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Introduction

Summary until previous MAC

* The beam size of LER as a function of beam
current starts to increase at a threshold beam
current and is almost doubled by 300 mA under
typical operating conditions.

e Characteristics of beam blow-up observed by the
interferometer were

1)Single beam and multibunch effect.

2)Dipole oscillation is not observed when the
chromaticity is enough high.

3)The blow-up has a threshold which is determined
by the charge density (bunch current/bunch
spacing).

4)The blow-up is almost independent on betatron
tunes.

5)Vertical betatron tune increases along the train
and almost saturates at about 20th bunch.

6)No dependence on vacuum pressure was
observed (especially on hydrogen) in the arc.

7)No dependence on the excitation of the wigglers.
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* To explain the blow-up, the single-bunch head-tail
instability caused by the electron cloud is proposed

by F. Zimmermann and K. Ohmi.

Electrons which are generated by the synchrotron
radiation form a cloud by the attractive force of
multi-bunch positron beam.

Strong or regular head-tail instability in a bunch
occurs by the mediation of the cloud.

The beam size blow-up will be observed as a result
of the head-tail oscillation of the instability.
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*To remove the electrons, about 5000 permanent
magnets were attached on the outer-lateral side of
the vacuum chambers where the synchrotron
radiation irradiate.

The measurement by the interferometer for a short
train (60 bunches/train) showed slight improvement
of the blow-up when the bunch spacing is larger
than or equal to 8 rf buckets. But the effect was not
remarkable.
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Works after previous MAC

Date Event

March/00  More C yokes were installed inner-
lateral side of the chambers.

April Electron monitors were installed.

May Rearrangement of C yokes
(SNNS to SNSN).

July More C yokes were installed (10%).
Rearrangement of C yokes
(short to long period).

Sep. Solenoids were installed.

Jan./01 More solenoids were installed.

And theoretical and simulation works.



Further observation before installation
of solenoids

1) Observations which support Zimmermann and
Ohmi model

*Observation of the beam size over a first and a
second bunch train.

*Effective range of blow-up is about 12 rf buckets.

*The higher chromaticity reduces the blow-up.
*Blow-up is dependent on the charge of a bunch.
The blow-up was enhanced when the charge of
the test bunch immediately after the train was

Increased.

*An amount and energy distribution of electrons in
a field free region were measured by electron
monitors (energy analyzers). The results were

consistent with simulations.
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Effect of chromaticity
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Vertical beam size(a.u.)
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Electron current measured by electron monitor

T T T G E i i | T T T i f I T Ll T T l 2 g T T T [ T i g T T

The monitor is located at 1.2 m |
downstream from a bend. 5

Electron current (micro -ampare)

......................

1 1 1 1 : 3 1 1 1 l 1 1 1 L l 1 1 1 1 l 1 b 8 A1 1 l 1 1 o ¢ ¥

100 200 300 400 500 600

Beam current (mA)



001 0s
L

+

x  preyj ou ‘Bupeds jexpng y
+  wjl g0 Bupeds jexng ¥

+ W e+ HE

2

1

+
*+++ *et I#‘ﬂé 4 P e i s aieie 4+ 444
+ + + LARAE

+
B

+ 9 w4

- *
» + Nty +
o o + R

rva

N\:\:.ﬁ.ixoiimN ‘H) éec.;d...si_m

909}

So-el

10000

100

(A9) £33309 vespery

00t 0sT 00T (1,9 001 05 0 0s-
E————————SSE.-.- e, e, O (0 00
s
[ $eees0%y B ooo.ot..o
% o .-.
® p
oﬂtf 1 100
“ony
ojvlo 4
2 [ ]
ﬁ ®
[ °
[ °
r 1 ~.O
L ]
V™ 06€ - €[5 IUALIRD Urveg .
[ (rryz/o¥) wianed iy :
"....m>...w.>>._...> P »»».m. .—

SUOI)III JO UopNQLISIP ABI20I PINSBIN



2) Others
*Addition and changes of the configuration of C
yokes did not improve the blow-up.
*Solenoid winding around |.P. or Fuji crossing
points did not improve the blow-up.
*All C yokes were removed to see the effect of C
yokes. The measurement for a short train

confirmed previous results.
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The question why the C yokes were not so effetive to
the blow-up was still remained because the
simulation by F.Zimmermann showed that the
electron density is at least factor ten smaller in a
region with C yokes. This led to a suspicion that still

large amount of electrons remained in the ring.

