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1. Electron cloud issues

e The electron-cloud effect is one of the most important
problems in recent high-intensity positron/proton storage
rings.

e The electron cloud excites single or multi-bunch beam instabilities
and deteriorates the performance.

e Various types of techniques for mitigating this effect have

been studied so far, such as
e Beam pipe with antechamber(s)
e Solenoid around a beam pipe
e Coatings with a low secondary electron yield (SEY)
e TiN, NEG materials, Graphite
e Grooved surface
E’ e Clearing electrode

Here reported on R&D of the clearing electrode for positron
rings.
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2.1 Clearing electrode

e The clearing electrode in a beam pipe had been said to be an
effective method to reduce the electron density around the
beam by absorbing electrons through a static electric field.

e Especially, it is available in a magnetic field,
unlike a solenoid for drift space.

Electric potential

e However, the heating and impedance
problem have been precluding the use of
electrodes to high-intensity positron rings
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(>1mA/bunch), where the bunch length is Electron density

relatively short (<1 cm).

<

New electrode structure has been g
developed in KEK and tested with )
an intense positron beam. Simulation by L. Wang
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2.2 Newly-developed clearing electrode

e \ery thin electrode structure
!

e 0.2 mm Al,O, insulator and 0.1 mm tungsten (W)
electrode formed by a thermal spray method.
e High adhesion

—> Good heat transfer and low beam impedance

e Flat connection between feed-through and

electrode

e Step < 0.3 mm except for a small hole on screw ~ Al,0;(0.2)  Pipe
head.

An insertion for test with a thin electrode Connection to feed through

Tungsten

To feed-through

.h":-
Feed-through

Stainless steel PSS s
@ Y Suetsugu, H. Fukuma, M. Pivi and L. Wang, NIM-PR-A, 598 (2008) 372
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2.3 Merit of the thin electrode -1y

e Dependence of loss factor and wake \

potential on the thickness of Al,O, insulator
e Calculated by using GdfidL (1m model, half chamber)
e (0.2 mm ~ 2.0 mm (pipe: $90mm)

.
i
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e With a decrease in the thickness of insulator, the loss factor decrease.
e The wake potential also decreases, and is inductive for thin insulator.
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2.3 Merit of the thin electrode -2

e Dependence of impedance on the thlckness \

of Al,O, insulator

e 0.2mm~ 2.0 mm
Longltudlnal Impedance

7

f Thlckness ofAI O f

5 | ]
; J ——wm | | ® Calculated for 20 m (for o,
5 [ W —1mm ] — 20 mm)

. . : — 0.2 mm ] . L .
a4l i e Aperiodic impedance is
S | ﬂ ] found as in the case of a
N3 E ; usual strip line.

e 2t | i | e The peak values become
IR e ] small with decreasing the

[ | ] thickness of insulator.

0 [FHASED-TiRes S L e e The values are less than 1

A Pipe radius = 45 mm, Length = 1000 mm. ]

_1 [ . Widtlh:4[1 mim, Thil:KnE:ss of W=01mm ] Q Q ~ 20
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e Relatively easily manufactured by using the thermal spray.
e Open space above the surface is required.
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3.1 Beam test in a wiggler magnet -1

e A test chamber was installed in a wiggler magnet. [2008]
e Magnetic field: 0.78 T
e Effective length: 346 mm
o
o

Test chamber in a wiggler magnet
E - ]

Aperture (height): 110 mm
Photons: 1x10'# photons/s/m/mA

Inside view 4

B

Electrode e '

“---ﬂ'/ : .: \ £
wilest chamber=

—

S

e An electron monitor and an insertion
with an electrode are placed at the
center of a pole, face to face.

e Electron monitor has an RFA and 7
strips to measure spatial electron
distribution (~40 mm width in total).
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3.1 Beam test in a wiggler magnet -2

e Electric potential in the test chamber
e ~6 kV/m at the beam orbit, when 500 V is applied to the electrode.

=lectron monitor oV

- —= -

Component: POT

e KEKB positron ring e

Energy = 3.5 GeV

Beam current ~1.6 A with 1585 bunches (~1 mA [=10 nC] /bunch)
Typical bunch spacing ~ 6 ns (4 ~ 16 ns in study)

Bunch length~6 mmat 1.6 A

-0.03 (.

+5OO VU. 40603 o 0014 0z 0.0 004 0044

Xm]

Electrod
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3.2 Results -1

e Effect of electrode voltage (

V.

e

Iec)

KEK

e Drastic decrease in the electron currents by applying V.. was

observed.

V. =-1.0kv
B=0.77T

V. =0V

elec —

[Log scale]

1x10%
1x109
1x%107 e
1xa08 ¥ A0

o PP | ——
1 28 45 6 3

Collector Ng,
[Spatial distribution]

Electron Cunrent [A]

1585 bunches
(B~ 6ns)
~1600 mA
(~1mA/bunch)

e For negative V,

e The electrons with an energy

> 1 kV comes from near the
beam

e The electron currents reflect

the electron density around
the beam.

e €lectrons
flows into the monitor.
Detailed simulation will be
required to understand the
complicated behavior of
measured data.
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3.2 Results -2

e Effect of electrode potential (V,.)
e Similar effect was observed for 4 ~ 16 ns spacing.

