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Abstract 
CRXSled-bXnch inVWabiliWieV dXe WR elecWURn clRXd effecW 

haYe been RbVeUYed in KEKB LER. The effecW ZaV cleaUl\ 
e[Slained b\ Whe elecWURn clRXd effecW (ECE) in Whe dUifW 
VSace b\ Whe nXmeUical VimXlaWiRnV. FRU SXSeUKEKB 
cRllideU Zhich iV Whe XSgUade Rf Whe KEKB cRllideU, VeYeUal 
meWhRdV WR miWigaWe Whe ECE haYe been aSSlied. The 
effecWiYeneVV Rf WhRVe meWhRdV haV been eYalXaWed XVing 
Whe beam in PhaVe 1 and PhaVe 2 RSeUaWiRn Rf SXSeUKEKB. 
PUeliminaU\ e[SeUimenWal UeVXlWV Zill be VhRZn.  

IN752D8C7I2N 
The KEKB cRllideU haV been XSgUaded WR Whe 

SXSeUKEKB cRllideU ZiWh a final WaUgeW Rf 40 WimeV higheU 
lXminRViW\ Whan WhaW Rf KEKB. IW cRnViVWV Rf a 7 GeV high 
eneUg\ Uing (HER, elecWURnV) and a 4 GeV lRZ eneUg\ Uing 
(LER, SRViWURnV). AbRXW 2500 bXncheV SeU Uing Zill be 
VWRUed aW WRWal beam cXUUenWV Rf 2.6 A (HER) and 3.6 A 
(LER) in Whe final deVign gRal. AfWeU Whe fiUVW VWage Rf 
cRmmiVViRning (PhaVe 1) ZiWhRXW Whe Belle-II deWecWRU, 
Zhich VWaUWed in Feb. 2016 and cRnWinXed XnWil Whe end Rf 
JXne [1, 2], Ze haYe inVWalled Whe VXSeUcRndXcWing final 
TXadUXSRleV (QCS) and Whe Belle-II deWecWRU, ZiWhRXW 
inneUmRVW deWecWRUV YeUWe[ deWecWRUV VXch aV Pi[el deWecWRUV 
nRU SilicRn VeUWe[ DeWecWRUV (VXD) [3,4]. 

In KEKB LER, Ze haYe RbVeUYed Xne[SecWed VWURng 
WUanVYeUVe cRXSled-bXnch inVWabiliWieV (CBI) and an 
incUeaVe Rf Whe YeUWical beam Vi]e ZiWh beam cXUUenW. BRWh 
Whe XnVWable mRdeV and Whe gURZWh Wime had VWURng 
deSendence Rf Whe bXnch filling SaWWeUnV. ThRXgh Whe CBI 
had been VXSSUeVVed b\ Whe WUanVYeUVe bXnch-b\-bXnch 
feedback V\VWemV, Whe incUeaVe Rf Whe YeUWical beam Vi]e 
VWill Uemained Zhich VWURngl\ UedXced Whe lXminRViW\.  

TR VXSSUeVV Whe beam blRZ-XS and Whe cRXSled-bXnch 
inVWabiliWieV, Ze ZRXnd VRlenRid magneWV in almRVW all Whe 
VWUaighW VecWiRnV (>95%) ZiWh magneWic field Rf 4.5 mT.   

The VRlenRid had ZRUked Zell WR VXSSUeVV Whe incUeaVe 
Rf Whe YeUWical beam Vi]e and WR achieYe high lXminRViW\, 
WhRXgh Whe gURZWh UaWe Rf Whe XnVWable mRdeV had nRW 
changed WRR mXch. The UeVXlW Rf Whe WUanVienW-dRmain 
anal\ViV Rf Whe CBI ZiWh Whe VeYeUal cRndiWiRnV Rf Whe 
VRlenRid magneWV VXch aV WXUning-Rn, WXUning-Rff, SaUWl\ 
acWiYaWed, agUeed ZiWh Whe nXmeUical VimXlaWiRnV YeU\ Zell. 

