Experimental Study on Clearing Electrod
at KEKB Positron Ring

Y. Suetsugu and H. Fukuma, KEK
M. Pivi and W. Lanfa, SLAC

R o 2SSk

1. Introduction
2. Experimental Setup
1. Electrode
2. Electron Monitor
3. Test Chamber
3. Results
1. In Field-Free Region
2. In Magnet
4. Problems
5. Summary

|
Page 1 | 1LCDRO8 2008.07.08-11 Cornell Univ. | | 2008/7/10




Introduction

N

- Clearing Electrode = A possible solution to

suppress electron cloud in magnets.
— Drift space :Solenoid is available.
— Drastic reduction in EC was indicated by simulations.

- Experimental study on a clearing electrode using
KEKB positron ring is planned, as a chain of ILC
DR R&D study.

- Goal
— Developing a clearing electrode with low beam
Impedance, and available for high current machine.
— Demonstrate the effect of electrode on electron cloud
formation.
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Introduction

- Simulation
R-pipe=38mm
bunch intensity=9.36x101°
3.5 Bunch Spacing 4
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Electrode

D
\J

- New strip type electrode was developed.

- Very thin electrode and insulator;
— Electrode: ~0.1 mm, Tungsten, by thermal spray.
— Insulator: —0.2 mm, Al,O,, by thermal spray.

Tungsten

. Stainless steel
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Electrode

- RF properties (calculation by MAFIA)
— Thin electrode and insulator-> Low beam impedance
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e Z, reduced to ~1/5 compared
to the case of 1 mm thick.
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 Dissipated power is ~ 120 W for 1
electrode. (@1.6 A,1585 bunches)
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Electrode

e Heating (simulation by ANSYS)
— Expected T for 100 W input

N

MODAL SOLUTION

FTEE=1
&l =1
TIME=1

AN
0.5 mm electrode :e: 1o 200

Tungsten 1.0 mm Al,O, Eml

AT ~ 6 °C owing to

TENE

REyE=l
=MN =E5.ZE54
SMX. =31.Z0%

LAE]

\

Stainless

steel _
Cooling
water

£5.204 Ak, a00
25. 951

27,923
27, 266

\

31.2 °C(AT = 6 °C)

28 °C (AT = 3 °C)

9. 237 40, 553

good thermal
conductivity between
the electrode and
chamber.

28,58 29,895

Heat transfer coefficient between
chamber and water = 0.01 W
mm-—2K-1

Temperature of water = 25
degrees.

A(SS) =0.017 W mm-1K-1
AL(AlL,03)=0.03 W mm-K-?
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Electrode

N-type co-axial

D

connector (—50Q2)

- Assembly to the chamber and

connection part

— The chamber can be baked up to
140 °C.

Connection to feed-through Metal-coated  Copper Metal
Al,O; screw bridge screw
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Electrode

P
\J
- Notes
 Potential distribution o Similar structure to
oV “Invisible Electrode” by F.
] ”' Caspers (PACQ7).
» Difference: Electrode is
e} made of pure metal (W).
» We used pure metal:
v 4120V . (1) To avoid Joule loss of
the electrode due to high
i current
(2) To reduce voltage drop
.L.L:‘:i AEw o e ol ads 00T 003 G040 along the Iong electrode.
careons 7 eirtD00, Mo o
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Power Supply for Electrode

p
\J
- Power supply
| pF
. L |
Nll_OIOSrE 2E : f. = 300MHz _ _
[ Electrode H—_ (Equivalent in AC)
|
Tunnel | 50 Q
| —
21 puF | 375
Abs(Z) ohm Input impedance
100 "™ — =
80 j Inside
00 Power supply
40 7 HV1.5-0.3, Takasago
7 S V... =15KkV,
P /.. =30 mA

100 102 104 106 freq.(Hz)
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Electron Monitor

D
\J

7 strip-type collectors measure the horizontal
spatial distribution of electrons.

Output feed through

Monitor part

Collector (7 strips)
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Page 10 | | ILCDRO8 2008.07.08-11 Cornell Univ. | | 2008/7/10



Electron Monitor

A Repeller
b Retarding grid
- Assembly of electrode g O
» ollectors
— Four layers L% - ,/;/* 2.5
— With RFA A
iy e PR
‘| ™ Monitor

Holes

» Applied voltage
Collectors: +100V
Retarding Grid: 0 — -1 kV
 Measurement: DC mode

|
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/Test chamber

« Electrode and monitor are set face to face
— Electrode and monitor are detachable.

