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Outline

• Overview of the beam instrumentation at SuperKEKB 

• Recent updates & future prospects in the SuperKEKB beam monitors 

- Optics measurements by gated turn-by-turn monitors 

- Beam size measurements by synchrotron radiation monitors 

- Bunch-by-bunch feedback system 

- Fast IP-orbit feedback system 

• Summary
Beam abort system was 
reported by H. Ikeda.
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The SuperKEKB beam instrumentation

902 BPMs for quadrupoles (137 GTBTs) 
218 displacement gauge for sextupoles

SRM/XRM
SRM/XRM

BxB FB 
BCM

IP-FB 
LABM

Inj. BPM

Inj. BPM

SRM

Libera

Libera

DCCT

DCCT

Beam instrumentation work well over Phase 2&3!!

DCCT 
BxB FB
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Connection failure in MQC1LE/LP
ＱＣ1ケーブルの取り付け状態 
コネクタが壊れたであろうと推測される QC1LP_D（C）（左）、QC1LE_D（C）：下から撮った図（20181120） 
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(“w/o FT” was tested at ground level.)

Connection failure since Jan. 2019

12mm

MQC1LP-D MQC1LE-D

• Most likely the outer conductor was damaged 
by strong crimping. 

• Smooth operation with healthy three 
electrodes 

• Plan to replace with new cables having a 
modified SMA connector in middle August

TDR measurements
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SuperKEKB Beam Instrmentation

1421B Gated turn-by-turn monitor

Fast Gate Switch

SAW filters and 
Log Amplifiers, 
ADCs

FPGA, DDR3
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68 and 69 GTBTs in HER and LER 
22 GTBTs added since Phase 2

508MHz narrow band detector (COD)
BPM electrode

• Fast RF switch : Hittite HMC232LP4 

• Log amplifier : AD ADL5513 

• ADC : BurrBrown 14-bit ADS850 

• FPGA : Spartan6 XC6SLX100T

• Switching noise 2 mVpp 

• Fast rise/fall time ~0.6 ns 

• Good isolation > 80 dB

detectors and will be placed in the same local control rooms 
around the rings. Therefore the required characteristics of 
the system will be as follows: 

! It should not disturb the measurements of normal 
narrowband detectors too much. Noise from the 
monitor, especially switching noise from the fast gate 
should be suppressed as much as possible. 

! The rise and fall time of the gate need to be short 
enough to distinguish the bunch signal to cope with 
the minimum bunch separation of 4 ns. Also the 
isolation to the turn-by-turn line should be large 
enough to reject the large power (70dB larger) coming 
from colliding bunches. 

! The system should be compact, all-in-one package to 
save the mounting space and the fabrication cost. 

The block diagram of the gated turn-by-turn monitor 
system is shown in Fig. 1. It has four independent channels 
corresponding to four BPM electrodes. Each channel has a 
fast gate switch, 508 MHz band-pass filters (BPF),  low 
noise amplifiers (LNA, HMC616) with total gain of 40 dB, 
a logarithmic amplifier (ADL5513), a peak-holding circuit 
with reset timing input, and a 14 bit ADC (ADS850). All 
the timing generation and the data process is done by the 
Spartan-6 FPGA (XC6SLX100T-3FGG484) with 128 MB 
DDR3 SDRAM. The data and the command is transferred 
through Gigabit Ethernet interface. All the system is 
installed in a 1U size box as shown in Fig. 2. 

 

Figure 1: Block diagram of the gated turn-by-turn detector. 

 

Figure 2: Photo of the Type-1421 gated turn-by-turn 
monitor (prototype). 

Fast Gate Switch 

Hittite HMC232LP4 has been selected as a SPDT IC. As 
the measured switching noise was large, typically 70 mV 
peak to peak, and the isolation was not so fantastic, less 
than 67 dB, we have employed a switching-noise 
cancelling method [4] which combines 4 SPDT ICs and 
three 180-deg hybrids as shown in Fig. 3. 

 

Figure 3: Block diagram of a fast noise-cancelling switch. 

The switching noise is subtracted using two pairs of 180-
deg hybrid, while BPM signal is summed with the same 
polarity to reduce the insertion loss. For the turn-by-turn 
measurement, two stages of the SPDT switch are used to  

Figure 4: (A) Switching noise; upper trace: to narrowband 
detector, lower trace: to TbT detector. (B) Switch response 
for 4 ns gate input with the RF input level of -20 dBm. 
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296 Collider Specific Instrumentation

Gated turn-by-turn monitors (GTBT)

Fast gate switch

Log-amps, ADCs

FPGA, DDR3
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Analysis server
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NAFF 
(phase & amplitude)

via EPICS
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Simulation 
(50% BG included)

noise νy
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Phase advance and β function measurements
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• β measurements are sensitive to GTBT gain calibration. 

• Excitation by injection kicker gives better results than that by PLL,  
since PLL limits kick amplitude lower to avoid quick beam loss. 

