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Abstract 
A critical issue for SuperKEKB is the electron cloud ef-

fect (ECE) in the positron ring. Various countermeasures, 
such as ante-chambers, TiN-film coatings, clearing elec-
trodes, and grooved surfaces, were prepared before com-
mencing commissioning. The ECE, however, was ob-
served during Phase1 commissioning (2016) caused by 
the electron cloud in Al-alloy bellows chambers and also 
in the beam pipes at drift spaces, although the beam pipes 
had antechambers and TiN-film coatings. The threshold of 
the current linear density for exciting the ECE was approx-
imately 0.12 mA bunch RF-bucket. Permanent mag-
nets and solenoids were attached to them to generate mag-
netic fields in the beam direction as additional counter-
measures. Consequently, the current linear density thresh-
old increased up to over 0.53 mA bunch RF-bucket in 
Phase3 commissioning (2019). Currently, there is no clear 
evidence of ECE during a normal operation. The effective-
ness of the ante-chambers and TiN-film coatings of real 
beam pipes and groove structures used in bending magnets 
were experimentally re-evaluated. This report summarises 
the mitigation techniques used in SuperKEKB and the re-
sults thus far. 

INTRODUCTION 
The SuperKEKB is an electron-positron collider with 

asymmetric energies in KEK that aims for an extremely 
high luminosity utilising a “nano-beam” collision scheme 
(Fig. 1) [1, 2]. The main ring (MR) consists of two rings, 
that is, the high-energy ring (HER) for 7 GeV electrons and 
the low-energy ring (LER) for 4 GeV positrons. The beam 
pipes in the MR tunnel are shown in Fig. 2. 

 
Figure 1: SuperKEKB at KEK Tsukuba campus. 

Single-bunch instability caused by the electron cloud, 
that is, the electron cloud effect (ECE), is a severe problem 
for the SuperKEKB LER [3, 4]. Therefore, more effective 
countermeasures are required. From simulations, the aver-
age density of electrons in the ring should be less than 
~31011 m to avoid excitation of the ECE [5]. Hence, var-
ious types of countermeasures against ECE were adopted 
in the SuperKEKB LER, which are summarized in Table 1, 
and typical views of each countermeasure are shown in 
Fig. 3 [6]. 

 
Figure 2: LER and HER in the MR tunnel. 

COUNTERMEASURES IN SUPERKEKB 
An antechamber helps to minimise the effects of photo-

electrons because most of the synchrotron radiation (SR) is 
directly irradiated at its side wall (Fig. 3(a)). However, sec-
ondary electrons play a significant role in electron cloud 
formation in the high-bunch current regime. Most of the 
beam pipes for the LER were made of aluminium (Al)-al-
loy, and the beam channel was coated with a TiN film to 
reduce the secondary electron yield (SEY) (Fig. 3(b)). 
Clearing electrodes were installed in the beam pipes for 
wiggler magnets instead of TiN-film coating. A clearing 
electrode absorbs electrons around the beam orbit using a 
static electric field. These beam pipes also have antecham-
bers and are made of copper (Fig. 3(c)). A grooved surface 
was adopted for the beam pipes in the bending magnets in 
the arc section. The grooved surface geometrically reduces 
the SEY. The TiN-film coating was subsequently applied 
to the grooved surface (Fig.3(d)). As a result, approxi-
mately 90% of the beam pipes in the ring had antechambers 
and TiN-film coating. A magnetic field in the beam direc-
tion (Bz) generated by solenoids or permanent magnets 
around the beam pipe is highly effective in suppressing the 
electron emissions from the inner wall. These are available 
only in the drift spaces (field-free regions) between elec-
tromagnets, such as quadrupole and sextupole magnets 
(Fig.3(e) and 3(f)). The circular dots in Table 1 indicate the  ___________________________________________  
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countermeasures applied to each main section of the ring. 
The density of electrons (ne) expected in the case of circu-
lar beam pipes (copper) and those with the above counter-
measures are also presented in the table. Here, the efficien-
cies in reducing ne for the antechamber scheme, TiN-film 
coating, solenoid (i.e., Bz), grooved surface, and clearing 
electrode are assumed to be 1/5, 3/5, 1/50, 1/2, and 1/100, 
respectively, based on the experimental results obtained in 
the R&D up to that time. With these countermeasures, a ne 

value of approximately 21010 m was expected at the de-
signed beam parameters, that is, a beam current of 3.6 A at 
a bunch fill pattern of one train of 2500 bunches, with a 
bunch spacing of two RF-buckets (referred to as 
1/2500/2 RF hereafter). Here, one RF-bucket corresponds 
to 2 ns. This value of ne is sufficiently lower than the 
threshold density of electrons (ne_th) of 31011 m. The Bz 
at drift spaces were not prepared before Phase1 commis-
sioning because the expected beam current was not very 
high during the Phase1 commissioning; it was approxi-
mately a maximum of 1 A. 