FRU SXSeUKEKB, Ze had emSlR\ed VeYeUal miWigaWiRn 
meWhRdV WR VXSSUeVV Whe elecWURn clRXd effecWV [5]. The 
bXnch feedback V\VWemV haYe alVR imSURYed ZiWh 
imSURYed digiWal Vignal SURceVVing WechniTXe WR haYe faVWeU 
feedback damSing ZiWh leVV nRiVe effecW in Whe V\VWemV. 
The effecWiYeneVV Rf Whe meWhRdV haV been eYalXaWed ZiWh 
Whe beam dXUing Whe PhaVe 1 RSeUaWiRn and Whe PhaVe 2 
RSeUaWiRn Rf Whe SXSeUKEKB LER ZheUe PhaVe 2 RSeUaWiRn 

haYe been SeUfRUmed fURm MaUch 2018 WR middle Rf JXne 
2018. In WhiV SaSeU Ze deVcUibe Whe UeVXlWV Rf Whe elecWURn 
clRXd effecW in LER in Whe YieZ SRinW Rf Whe cRXSled bXnch 
inVWabiliWieV. The main SaUameWeUV Rf Whe SXSeUKEKB UingV 
in Whe PhaVe 2 RSeUaWiRn aUe VhRZn in Table 1. 
Table 1: Main Parameters of SuperKEKB HER/LER/DR 
in Phase 2 Operation 

 HER LER DR 

Energy (GeV) 7 4 1.1 

Circumference(m) 3016 135 

Max. current (mA) 800 860 12 

Bunch length (mm) 5 6 6.6 

RF frequency (MHz)  508.887 

Harmonic number (h) 5120 230 

Betatron tune(H/V) 44.54/ 
46.56 

45.54/ 
43.56 

8.24/ 
7.17 

Synchrotron tune 0.02 0.018 0.025 

T. rad. damp time (ms) 58 43 12 

x-y coupling (%) 0.27 0.28 10 

Emittance (nm) 3.2 4.6 29 

Peak luminosity 5.5x1033/cm2/s  

Beam position monitor 486 444 83 

Turn by turn monitor 69 70 83 

Trans. FB system 2 2 1 

Visible SR monitor 1 1 1 

X-ray size monitor 1 1 0 

Beta. tune monitor 1 1 1 

DCCT 1 1 1 

Bunch current mon. 1 1 1 

Beam loss monitor 105(IC)/101(PIN) 34 
 

75AN69E56E B8NCH-B<-B8NCH 
FEEDBACK 6<67EM6 

Figure 1 shows the block diagram of the bunch-by-bunch 
feedback systems installed in SuperKEKB rings [6]. The 
V\VWem cRnViVWV Rf SRViWiRn deWecWiRn V\VWemV, high-VSeed 
digiWal Vignal SURceVVing V\VWemV ZiWh a baVe clRck Rf 509 
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Figure 1. Block diagram of the transverse bunch feedback systems. 

 
MH] (iGS12 [7]), and Zide-band kickeUV fed b\ Zide-
band, high-SRZeU amSlifieUV. 

FRU SXSeUKEKB UingV, Ze haYe changed Whe bXWWRn 
elecWURdeV ZiWh beWWeU Wime UeVSRnVe XVing feedWhURXghV 
ZiWh glaVV-W\Se Vealing, deYelRSed bXnch SRViWiRn 
deWecWiRn ciUcXiWV ZiWh beWWeU bXnch VeSaUaWiRn and lRZeU 
elecWUical nRiVe, emSlR\ed iGS12 feedback Vignal 
SURceVVRUV ZiWh laUgeU FPGA, e[changed Whe Zideband 
high-SRZeU amSlifieUV ZiWh higheU ma[imXm SRZeU and 
ZiWh mXch beWWeU Wime-dRmain UeVSRnVe Whan befRUe. 
Finall\, Ze haYe dRXbled Whe WUanVYeUVe feedback lRRS WR 
cRSe ZiWh Whe lRZeU fUacWiRnal beWaWURn WXne aURXnd 0.52.  

In Whe eaUl\ VWage Rf Whe cRmmiVViRning Rf bRWh UingV Ze 
encRXnWeUed YeU\ VWURng WUanVYeUVe cRXSled-bXnch 
inVWabiliWieV Zhich limiWed Whe ma[imXm beam cXUUenWV. 
AfWeU Whe WXning Rf Whe Wiming and ShaVe Rf Whe WUanVYeUVe 
feedback V\VWemV, Ze VXcceVVfXll\ VXSSUeVVed Whe cRXSled-
bXnch inVWabiliWieV XS WR Whe ma[imXm beam cXUUenW Rf 
aURXnd 1000 mA ZiWh Whe minimXm bXnch VeSaUaWiRn Rf 4 
nV. 

