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Introduction

® Fast head-tail instability in CesrTA and
SuperKEKB.

® Multibunch instability



Coherent strong head-tall
instability

® Coherent motion between inner bunch
and electron cloud.

® Electrons oscillate electric force inner
bunch along z, we:\/ ol

o,(o,+0,)
® The instability is characterized by
weOZ/C, number of electron oscillation

along the bunch.
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Threshold of the strong head-tail instability
(Balance of growth and Landau damping)

e Stability condition for _\e (Z/c>1 , =\/ /oliC

ay(ax+0y)
V3LEA  |Z.(@)  3LRB KQA L
Vs 7/ (()eGZ/C ZO VS 7/ a)eGZ/C 472- ;tp O—y(ax +Gy)
e Since >e=\_e/ZD (X (y,

U = 1

27/‘/ DO /C Origin of-Landau damping is momentum
= S & ¢ compaction

/Oe o
th \/§KQrOﬂL V.O. = aG5L
* Q=min(Qy, L [,/c) e
. Q,,=5-107, depending on the nonlinear interaction.
e K characterizes cloud size effect and pinching.
. _\e (Z/c"'12-20 for damping rings.
 We use K=_\e (Z/c and Q=7 for analytical estimation.




Parameters

Table 1: Basic parameters of existing positron rings and IL.C damping ring

KEKB PEP-II Cesr-TA/5 Cesr-TA/2 ILC-DR | SuperKEKB
Circumference L{m) 3016 2200 768 768 6414 3016
Energy E 35 31 50 21 50 4.0
Bunch population N, (1019) 8 8 2 2 2 9
Beam current I, (A) 1.7 30 - - 04 3.6
Emittance £z(nm) 18 48 10 26 05 2
Momentum compaction | af10~%) 34 620 676 42 35
Bunch length a(mm) 6 12 157 122 6 6
RMS energy spread op/E(10-3) | 073 094 0.80 128 0.8
Synchrotron tune Vg 0025 0025 0.0454 01055 0067 0.0256
Damping time Tr 40 40 564 26 43
Table 2: Threshold of the IL.C damping ring and other nings
KEKB! KEKB® PEP-II CestrTA-5 CestrTA-2 ILC-DR |SuperKEKB
Bunch population | N, (10'79) 3 8 8 2 2 2 9
Beam current I (A) 05 1.7 30 - - 04 3.6
Bunch spacing £ op(n3) 8 7 4 4 4 6 4
Electron frequency | w./2m(GHz) 28 40 15 9.6 43 100 189
Phase angle Wed, 36 59 3.7 3.2 110 12.6 23.8
Threshold pe (102 m—3) | 063 038 077 7.40 1.70 0.19 0.2/
Tune shift at p, Avg.y, 00078 00047 00078 00164 0.009 0011 0.003

High weoz/Cc characterizes low emittance ring.




Particle in Cell simulation
PEHTS

® Electron clouds are Ioca)ed several or
many s position in a ring.

® Potential solver based on 2D FFT.

® Beam is sliced into 30-100 pieces
(>l [,/c).
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Simulation for CestTA
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® Simulation pih=1x10%% m=3,

® Analytic  pn=1.7x10'> m=.
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CesrTA 2 and 5 GeV
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® High(2GeV) and
low(5GeV) weo:/C.

Pth=4x101% cm™3
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Coherent motion In the
simulation
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® High(2GeV) and low(5GeV) weo:/c.



Simulated Unstable spectra

® Lower sideband is dominant for high weoz/c
(low emittance).
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® Upper sideband is dominant for 5GeV
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Simulated beam spectra
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® | ower sideband is
seen for high weo-/c,
2GeV.

® Upper sideband is
seen for low weoz/c, 5



Bunch by bunch feed
back

® Model, feedback with one turn delay

( / ) - ( ff’ ) ‘“M( o )

® M: revolution matrix
® a: feedback damping rate
® n: n-th turn

® +: after or before feedback kick

® <>: average over beam particles
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FB suppresses the instability a
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No effect for FB
(5GeV)
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® | ow weOz/Cc, 5GeV.

oo oo @ Dipole motion is
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tail motion remains.
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SuperKEKB

1201 /,. Y. Susaki, K. Ohmi, IPAC10

c.ooaa

1 &al1
C.O0MS | 4 Ears

2all

& 2 : This simulation is for old
E c.ona1 | H::: i E
& - parameter vs=0.12. Present

0 ~_~—"1  vs=0.26. The threshold should

"0 1000 2000 300 400C s00C be twice higher.
® Simulation pth=2.1x1011 m3,

® Analytic  pth=1.1x10" m3.
®Target  pe<1x10i m?3

® Update parameters (both for CesrTA and
SuperKEKB).

® Take care of high B section. Effects are
enhanced.
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Incoherent effect in CesrTA

® Emittance growth due to nonlinear
Interaction with electron cloud
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Slow growth lower than the

2GeV
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Study of multibunch instability

® Self consistent solution of the cloud build-
up and bunch motion.

® Wake field calculation
® Self consistent simulation

® Multi-bunch instability induces a fast beam

loss, though fast head-tail instability does
Nnot.



K.Ohmi, PRESS, 7550
Tracking simulationesn

| K.Ohmi, PACS7, pp1667.
Solve I::r::th equations of beam and electrons simultaneously

d” . N,
I:::J-u * H{S}I - E_,EF&-{I a ﬁﬂ'{ﬂ]tﬁ{s— 5. :I
y -
a:i’; _ € dx,, “xB-2N “EEFIIE X, ol =1 (s, +nl))
_J';EE 'HT::-H'..',.-J.] 2)
e Self consistent build-up code, PEI

. . e* bunches

Y o . ;

X/ s
Electron cloud * *® .

Take FFT for '[h'E!'_.—.—

bunch motion

=M
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Multi-bunch instability

Beam dancing with electron cloud
® Drift space

® Electrons move one way

® Bunch by bunch correlation is short,
very low Q,
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Multi-bunch instability
® |n ?&@%ﬂﬁﬂ%@ﬂ&’gh electron cloud

® Electrons move along the chamber
surface.

® Long life time-eleetren, hiah O wake.

. KEKB

. Experiment
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Multi-bunch instability
* REATHIADGH hWENGIRGHRArapa

® Does beam dance with electron cloud

pillar?
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Correlation time of
the pillar (stripe)

4~ 1 I———
B B B N

Pillar position shifts I

Recelve wake force
from the shifted pillar

® Bunch length ~1cm, bunch spacing
~1m



Characteristic time of pillar

formation
® DAFNE parameter, ~200ns

® Formed pillar and then shift beam position

® Pillar position shifts to beam position in
~200ns.
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Wake force for the pillar
formation

® Bunch by bunch correlation of slowest
mode, m=-1, will be induced.
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Characteristéslgfm fast% r;é tail instability Is

determined by weo:/cC.

Appearance of upper or lower sideband, and
feedback response depend on weoz/C.

The threshold (2GeV) is pi=1x10%* cm=3 for
simulation and 1.7x10'% cm™3 for analytic.

The threshold (5GeV) is pi=5x10%* cm- for
simulation and 7x10'% cm™ for analytic.

Incoherent emittance growth is week In
positron machines.

Movies for coupled bunch instability. Slowest
mode Is induced by electrons in bending
magnets.



