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disclaimer

I had not done any work on CSR 
since 1997; 
so this study is not very deep
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Stupakov-Heifets formulae (2002).

Stupakov-Heifets parameter

no shielding by the beam pipe

sufficiently long bunch

conditions
for instability:

small horizontal beam size

continuous mode spectrum (2003):

negligible effect of velocity spread

not fulfilled!



SuperKEKB LER SuperKEKB HER SuperKEKB e+ DR ATF DR
beam energy [GeV] 4 7 1.1 1.28
slip factor η 0.000274 0.000188 0.017 0.0019
rms momentum spread  σδ,rms [%] 0.08 0.065 0.055 0.06
bunch population [109] 90 65 37.5 10
circumference C [m] 3016 3016 135 138.6
bending radius ρ [m] 73.3 104.5 2.65 5.73
vert. beam pipe radius b [cm] 4.7 4.7 1.6 1.2?
Stupakov-Heifets parameter Λ 1864 2905 67 339
ρ/b 1560 2223 166 478
σz [cm] 0.6 0.5 0.7 0.5
ρ/(2 Λ3/2) [cm] 0.05 0.03 0.24 0.05
Nbr0/(       σzσδ γ) 0.0027 0.0016 0.0051 0.0015
βx at bend [m] 10? 10? 1.5 3?
εx [nm] 3.2 5.0 2100→ 41 ~1.5
σx at bend [µm] 179 224 248 67
ρ4/3/(σxβx)2/3 20800 28800 710 2990
τx [ms] 37? 56? 11 17.2
C03 0.0128 0.0021 0.0033 0.0002
Qs -0.025 -0.025 -0.015 -0.0045

1.0x1011 1.0x1011 4.5x1010 1.15x1010

0.89 0.65 0.83 0.86
Λb/ρ 1.19 1.31 0.40 0.71

Table 1: Beam and CSR-instability related parameters for four storage rings.



Heifets-Stupakov 2003



Bane-Cai-Stupakov result (2010).



Bane
Cai
Stupakov
2010



ATF damping ring nominal lower energy
beam energy [GeV] 1.28 1.00
slip factor η 0.0019
rms momentum spread  σδ,rms [%] 0.06 0.047
bunch population [109] 10 10
circumference C [m] 138.6
bending radius ρ [m] 5.73
vert. beam pipe radius b [cm] 1.2?
Stupakov-Heifets parameter Λ 339 906
ρ/b 478
σz [cm] 0.5 0.39
ρ/(2 Λ3/2) [cm] 0.05 0.011
Nbr0/(        σzσδ γ) 0.0015 0.0031
βx at bend [m] 3?
εx [nm] ~1.5 0.9
σx at bend [µm] 67 52
ρ4/3/(σxβx)2/3 2990 3540
τx [ms] 17.2 36.1
C03 0.0017 0.0141
Qs -0.0045

1.15x1010 4.3x109

0.86 2.32
Λb/ρ 0.71 1.90

Table 2: Beam and CSR-instability related parameters for the ATF DR at two different 
energies.



ATF Damping Ring as test bed?
lowering ATF beam energy → CSR instability

Note: Bane-Cai-Stupakov predict instability in a regime where it is excluded by Stupakov-Heifets
Also note: ATF Damping Ring has initially operated at 0.96 GeV beam energy, in 1997 

bunch intensity 1010

fully coupled
to suppress IBS?



SuperKEKB LER SuperKEKB HER SuperB LER SuperB HER CLIC DR

beam energy [GeV] 4 7 4.18 6.7 2.86
slip factor η 0.000274 0.000188 0.00042 0.00040 0.000065
rms momentum spread  σδ,rms 
[%]

0.08 0.065 0.066 0.062 0.11

bunch population [109] 90 65 57.4 57.4 4.1
circumference C [m] 3016 3016 1258 1258 493
bending radius ρ [m] 73.3 104.5 29.3

(13.75)
80.5
(165)

6.9

vert. beam pipe radius b [cm] 4.7 4.7 2.0 2.5 0.9
Stupakov-Heifets parameter Λ 1864 2905 1254 2557 915
ρ/b 1560 2223 1465 3220 767
σz [cm] 0.6 0.5 0.5 0.5 0.1
ρ/(2 Λ3/2) [cm] 0.05 0.03 0.03 0.03 0.01
Nbr0/(        σzσδ γ) 0.0027 0.0016 0.0024 0.0016 0.0007
βx at bend [m] 10? 10? 6? 2? 0.2?
εx [nm] 3.2 5.0 2.41 2.0 0.09
σx at bend [µm] 179 224 120 63 4
ρ4/3/(σxβx)2/3 20800 28800 11230 137900 146600
τx [ms] 37? 56? 44 29 1.62
C03 0.0128 0.0021 0.0042 0.0001 0.0052
Qs -0.025 -0.025 -0.01 -0.01 -0.009