- 106.L - Electrode
Ll IJ = ’Q ' Q | Li IJ l
L = (1, [ el T
[Electrode]” AodoA ' | =4 0
-'"r : : : /\ 1 4 -
=z
—] I|' R I ||
[‘ e 1 1‘_4
| Q 1 | 1 f
i I'. % | | | Beam [ —
T AE /
I"x_ [ B /
K o PR
[Monitor] . N \”
il : - | A alloy
L S u chamber
- (Not coated)
5 Monitor
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Experimental Setup

- Test chamber was installed into KEKB Positron

ring (Low Energy Ring).

— 3.5 GeV positron

- o,=6~7mm

— Beam current (4) —1600 mA
— Bunch spacing (5,) 4 ~16 ns

- Wiggler magnet.
— Magnetic field: 0.75 T
— Effective length: 346 mm
— Aperture (height): 110 mm

(' g L ]
{48465

Gate Valve

N

Gate Valve

Beam
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Results in Field-Free Region

At first, installed in field-free region

— 1585 bunches (5, ~ 6 ns), 4, = 1600-1620 mA
— V. (repeller voltage) = -1 kV
- V.. (electrode voltage) = +500V ~ -500V
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/s [A]

Results in Field-Free Region

- Electron density decreased to < 1/10 at

V.

elec — + 500 V',___ | 1585 bunches T
(B, ~ 6 ns)
1 ~1600 mA
(Log) ST (Linear),,-""

100E-04 £

100E0F [ b 100E05 £

1 O0E=08 | 5 O0E-08 £
100E07 £ OO0E+D L
1'2 3 45 g 7 12 3 459 ¢ 7

Collectors Collectors
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Results in Magnetic Field

N

- Spatial distribution during beam injection

1585 bunches

l/r_ =0V, l/elec =0V | (BS ~ 6 Ns)
(Linear) LSl N ok seazd
< : ~ 1100
1.6 x 105 -~ —
‘ / = 1200
1.2 x 10 — >
Y
= s S
— 8.0x10% |~ \e
\d.)
4.0 x 107 Electron distribution
00 . splits to two peaks
#L #2243 44 5 ge s 1000 at high current.
Collectors

|
Page 16 | | ILCDRO8 2008.07.08-11 Cornell Univ. | 2008/7/10 |



Results in Magnetic Field

)
- Effect of electrode voltage (Ve.) e el
~1600 mA
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Results in Magnetic Field

P 1585 bunches
- Effect of electrode voltage (V..) (B, ~ 6 ns)
~1600 mA
10" E . : . 1x10* . .
Il v WEOV 0 v i=-1kv |35
W0 O #31 1x10° |23 | O #3
2 7! - | o sl T il -
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Results in Magnetic Field

g 1585 bunches
- Effect of repeller voltage (/) (B, ~ 6 ns)
~1600 mA
(@ V=0V (b) V. =-0.2 kv

(Log) (Log)

Complicated
behavior at
negative V..

Smooth decrease
in /, at positive V,

Collectorls Collectors |

| |
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Results in Magnetic Field

- Effect of repeller voltage (/)

(e) L=-0.6kV (fH =-1.0kVv
(Log) et

/s [A]

1x 104

1x106

1 X108 |/ —— w0
l 400

1 x 10-10 ;

S0
1 2 ,\3_ 4 g f -

~ Collectors | . Collectors,
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Results in Magnetic Field
ik Energy Distribution

N

— High energy elect_rons are around the T em—
center (beam orbit) (B, ~ 6 ns)
~1600 mA
Velec =0V Ve_lec =0V
(Log) (Linear)

4 x 10

3 x10°

2 x 10%

1x106
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Results in Magnetic Field

 Fill patterns
— Spatial distribution changes by bunch filling pattern.

