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DR instabilities were a major issue for SLC

B. Podobedov, “Longitudinal Dynamics in the SLC Damping Rings”
http://www.slac.stanford.edu/pubs/slacwps/wp04/slac-wp-016-ch02-Podobedov.pdf



Small effects in DRs get amplified downstream

B. Podobedov, “Longitudinal Dynamics in the SLC Damping Rings”
http://www.slac.stanford.edu/pubs/slacwps/wp04/slac-wp-016-ch02-Podobedov.pdf



Points emphasized in the ILC-TRC 2nd report

“The SLC experience emphasized the importance of low particle 
losses and the suppression of collective instabilities.  Based on the 
SLC experience, particle losses and extracted beam stability are likely 
to be more important for integrated luminosity than extracted 
emittance.

Excessive loss leads to radiation damage and downtime for the 
replacement or repair of damaged components.  Beam instability and 
jitter canlead to severe instantaneous luminosity reduction, and can 
cause fluctuating backgrounds which make the machine inoperable.”

(p.304)



ILC will likely be more sensitive to unstable beam than SLC

Compared to SLC:
Vertical emittance in ILC will be smaller by 2-3 orders of magnitude.

Bunch trains will be ~ few thousand bunches in ILC.

Bunch length in ILC will be smaller by factor ~ 4, leading to a higher peak 
current.

These effects will more than offset the advantages of ILC:
Bunch charge in ILC will be smaller by factor ~ 2.

Beam energy out of damping rings will be larger by a factor ~ 4.

Luminosity upgrades for ILC will likely put even more pressure on 
beam stability in the damping rings.

ILC damping rings must be designed with as much safety margin as
possible with respect to collective effects.



There are many collective effects to worry about

Single-bunch effects:
Microwave instability

Head-tail or transverse mode coupling instability

Space-charge tune shifts

Electron-cloud instabilities

Intrabeam scattering

Touschek effect

Multi-bunch effects:
Resistive-wall instability

Higher-order modes

Electron-cloud instabilities

Ion instabilities

All these effects deserve detailed study and analysis…
See other talks in the workshop.

…however in some cases, we can make simple order-of-magnitude estimates.



A simple estimate for the microwave threshold…

We can use the Keill-Schnell-Boussard criterion to estimate the impedance (Z/n) at 
which we expect to see an instability:

Compare with measured values:
APS: measured Z/n ~ 500 mΩ (240 mΩ from impedance model)

Y.-C. Chae et al, “Broadband Model Impedance for the APS Storage Ring,” PAC 2001.

DAΦNE: measured Z/n ~ 530 mΩ in electron ring (260 mΩ from impedance model),
and Z/n ~ 1100 mΩ in positron ring

A. Ghigo et al, “DAΦNE Broadband Impedance,” EPAC 2002.
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Comments on microwave threshold

Z/n is a very crude characterization of the impedance.
Much more detailed analysis is needed to understand the instabilities properly.

The impedance found from beam-based measurements in a storage 
ring are often several times larger than the impedance expected from a 
model of the individual components.

A significant safety margin is highly advisable between the nominal working 
point and the point at which instabilities are expected to occur.

Z/n for KEK-B is of the order 100 mΩ or less, but still several times 
larger than that expected from the design model.

SLC experience suggests that very small effects in the damping rings, 
which may not be any real concern to other machines, could have a 
significant impact on ILC operation and performance.



Space-charge tune shifts are large in the dogbone rings

We can estimate the incoherent space-charge tune shift using a simple linear-
focusing approximation:

Studies for the TESLA TDR suggested significant emittance growth from particles 
crossing resonance lines in the tune plane.

Coupling bumps in the long straights were proposed as a solution.

More detailed studies to understand the full impact of space-charge effects are in 
progress.
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Intrabeam scattering can increase the equilibrium emittances

http://www.desy.de/~awolski/ILCDR/USTeleconference_files/2005-07-13/05-07-13-IBS-ILCDR.pdf



IBS effects are strongest in the transverse planes
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Touschek lifetime looks reasonable in most cases

A rigorous calculation of the Touschek lifetime requires a detailed model of the 
energy acceptance at every point around the lattice.

We can make a simple estimate, assuming a fixed energy acceptance of 1%.
Touschek lifetime scales as the square of the energy acceptance.

Using the formulae from Wiedemann (“Particle Accelerator Physics II”):
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Feedbacks will be needed to suppress multibunch instabilities

We can make an estimate of the growth rates from the resistive-wall impedance.

A number of assumptions are needed:
Uniformly filled ring

Homogeneous lattice (i.e. constant beta function around ring)

Uniform circular aperture for the vacuum chamber

Time domain simulations show that these assumptions are good, even in the 
dogbone damping rings.

“Simulations of Resistive-Wall Instability in the ILC Damping Rings”, A.Wolski, J.Byrd, 
D.Bates (PAC 2005).

For our calculations, we assume an aluminum vacuum chamber, with radius:
20 mm in the arcs

49 mm in the long straights

8 mm in the wigglers

We also assume a uniform fill with the nominal bunch charge.



RW growth times are of the order 10 - 100 turns

Feedback systems look challenging in some cases.

There is a potential concern with bunch-to-bunch jitter that can be induced on the 
beam from the feedback system, because of limited pick-up resolution.

Higher-order modes in the RF cavities, and other long-range wakes, will contribute 
to the growth rates, and make the feedback systems still more challenging.

( ) ( )( )

( ) ( )( )
ωσπ

ωω

ωµν
πντ µ

0
3

0
1

01
0

2

2
sgn1

Re
4

1

Z

c

b

cZ
iZ

pnZ
E

Iec

p
b

−=

++−= ∑
+∞

−∞=

6828705419107102τmin [turns]

38601570372011503801150964τmin [µs]

TESLADASMCHBRUOCSOTWPPA



Conclusions

Instabilities are hard to predict.

The consequences of an instability can be severe.

The damping rings must be designed with as much safety margin as
possible with respect to collective effects.


