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';/'Fotsivaﬂon SuperKEKB : upgrade from KEKB

- tem . . .

 SKB Ese:ign Asymmetric Energy Electron-Positron Circular Collider

\/

ZLM'L;Z;u;fCCBE:Z Purpose : to find new physics beyond the Standard Model.
'EXC_ite mog; (from point of view of events probability)
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3. CBIDamper | | Main Strategy at accelerator section|: High Luminosity
-Strategy
-System
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—-Pictures
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Futu"e elan | This study is one of solutions
-Summary .
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An Overview of SuperKEKB ,@ Q)

<@l : Klystron + LLRF station
: Superconducting cavity
: Normal conducting cavity

RF System for SuperKEKB

1. SuperKEKB

- Motivation 7GeV
-RF System

~SKB Design 4GeV
v

2. About CBis

-Model of CBls H E R

—Excite mode
-Estimate CBls

I-vB. CBI Damper LER

-Strategy

-System

-New Damper

rPtures | HER > SCx8 + NCx8 :Total Vc = 15.0 MV

-FB simulation LER — NC x 22 : Total Ve =94 MV

M _ Cavities of accelerating section are single cell.

4. Conclusion _

_Future plan Most of RF system of KEKB are reused and improved for SuperKEKB.

l—Summary LLRF control systems were newly developed (FPGA + uTCA) for NC stations.
— 10/17 Poster (P-60) : “LLRF controls in SuperKEKB Phase-1 commissioning” , T. Kobayashi
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SuperKEKB commissioning schedule
1. SuperKEKB

-Motivation and important parameters for this study
-RF System

SKB Design ﬂ

y Phase-I Phase-ll Phase-lll

2. About CBIs
Model of CRIs <) —) —

—Excite mode

Preparation for Phase-ll, QCS & Belle-ll Installation|VXD Installation

-Estimate CBIs % w

v

3. CBI Damper Damping Ring Commissioning

-Strategy

-System

~New Damper Damping Ring Installation, Startup

-Pictures

- Test bench LER HER Unit

~FB simulation E (Particle Energy) 4.000 7.007 GeV

v _ | (Beam Current) 3.6 2.6 A

4. Conclusion Harmonic Number 5120

:gﬂtm“:af'a” RF Frequency 508.877 MHz
y Revolution Frequency 99.39 kHz

Synchrotron Frequency 2.43 2.78 kHz
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1. SuperKEKB

Model of Coupled-Bunch Instabllltles

Equatlon of synchrotron oscillations
-RF System

~SKB Design ¢n( ) ¢n( ) Q'_ 0

\ 4
2. About CBIs | Action of Wake Fields
-Model of CBls

Excite mode | |Solve the eigenvalue problem|
—Estimate CBls

v

3. CBI Damper O

-Strategy 71 = Al Z{[Clwo + ws]ReZ (Crwg + wy)
-System p—0

-New D

~ [Cawo — ws]ReZ(Cawn — ws)}
-Test bench Cl — (Mp + ,u)

-FB simulation
\ 4

Co=(M(p+1)—p)

4. Conclusion _ —t /@ Bunches are filled every other bunch
-guture plan [Amplitude] X € at even interval and have uniform
ummary M : the number of bunch (bucket) distribution for each bunches.
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Mechanism of destabilization Growth Rate
1. SuperKEKB 0
- Motivati —1
eween || 7T = ALY {[Crwo + wiJReZ(Crwo + ws) — [Cawo — wi]ReZ(Cawo — w)}
~-SKB Design p=0
v Cl — (Mp _|_ ,LL) " it Af = 28.0 kHz The case of NC
2. About CBIs Oy — (M 1) — 5.l e’;r'n i'n fres ¥ fif = 508.877 MHz
~Model of CBls 2 = (M(p+1) = p) ; - damping
—Excite mode cx(so.s -2 Tde -Tmode -1 mode -2 mode
~Estimate CBls p=1 == g
v : S
3. CBIDamper | /- fm; l T Red arrow : excite ol
~Strategy fo—fs fo fo+ f, Bluearrow:damp &
-System Eerr
—New Damper We can see this structure every revolution frequencies. ol o L L b ¥ Y
~Pictures .. . _ Frequency [Hz] h — 5120
| Test bench Asymmetric impedance by cavity detuning e
: : - - mgu g = - rf ~ Z
~FBsimulation | yjelds instabilities around accelerating frequency. fo - 100kHz
v e :
4. conclusion | Cavities in SuperKEKB have small detuning value, fs ~ 2kHz
rFuture plan but some lowest modes can be excited (4 = -1, -2, -3 mode).
-Summary
(wecalpy=M-T=p=-1,y=M2—->p=-2, )
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Estimation and plot of CBls growth rate

