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KEKB LER Parameter related to this report

Circumference = 3016m
Inner diameter of LER vacuum chamber = 94 mm
Chamber material = Cu
Typical bunch size
o, ~ 0.4 mm
6, ~ 0.06 mm
G, ~ 6mm
RF Frequency = 508.88MHz
Harmonic number = 5120
1 Bunch Space = 0.6m = 2ns

Bunch pattern :[No. of train, No. of bunch in a train, Bunch

Space]




Electron Monitors (1)

Retarding field analyzer (RFA) type
electron monitors are usually set at
___pump ports of KEKB LER.
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Monitor with a micro
channel plate (MCP)
(HAMAMATSU F4655-12)
for high time resolution



Electron Monitors (3) Y. Suetsugu

 RFA with 7-strip anode to
measure the horizontal spatial
distribution of electrons in a
dipole field.
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Electron Monitors (4) Y. Suetsugu

« Assembly of RFA
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» Applied voltage
Collectors: +100V
Retarding Grid: 0 ~ -1 kV
 Measurement: DC mode




Effect of synchrotron radiation

In 2000, two RFA’'s were
Installed to LER. One (EM1) is
close to a bending magnet
(1.2m). The other (EMZ2) is far
from the bending magnet (8m).

EM1 detects electron current
higher than EM2.

Correlation with the intensity of
synchrotron radiation is
obvious. However the ratio is
not equal to the ratio of the
linear photon density.

At low current, the ratio of the
electron current approaches to
that of the linear photon density.
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Energy sp

Energy spectrum was
measured for the stored
current of 280~290 mA.

Most of electrons that
enter the RFA have an
energy lower than 20 eV.

By attaching a fast analog
amplifier to RFA, we
succeeded to observe the
electron current variation
corresponding to the
bunch train of the stored
beam. However, the
bunch structure was not
resolved and studies
along this line was not
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Electron Measurement by MCP (1)

Electron Current [arb. unit]
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This RFA was
located 1.2 m from
a bend

The number of
Incoming electrons
Is far beyond the
normal operating
range of MCP.

The horizontal
range
corresponds to the
one turn for LER



Electron Measurement by MCP (2)

*Detailed structure of the previous
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High energy electrons
show sharp peaks that
coincide with the bunch
pattern.

Low energy electron
current decays more
slowly than high energy
component.

The peak of high energy
component consists of
electrons located near the
beam and accelerated by
the passing bunch
(energetic electrons are
produced near the bunch).
>>Density estimation



Electron Measurement by MCP (3)

Signal from the beam with ten 8 ns spaced bunch plus one pilot

bunch

Electron Signal [arb. unit]
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Though the bunch
current is not so
different from the
previous slide, the
total current is much
lower.

In this case, electron
signal is much
smaller than the
previous case and
peaks of high energy

component are not so
clear.



Electron Measurement by MCP (4)

Signal from the beam with ten 8 ns spaced bunch plus one pilot
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Scrubbing
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Effect of antechamber

a=1.7, D6 arc
antechamber
(w=47+65, h=14)

a=0.079, D5 straight

Cu
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The antechamber is
effective to reduce
the contribution of
photoelectrons to
the electron cloud.

Antechamber
reduces the electron
cloud density
drastically.

079 However th

v I I\~

hamber removal of

photoelectrons is
__ not complete

compared to the
place where
synchrotron light is

2

‘a’ represents the photon intensity of direct synchrotraegligible.
radiation. (Linear photon density per meter) = (a/360)+(Total



Effect of
coatings a~ 0, D8 straight

circular (r=47)
Bunch pattern [1, 1389, 3.5]
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Comparison of coating and antechamber

4 10%?

310%

2 10%?

Electron Cloud Density [m’]
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LER Bunch Current [mA]

* a=l.7,Dbarc Bunch Pattern [1, 1389, 3.5]

antechamber Bias= - 250 V
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circular
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Under synchrotron
radiation, TiN coating
alone is not effective
compared to the
antechamber
structure.

TIN coating is done by
R. J. Todd and H. C.
Hseuh (BNL)



Measurement in a dipole field with seven
strip anode RFA (1)

 For different fill patterns
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dipole field with seven
)

e For different fill patterns
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Measurement in a dipole field with seven
strip anode RFA (3)

e Energy Distribution
— High energy electrons are around the center 1585 bunches
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Estimation of the cloud density in a drift space

(1)

Within electrons interacted witl
a bunch, those with a higher
energy than a certain value
arrive at RFA before the next
bunch arrives.

They come from the small
volume around the beam.

By applying a suitable retarding
bias, such current is selectively
measured and the
corresponding volume is defined
by the bias (~1/volume). Conceptual drawing of
This view is suggested by the the density measurement.
MCP observation.

A=

(K. Kanazawa et al. PACO05.



Estima

o

The assumption of this
estimation suggests that
when the beam current is
constant, if the density is
uniform, electron current
IS proportional to the
volume given by the
retarding bias i.e.
Inversely proportional to
the retarding bias.

This graph shows such
case can be seen for a
high retarding bias and
gives plausibility of the
Idea.

r—

—h
r—
=
(D

Electron Current (E>V ) [A]

loud density in a drift space
EMscan24Jun2008
4107 . -
Unifﬁrm / 1
: density \/ i
_7 - i
3107 | L _
: /
2107 | 0
[1, 1585, 3.06]
_ 1=1352~1460 MA
1107
r (4
0 0002 0004 0006 0008 0.01

LV, (~ Observed Volume) [V ]

1 kV



Estimation of the cloud density in a drift space

(slgxample

Unreliable
region.

Volume is
too small.
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current.
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Electron Cloud Density [

Electron Cloud Density [

Effect of bunch patterns on the density (1)
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Electron Cloud Density [m‘ﬁ

sz)fect of bunch patterns on the density

For the location where synchrotron radiation is negligible, the
variation due to bunch pattern is large even if plotted against

current density.
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Summary

RFA type electron detectors with Faraday cup or MCP or multi-strip
anode are installed to KEKB LER and electron current from the electron
cloud is observed under various beam conditions.

The cloud density depends on the intensity of synchrotron radiation but is
not proportional to the intensity.

Most of electrons that enter RFA have a low energy below 20 eV.

MCP measurement in a time domain shows high energy electrons have
peaks associated with bunches.

MCP measurement suggests long surviving electrons in a duct.

The decrease of the cloud density by scrubbing suggests the decrease of
SEY of a duct surface.

Antechamber reduces the electron cloud density but not complete.

At the location where synchrotron light is negligible, the effect of coating
was compared. TiN coating is more effective than NEG coating.

Under synchrotron radiation the effect of TiN coating alone is not so
effective as the antechamber structure.



Summary (continued)

« With multiple strip anode, various patterns of the cloud are observed in a
dipole field according to different stored beam current and patterns.
These features are mainly produced by low energy electrons.

e By selecting high energy electrons that hit a chamber wall, the density of
electron cloud near a circulating beam can be estimated.

* The variety of the evolution pattern of the cloud density due to different
bunch patterns converges if the density is plotted against the linear
density of the stored current. The convergence is especially good if SR
exists.

Thank You !