The installation of solenoids was decided because
1) the simulation showed they are five to ten times
more effeicient than C yokes,
2) An experiment by the vacuum group showed a
solenoid was more effective than installed C

yokes to remove the electrons.



Effect of solenoids

Solenoids were installed in September 2000 and

January 2001.

Solenoid system

1) First installation (September 2000)
*Solenoids cover straight sections mainly in arcs.
*Total length of solenoids is about 800 m.

Maximum field strength is 45 Gauss.

2) Second installation (January 2001)

eSolenoids cover bellows and NEG sections in

arcs.

*Total length of solenoids is about 430 m in the

region of Bz > 20G.
Field strength at the photon stop in NEG region is

about 30 Gauss.
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Bz(G)

Measured field distribution of 3 short solenoids
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Observations

1) First installation

Single beam

e For a short train solenoids are effective on the
blow-up even for 4 rf bucket-spacing where C
yokes were not very effective to the blow-up.

* For the fill pattern in physics-run (4 rf bucket-
spacing, 1 train, typically 1153 bunches)
solenoids are not as effective as expected from
the result of short and a few train.

e Even with solenoids the beam size starts to
blow-up at 30th bunches and slowly increases.

e Train gap longer than 600 ns is necessary for
removing the effect of the forward train.

e Shorter train is better for the blow-up.

e As far as being tried so far, uniform fill without
train gaps is best fill pattern against the blow-up
when the beam size is compared at same beam
current.



(yw) juaund weaqg

001 06 08 oL 09 0s 04 ]9 114

T T T T — T T T L — g & T T T — T T T T — T T T T — T T T T — T T T T — T T T T
o h
[ AW 9=0A d

£

[ 0L=3 J
” PI08/T ]
[ [ uo e ‘v “
uo ——d .<m ................................................................. I._‘
uo /[ ‘v§ ,
T £q papiadp “

mm U—Q% —S:Sto: U N G SN ST S (N S SR AT SN SN S N W SN S SN S S SN S SN SH GRS SN SN SN S U G U S S Y

v/09/% SN0k D)

(JAD) 9ZIS WE3q [B1}13A UO PIOUS]OS JO 19

00

0l

0¢

0¢

(14

0¢

09

(uototuwr) 1 @ 9ZIS Wedq [edNIIA



(vur) Juaund weag

3uroeds-syayonq 11
uren/sayaunq L
suren 91

V § : ploudjos
S e

Buroeds-syayonq 1 ¢

urBI)/SaYouNq g/
suren 9|

SOA D

Buroeds-syoxonq J1 ¢

. UTeN}/Syounq
suren 9|

1JO : proudjos

| 1 L 1 1 1

| 1 A i 1 I 1 1 1 i

unua soys4nd jo wrayed [y ur dn-mojg

(uo1otwr) “g'J 1€ IZTS Wredq [BINIIA

viva} bwoT



oL 09 0S ob

[ VS : plousjos

;
[ wxm&%@%m

A
, 88'6= 3
" | VW £9°0 JuaLInd young
[ Suroeds-sioxonq J1 ¢

I urex/sayoung (9
suren g e ]

m.mmmm

mm.mmm-mmm..m.m..mm..mm.m...wwwwmi

el

VO : ploudjos

BISWRD pajes ayy Aq uaye ]

01

Sl

0c

(un AI8.1}1qI8) IZIS WEI] [EIIIA



Effect of train length on the blow-up
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Vertical beam size @IP (micron)
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* Solenoid field of 40 Gauss seems to be enough
to suppress the blow-up.

* The solenoids away from the bends give a
substantial effect to the blow-up.



(¥)iuaum) piousjos

9 S % € Z I 0 I-
T T T T T ) T T T . ] T T T T T T T T T T T T T T T T T T o
0z
oY
I ~
- #/09/ waned [[1g . m
- 09
I L] I T ™I

L ccsussasessusansasiesavene — Ow ".
4 /

(1943 A9%S) dn-mo0[q JO JUILIND P[OYSIIY) *SA JUI.LIND PIOUI[OS




Vertical beam size @IP(micron)

Effect of field strength on beam size (LER)
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Luminosity

* Solenoids are effective to improve the specific
luminosity in the physics fill pattern.

