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Activities in KEKB for the ILC
damping ring study
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Optics parameters
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Optics (ring & cell)

wigglers wigglers

IP

◆All magnetic fields are scaled
from 3.5 to 2.3 GeV.
◆Wiggler field: 0.77 → 0.51 T

◆Detuned β*x/y:  90/3 cm

(H. Koiso)



Electron cloud instabilities
• Coupled bunch instability
   Ante-chamber, coating and sophisticated bunch by bunch

feedback system is expected to suppress this instability.
Measuring the mode spectrum helps to be understood the
electron collective motion.

• Single bunch instability
   This instability depends on the local density near the beam

and various beam parameters, energy, emittance …. The
threshold is somewhat affected by radiation damping.

• Incoherent emittance growth
   The diffusion rate depends on the local density near the

beam and various beam parameters, energy, emittance ….
Which is dominant the diffusion and the radiation damping?



Focus what we should do
• The electron cloud build up does not depend on the

emittance strongly.
• The cloud density depends on energy and current for

photoemission dominant, and depend only on current for
multipactoring or space charge dominant.

• The instability depends on the emittance, energy and
damping time.

• We can not realize the damping ring condition anyway.
• For the coherent instability, it is important to understand how

the threshold depends on the parameters.
• For an incoherent effect, beam size measurement without

current dependence is necessary.



Electron cloud density
• We realize the low emittance with low energy operation.
• Measurement of electron current depending on the beam

energy and current in drift space and magnets. Check the
emittance dependence.

• Cloud density is estimated by the electron current times
its travel time.

• The travel time is obtained by analyzing the electron
motion. T~1/v~Ib1/2 for low density limit.

• Relation between chamber diameter, electron current and
density.

• How do ante-chambers reduce electron cloud?

• These works have been done and is continued  in KEK,
SLAC and many Labs.



Example of electron current
measurement

• Ie=k Ib1.8 , ρe=k Ib1.3 in drift.
• Space charge dominant,
ρe=k Ib .

• Ante-chamber reduces
electron cloud 1/10 at I=1A
with 8 ns spacing in a 10
cm diameter chamber.

• How is the density in
magnets?

• How is the energy
dependence?

Y.Suetsugu, K. Kanazawa

ILC-DR 5GeV 400 mA



Single bunch instability
• Electrons oscillate in a bunch with a frequency,
ωe.

•  ωeσz/c>1 for vertical.
• Vertical wake force with ωe was induced by the

electron cloud causes strong head-tail instability,
with the result that emittance growth occurs.

• Linear theory
• Simulation based on the strong-strong model.
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Threshold of the strong head-tail instability
(Balance of growth and Landau damping)

• Stability condition for ωeσz/c>1

• Since ρe=λe/2πσxσy,

• Q=min(Qnl, ωeσz/c)
      Qnl=5-10?, depending on the nonlinear interaction.
• K characterizes cloud size effect and pinching.
•  ωeσz/c~12-15 for damping rings.
• We use K=ωeσz/c and Qnl=7 for analytical estimation.
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Origin of Landau damping
is momentum compaction



Threshold for various rings
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From the present status of KEKB
and PEP-II

• Without solenoid, the strong head-tail instability
occurs at 1000 bunch and 500 mA.

• Simulations (PEHTS) and analytic formula give
threshold density 0.7x1012 m-3 and 0.63x1012 m-3 at
the beam parameters, 0.5 A.

• The electron density is 0.7x1012 m-3 at 1000 bunch
and 500 mA.

• With solenoid, the strong head-tail instability occurs
at 1300 bunch and 1700 mA. Simulations gives
threshold density 0.4x1012 m-3 and 0.38x1012 m-3 at
the beam parameters.

• In PEP-II (3 A and 4 ns spacing), the cloud density is
less than 0.77x1012 m-3. The density is less than
0.5A/3A=1/6 of KEKB, effect of ante-chamber and
coating.



Scaling to ILC-DR current
(400mA)

• KEKB 3.5 GeV 1700 mA, 0.4x1012 m-3 corresponds to
2.3 GeV, 400mA, 0.06x1012 m-3 .