D

Almost flat One peak?
2/150/8 ] | 4/200/4
300 bunches |~~~ | 800 bunches
(BS =16 ns) L A (BS =8 ns)

o o 2 : -
(Linear) " .~ — S0 _ = 280
P S (Linear) .~ '
3 x 108 I ~ 5x 107 -~ ;
L S axwo7” ST\
-8
'<—E'2X10 , N '<—,:'3x10-7 ~
] ]
\091)(108 \®2X10'7

. o Renm— 900
#1 #2 #3 #4 #5 #6 #7 #1 #2 #3 #4 #5 #6 #7

Collectors Collectors

p F——

|
Page 22 | | ILCDRO8 2008.07.08-11 Cornell Univ. | | 2008/7/10



Results in Magnetic Field

 Fill patterns

N

Two peaks | One peak? But shifted?
4/200/3 e | _
800 bunches . | %%Ollaﬁnches
(B,=6ns) | -~ i (B, = 4 ns)
. PP YYYy— i\
(Linear) s oyy 4 (Linear) -~ 140
3 x 10¢ "’;;"H -~ 1 x 107
t A 8 x 108"
I<_E|2X10'6’_ ) |<_E|6X108
| -] r (<]
\G’lxlo-ﬁ'/ = 4x108
2x10¢
0 900 D
#1 #2 #3 #4 #5 #6 #7T #1 #2 #3 H#H4 #5 #6 #7
Collectors Collectors

Why? Poor resolution of electron monitor?
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Results in Magnetic Field

&
 Fill patterns

2/150/8 4/200/4

300 bunches 800 bunches

(B = 16 ns) = - (B =8 ns)
=0 kV =0 kV

(LOQ) (Log)

1x 107

T 1x10° | —
L

© 5| .J.g- S B -
~"1x10° __I :
1x 10109, R
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Results in Magnetic Field

 Fill patterns

N

4/200/3 8/50/2

800 bunches 400 bunches
(B; = 6 ns) (B, = 4 ns)
Vi=0kV V, =0 kv

1x104 -
— 1 x 106 -
<
H e ¥
-8 —
2lx10%® |
1 X 10_10 3 s i 1  — 1 X 10-10 | .= — | 1  — — Sy
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Collectors | | Collectors | | |
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Results in Magnetic Field

N

 Fill patterns
— Electrode is effective for any fill patterns.

— The efficiency seems different by bunch spacings.
Less effective for larger Bs?

. h=0kv ., V=-1kv
1%10° : : : : . 1%10 . :
85042 % 2(-D : ' ppp N
s imoiy | : s
F20014{-0KV] . = &  A20DVA{-1kV)
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1x10° | : . : - 1107 L me g
| [ ] m | .
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Problems

L/

- Decrease In insulation resistivity
— Decreased from 2 MQ down to several 10 kQ

| Move to ,
. Installation  inside magnet HV aging?
0 ¢ ! ! \ 2000
,5}. Beam Current
— - Not strong
£ —_ dependence on V.
2 10° 1000 3 ele
7 > * HV aging
n 1o — _
@ - (discharge) seemed
5 i ¢ th
ySiy i 1N 0 recover the
= 10 : i g — . P
L ¥ - 2 resistivity.
n .' ‘ )
E '
5 Resistivityfl |/e|eC
10* i i -1000
Feb/17 Mar/23 Apr/27 Jun/1 Jul/e

Date
| | | | | |
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Problems

N

« Possible reasons of the decrease In resistivity
— Sputtering of aluminum (chamber)?
— Discharge at connection part? Original color

Inside check when moved into inside magnet

| |
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Problems

N

- Heating of feed-through
— Cooled by air and water
— Mismatching of impedance?

- Vacuum leak at flange
— Insufficient fastening?

- No problem for
— Temperature of electrode (test chamber)
— Power supply

| |
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Mysteries at present

N

- Complicated behavior of /, at negative U
especially for high | I/].
— Not seen In field-free region - effect of magnetic field

— Electrons can move only along magnetic filed lines.
— Effect of monitor (holes, repeller grid)?

- Saturation of /, at high positive V..
— Background of monitor (SR?) ?
— But sometimes /, goes down further?