• Extended to investigations on chromatic coupling, K-modulation, etc.
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Synchrotron radiation beam size monitors

X-ray monitor

“Visible” SR monitor

mirror box Optical hut

Interferometers for H/V Gated/Streak 
cameraBeam pipe

Measuring transverse sizes through 
the projected image on sci. screen
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Beam size measurements in DR

• Horizontal beam size measurements by gated camera 
- The Bestfit damping time 11.5 ms is consistent with the design value (11 ms).  
- Refraction optics in Phase 1-2 was replaced with reflection optics in Phase 3.  
- Increased light intensity enabled a single-shot measurement. 

• Bunch length measurements by streak camera 
- Well damped before the extraction ~40 ms
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Bunch length measurements in HER & LER

• HER 
- Bunch length in Phase 3 increases faster than in Phase 2.  
- Bunch length in Phase 2 is similar with  MWI sim. in Phase 3 (thanks to D. Zhou). 

• LER 
- Similar results are obtained in the Phase 2 and 3 measurements. 
- Sizable discrepancy between measurements and simulation remains.

MWI sim.

MWI sim.
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Synchrotron radiation beam size monitors

X-ray monitor

“Visible” SR monitor

mirror box Optical hut

Interferometers for H/V Streak cameraBeam pipe

Measuring transverse sizes through 
the projected image on sci. screen
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Calibration of the X-ray monitors

Understanding and reducing σs 
is crucial to extract small σy,true.

�2
y,meas = �2

y,true + �2
s
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Data 
Simulation (best-fit σmeas)

Toucheck lifetime vs. σyFor a flat beam with a very small vertical oscillation

𝜎𝑥, Τ∆𝑝 𝑝 , 𝐹(𝜉)
Are constants

Piwinski, 1998
Khan, 2006

Touschek
lifetime

number of particles

dispersion
Relative 
momentum 
spread

momentum 
acceptance

Touschek factor

40

③ Beam lifetime study
During the phase I commissioning, after vacuum scrubbing, the lifetime was
dominated by the Touschek effect, which is a single scattering between two
electrons in the bunch.Relation between lifetime and measured beam size with bunch 

length correction for each bump height

Fitting the lifetime with k 
and 𝜎𝑠 as free parameters, 
with cal from ECK method.

Found this parameter
41

For a flat beam with a very small vertical oscillation

𝜎𝑥, Τ∆𝑝 𝑝 , 𝐹(𝜉)
Are constants

Piwinski, 1998
Khan, 2006

Touschek
lifetime
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Relative 
momentum 
spread
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Touschek factor

40

③ Beam lifetime study
During the phase I commissioning, after vacuum scrubbing, the lifetime was
dominated by the Touschek effect, which is a single scattering between two
electrons in the bunch.

Streak camera measurements  
or MWI simulation (Zhou)
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High-speed readout electronics 
developed at U. Hawaii

Silicon-pixel detector and spectrometer 
chips developed at SLAC

US-Japan Collaboration (U. Hawaii, SLAC, Cornell U., and KEK)

New X-ray monitor using Si-pixel sensor

• New system directly catching X rays 
by a silicon sensor can take bunch-
by-bunch snapshots. 

• σy per bunch helps understanding of 
beam instabilities.

 13

Silicon sensor 
& Cu heatsink



2019-06-13

2019-06-18 XRM meeting M. Andrew

after 2 weeks

2019-06-13

2019-06-18 XRM meeting M. Andrew

after 2 weeks

Beam on (300 mA)

• Temperature on the Cu heatsink has been 

measured in the detector box in HER. 

• No significant temperature increase was found 

after beam on (~4℃ at 900 mA). Air cooling 

(instead of water cooling) would be good enough. 

• Dose inside the detector box ~15 Gy for 2 weeks 

• Plan to install Si-sensor and detector in summer 

shutdown, which will be operated together with 

the present camera-based system.2019-05-30

2019-06-18 XRM meeting M. Andrew

after 2 days

2019-06-13

2019-06-18 XRM meeting M. Andrew

after 2 weeks

2 days 2 weeks
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Testing Si-pixel X-ray monitor in HER



10

Bunch-by-bunch longitudinal feedbackBy 2 FBOFF

6

LER by2 at 500 mA • Work with Prof. John Fox in May 2019 

• No apparent instability ~1 sec after FB turning 

off for filling by 2 (500 mA) and by 3 (575 mA) 

• Damping ~1.7-1.9 ms are observed in excite-

damp measurements.
Excite damp

8• Damping rate almost linearly increases as FB gain.

LER by2 at 500 mA

Excite

Damp
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Analogue 
down converter

BPM digital LPF and 
feedback processor

Steering controller

Tsukuba B4
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Fast IP-orbit feedback system



Spectrum of canonical kick with FB off/on
FB off FB on [Kp(proportional)=10, Ki(integral) =1000]

20 dB

• FB on 
- ~20 dB reduction of the osc. amp. found at 10Hz 
- Luminosity drops down probably owing to  
  large excitation at 230 Hz. 