1.0x1011 1.0x1011 5.5x1010 6.7x1010 5.7x109

0.89 0.65 1.04 0.85 0.72
Λb/ρ 1.19 1.31 0.86 0.79 1.19

Table 3: Beam and CSR-instability related parameters for five storage rings.



comment & questions
At the threshold the inequality (26) in the 2003 paper by Sam 
Heifets and Gennady Stupakov “Single-mode Coherent 
Synchrotron Radiation Instability,” PRST-AB 6, 064401 (2003)is 
not fulfilled for any of the example storage rings considered here.

I think this means that only a single isolated mode should drive 
the CSR instability.

Three questions:
• Is the treatment from the recent two codes of Bane-Cai-
Stupakov still applicable for such cases, and is the fact that there 
may be only a single mode of interaction somehow included in the 
shielding function?
• Or are the present codes not applicable?
• Or should the 2003 paper not be interpreted in this sense?

I contacted Karl Bane about this question



“think the parallel plate shielded csr doesn’t have discrete 
modes, unlike in a full torus. Nevertheless, it seems that the two 
geometries give similar results concerning the instability. I think 
I heard Agoh-san (who is at KEK) say that somehow the results 
of a closed torus compared to one with infinite circumference 
(but with finite rho—it doesn’t really make sense physically) 
basically agree. (I’ve heard a similar thing from R. Warnock.) So 
from their point of view it doesn’t seem to matter much whether 
there are discrete or continuous modes. How does this square 
with Sam and Gennady’s paper? I don’t know.

… ”

Answer from Karl Bane, 15 July 2010



the answer must be in the wake field

D. Zhou, K. Oide, G. Stupakov, 
et al, 2010

should we “close” the ring 
to find discrete modes?



Heifets-Stupakov 
2003

what happens
in the
single-mode 
regime?



According to [2] in the single-mode driven case Landau damping can be 
neglected and there is always an instability if 

This condition may be fulfilled for the SuperKEKB and SuperB HER and
LER rings, for CLIC and the old version of the SuperKEKB Damping Ring
(where however this theory does not apply). It is not fulfilled for the
new SuperKKB damping ring, and for the ATF Damping Ring at either
1.28 or 1.0 GeV, as illustrated in the following table.

SuperK
EKB
LER

SuperK
EKB
HER

SuperK
EKB DR

ATF ATF 
lower 
energy

SuperB
LER

SuperB
HER

CLIC DR KEKB 
DR OLD

C03b 5.6 5.9 0.3 0.7 0.9 2.2 1.5 3.7 (2.1)



For the earlier 
version of the 
SuperKEKB DR all 
indicators strongly 
suggest that the 
CSR instability 
should occur. 
Remarkably this is 
the only case 
where the 
inequality (26) or 
[2] is fulfilled. So 
we can be certain 
that the formalism 
of [1] and result of 
[3] are valid!

SuperKEKB
e+ DR NOW

SuperKEKB e+ DR 
OLD DESIGN

beam energy [GeV] 1.1 1.0
slip factor η 0.017 0.00343
rms momentum spread  σδ,rms [%] 0.055 0.054
bunch population [109] 37.5 37.5
circumference C [m] 135 135.5
bending radius ρ [m] 2.65 2.2
vert. beam pipe radius b [cm] 1.6 1.4?
Stupakov-Heifets parameter Λ 67 430
ρ/b 166 129
σz [cm] 0.7 0.51
ρ/(2 Λ3/2) [cm] 0.24 0.012
Nbr0/(        σzσδ γ) 0.0051 0.078
βx at bend [m] 1.5 1.5?
εx [nm] 2100→ 41 2100→ 41
σx at bend [µm] 248 248?
ρ4/3/(σxβx)2/3 710 553
τx [ms] 11 11
C03 0.0033 7.68??
Qs -0.015 -0.00788

4.5x1010 1.1x1010

0.83 3.27
Λb/ρ 0.40 3.32



conclusions
• 2002 formulae from Stupakov & Heifets perhaps not 

applicable in most cases, except old SuperKEKB DR 
which is predicted to be clearly unstable

• is IPAC10 result from Bane, Cai and Stupakov applicable?

• in this case SuperKEKB LER, HER and DR are predicted 
to be stable with respect to CSR , while SuperB
LER might be marginally unstable (but only 4% 
above threshold)

• CSR instability could be studied in ATF damping ring by 
lowering the ring energy from 1.28 GeV to 1.0 or 
1.1 GeV
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