Several beam pipes for tests were installed in the ring to 
investigate ECE, and the ne around the beam was measured 
via electron current monitors, which were also used in pre-
vious KEKB experiments [7]. A test beam pipe with two 
electron monitors is shown in Fig. 4. These monitors were 
set up at the bottom of the beam channel. The voltage ap-
plied to the electron collector was 100 V, whereas that ap-
plied to the grid (repeller) was typically −500 V. The test 
beam pipe is placed in the arc section of the ring. The line 
density of synchrotron radiation (SR) photons is 
11015 photons s m mA, which is almost the same as 
the average value of the arc sections. A weak magnetic field 
in the vertical direction (By) can be applied at the location 
of the electron monitors by the solenoids at the top and bot-
tom sides of the beam pipe (see Fig. 4). 

ECE IN PHASE COMMISSIONING 
First Observation 

ECEs, such as a blow-up of vertical beam size and non-
linear pressure rise with beam current, were first observed 
during Phase1 commissioning from a beam current (I) of 
approximately 600 mA at a bunch fill pattern of 

Table 1: Countermeasures used to minimize the ECE in the SuperKEKB LER. The circular dots indicate the coun-
termeasures applied for each main section in the ring. 

Sections Length 
[m] 

ne 
(circular) 

[m3] 

Countermeasures ne 
(expected) 

[m3] 
Antechamber 

(1/5) 
TiN coating 

(3/5) 
Solenoid (Bz) 

(1/50)** 
Groove 

(1/2) 
Electrode 

(1/100) 
Drift space (arc) 1629 81012      21010 
Corrector mag. 316 81012      21010 
Bending mag. 519 11012      61010 
Wiggler mag. 154 41012  *    5109 

Quadrupole and 
Sextupole mag. 254 41010      5109 

RF cav. section 124 11011      1109 
IR 20 51011      6109 

Total 3016        
Average  5.51012      2.41010 

*Except for beam pipes with clearing electrodes. 
**Uniform magnetic field in the beam direction is assumed. 
Abbreviations: 
RF cav. section: Beam pipes around RF cavities, IR: Interaction region 
ne (circular): Density of electrons expected for circular beam pipe (copper) 
ne (expected): Density of electrons expected after applying countermeasures 
Antechamber: Antechamber scheme, Solenoid: Solenoid winding, but actually applying a magnetic field in the beam direction (Bz) 
Groove: Beam pipe with grooves, Electrode: Beam pipe with clearing electrodes 

 
Figure 3: Typical view of countermeasures adopted to 
SuperKEKB LER: (a) beam pipes with ante-chambers, 
(b) TiN-film coating, (c) clearing electrode, (d) groove 
structure, magnetic fields in the beam direction by (e) 
permanent magnets, and (f) solenoids. 

65th ICFA Adv. Beam Dyn. Workshop High Luminosity Circular e⁺ e⁻ Colliders eeFACT2022, Frascati, Italy JACoW Publishing

ISBN: 9 7 8 - 3 - 9 5 4 5 0 - 2 3 6 - 3 ISSN: 2 6 7 3 - 7 0 2 7 d o i : 1 0 . 1 8 4 2 9 / J A C o W - e e F A C T 2 0 2 2 - W E Y A T 0 1 0 2