* When the bunch spacing was large enough ( 24
M buckets) the specific luminosity was almost
same with and without solenoids.

* The effect of C yokes and solenoids on the
specific luminosity are almost same. Thus the
luminosity was not increased after installation of
solenoids.

* Specific luminosity seems lay on a universal line
which is determined only by the beam current of
LER even if bunch spacing or bunch current is
different.

e Fill patterns of short and many trains did not

improve the luminosity.
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Csl Specific/bunch
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2) Second installation

Single beam

* No improvement on the blow-up was observed in
physics fill pattern within the reproducibility of the
data. (During  the measurement  the
reproducibility of the data taken by the
interferometer was not good.)

Luminosity

 Specific luminosity as a function of LER current
was not improved by the additional solenoids in

bellows and NEG sections.



Effect of additional solenoids in bellows section on blow-up
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Csl Specific/bunch
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*Bunch-by-bunch luminosity started the operation.
It showed that the specific luminosity of forward
20 bunches was higher than that of remaining
bunches when the beam current is above 600

mA.

Vertical tune above half integer

e No improvement on the blow-up was observed at

the tune above half integer.
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Hysteresis

« The beam size continues to blow-up even after the
injection stops. The time when beam size reaches
to a maximum value is delayed typically 100 sec
after the injection stops.

« The hysteresis seems “real”.

- The beam size may be different at the injection and
at the collision due to hysteresis. There is a data
which shows the beam size at the collision is
almost same in the fill pattern “1000” and “1100”
while the beam sizes are different at the injection.

« The vacuum pressure also shows hysteresis but
the time constant of the pressure-increase after
stopping the injection is smaller than that of the
beam size.

« The electron vyield measured by the electron
monitor does not show the hysteresis.

« The hysteresis is not explained by the Zimmermann

and Ohmi model.
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Questions

A) Why solenoids and C yokes are not so effective

when a bunch train is long ?

Hyposesis ( K. Oide)
* There exsist at least two types of the blow-up.
1) A blow-up explaned by the Zimmermann and
Ohmi model
2) Another blow-up by “long-sustained source(s)”
which affect to the blow-up for a long train.

i)Universal curve of specific luminosity which is
determined only by LER current.

ii)The beam size slowly increases along the train
with solenoids.

iiilLarge train gap necessary for removing the
effect of the forward train.

iv)Shorter train is better for the blow-up.

V)Fill patterns of short and many trains did not

improve the luminosity.



* Blow-up 1) caused by the electron cloud in field free
sections of arc is alredy suppressed by the
solenoids.

But blow-up 2) is still remained.

At present, we are not sure whether the source of 2)

Is electron cloud or not ?

B) Hysteresis
There are no models to explaine the hysteresis of

the beam size.



Plans

e Search electron sources (Bend, wiggeler, Fuji
crossing point, IR etc.)

e Study of hysteresis effect on the blow-up

* New model and/or simulation

 Detection of bunch oscillation

e Shorter bunch length

e More solenoid in straight sections ?

e Vacuum chamber (ante-chamber) ?



Summary

e Many observations are explained by the single-
bunch head-tail model caused by the electron
cloud.

e There are also some observations which can not be
explained by the model.

Hysteresis
Slow build-up of the beam size along the train

e Most important problem is why solenoids and C
yokes are not so effective when a bunch train is
long ?

* There may be another source of the blow-up for a

long train.



Coupled bunch instability

LER

e Fill pattern (1920 bunches)
Bunch spacing : 4rf buckets, 32 trains,
60 bunches/train, train gap : 24 rf buckets
e Beam current 640 mA
e Growth time
Horizontal : <1 ms, Vertical : about 2 ms
* Mode
Broad both in horizontal and vertical

HER
e Fill pattern (1152 bunches)
Bunch spacing : 4rf buckets, 1 train
e Beam current 400 mA
e Growth time
Horizontal : 4 ms, Vertical : 10 ms
* Mode
Horizontal : sharp mod at low frequency
Vertical : broad