The WUanVienW behaYiRXU Rf Whe beam jXVW afWeU clRVing RU 
RSening Rf Whe feedback lRRS UeYealV man\ imSRUWanW 
chaUacWeUiVWicV Rf Whe cRXSled-bXnch mRWiRnV aV Zell aV Whe 
SeUfRUmance Rf Whe feedback V\VWemV [8,9]. The iGS12 haV 
inWUinVic fXncWiRnV WR iniWiaWe and UecRUd Whe gURZ-damS 
meaVXUemenW. Since Ze aUe XVing WZR iGS12V Rn Rne 
WUanVYeUVe Slane, Ze WUiggeUed bRWh iGS12V ZiWh a haUdZaUe 
line VimXlWaneRXVl\. 

In Whe WUanVienW-dRmain anal\ViV, Ze aW fiUVW RSen Whe 
WUanVYeUVe (hRUi]RnWal RU YeUWical) feedback lRRS, Zhich 
meanV WR change Whe feedback gain WR be ]eUR, and VWaUW 
UecRUding each bXnch SRViWiRn RbVeUYed in Whe iGS12 
feedback SURceVVRUV. AV Whe ma[imXm UecRUding lengWh 
ZiWhRXW dRZn-VamSling in Whe iGS12 SURceVVRU iV aURXnd 
23 mV, Ze haYe VeW Whe nRminal gURZWh Wime Rf iGS12V, 
Zhich iV Whe "Feedback OFF SeUiRd", WR be aURXnd 4 mV WR 
10 mV deSending Rn Whe gURZWh UaWe. AfWeU Whe gURZWh Wime, 
Ze clRVe Whe feedback lRRS again befRUe lRVing beam.  

In Whe anal\ViV, Ze aW fiUVW make FFT Rf baVe 5 fRU Whe 
RVcillaWiRn daWa Rf 256 WXUnV (5120 bXncheV u 256 daWa 
SRinWV) WR RbWain Whe ZhRle VSecWUXm. Then e[WUacW 
amSliWXde Rf Whe VSecWUXm WhaW cRUUeVSRndV WR Whe beWaWURn 
fUeTXencieV (fb+m u fUeY), ZheUe fb, m and fUeY UeSUeVenW Whe 

beWaWURn fUeTXenc\, mRde Rf Whe RVcillaWiRn and UeYRlXWiRn 
fUeTXenc\, UeVSecWiYel\, and align Whe amSliWXde b\ 
incUeaVing RUdeU Rf Whe mRde IDV. B\ UeSeaWing Whe abRYe 
SURcedXUe Zhile adYancing Whe VWaUWing SRinW Rf Whe daWa b\ 
128 WXUn, Ze RbWain Whe gURZWh RU damS Rf Whe inVWabiliWieV 
in Whe YieZ Rf XnVWable mRdeV. FigXUe 2 VhRZV an e[amSle 
Rf Whe gURZ-damS e[SeUimenW Rn SXSeUKEKB HER Rf b\ 
3 filling SaWWeUnV ZiWh Whe beam cXUUenW Rf aURXnd 730 mA. 
The XnVWable mRdeV aUe cRncenWUaWed aURXnd Whe lRZeU 
(negaWiYe) mRdeV and Whe amSliWXdeV Rf Whe gURZing 
XnVWable mRdeV aUe RXW Rf Whe e[SRnenWial gURZWh ZiWh Whe 
SURgUeVV Rf Whe XnVWable mRdeV. In WhiV caVe Whe gURZWh UaWe 
ZaV aURXnd 1/0.9 mV-1 Zhile Whe feedback damSing UaWe 
ZiWhRXW Whe cRUUecWiRn Rf gURZ UaWe ZaV faVWeU Whan 1/0.5 
mV-1.   

 

 
Figure 2. An example of transient-domain analysis at 
SuperKEKB HER (electron ring) at by 3 filling patterns 
with the beam current of around 730 mA. (Upper): Change 
of unstable modes (horizontal, from 0 to 5119) with time 
(depth, from 0 to 24 ms). (Lower): Growth and damp of 
some unstable modes. The growth time was around 0.9 ms. 
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ELEC752N CL28D EFFEC7 AND I76 
MI7IGA7I2N 