Beam-beam & Instabilities

WEYAT0102

147

Co
n
te
n
t
fr
o
m

th
is

w
o
rk

m
ay

b
e
u
se
d
u
n
d
er

th
e
te
rm

s
o
f
th
e
CC
-B
Y-
4
.0

li
ce
n
ce

(©
20

22
).
A
n
y
d
is
tr
ib
u
ti
o
n
o
f
th
is

w
o
rk

m
u
st

m
ai
n
ta
in

at
tr
ib
u
ti
o
n
to

th
e
au

th
o
r(
s)
,t
it
le

o
f
th
e
w
o
rk
,p

u
b
li
sh

er
,a

n
d
D
O
I



1/1576/3.06 RF, despite the implementation of the various 
countermeasures described above [8, 9]. Here “3.06RF” 
means the average RF-bucket spacings of a pattern with a 
mixture of 3 and 4 RF-bucket spacings. This value of I cor-
responds to the current line density (Id), i.e., the bunch cur-
rent divided by the bunch spacing, of 0.12 mA bunch RF-
bucket. The vertical beam size was measured using an X-
ray beam size monitor [10]. Since Bz was not applied to the 
beam pipes at the drift spaces, the excitation of the ECE is 
an undeniable possibility. However, the threshold of the 
beam current for exciting the ECE was much lower than 
expected, that is, over 1 A with 3RF-bucket spacings. 

A dedicated machine study to investigate the phenomena 
found that the threshold of Id (Id_th [mA bunch RF-
bucket]) where the blow-up of the beam size begins was 
almost independent of the bunch fill patterns, as shown in 
Fig. 5(a). This is a typical characteristic of ECE. The Id_th 
was 0.1 0.12 mA bunch RF-bucket. The modes of 
coupled-bunch instability were also typical for ECE be-
cause of the electrons in the drift spaces [11]. Furthermore, 
the ne measured at the region “without” TiN-film coating 
in the test beam pipe was of the order of 1012 m3 at an I 
value of 600 mA. The ne value was over 10 times higher 
than ne_th, ~31011 m, as expected from the simulation. It 
was observed that this ECE was caused by the electrons in 
the Al-alloy bellows chambers without TiN-film coating 
(see Fig. 2), although they occupy only ∼5% of the circum-
ference of the ring. 

To counteract the ECE, two units of permanent magnets 
(PM), where eight small ( = 30 mm) PMs were attached 
to a C-shaped iron plate (yoke) in each unit, were placed at 
the top and bottom of each Al-alloy bellows chamber, as 
shown in Fig. 6. A Bz value of approximately 100 G was 
formed in most regions of the PM units, although the po-
larity reverses locally near the magnets. 

ECE at a Higher Beam Current 
After attaching the PM units to all the Al-alloy bellows 

chambers, the blow-up of the vertical beam size was not 
evident until I reached ~ 800 mA. The measurement of the 
vertical beam size for bunch fill patterns of 4/150/2 RF, 
4/150/3 RF, 4/150/4 RF and 4/150/6 RF showed that the 

Id_th shifted from 0.12 mA bunch RF-bucket to approx-
imately 0.2 mA bunch RF-bucket, as shown in 
Fig. 5(b).  

The ne measured in the region “with” TiN-film coating 
in the test beam pipe approached the value of ne_th at the Id 
of 0.2 mA bunch RF-bucket. Transverse coupled bunch 
instabilities with modes caused by electrons in drift spaces 
were also detected. This means that ECE was excited by 
the electron cloud formed in the beam pipes with ante-
chambers and TiN-film coating at the drift spaces. 

 
Figure 4: A test beam pipe with two electron monitors 
installed at a drift space of the LER. 

 
Figure 6: PM units attached to the beam pipes at drift 
spaces. 

 

 

 
Figure 5: Vertical beam sizes as a function of the current 
line density (Id) for several bunch fill patterns measured 
(a) before and (b) after attaching PM units to Al-alloy 
bellows chambers in Phase commissioning, (c) in 
Phase commissioning, (d) in Phase commission-
ing, and in the KEKB era (e) without and (f) with sole-
noids, where ECK means the emittance control knob. 
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At this point, approximately 90 % of the beam pipes in 
the LER had antechambers and TiN-film coating. It should 
be noted that Id_th is much higher than that in the case of the 
KEKB at an early stage [12], where most beam pipes were 
circular and made of copper (OFHC) without any coatings 
or solenoid windings. The Id_th at that time was approxi-
mately 0.04 mA bunch RF-bucket, as shown in 
Fig. 5(e). Meanwhile, after applying PM units to only Al-
alloy bellows chambers in the SuperKEKB, the Id_th is 
0.2 mA bunch RF-bucket (Fig. 5(b)), which is approxi-
mately five times that in the KEKB. This indicates that the 
antechambers and TiN-film coating of the beam pipes ef-
fectively suppressed the ECE. 

