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Motivation

® The LER suffers from an increase of the vertical beam size.

e Caused by a strong head-tail instability due to electron clouds.

* A resonator-like wake 1s proposed to explain the instability.

e The mechanism 1s not fully understood.

e Can the tune spectrum catch the wake?

* The detection 1s an integrated value
over a whole bunch.
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KEKB

e —— Crab Cavities  LER (3.5 GeV)

(planning)
N

® Low Energy Ring
— 3.5GeV (positron)

® Circumference
— 3018m

® Harmonic Number
- 5120

® Bunch Spacing
-6 or 8 ns

TRISTAN

“ B=Factory

e* Linac

® Bunch Intensity (3.5 GeV)
- 1.2 to 7.2x10'° /bunch

e-gun

e~ J-Linac
(8 GeV)

J-Arc

PAC 07, Albugquerque, June 25-29



Tune Slope and Tune Shift

® Electro-magnetic forces acting on a bunch change the tune.

$ ﬁdF ) g F,: Forces acting a bunch

Av, = Av>0 : Focusing, Av<0 : Defocusing

- Short-range wake due to impedance and electron cloud.

Ib
_4 TE /e (Eﬁzkz lmp+2ﬁ]k] ec

ki_imp : kick factor by 1mpedance V/(Qm) Defocusing wake

Av =

k j_ec :Kick factor by electron cloud V/(Qm) 29
AV/Alb x (Eﬁiki_imp + Eﬁjkj_ec) . Tune SlOpe
i j
- Space charge due to electron cloud causes a positive tune shift.
r
__e . . 3
Av, = 27 J pBds p: cloud density /m
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Spectrum Width (Tune Spread) Amplitude

A

—P
A Resonant Curve

in Tune Spectrum
* Width depends on various effects.

Tune

W, =\ W2+ W2+ W2 -

W, : Head-tail damping, Beam-beam tune spread, Cloud effect?
W._: Feedback damping, Nonlinear magnetic field, Fluctuation of magnetic field, ---
W,: Resolution bandwidth of an analyzer

* We want to measure Width due to Electron Cloud.
* it can be measured, by comparing bunch-by-bunch tune spectra.

AW, == \/‘Wn% _ Wn210‘ W, : Width w{o cloud effect
AW, >0: damping
AW, <0: anti-damping
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How to measure cloud effect

Use a test bunch as a probe.

/ Test Bunch < 1.2 mA

Bunch Train N, =200
Bunch /
Current < .l > >time

D

<+“—r

I. A bunch train was stored on ahead.

Cloud remains and rapidly decays after passing through a train.
2. A test bunch was injected one by one from behind.
3. The tune spectrum was measure during each injection

under constant train-current.
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Gated Tune Monitor

<Bunch Signal from Button>

Specifications: ) E ﬁ
e Resolution 1~2 x10# g - = o B ags
e Sweep Time 1.9 sec . B'unch o :
* Gate Isolation >40 dB
° . an. S e A ST st -u A
Dynamic Range > 60 dB 0 : fv\

J 2ns/div

* Noise Level ~0.3um

Note:

* Excite only a bunch to be measured with a constant level.

* Detect the lowest betatron frequency of a specific bunch.

* Transverse feedback is off for a measured bunch; no feedback damping effect.
* Other bunches are damped by feedback; no coupled-bunch instability.

* Measure a non-collision bunch; no beam-beam effect.

* Used a 2nd tune monitor to watch tune variations due to other reasons.
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Machine Conditions
—

Beam, Energy Positron, 3.5 GeV
Bunch Structure of Train 4/200/4*
Solenoid Field OFF
Bunch Current in Train 0.5 mA 0.7mA
Instability Threshold Condition | just below above
Synchrotron Tune v, 0.025
Chromaticity &, §, 1.6,4.6

*: n/m/l : number of train/ number of bunches in train/ bunch spacing in RF unit
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Current-Dependent Vertical Tune

Vertical Tune

e The tune does not change linearly.

® V_D=60
B V_D=30
A V. D=2 L/tune_400
00082
0.006 - A u
0.004 - im .
®e o AN A
0.002 - A -
I ® o ., A
0r = .. ]
_0.0027”‘\”@‘”\H\H‘\H‘
0O 02 04 06 08 1 1.2
Bunch Current (mA)

Vertical Tune

0.012

0.002 -

After a train

L/tune_400

—————
[T [

0.01 -
0.008 -
0.006 -
0.004 -

A A L, 4

07\\\\\\\I\\\\\\\\\
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Bunch Current (mA)

1.2

- Tune of the head bunch in train is used as the reference.

e Approximated by two slopes, around 0.4mA and 0.8mA.
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Tune Slope

- Two values correspond to the slope around 0.4 mA and 0.8 mA.