KEKB LER 
In KEKB LER, Ze haYe SeUfRUmed man\ e[SeUimenWV WR 

meaVXUe Whe elecWURn clRXd effecW ZiWh changing Whe filling 
SaWWeUnV and VWUengWh Rf Whe VRlenRid magneWV inclXding Whe 
e[ciWaWiRn SaWWeUn Rf magneWV, Zhich haYe been inVWalled 
mainl\ aW Whe dUifW VSace. The UeVXlWV haYe VhRZn gRRd 
agUeemenWV ZiWh Whe nXmeUical VimXlaWiRn ZiWh Whe 
aVVXmSWiRn Rf Whe elecWURn clRXd aW Whe dUifW VSace mainl\ 
cRnWUibXWing Whe ECE [10]. In WhiV caVe, cRXSled-bXnch 
inVWabiliWieV dXe WR ECE behaYeV aV fRllRZV: 
x Rather broad unstable modes appear which reflect the 

cloud distributions. Modes around higher part come 
from the natural electron clouds in the drift space 
region. The modes around lower part come from the 
electron clouds near the chamber surface due to the 
higher solenoidal field (>few mT). 

x The growth rate of the unstable modes has relation to 
the strength of the applied solenoid magnetic fields. 
Intermediate field levels actually enhance the growth 
rate, which result in a more severe situation for the 
bunch feedback systems. On the contrary, no solenoid 
field and enough solenoid field case show similar 
growth rate of the instabilities. Therefore, adding 
external solenoid field might suppress the vertical 
beam size blow-up but does not suppress the coupled-
bunch instabilities. 

FigXUeV 3 and 4 VhRZ e[amSleV Rf meaVXUed XnVWable 
mRdeV ZiWhRXW a VRlenRid field and ZiWh fXll field aW KEKB 
LER ZiWh b\ 4 SaWWeUnV [9]. The XnVWable mRdeV haYe 
changed dUaVWicall\ fURm Whe higheU mRdeV (ZiWhRXW 
VRlenRid field) WR Whe lRZeU mRdeV (ZiWh fXll\ aSSlied 
VRlenRid field).  

 

 
Figure 3. Unstable modes without a solenoid field for the 
horizontal plane (A) and vertical plane (B) with by 4 filling 
patterns. 

In Fig. 5, Whe meaVXUed gURZWh UaWeV Rf Whe inVWabiliWieV 
ZiWh YaUiRXV VRlenRid field aUe VhRZn. AV Veen in Whe figXUe, 
a laUge enhancemenW Rf Whe gURZWh UaWe fRU bRWh Whe 
hRUi]RnWal and YeUWical SlaneV haV been Veen aW lRZeU 
(inVXfficienW) VRlenRid fieldV. IW ZaV cRnclXded WhaW 
inVXfficienW VRlenRid field made Whe cRXSled-bXnch 
ViWXaWiRn mXch ZRUVe Whan nR-VRlenRid caVe.  

MLWLJaWLRQ fRU SXSeUKEKB 
The main bending magnets of LER have been replaced 

with much longer ones with lower magnetic field. To fit 
the modified lattice and to mitigate the ECE for 
SuperKEKB, most of the vacuum chambers of LER have 
been replaced with the antechamber made of aluminium 
alloy with TiN coating with a thickness of around 200 nm. 
In addition, vacuum chambers for bending magnets have 
been processed with a grooved surface around the top and 
bottom of the chamber. In the wiggler straight section to 
increase synchrotron radiation loss, we have prepared 
vacuum chambers made of copper alloy with clearing 
electrodes which are capable to sustain external DC 
electrical field up to 1 kV with maximum current of 100 
mA. The detailed discussion of the mitigation of ECE and 
the experimental results on the Phase 1 and Phase 2 
operation are shown in another the document of theses 
proceedings [5]. 

 

 
Figure 4. Unstable modes with a full (~4.5 mT) solenoid 
field for the horizontal plane (A) and the vertical plane (B). 
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Figure 5. Measured growth rates against the magnetic field 
strength of the solenoid magnets where total number of 
bunches was 1154 (600 mA) with by 4 (=8 ns) spacing.  

MEA685EMEN76 2F ELEC752N 
CL28D EFFEC7 

PKaVe 1 RSeUaWLRQ  
DXUing Whe PhaVe 1 RSeUaWiRn Rf SXSeUKEKB, Ze haYe 

fRXnd Whe YeUWical beam Vi]e blRZ-XS VWaUWing aW 0.6 A ZiWh 
Whe filling SaWWeUn Rf 3.06, Zhich meanV Whe UeSeaWing b\ 3 
filling Rf 15 bXckeWV and 4 RF bXckeW VSacing. FigXUe 6 
VhRZV Whe meaVXUed YeUWical beam Vi]e incUeaVe ZiWh Whe 
beam cXUUenW. 

 
Figure 6. Vertical beam size blow-up with beam current at 
Phase 1 operation of SuperKEKB LER. 