Additional countermeasures 
PM units and solenoids were attached to most of the 

beam pipes at drift spaces in the LER as additional coun-
termeasures for the next Phase commissioning phase. 
The PM units with iron yokes (Type1unit), similar to 
those used for Al-alloy bellows chambers, were placed in 
series around the beam pipe, as shown in Fig. 6, which pro-
duced a Bz of approximately 60 G. A simulation using the 
CLOUDLAND code [13] showed that ne around the beam 
orbit reduced to approximately 1/10th of ne_th even for the 
designed beam parameters, as shown in Figs. 7(a) and 7(b). 
However, Type1 units cannot be used near electromag-
nets, such as quadrupole and sextupole magnets, because 
the iron yokes affect their magnetic fields. Therefore, an-
other type of PM unit (Type2 unit), consisting of Al-alloy 
cylinders with permanent magnets inside and Al-alloy sup-
ports, was placed close to the electromagnets (Fig. 6). The 
value of Bz inside the Type2 unit was approximately 
100 G. Solenoid windings were revived for the beam pipes 
that had been used since the KEKB era [14]. Before start-
ing Phase2 commissioning, as a result, approximately 
86% of the drift spaces (approximately 2 km) were covered 
with a Bz higher than approximately 20 G. A simulation in-
dicated that the ne around the beam orbit at a Bz value 
higher than 10 G is lower than 11011 m even for the de-
signed beam parameters [6]. 

ECE IN PHASE2 COMMISSIONING 
Figure 5(c) shows the dependence of the vertical beam 

size on Id for the three bunch fill patterns in Phase2 com-
missioning, 2018. The blow-up of the beam sizes was not 
observed until the Id of 0.4 mA bunch  RF-bucket. Id_th 
increased by at least two times compared to Phase1 com-
missioning (Fig. 5(b)). Id is the maximum value that can be 
stably stored at that time. The pressure increased in almost 
proportionally with the beam current. 

The modes and growth rates of the transverse coupled 
bunch instabilities were measured and analysed again. The 
modes caused by the electrons near the inner wall trapped 
by Bz were observed, instead of the modes caused by the 
electrons in the drift spaces [15]. Furthermore, the growth 
rates were much slower than those measured during 
Phase1 commissioning. The coupled bunch instability 

was effectively suppressed by the bunch-by-bunch feed-
back system. The measured ne in the test beam pipe in the 
region with TiN-film coating without Bz did not change 
from that observed in Phase1 commissioning. 

From these observations, it can be concluded that addi-
tional countermeasures, that is, a Bz generated by PM units 
and solenoids at drift spaces, contributed to suppressing the 
ECE in Phase2 commissioning. 

Re-evaluation of the Effectiveness of Antecham-
ber and TiN-film Coating 

First, as a measure of the effectiveness of a beam pipe 
with an antechamber in suppressing photoelectrons, the re-
duction rate of the number of photoelectrons in the beam 
channel relative to a simple circular beam pipe () is de-
fined as follows: 𝛼 ≡ ್ାఉ×ೌ್ାೌ .     (1) 

Here, pb and pa are the numbers of photoelectrons gener-
ated in the beam channel and antechamber, respectively. 
Hence, the total number of photoelectrons in the beam pipe 
at this location is pb + pa. β is the probability that the elec-
trons in the antechamber pass into the beam channel and is 
estimated to be approximately 0.05 in our case through a 
simulation [6]. For the case of a circular beam pipe, for ex-
ample,  = 1 because  = 1. A small value of  implies the 
high effectiveness of the antechamber. 

Meanwhile, the maximum SEY (δmax) was used as a 
measure of the effectiveness of TiN-film coating with re-
gards to reducing secondary electrons. δmax was estimated 
using the fact that the ECE was excited at an I value of 

 

 
Figure 7: Density of electrons (ne) in a beam pipe (a) 
without magnetic field and (b) with Type PM units 
calculated by CLOUDLAND simulation code for a 
beam current of 3.6A at a bunch fill pattern of 
1/2500/2RF. 
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approximately 900 mA for a bunch fill pattern of 
1/1576/3.06 RF during Phase1 commissioning as de-
scribed previously. This implies that ne should be approxi-
mately 31011 m for these beam parameters. The line 
density of photons of SR is 11015 photons s1 m1 mA1 
on average in the beam pipes at the arc sections. Under 
these conditions, max was calculated as a function of the 
number of photoelectrons in the beam channel, that is, , 
using CLOUDLAND and PyECLOUD [16] simulation 
codes. 