• PEP-II 3000mA, <7.7x1012 m-3 corresponds to
400mA, 0.1x1012 m-3 .

• This density is lower than the threshold of the
damping ring model with KEKB.

• The chamber diameter and magnet configuration are
different from those of the KEKB.

• Extrapolation with simulations.



Scaling for Energy
• Actual damping ring is operated 5 GeV.
• Instability threshold increase as ~γ.
• Cloud density linearly depends on γ for

photoelectron dominant, which is  pessimistic
case. It does not depend for multipactoring and
space charge dominant, which is optimistic
case.

• Shorter damping time (τ~γ3) helps to suppress
the instability.
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Low emittance operation in KEKB for ILC

• ωe: electron frequency in a bunch
• ρe,th: threshold density,
• ρe: estimated or predicted electron density for cylindrical chamber
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Threshold cloud density given by PEHTS
at the Low emittance

2.3 GeV,         5 GeV

ρe,th=1.0x1011 cm-3                         ρe,th=2.2x1011 cm-3



Tune shift
• 2nd order moment (<xe

2>c, <ye
2>c) of

electron cloud distribution gives tune
shift., where <x2>c=<x-<x>>2.
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Tune shift at the threshold
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Tune shift at KEKB
(T. Ieiri, Proceedings of Ecloud07)

• Both showed similar density
because of νx+νy=0.015 and
0.012

Without solenoid

With solenoid



Notice for the tune measurement at
KEKB

• The observed tune shift is larger than that at
the instability threshold.

• A coherent tune shift is merged in the
observation.

• The beta function is somewhat ambiguous
• The radiation damping suppress the

instability. Damping wiggler contributed
suppression of the instability in an early
experiment. The instability is saw-tooth type
with the period depending on the damping
time, maybe.



Tune shift at CESR
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Tune shift for 5.3 GeV in CESR
• 5.3 GeV 5 bunch (D. Rice, Sep 06)
• Tune shift is similar as that for 1.9 GeV.
• Cloud density is linear for γ.
• Sign of photoelectron dominant?



Comment for CESR measurement
• The coherent instability is observed at 10 times

higher cloud density. More bunches with short
spacing may realize the unstable condition.

• The cloud density is ρe=1.5-4.5x1011 m-3 for
N=1.2x1010, 14 ns spacing at CESR.

• KEKB without solenoid gave ρe=7x1011 m-3 for
N=3.3x1010 , 8 ns spacing. Since the photon
density is 1/Circumf., the electro density is
reasonable for no solenoid nor ante-chamber.

• The operation with N=2x1010, 6 ns spacing,
which induces ρe~1x1012 m-3, is stable due to the
high νs(α).



Incoherent emittance growth
• Mechanism: Nonlinear diffusion related

to resonances and chaos
• The diffusion rate and the radiation

damping time

• For an incoherent effect, beam size
measurement without current dependence is
necessary.

• It seems to be difficult in present KEKB tool.



Incoherent emittance growth below
the threshold of the fast head-tail

• OCS arc lattice is used for KEKB.
• ρe =3x1010 m-3 (ρe,th =1x1011 m-3 )



Growth rate is slower than
radiation damping rate

• Δσy/σy=5.7x10-6<<1/τy=2.5x10-4

• Incoherent effect was negligible for
KEKB in this condition.

• For high νs(α) ring, coherent instability
is strongly suppressed. Incoherent
effect may be enhanced relatively.

• ->CESR (νs =0.098, α=6.4x10-3)



Summary
• How the measured electron density is understood.
• Effect of solenoid (KEKB) and ante-chamber (PEP-II).
• Threshold for the low emittance operation with KEKB

should be safe. It is important to check the fact.
• Measurement of the threshold for various emittance

and energy characterizes the instability.
• Extrapolation of the cloud density for realistic chamber

diameter and magnet configuration.
• Characteristic of CESR: the high momentum

compaction suppresses instability due to a high cloud
density, which is much higher than that of ILC-DR.