The meaVXUemenWV haYe been e[amined ZiWh b\ 2, b\ 3, 
b\ 4 and b\ 6 RF bXckeW SaWWeUnV ZiWh 150 bXncheV SeU 
bXnch WUain, 4 RU 8 bXnch WUainV, XS WR 600 mA. The gURZ-
damS meaVXUemenWV haYe been alVR SeUfRUmed ZiWh 
VeYeUal beam cXUUenWV. NRWe fRU VRme filling SaWWeUnV ZiWh 
mXch faVWeU gURZWh UaWe, Whe Ue-caSWXUe Rf Whe RVcillaWiRn 
ZaV nRW eaV\, Zhich meanW Whe gURZWh Rf Whe cRXSled-
bXnch RVcillaWiRn had caXVed Whe beam lRVV, eVSeciall\ fRU 
Whe YeUWical Slane. FigXUe 7 and 8 VhRZ e[amSleV Rf gURZ-
damS e[SeUimenW ZiWh b\ 2 filling SaWWeUnV (300 mA).  

 

 
 Figure 7. Unstable modes and growth behaviours of major 
modes on vertical plane with total number of bunches of 
600 (300 mA) with by 2 (=4 ns) filling parttren. 

The gURZWh Wime Rf Whe XnVWable mRdeV aUe aURXnd 0.6 
mV and 1.2 mV fRU hRUi]RnWal and YeUWical Slane, 
UeVSecWiYel\. The feedback damSing Wime fRU bRWh SlaneV 
ZeUe leVV Whan 0.5 mV in WhiV caVe. FigXUe 9 VhRZV Whe 
VXmmaU\ Rf Whe XnVWable mRdeV.  

The main XnVWable mRdeV aUe cRncenWUaWed aURXnd mRde 
nXmbeUV 400 and 500 mRdeV faU fURm ]eUR mRde fRU 
hRUi]RnWal and YeUWical SlaneV, UeVSecWiYel\. ThRVe higheU 
mRdeV VWURngl\ VXSSRUW Whe cRXSled-bXnch inVWabiliWieV haV 
been caXVed b\ Whe elecWURn clRXdV aURXnd Whe dUifW VSace 
Rf Whe Uing. 

 

 
Figure 8. Unstable modes and growth behaviours of major 
modes on horizontal plane.  
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Figure 9. Summary of unstable modes for horizontal 
(upper) and vertical (lower) plane with various filling 
patterns. 

At the same time, a non-linear pressure rise against the 
beam current around the bellows made of aluminium alloy 
without TiN coating was found. As a test, we applied 
solenoid magnetic field with 40 to 100 G near the inner 
wall at the center of bellows. As a result, the rate of 
pressure rise at the section was relaxed which confirmed 
the pressure rise was caused by the electron cloud effect. 

After installing solenoidal-field made of permanent 
magnets and return yokes all the bellows section, we have 
made the measurements of the vertical beam size with 
grow-damp measurements. As seen in Fig. 10, typical 
unstable modes caused by the electrons in solenoid field 
(lower modes) on both horizontal and vertical planes have 
appeared at the lower to middle beam current. Also the 
growth rate of the horizontal plane has been reduced 
around 4 times, though in the vertical plane the rate was 
not too much affected. Nevertheless, at higher beam 
current unstable modes of higher mode region appeared 
again. According to the numerical simulation, magnetic 
field at the bellows section should be enough to suppress 
the cloud effect. Therefore the higher-unstable modes with 
high beam current were suspected to be caused by the 
electron clouds at normal drift spaces with antechamber 
structure and with TiN coating. 

 

 
Figure 10. Summary of unstable modes for horizontal 
(upper) and vertical (lower) plane with various filling 
patterns after installing the solenoid magnets around 
bellows. 

 In measurements of vertical beam size, a beam size 
blow-up as a function of beam current was observed for 
several filling patterns, though the threshold line density of 
a bunch train of blow-up has increased up to 1.5 times 
higher than before installing the solenoid magnets.  

As a countermeasure against the ECE difficulties, 'quasi-
solenoid' magnets consist of permanent magnets and iron 
yokes have been attached to most of the drift space of the 
ring. For drift space near to existing electro-magnets the 
units without iron yokes have been installed. 