If the value of  is estimated from simulations or meas-
urements, max of the surface can be evaluated. For example, 
the value of  was estimated to be 0.01 in the experiment 
during the KEKB commissioning, where a test beam pipe 
with an antechamber made of pure copper was used [17]. 
Using this  value, max was estimated to be approximately 
1.4. This value of max is higher than that obtained for TiN-
film coating (1.0  1.2) after sufficient electron bombard-
ment in a laboratory [18]. Hence, estimating the  value 
for a real beam pipe is necessary. 

Note that the re-evaluated values of  and max here are 
the averages of those measured in the ring because the ECE 
is excited by the average value of ne. However, ~90% of 
the beam pipes in the ring have antechambers and TiN-film 
coating. Beam pipes in other parts do not have antecham-
bers but are in straight sections with weak SR intensity. The 
effects of these parts are small. 
 and max values were re-evaluated by several methods 

using simulations and experiments during Phase−2 com-
missioning [6]. Here, the result obtained from the meas-
ured ne with small permanent magnets at the ends of ante-
chambers is reported as a representative example. 

If ne is almost proportional to the number of photoelec-
trons in the beam channel, which holds for the ne value of 
the order of 1011 m3, the ratio of electron density under the 
condition that the electrons from the antechamber can be 
negligible (ne0) to that under the usual condition (ne) is 
written as follows: బ = ್್ାఉ×ೌ.     (2) 

If ne0 and ne are measured, then the  value can be deduced 
using Eqs. (1) and (2). 

ne0 was measured during Phase commissioning by at-
taching weak permanent magnets with yokes at only the 
ends of the antechambers along the test beam pipe, as 
shown in Fig. 8. These magnets generate weak By along the 
antechamber and confine the emitted photoelectrons. The 
By value close to the permanent magnets, that is, at the end 
of the antechamber, was approximately 100 G, but that in 
the beam channel was less than 0.5 G, which is the same 
order as the terrestrial magnetism. In the simulation, a By 
of this order of magnitude had no effect on ne in the beam 
channel. It was also experimentally found to have little ef-
fect on the measurement of ne using our electron monitors. 

The measured values of ne0 and ne for a bunch fill pattern 
of 1/1576/3.06 RF are presented in Fig. 9. High ne values 
at low Id are not reliable because the volume used in the 

calculation of ne is so small that the estimation method is 
no longer valid in principle [7]. The ratio ne0/ne was 1.5/3.3 
at a bunch current of 0.45 mA bunch. Assuming a  value 
of 0.05, the ratio pb/pa was calculated to be 0.04 from Eq. 
(2).  was then calculated as 0.08 from Eq. (1). Conse-
quently, max was evaluated to be approximately 0.7  0.8, 
which is close to the value obtained in the laboratory. 

Although the results of the re-evaluation studies were 
relatively scattered, all values of  were larger than that 
obtained in the KEKB experiments, that is, 0.01 [6]. This 
difference can be explained by the following: (a) the loca-
tion of the experimental setup, that is, just downstream 
(KEKB) and seven meters downstream (SuperKEKB) of a 
bending magnet, (b) the height of the antechamber, that is, 
18 mm (KEKB) and 14 mm (SuperKEKB), (c) the material 
of the beam pipe, that is, copper (KEKB) and Al-alloy 
(SuperKEKB), and (d) the treatment of the innermost sur-
face of the antechamber where the SR is directly irradiated. 
The most plausible cause among these is (a) and (b); that 
is, some portion of photons from upstream hit the beam 
channel owing to the vertical spread and scattering far 
downstream of the bending magnets in the real machine. 

 
Figure 9: Measured electron density near the beam orbit 
for the cases with (ne0) and without PMs (ne) in the an-
techambers. 

 
Figure 8: Weak PMs attached at the ends of antecham-
bers of the test beam pipe with electron monitors to pre-
vent the photoelectrons generated in the antechamber 
from entering the beam channel. 
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Conversely, for the max of the TiN-film coating, the val-
ues are closer to or are somewhat lower than those obtained 
in the laboratory. The TiN-film coating seems to work well 
as expected, with regards to reducing the emission of sec-
ondary electrons. 