- Spatial distributions for different bunch fill

patterns
— Simulation indicated two peaks for all patterns.
— Poor resolution of monitor?

lec

| | |
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Mysteries at present

p
UV
- Changes in time
— Aging of surface?
— Vacuum pressure (ionization)?
2008/5/2 1585 bunches 2008/6/5
=0V, | P=9x107 Pa (B.~ 6 ns) —ov, P =6x10-" Pa
I/e.IeC:OV Velee =0V | |
(Linear) | | (Linear)
~ 1000 ~100(
P == 1100 = 1100
1.6 x 105 1200 2.0 x 106 1200
< 1.2x 105 1300  3.5x 106
2 ¥
8.0 x 106 3.0 x 106 ~N
4.0 x 1061 1500 g'\ 1.5 x 10”7 $
S
0.0 N 0.0 :
H1 #2#3 HAHS 46 #71600 \e #1 #2 43 HAHS 46 #71600

Collectors Collectors
| | | | | |
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Summary

A clearing electrode structure with thin electrode and
Insulator was developed.
— The thin structure reduced the beam impedance and enhance
the thermal conductivity, which make the electrode available in
a high-intensity positron machine.

Clear effect of clearing electrode on the reduction of EC
was experimentally demonstrated, both in field-free
region and in magnet (0.75 T).

Some mysteries, such as decrease In resistivity,
complicated behavior of measured electron current at
negative electrode voltage, remains at present.

— Further investigation and simulation to understand the
mysteries are required.

Improvement of the electrode structure, to avoid
discharges, and the electron monitor is planned.

How to apply It to real machines ...... to be considered.
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Backup

D
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Next version

N

- Improvement of connector
— Suggested by Billing-san

s °

R

| |
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Simulation [Preliminary]

Trajectories of electrons

Field-Free Region
1/1585/3 (Bs ~ 6 ns)

V

— oV Monitor \V

elec

= +500 V

elec

Electrode
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Simulation [Preliminary]

- Measured Electron Current (/,)
— Field-Free Region
— 1/1585/3 (Bs ~ 6 ns), V. = -1 kV

Measurement Simulation (5, = 1.4)
i 5
%10 S— T T - T 107 ¢ T T T T
o # Repelier voltage = -1 kY 1" ;
0 & 1585 bunches . |
i3 m e3A) |
A #4 e el |
. + le5[a] |
. #5 i *  Ie6[A] : ! :
1%10% | o # T R N '
> #7 ! E : L] ! i
g5 0y : HE B il B
' : gl © * | + | .
. ”' Bl R ;
0™ b n - l! - ' ﬁ!J 10 - , , i
u] i i
8 : :
1 | |
L+ | |
g E E
1107 - ' - 107 i | i . .
&00 =400 -200 0 200 400 -600 -400 -200 0 200 400 600
Vr [V]
| | | | |
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Simulation [Preliminary]

Trajectory of electrons
In magnetic field, but cyclotron motion was neglected
for simplicity.

1/1585/3 (8, ~ 6 ns)

= 0V Ve = +500 V

elec
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Simulation [Preliminary]

Measured Electron Current (/) for different fill
patterns

~ V. =0kV

- B=0.75T

Measurement Simulation (5, = 1.2)
1x10°
i - - ; : 0.0001
& SN2 1 2(-0RV)  AMREET
o a0 owy) o 1B003
= by B 215008 % 3-0KV) 107 ® . 18008
E“ 12107 | d - | E 2 5 1 . i s -
§ AT z 2 B ‘
& a E -
’ . B
g] N "'.'..'..-:. E L "
E 1x10 L = I 1 a .
= EmmE . - ] i .
g . s 7 . . -
3 . . B 107 | f ! L ] - :
=
5 . il gt
= -A am®
S 1x10 ., | g
o - a " L]
L] | | a : . : (] i ot : 107 | "]
|
n l.
1x10° | - - - - 10 - i ;
-500 -400 -200 o 200 400 SO0 -800 -400 -200 o 200 400 60O
Velec [V] Vr [v]
| | Electrode | |
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Simulation [Preliminary]

- Spatial distribution of Measured Electron

Current (/,)
— =0 kV, 4/200/3 (Bs = 6 ns)

Measurement Simulation (3, = 1.2)
107 . . . i
' ' o 21 107 T T T T
. . v O#2 : : : & lel[A)
o] ESRERIED (ESIER AEEREIE MECIHES EIEL #3 || sf : : | || & e
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= lvon | Y 2 10 ' : | |
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c 107 By e iy |
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Note

e model

High energy e-

High energy e-
(-> Interaction with bunches)

D (-> Interaction with bunches)

Monitoring Holes (0V) [_]
Shielding Grid (0V) @ 9@
RetardingGrid (-1kV) @ © @ @

@)
)
© &> Acceleration

Collector (++100\/)  |——
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