PKaVe 2 RSeUaWLRQ 
In Whe PhaVe 2 RSeUaWiRn, Ze haYe meaVXUed Whe YeUWical 

beam Vi]e and Whe gURZ-damS behaYiRXUV Rf Whe cRXSled-
bXnch inVWabiliWieV ZiWh VimilaU cRndiWiRnV aV PhaVe 1 
e[SeUimenWV. US WR Whe ma[imXm beam cXUUenW, nR YeUWical 
beam Vi]e blRZ-XS haV been RbVeUYed. FigXUe 11 VhRZV Whe 
VXmmaU\ Rf YeUWical XnVWable mRdeV. NRWe fRU hRUi]RnWal 
Slane, Whe W\Sical gURZWh UaWeV ZeUe mXch VlRZeU Whan WhaW 
Rf PhaVe 1 caVeV and ZaV nRW eaV\ WR anal\Ve ZiWh enRXgh 
accXUac\. The gURZWh UaWeV Rf Whe YeUWical XnVWable mRdeV 
haYe fXUWheU UedXced aURXnd Whe facWRU Rf WZR RU WhUee. AV 
Veen in Fig 12, Whe diVWUibXWiRn Rf XnVWable mRdeV haV alVR 
changed WR be naUURZeU Whan WhaW Rf PhaVe 1, Zhich VXggeVW 
Whe cRnWUibXWiRn Rf elecWURn clRXd effecWV WR Whe XnVWable 
mRde mighW nRW be VR laUge nRZ. FXUWheU VWXd\ inclXding 
nXmeUical VimXlaWiRnV WR inYeVWigaWe Whe caXVe Zill be 
needed. 
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Figure 11. Summary of unstable modes for vertical plane 
with various filling patterns and beam currents on the 
Phase 2 operation of SuperKEKB LER. 

 
Figure 12. Vertical unstable modes of by 2 filling pattern 
at Phase 2 operation. The mode distribution is narrower 
than that of phase 1. 

68MMA5< 
CRXSled-bXnch inVWabiliWieV caXVed b\ elecWURn clRXd 

effecW haYe been RbVeUYed in SXSeUKEKB PhaVe 1 
RSeUaWiRn, Zhich ZeUe mainl\ caXVed b\ Whe YacXXm 
bellRZV made Rf alXminiXm allR\ ZiWhRXW TiN cRaWing. 
MRde anal\ViV Rf WUaVienW-dRmain meaVXUemenWV VhRZ Whe 
W\Sical behaYiRU Rf elecWURn clRXd effecW cRming fURm Whe 
dUifW elecWURnV. B\ adding Zeak VRlenRid field aW bellRZV 
VecWiRn, Whe incUeaVe Rf YacXXm SUeVVXUe and Whe YeUWical 
beam Vi]e blRZ-XSV haYe been VXceVVfXll\ VXSSUeVVed. The 
XnVWable mRdeV haYe changed WR WhRVe fURm VRlenRid field 
elecWURnV. FRU higheU beam cXUUenW, dUifW elecWURn SaWWeUn 
aSSeaUed again Zhich VXggeVW miWigaWiRn aW nRUmal dUifW 
VSace mighW be needed. AfWeU adding  VRlenRid magneW 
aURXnd mRVW Rf Whe dUifW VSace fRU Whe PhaVe 2 RSeUaWiRn Rf 
SXSeUKEKB LER, nR YeUWical blRZ-XS haV been RbVeUYed 
XS WR Whe ma[imXm beam cXUUenW. On Whe WUanVienW-dRmain 
anal\ViV, Whe XnVWable mRdeV SaWWeUn haV changed and mXch 
VlRZeU gURZWh UaWeV haYe been RbVeUYed. The miWigaWiRnV 
aSSlied dXUing PhaVe 1 WR PhaVe 2 haYe been cRnfiUmed WR 
ZRUk Zell XS WR nRZ. 

The aXWhRU ZRXld like WR e[SUeVV VinceUe aSSUeciaWiRn WR 
PURf. Y. SXeWXgX, PURf. H. FXkXma, PURf. K. Ohmi and PURf. 
J. Flanagan fRU WheiU VWURng cRllabRUaWiRn and fXUXWifXl 
diVcXVViRnV Rn Whe elecWURn clRXd effecW meaVXUmenWV. The 
cRmmiVViRng gURXS Rf SXSeUKEKB Uing aUe acknRZledged 

fRU WheiU VWURng VXSSRUW Rf Whe acceleUaWRU VWXd\ Rf elecWURn 
clRXd effecWV.  

ThiV ZRUk iV SaUWl\ VXSSRUWed b\ Whe US-JaSan 
cRllabRUaWiRn in High EneUg\ Ph\VicV (R&D fRU 
SXSeUKEKB and Whe ne[W geneUaWiRn high lXminRViW\ 
cRllideUV). 
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