• FB on with changing Kp from 10 to 7 
- The peak 230 Hz peak gets tamed and  
  luminosity keeps. 
- Reduction power < 30 Hz goes smaller.

FB on [Kp=7, Ki=1000]

3rd and 5th harmonics of 230 Hz

2k (Hz)

200 (Hz)

0

0
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• The MATLAB simulation shows a peak at 260 Hz (cf. at 230 Hz in data). 

• Reduction powers are ~20 dB at 10 Hz in both sim. and the measurement. 

• Future prospects 
- Need to understand the origin of the 230 Hz peak 
- Trying a new FIR filter with small group delay; changing a delay 1.1 to 0.2 ms  
  improves a reduction power 11.6 to 20.4 dB at 20 Hz.

Comparisons with MATLAB simulations
MATLAB simulation (Kp=10, Ki =1000)

20 dB

FB on [Kp(proportional)=10, Ki(integral) =1000]

20 dB

3rd and 5th harmonics of 230 Hz

2k (Hz)

200 (Hz)

0

0
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New ideas

• New GTBT monitors 
- 1st round of prototype testing this year 
- Embedded FFT in Zynq FPGA enables realtime phase and amplitude 
monitoring etc. 

• Injection synchrotron oscillation monitor 
- checking injection related BGs in both rings with 12-bit resolution or more 

• Synchrotron radiation beam size monitors 
- Good and old interferometers (since KEKB-era) will be renewed. 

• Radiation monitors  
- RADFET+Raspberry pi = realtime and EPICS controllable rad. monitor.
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Summary

• 1 out of 4 channels of each MQC1LE/LP seems damaged, although no 

significant effect to operation. Replacement with new cables in August. 

• No other major problem in the beam monitors, work well over Phase 2&3  
- Promising capability of GTBTs for optics measurements 
- Well calibrated beam size monitors provide fundamental information to 

the beam commissioning, and may contribute to beam dynamics study.  
- Bunch-by-bunch FB system stably operated 
- Tuning of the fast IP-orbit FB underway, will be involved into daily 

operation if necessary 

• R&D of new detectors are running in parallel.
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Backup
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Variation among 5 data sets
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streak camera

�23gated camera 

1st turn 2nd turn

10th turn 7ms後



�24

10ms後 20ｍs後 50ｍs後





A comparison of Phase 1 and 2 XRM measurement

Phase 1 Parameters
Min. 

𝝈𝒚(𝒎𝒆𝒂𝒔)

1 22 Jun 2016 I = 188~ 250mA, 𝛽𝑦 = 7.64 𝑚 and 1576 bunches 32 um

2 24 Jun 2016 I = ~20 mA, 𝛽𝑦 = 7.64 𝑚 and 1576 bunches 30 um

Phase 2

1
16 Jun 2018

I = 20 ~ 16 mA, 𝛽𝑦 = 28 𝑚
250 ~ 230 bunches

26 um

2
04 Jul 2018

I = 40 ~ 30 mA, 𝛽𝑦 = 28 𝑚
64 ~ 42 bunches

21 um

3
10 Jul 2018

I = 100 ~ 63 mA, 𝛽𝑦 = 7.64 𝑚
788 bunches

14 um

At HER using URA mask

49

A good improvement, PSF factor 
is ~ 5 times smaller than phase 1.

Phase 1 Phase 2 unit
𝜎𝑠 31.58 ± 0.72 6.6 ± 0.73 um



• Gate camera data (first to 10th turn)



Bunch length measurements in the MR
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• MWI simulation shows thresholds are ~1.9 mA (LER) and 2.7 mA (HER). 

• Measured bunch lengthening might be due to potential well distortion. 

• The HER result is comparable with the simulation (Zhou and Ohmi), but  
huge discrepancy between measurements and simulation remains in the LER.
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(VC = 12.8 MV)
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14 modifications during Fall 2018

• Mostly aimed at making the alignment 
system more robust 

• However the funds were released too late 
to implement them all before installation 

• One that we could not do in time was 
making the primary mirrors so they could 
be opened and reset in situ



IP found in 3 of 4 telescopes at first scan



• However in a single shift, and before telescope 
4 could be examined, a shifter sent all 4 
primaries out of tolerance. They could not be 
reset because they could not be opened (we 
tried) 

• We are modifying the primaries this summer and 
we have changed software to set hard limits to 
primary movement 

• Nevertheless the new alignment system much 
improved and installation time is halved.



Beam size measurements in DR

• Horizontal beam size measurements by gated camera 
- The Bestfit damping time 8 ms is slightly faster than the design value (11 ms).  
- Refraction optics in Phase 1-2 was replaced with reflection optics in Phase 3.  
- Increased light intensity enabled a single-shot measurement. 

• Bunch length measurements by streak camera 
- Well damped before the extraction ~40 ms
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