1. SuperKEKB

- Motivation 1000 SuperKEKB design : 2.6A 1 SuperKEKB design : 3.6A
-RF System | | | | ] T
-SKB Design HER LER Unstable
v T100- __100} : |
2. AboutCBIs | g Z :
-Model of CBIs | & 10} _.» , 2 10l D
: = S ‘ "
—Excite mode 2 ! *%' :
—Estimate CBIs S 1l o 3 1 -1 made Stable
v d T
3. CBI Damper os! 1 |7 Rad Damping Rate o4l 1.7A Ract Darmpine hate
_ 0 05 1 1.5 2 2.5 3 "o 05 1 15 =2 25 3 35 4
Strategy Beam Current [A] Beam Current [A]

-System
~New Damper Calculate result of y = -1, -2, -3, and -4 mode for SuperKEKB.

-Pictures
~Test bench Dotted curve : There is one parked cavity (out from operation).

-FB simulation

! Is radiation damping rate.

4-FCt°"°'”|Si°“ CBls y = -Tand -2 mode will become serious at least.
-Future plan i .
l_Summary Especially y = -1 mode will have so large amount of growth rate.

In Phase-l commissioning, 4 = -1 mode was excited by parked SCs at 0.5A storage in HER.
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contents €€l The main strategy for suppressing CBls is RF feedback.
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3. CBI Damper
-Strategy
-System

-New Damper
—-Pictures

- Test bench
-FB simulation
\ 4

4. Conclusion

l—Future plan

-Summary

It is difficult to use other kicker cavity for this instabilities,
because instability source is too large to suppress by other cavity.
(accelerating cavity have a largest impedance in storage ring.)

This CBls are caused by known frequencies.

Wakefields +
Accelerating field

Bandpass filtering + 180deg. rotation

Instability source

+ LLRF [ <«—|Filtering | Combine with LLRF |-
on anti-phase| '
. LLRF Accelerating frequency

To Klystron

System is well known for 20 years.

We have CBIlI damper for KEKB, but this supports only g = -1 mode.
So we need a new damper to suppress additionally destabilized modes.
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4. Conclusion

l—Future plan

-Summary

It is difficult to use other kicker cavity for this instabilities,
because instability source is too large to suppress by other cavity.
(accelerating cavity have a largest impedance in storage ring.)

This CBls are caused by known frequencies.

Wakefields +
Accelerating field

_AMW%W@WW’ Beam Bandpass filtering + 180deg. rotation

Instability source

+ LLRF [ <«—|Filtering | Combine with LLRF |-
on anti-phase| '
. LLRF Accelerating frequency

To Klystron

System is well known for 20 years.

We have CBIlI damper for KEKB, but this supports only g = -1 mode.
So we need a new damper to suppress additionally destabilized modes.
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1. SuperKEKB
- Motivation
-RF System
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3. CBI Damper
-Strategy
~System
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—-Pictures
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4. Conclusion

l—Future plan

-Summary

RF control system

RF(~\)—>(vc FB controlJ-»(— i
Vc FB control |—» —_— —»  Cavit
. Driver y
...................... »|CBls damper(u=-1, -2, -3) : _
Reference Signal ber’x Pickup signal

CBls damping test with existing damper at SuperKEKB Phase-1 commissioning

Center: 508.776193MHz —_—
-48dBm i -trg Trf~BO9MHz  _484Bm For y =-1 mode
mffo]_.ﬂ ﬁ fo ~ 100kHz ;
10dB/div fs ~ 2kHz 10dB/div -60dB
Span
-148dBm U \—'A«. Feedback On 1484Bm ————— A 10kHz

This system can suppress CBIs.
— The remaining issue is improvement for SuperKEKB design parameters.
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mprovemen oints Single Si i Signal
gle Side-Band Filter

