation

•• Estimated powerEstimated power
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What will seed or initiate the modulation ?What will seed or initiate the modulation ?



ISG - X Meeting

•• Theory is relatively simple and need Theory is relatively simple and need 
consider other effectsconsider other effects
–– Other Other wakefields wakefields ( ( seeding the modulation?seeding the modulation? ))
–– Extend Vlasov to VlasovExtend Vlasov to Vlasov--FokkerFokker--Plank Plank 

•• Verify shielding effectVerify shielding effect
•• Single mode CSR? Single mode CSR? (([[HeifetsHeifets--Stupakov,Stupakov, 20032003]]))
•• Understand the quasiUnderstand the quasi--periodic CSR periodic CSR 

bursting bursting (([[VenturiniVenturini--Warnock,Warnock, PRL,PRL, 20022002]]))

Need Experiments to verify the existing theoretical Need Experiments to verify the existing theoretical 
understanding and also stimulate further studiesunderstanding and also stimulate further studies
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