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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

Beam abort system was

Summary reported by H. Ikeda.




The SuperKEKB beam instrumentation

s =z IP-FB
J . . u.,-: : ‘ .. 'T;‘j LABM

—

. —

-

" Inj. BPM
b

SRM/XRM

BE Libera
g SRM/XRM

~ :

BxB FB
scy DCCT

DCCT 0

BxB FB 4 “ ]

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

Beam instrumentation work well over Phase 2&3!!
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Connection failure in MQC1LE/LP

TDR'm remen
Connectlon falluresmceJan 2019 e DR measurements

MQCI1LE-D

“ & : ’ ~ I‘ : 102.080 102.280 102.480 | 102.680 102.880 103.080 103.280
} 260 ime(nSec) 200pSec/div
I\/IQC1 LP- D' MQ J
Y S 4 e MQC1LP-D
e Most likely the outer conductor was damaged ¢ = S |

by strong crimping.

» Smooth operation with healthy three
electrodes

102.680 102.880 103.080 103.280

ime(nSec) 200pSec/div

e Plan to replace with new cables having a
modified SMA connector in middle August
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Gated turn- by-turn monitors (GTBT)

o Fast RF switch : Hittite HMC232LP4
e Log amplifier : AD ADL5513

e ADC: BurrBrown 14-bit ADS850

e FPGA : Spartan6 XC6SLX100T

68 and 69 GTBTs in HER and LER
22 GTBTs added since Phase 2
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: 508MHz narrow band detector (COD)
BPM eIectrode
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» Switching noise 2 mVpp |

* Fast rise/fall time ~0.6 nS“ <
» Good isolation > 80 dB
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GTBTs' data pipeline
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Phase advance and 3 function measurements

Distance from IP (m

— HER (Injection kicker in x-plane)
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* 3 measurements are sensitive to GTBT gain calibration.

o Excitation by injection kicker gives better results than that by PLL,

since PLL limits kick amplitude lower to avoid quick beam loss.

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

“Visible” SR monitor
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(Horizontal beam size)? [mm?]
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Beam size measurements in DR

T ! T ! T T T
; y=ml+ m?*exp(—?*(x-m-ﬂ;"m&.._
| mi 04011 0.052701 . i SRPERNPRCRPITI, b STICICRCIN SRIICRAIR al
m2 | _ 60506 | 26448e+6 2
m3qd™ 114817+ 028641 =
o R R T T =
j]’fgﬁ 05451 NA ?ﬂ .................................................................................................................................................. —
.................... id ML i = * s
w o
-
e L L S e iliARiid i i
......................................................................................................... ot
=
m ........................... —
' 5 i | i
0 20 40 60 80 100 0 50 100 150 200
Time from injectin [ms] Time from injection[ms]

o Horizontal beam size measurements by gated camera

'he 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.

ncreased light intensity enabled a single-shot measurement.

e Bunch length measurements by streak camera

- Well damped before the extraction ~40 ms
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Bunch Length [mm]

Bunch length measurements in HER & LER
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- 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).

e LER

- Similar results are obtained in the Phase 2 and 3 measurements.

- Sizable discrepancy between measurements and simulation remains.
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Synchrotron radiation beam size monitors
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Cali bratlon of the X-ray monitors

Finite resolution,
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New X-ray monitor using Si-pixel sensor
US-Japan Collaboration (U. Hawaii, SLAC, Cornell U., and KEK)

e New system directly catching X rays
by a silicon sensor can take bunch- High-speed readout electronics

by-bunch snapshots. developed at U. Hawaii

» oy per bunch helps understanding of
beam instabilities.

Silicon-pixel detector and spectrometer
chips developed at SLAC

e AN

‘S|I|con sensor
& Cu heatsink




Testmg Si- plxel X-ray monitor in HER

e Temperature on the Cu heatsink has been

L O |
I‘

[ measured in the detector box in HER.

i ;r,j, ™ ¢ No significant temperature increase was found

5‘. : ’I ‘ T , s

\@ & 4—1;&’------;--

after beam on (~4°C at 900 mA). Air cooling
L |,

| (instead of water cooling) would be good enough.
» Dose inside the detector box ~15 Gy for 2 weeks

e Plan to install Si-sensor and detector in summer

shutdown, which will be operated together with
the present camera-based system.