1. Su-per.KEKB p p - Bandpass Filter m
~Motivation % |/Q modulation 3 |20 Ju=1} Ql 5|
-RF System ) ] > | 2 i 3 > S| 2
_SKB Design % 90deg. rotation filter ©®»| ¢ 2 =2 -l ®

° 5 18| %] |« o s |l 2

v % mode frequency (ww) £ |o|1 |3 & i=-31- el 112 5
2. About CBIs = : . O
Model of cBIs | ¥ whole of BPFs 4 50deg. /\ sodes. | 4
“Excite mode | =) remotely control via EPICS records Jri Tolyphase Hiter Polyphase Fiter| /1 N
—Estimate CBI

| SHMAte LBIs (Frequency, Phase, Amplitude, sin(wat)  TPOA in(wut+d)

3. CBI Damper and parameters of LPFs.) Lowpass Filter = — W — W
-Strategy _ _ Lowpass Filter
~System Resolution of signal cosont) cos(w ) | @ :phaseoffset
~New Damper Frequency : ~10Hz . Bandpass Filter )
—-Pictures - 07deca |
_Test bench Phase : ~0.7deg. v ;\/\/\/R Vt o Transfelim]a%’érix of }’ghis filter
~-FB simulation 1 e I A Vi = ( $whO 111@%%%>Vout
! _]V A JVt 1+wRC 1+wRC

: : c : B

4. Conclusion » _«Jv}w_ N x6 Toeak = 5k
~Future plan 90deg. Polyphase Filter o | .. 90deg. rotations are at
-Summary _]V. o .JV t | 20k, 40k, 80Kk,

[input 1Q signall iy i |output IQ signall 160k, 320k, 900k [Hz]
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Pictures of CBls damper connected with LLRF Sys.

. SuperKEKB LLRF control system
- Motivation Single Side-Band N n L |

-RF System -
-SKB Design Filter

-

. About CBls o I ol R New CBIs damper
-Model of CBIs Digital wmEy S UBE  (Rcady for Phase-ll)

~Excite mode Bandpass Filter

-Estimate CBIs
3. CBI Damper \

-Strategy KC705, Xilinx

-System
-New Damper
~Pictures

-Test.bench ADC Board
-FB simulation AD9467

4. Conclusion ) i ) Zi ’ -

~uture plan DAC Board = R e, PUTF | ’

-Summary — (S i Q0 o Y Reference
AD9779 || UL g
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1. swerkexs | 1he test bench of CBls damper with simulated cavity.

- Motivation @
0

-RF System PortTf Network | Port2 Amp

-SKB Design Analyzer 51

4 AT E5062A
2. About CBIs @SUM Simultec d|V|de£.
-Model of CBls Cavity

—Excite mode L 4

o
o
T

—
($)]
T

~Gain [dB]

—Estimate CBIls Amp -Amp 20+
35dB
24dB

3. CBID e

' amper it 4_6 ) Loop gain = 35 dB
-Strate Shifter 30l

-Systeriy S Sig;il) ggzéegrgtor u=-1,-2,-3 damping
-New Damper 0 TS 082x10° 5.084x10°  5.086x10°  5.088x10°  5.09x10°
~Pictures Frequency [Hz]

~-Test bench i .

FB simulation For phase adjustment, we set y = -1 mode by phase shifter.
v Next, 4 = -2 and -3 modes were fixed by parameters in FPGA.
4. Conclusion

-Future plan Parameters setting and the response of loop gain are good.
_S -
Jmmary In test bench evaluation, our new damper worked very well.
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RF Feedback Simulation for suppressing CBls

Contents tree
1. SuperKEKB

- Motivation 1 Beam Oscillation
-RF System I g 1.4- ACQtion of wake fields
~-SKB Design a e
v Phase Shifter +60dB
2. About CBls <P =
-Model of CBls ' - Ij
—Excite mode . CBI Damper
-Estimate CBls Cavity  Kiystron Driver Amp_ " JVery fast growth.
v (LER has 18 LLRF stations.) © 10— e —CG 7 ) '
3. CBI Damper " CBIdampingaHstation
-Strategy 0o 8 I b j:m 1 ttons
_ — CBI damping at 4 stations
System The number of CBIsD are =
~New Damper : : O 6! ol damping ot 10 sttons —
 Pictures changed for each simulations. 5
M©
Testbench (0, 1, 2, 3, 4, 5, 8, 10) o
-FB simulation o 4| For LER
v ©O
4. Conclusion Fl"Om 'thIS eStlmatlon, 3 2 I
-Future plan | At least, we need 4 dampers. 2 -
-Summary ] E 0) 05 1 15 2 2.5 3 3.5 4
Curves are envelop of amplitude. <