Horizontal Tune slope in Vertical
Shift_Distance single bunch

< 0 prrrr ey s Shift_Distance

: : 0.005 - g+
€ -0.001 ' - é AN
= B T T A/ a ~ L L
o * A e — Oe % ™
2, -0.002 —ge" rl o e -
ke :6 o 8“—0.005; ® -
» -0.003 2 : | :
O C ! o ~0.01
S 0.004 Lo = e, :
= 0 10 20 30 40 50 60 S 0,015 B o b b

0 10 20 30 40 50 60

Distance in Bucket _ _
Distance in Bucket

® Horizontal tune slope shows no significant change.

e Vertical tune slope largely changes around D=10,
depending on bunch current.

* Positive tune slope (focusing wake) at D<10.
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Width vs Bunch Current

Gamma_09

* Width has a peak at large D.
* Width decreases at small D and in high bunch current.

_ D=12
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Tune Shift, Tune Slope and Width vs Distance

. - Shift_Distance
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Tune Spectrum above threshold

LER V Tune 43.5696

.oai—l | - | L —I Train:380 mA
="F 1 just below threshold
o 04F =
S i D=3 Av =0.010
ol E 12 -3
LA ‘ : p,=1.4x10m
0 % -
UM | l | Il _;
— s & 8 B2 64
Tune
. LERV Tune 435739 e Observed two-peak spectrum
: L T T .
and sideband (7)
3 Train:580 mA Av = 0.020
E above threshold 3
| D=3 0, =2.8x10""m

PAC 0/, Albugquerque, June 25-29 13



Why does the spectrum change ?

® Oscillatory wake force 1s proposed.

- Defocusing and focusing forces
alternatively change.

* The wavelength is comparable
to the bunch length.

* [t depends on bunch density.

* So, wake properties may change,
depending on bunch intensity.

* Wake function : W, (z) « sin(w—R 2)
c

* Electron frequency:

C( 21’er 1/2
O'y(()’x +0, W2mo,

szwe w€=

— (1,1)

(1,10)

i - - (10,1)
-~ (10,10)

0 0.02 0.04 0.06
-z (m)

FIG. 1. Vertical wake force (W) induced by an electron cloud.

Each line corresponds to a different size of the electron cloud: (1,1),
(1,10), (10.1), and (10,10), in units of (o ,0y).

From K. Ohmi et al.,
Physical Review E 65, 016502 (2002)

w, = 25730 ~40GHz
A, =7.5~10mm
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Summary = Vo

* Tune shift and width (spread) were
measured behind a bunch-train
using a test bunch.

1. Spectrum dynamically varied,
dividing into 4 regions.

I e
{].{]15(—.)
}%— Threshold

0.005 Mg

0.01

Vertical Tune Shaft

':] -||||i|||| [ | [ | [ | I I
0 10 20 30 40 50 60

- Region 0: E-cloud effect is small. Distance
Head-tail damping and negative tune slope due to impedance.

- Region I: The cloud density just grows.
Large negative tune shift slope (defocusing wake) and wide tune spread.

Suggest nonlinear fields and/or a change in the cloud distribution.
- Region II: High cloud density just below threshold

Tune slope changed from negative to positive (focusing wake).
Narrow tune spread or Anti-damping effect

- Region III: Higher cloud density above threshold
Positive tune slope with narrower tune spread
Splitting tune spectrum and go to instability
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Summary (cont’d)

2.

We believe the variations in the tune slope and in
the width are related to alternating wake field.

Width is a good parameter for evaluating
nonlinear tune-shift.

Horizontal width was small and almost constant.
® Tune slope was negative and linear.

® No Wake effect, although tune-shifts were
comparable.

Need to confirm these results including simulation.
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Energy distribution

Extra: Simulation (1) by Fukuma

Electron Energy Distribution

i
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Extra: Simulation (2) by Fukuma

e Velocity (Vx) & Cloud distributions
#6th bunch
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Direct measurement

of Electron Cloud Density

Electron Cloud Density [m'3]

From 2007 KEKB Review
By Kanazawa

a ~ 0, D8 straight
circular (r=47)

e Cu Bunch pattern [1, 1389, 3.5]
1" =  TiN coated Bias = - 1kV
310 g (0.3-0.4 micron) [
NEG coated 5
NEG coated
: (activated) | Bump
2 10" 5
u
110 |2
:
. NEG coating:
B SAES Getters
0 . i
0 0.5 1 1.5

LER Bunch Current [mA]
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Width vs Bunch Current with Solenoids
1/1372/3.5 +pilot

| ® V_Gamma

VGamma_20051221
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* Maximum width shifts to lower current as the cloud density increases.
® Width is larger than that in solenoids off.
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