(0.9~1.0 mA/bunch)

1x10™ ¢ . .
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P r .
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< i 16ns 6 ns decreased by V,.~300 V.
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-6 (] .
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-600 -400 -200 0 200 400 600
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3.2 Results -3

e Comparison with a flat TiN-Coated surface

through was observed.

e The electron density decreased to less than ~1/100 at V.. > ~+300 V
compared to the values at V.. = 0 V (W) and a TiN-coated flat
(0.9~1.0 mA/bunch) surface.
|, = 14501560 mA  111585/3.06 V. =-1KV,
1x10” RSkl :
| ~1X1013 g . .
? 1® Two-time experiments.
2 g i "; | @ Electron currents for the
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H X107 m3_ v N S _
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< il e {  similar to the case of flat
c 1x107 | P Flat (TiN)___ (v _=ov) | Wwelectroge | TiN-coated surface.
= [ ~1x10"" m? | Voee =0V <Rough surface?
O
c W electrode-2  VV electrode - _
Fh 1 [ UAMEZ: oL ARG Lt | BRI | ® No extra heating of
S | ~1x100m? | |  electrode and feed-
L % of

0 5x10° 1x10° 1.5x10° 2x10°
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4.1 Application to a beam pipe with antechamber
e Final check of heating of electrode and feed through [2009]

e Beam pipe with antechamber will be used for the wiggler section of
Super KEKB. R o
e The beam pipe was installed at

a magnetic-free region.
e But the length was adjusted to fit

the real wiggler magnet.
e Length = 950 mm, width = 32 mm.
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4.1 Application to a beam pipe with antechamber

e Electric potential in the beam pipe
e ~3 kV/m at the beam orbit, when 500 V is applied to the electrode.

YQ,VO.O Beam channel
(¢ 90mm)

Electron

; - Antechamber
monitor ' ~3kV/m ol

Electrode Inside view 4 50() \f0

1 1 1 1 1 1 1 1 ’
0.0 100 200 300 400 500 60O 700 800 900 1000
K [mm)

Component: POT
Minirmum: 0.0, Maximum: 100.0, Interval: 101010101

e Vertical field was applied by
solenoids for test at the position of

an electron monitor.
e ~ /70 G at max.
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4.2 Results -1

e Heating of electrodes

e Temperature behind the electrode

was measured.

e No cooling channels in the back

Temperature rise during injection

db L L
Iy Ton (Biectrode) | TOP (Behind electrode)
| V¥ Top (Electrode) [No cooling |InE':1
40 M
— | 1/1585/3.06 > AT E>
@ | (~B ns spacing)
x=J _
v 35_ ....................................... i
=
© [ Bottom
L 30 _ L (Chamber)..-
©
— I
25 gu. . T T
L Injection Storage :Storage
0 500 1000 1500
LER Beam Current [mA]
2010/5/26

2000

3 FRE.LOTE Z 299,728 a3
UL 44 298%.355 299,985

W/m: reasonable value
considering Joule loss and
parasitic loss.
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e Estimated input power was ~40

e No heating at feed through: < 30°
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4.2 Results -2

e Effect of electrode voltage (V,..) in magnetic-free condition
e Electron density decreased with an increase in electrode voltage. But
the reduction was much smaller than the case inside wiggler magnet.
e The reduction became larger by applying a vertical field of B ~ 60G.
e The reduction rate seems reasonable from a simulation:
e Effective to electrons near the electrode forB=0 G
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5. Impedance issues

e Influence estimation of the impedance on a storage beam
has recently started assuming that the electrode is used for

the wiggler section of Super KEKB.
e The total length of the electrodes will be approximately 160 m (100
electrodes) out of 3016 m circumference.

e Preliminary result (c,=6 mm, ¢ = 90 mm)

Total loss factor O

1.7x10"" V/C << 1.8x10"'3 V/C in total for one

ring

Microwave instability | O

By simulation

Longitudinal coupled |
bunch instability

Total R, <100 Q, R/Q = 0.1~1
Growth rate ~1 1/s < 30 1/s

Transverse coupled
bunch instability

To be evaluated

Transverse mode O
coupling instability

Total kick factor ~ 1.6x1013 VV/C/m.
Threshold bunch current ~ 430 mA/bunch.

2010/5/26 IPAC2010 WEOAMHO01, Kyoto
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8. Summary of clearing electrode

The newly developed thin electrode structure works well

even under an intense positron beam.
e No heating of electrode and feed-through in the latest version.

The effect on reducing the electron cloud is drastic in a

strong magnetic field.
e Much larger than other methods, such as coatings, grooved surfaces.
e It worked even in a magnetic-free condition, but the effect was smaller
than in the strong magnetic field. More studies are required in the
future.

The electrode seems to be available for the wiggler section
in Super KEKB

e The final beam test is ongoing.
e The influence of impedance on the storage beams seems small.
e Further detailed investigation will continue.
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