14

LLRF Workshop 2017, Barcelona

Beam Current [A]

Kouki Hirosawa (hirosawa@post.kek.jp)




Conclusion gj

Contents tree| Nyt Step of improvement

1. SuperKEKB

- Motivation Beam Output
Pickup Signal

-RF System

- ®) FPGA 1

-SKB Design (_l_\

v %- SSBF Bandpass Filter

2. About CBIs c | E —> Delay | ;1= -1 mode —>Delay = o &

-Model of CBls © 3 c N » £ 2

-Excite mode -Ici) g §<ADC B ¢ [ = moce Hbac »8 S

~Estimate CBls 8 A 2 (1= -3 mode § =]

v ce8e L, |Hilbert > ... | Hilbert —

3. CBI Damper Tj Transform Transform

-Strategy O RF Reference 9r . RF Reference

~System Comblike Filter

-New D -

ottt - We consider above system (FPGA works as SSBF and BPF)

-Test bench for future improvement.

-FB simulati : - : :

SimEaten - It is better that we use direct RF sampling method instead of

v

4. Conclusion down converter if it is possible.
l:g‘:::aff'ya” - BPF may be changed comblike filter, because it is more
applicable for other accelerator.
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Contents tree CBIsD : coupled bunch instabilities damper
1. SuperKEKB Summary

- Motivation . .

_RF System - We improved CBIsD to suppress newly-destabilized modes.

~SKB Design (IQ conversion, 90° rotation, Bandpass filter, )

\/

> about CBIs | © The performance of CBIsD satisfied our requirement in test bench.
-Model of CBIs | The remaining problem

—Excite mode

estimate cBIs | * According to feedback simulation, we need many CBls dampers.

v

3. CBI Damper On beam test for CBls damper
-Strategy CY 2016 2017 ; 2018 2019
-System

-New Damper ] . ] ] Phase-I | |[Phase-ll|| ® Phase-lll
 pictures In this commissioning | <s==p ) —
~Test bench . _ Preparation for Phase-ll, QCS & Belle-ll Installation | VXD Installation

v for damping CBls,

Damping Ring Commissioning

4. Conclusion I and estimate the number

—-Future plan .
P of CBls damper required.
~Summary

Damping Ring Installation, Startup
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SuperKEKB design parameters

1. SuperKEKB

~RF System E (Particle Energy) 4.000 7.007 GeV
-SKB Design | (Beam Current) 3.6 26 A

v

2 About CBls Number of bunches 2500

-Model of CBls 1.44 1.04 mA
-Excite mode 3016.315 m
~Estimate CBls 3.2/8.64 46/12.9 nm/pm
v ox/oy atIP 10/48 11/62 um/nm
3_'3588:623'“"’” Bx/By at IP 32/0.27 25/0.30 mm
_System Crossing angle 83 mrad
ovoarper | ICTINN 5210 455410"

Pictures 0.4 150 MV
Testoencn | TR 60 50 M
00245 0.0280

. - wxfvy

4 Conclusion vX/Vy 44.53/46.57 4553/43.57

Future plan 1.76 2.43 MeV
_Summary EX/EyY 0.0028/0.0881 0.0012/0.0807

Ex. Appendix 8x10% cm™s”
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-60

Gain [dB]

/70 dB

IF "“"l' e} o
“ h"n-l,llw N -90 dB
llr {||| l'

-100

S pay
508.0 MHz M= -T mode 509.0 MHz

l—Future plan 120 . .
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-System
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- Imu |
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4. Conclusion damper
tFuwre olan gmoze — —_ Detune amount A Af.  Af,
B 5 Inode — . «— . % — Us —
Summary e A for beam loading I+g W0
Ex. Appendix Accelerating mode
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