ECE IN PHASE-3 COMMISSIONING 
Before starting Phase3 commissioning, the PM units 

were further added to the drift spaces, up to approximately 
91% of the drift spaces. During Phase3 commissioning in 
June 2019, the vertical beam sizes and modes of instabili-
ties were again measured by changing the bunch fill pat-
terns. The changes in the vertical beam sizes with respect 
to Id for the bunch fill patterns of 4/120/2 RF, 4/120/3 RF 
and 4/120/4 RF are shown in Fig. 5(d). No beam-size 
blow-up was observed until the Id of 0.53 mA bunch1 RF-
bucket1, which was approximately 2.6 times higher than 
that in Phase1 commissioning. Note again that Id is the 
maximum value that can be stably stored at that time. Fur-
thermore, coupled-bunch instabilities related to the elec-
tron cloud in the drift spaces were not observed. The pres-
sure increased almost proportionally to the beam current, 
and no abnormal pressure increases were observed. The Bz 
produced by the PMs works effectively to suppress ECE. 
The Id of 0.53 mA bunch1 RF-bucket1 corresponds to ap-
proximately 2.5 A for the bunch fill pattern of 1/2400/2 RF.  

As a reference, the changes in vertical beam sizes against 
Id for the bunch fill patterns of 4/80/3 RF and 8/50/2 RF 
after setting solenoids in the KEKB era (2006) are shown 
in Fig. 5(f) [19], where most of the drift spaces and the 
beam pipes in quadrupole magnets were covered with so-
lenoids. The condition regarding the magnetic fields in the 
beam direction is similar to that in Phase3 of SuperKEKB. 
The Id_th was approximately 0.4 mA bunch1 RF-bucket1 
at that time. After this measurement, the Bz of approxi-
mately 1500 solenoids was increased by a factor of 1.7 with 
new power supplies, and the Id_th should have somewhat 
improved [20]. A measurement showed that the value of 
Id_th was 0.44 mA bunch1 RF-bucket1 at a bunch fill pat-
tern of 8/100/2 RF in June 2009. 

The effectiveness of the groove structure on the top and 
bottom sides of the beam channel was also re-evaluated. As 
for the groove structure, the effects on the reduction of SEY 
were examined in the KEKB era at a wiggler section by 
changing the shape and materials of the groove structures 
[21]. The effectiveness was evaluated using a test chamber 
with the same groove structure used for the beam pipes in 
the bending magnets of SuperKEKB [22]. Figure 10(a) and 
10(b) show the dependence of the measured electron cur-
rent (Ie) on the beam current (I) for the bunch fill pattern of 
1/1576/3.05 RF at By = 0 in the test chamber. The value of 
Ie_Al (without groove and TiN-film coating) was much 
higher than that of the Ie_Al+groove (with groove but without 
TiN-film coating), and the effectiveness of the groove 
structure was evident. However, the values of Ie_TiN (with-
out groove but with TiN-film coating) and Ie_TiN+groove (with 
both groove and TiN-film coating) are almost identical. 
The possible reasons for this are as follows. The value of 

ne in the beam pipe with the TiN-film coating (low SEY) 
was of the order of 1011 m, and the effect of photoelec-
trons was larger than that of secondary electrons. Therefore, 
Ie, is almost the same regardless of the presence or absence 
of groove structures. In contrast, for the case without the 

 
Figure 11: Changes of Ie_TiN+groove / Ie_TiN and Ie_Al+groove / 
Ie_Al against By, where the values are normalized at 
By = 0. 

 
(a) 

 
(b) 

Figure 10: Electron currents of Al-alloy beams pipes (a) 
without and (b) with TiN-film coating for without (Ie_Al, 
Ie_TiN) and with (Ie_Al+groove, Ie_TiN+groove) groove structure 
in each case (By = 0).  
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TiN-film coating (high SEY), the value of ne is of the order 
of 1012 m3, and the SEY plays a large role. The effect of 
the groove structure with a low SEY was clearly observed. 

Considering the positions of the groove structures, that 
is, the top and bottom of the beam channel, as shown in 
Fig. 10(a), Ie was measured by applying a weak By at the 
location of the electron monitors. It is expected that the ef-
fect of the groove structure becomes prominent when re-
stricting the movement of electrons in the vertical direction 
by applying By. Furthermore, photoelectrons from the side 
of the beam pipes are suppressed. However, estimating ne 
becomes impossible using the method used so far. The de-
pendences of Ie_Al+groove / Ie_Al and Ie_TiN+groove / Ie_TiN on By at 
I = 500 mA are plotted in Fig. 11. Here, the measured val-
ues were normalised tp the values of By = 0 to observe qual-
itative changes. Despite the scattering of the measured val-
ues for the case of the TiN-film coating, the measured Ie 
with the groove structure (Ie_Al+groove and Ie_TiN+groove ) be-
came smaller than those without it (Ie_Al and Ie_TiN) with By. 
This means that the SEY of the groove structure is smaller 
than that of the smooth surfaces, regardless of the presence 
or absence of TiN-film coating. Beam pipes with a groove 
structure are used in bending magnets, and the results ob-
tained here also hold in the real case. 