Beam on (300 mA)
—> 0.5

temperature (C)
amplifier current (A)

_ reftemp —— .
22 ADC temp —— 0.1
e T 20 amplifier | _ . . . . _ 0
? days 2 weeks 12h 15h 18h 21h 00h 03h 06h 0%h



Bunch-by-bunch longitudinal feedback
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Fast IP-orbit feedback system

QCl1

QC1
BPM BPM ‘ ‘ corrector(steenng)

Ana '094 L i
jl down.convertery
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QC2 QCI‘
v 8
Canonical kick A)’i:m = %l:(yMQCILE + yMQClRE) - (yMQCILP *+ Yuocire ):I

=K Ay* YMQCI**: orbit at BPM MQCl **
y . .
Ay*: orbit separation
between two beams at IP

QC2

delay 1n feedback .
canonical kick processor: 3 clocks disturbance
reference T 44+ B
O~ PID— D G, G, é = BPMdigital LPF and
PID tuning power supply eddy current : feedback processor
& magnet on chamber

1%t order lag 1° order lag
T=0.1ms 1=0.21 ms

M

Processing rate = 32kHz
Feedback bandwidth <100Hz

BPM
LPF (equiripple FIR) |6




Spectrum of canonical kick with FB off/on

FB off FB on [K,(proportional)=10, Ki(integral) =1000]
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Comparisons with MATLAB simulations

MATLAB simulation (K,=10, K;=1000) FB on [Kp(proportional)—1 0, K (integral) =1000]
| o | i : - 3rd and 5th harmonlcs of 230 Hz.
E : v o\
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o The MATLAB simulation shows a peak at 260 Hz (cf. at 230 Hz in data).
e Reduction powers are ~20 dB at 10 Hz in both sim. and the measurement.
e 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 t0 0.2 ms
improves a reduction power 11.6 to 20.4 dB at 20 Hz.
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New ideas

New GTBT monitors

- 1st round of prototype testing this year

- Embedded FFT in Zynqg 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.



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 GTBTSs 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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streak camera
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A comparison of Phase 1 and 2 XRM measurement
At HER using URA mask

Min.
Phase 1 Parameters !
O y(meas)
1 |22Jun2016 |1=188~250mA, 5, = 7.64 mand 1576 bunches | 32um
2 |24Jun 2016 |I=~20mA, B, = 7.64 mand 1576 bunches 30uUm
Phase 2
| =20~ A = 28 6
2 | 6 Jun 2018 20 ~16 mA, B, m 26 um
250 ~ 230 bunches
2 | =40~30mA, [, =28m 21Um
Jul 2018 rey
04 -0l 201 64 ~ 42 bunches
| = ~ A = 7.64
3 10 1ul 2018 100 ~ 63 MA, £, 64 m 14 Um
788 bunches
S IR 4 good improvement, PSF factor
0, 31.58 +0.72 6.6+ 0.73 um is ~ 5 times smaller than phase 1.
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Bunch length (mm)

Bunch length measurements in the MR

Bunch current (mA)

(Vc=12.8 MV)

HER Bunch Length

—— vy =4.6414 + 1.5287x R=0.95821

(Vc=8.4 MV)
9 , | ]
LER Bunch Length T
8 17t
7+ 16L
6 F 15
St 14
4r _ _ 3
—— vy =4.7099 +2.3196x R=0.99469
I I 2
0 0.5 1 1.5

0

0.5 i
Bunch current (mA)

o MWI simulation shows thresholds are ~1.9 mA (LER) and 2.7 mA (HER).
» Measured bunch lengthening might be due to potential well distortion.

o 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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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
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* 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 alighment system much
improved and installation time is halved.



Horizontal beam size [mm]

“~Beam size measurements in DR
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Horizontal beam size gfeasurements by gated camig

- The Bestfit dampihg time 8 ms is slightly faster than tiwsdesign value (11 ms).
- Refraction gfftics in Phase 1-2 was replaced with reflection®gtics in Phase 3.
- Increagdd light intensity enabled a single-shot measurement.

Bup€h length measurements by streak camera

ell damped before the extraction ~40 ms
33