Since the experiment in 2019, we have had little chance 
to conduct dedicated experiments on ECE using a single 
beam. As a piece of supporting evidence that the ECE 
causes no beam size blow-up during the physics run (col-
liding beams), the luminosity of each bunch at a bunch fill 

pattern of 2/1173/2.04 RF measured by the zero-degree lu-
minosity monitor (ZDLM) [23] at a beam current of 
1250 mA in June 2022 is shown in Fig. 12 (corresponding 
to the Id of approximately 0.26 mA bunch1 RF-bucket1). 
Currently, almost all the parts of the trains are two RF-
bucket spacings. As seen in the figure, the bunch luminos-
ity seems to be flat along the train, and there is no apparent 
"long-term" change for each train. The reasons for the high 
hit rate at the beginning of each bunch train (i.e., bunch 
number of 115 and 25612575 in Fig. 12) are the effects 
of the dead time and pile-up of the detector, non-uniformity 
of the bunch current, and beam-beam effects, although fur-
ther analysis is required [24]. As indicated in this figure, 
there is no degradation in the luminosity along the train, 
which is a result of the beam-size blow-up caused by the 
ECE. 

In the recent single-beam operation, a vertical beam-size 
blow-up was observed at a bunch current of approximately 
0.6 mA bunch1, independent of bunch fill patterns [2]. A 
coherent oscillation at the frequency corresponding to 
ys was observed, and this instability was called “1 
mode instability”, where y and s are the vertical betatron 
and synchrotron tunes, respectively. The instability is not 
caused by ECE, but is related to the impedance, especially 
that of the beam collimators. Further investigation is re-
quired to understand the instability mechanism. 

As a part of R&D, to search for a surface with a lower 
SEY than before, a surface with thermal-sprayed copper 
has been investigated in the laboratory [25]. The rough sur-
face geometrically decreases the SEY. The max was ap-
proximately 0.7, even without TiN-film coatings, after suf-
ficient electron bombardment. During Phase3 commis-
sioning, a test beam pipe with this surface was first in-
stalled in the ring, and its properties were studied using 
beams. The measured ne value was lower than that of the 
surface with the TiN-film coating (2/1124/2.13 RF). Fur-
ther analysis of these results is underway. 

SUMMARY 
ECE was observed in the SuperKEKB LER during 

Phase1 commissioning. The ECE due to the Al-alloy bel-
lows chambers and the beam pipes at drift spaces was suc-
cessfully suppressed by applying PM units which produced 
a Bz of ~60 G. The antechambers and TiN-film coating 
seemed to function to some extent, but the experiment dur-
ing Phase2 commissioning found that the effectiveness of 
the antechambers of the real beam pipe in suppressing the 
photoelectron was lower than expected. The importance of 
suppressing photoelectrons was recognized. In the experi-
ment in Phase3 commissioning, no beam size bow-up was 
observed until the Id of 0.53 mA bunch1 RF-bucket1. The 
effectiveness of the groove structure adopted in the real 
ring in decreasing the SEY was also confirmed. It is de-
duced from the bunch-by-bunch luminosity measurement 
that there is no beam-size blow-up in the usual operation 
condition until a beam current of 1250 mA with a bunch 
fill pattern of 2/1173/2.04 RF in June, 2022. 

 
Figure 12: Bunch-by-bunch luminosity for a bunch fill 
pattern of 2/1173/2.04RF on 13th June, 2022. The verti-
cal axis shows the number of hits at the ZDLM channel. 
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152 Beam-beam & Instabilities



SuperKEKB continues the physics experiment. The lu-
minosity has been increasing annually, breaking the world 
record since 2021. No indication of ECE has been observed, 
and the various countermeasures against ECE seem to be 
working as expected. However, the design beam current 
(corresponding to an Id of 0.73 mA bunch RF-bucket) 
has not yet been achieved. Careful observations of the ECE 
will continue during Phase3 commissioning and beyond. 
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