KEKB Accelerator Review Committee, 10-12 February, 2000

BEAM INSTRUMENTATIONS OF KEKB

KEKB Beam Monitor Group

S.Hiramatsu

1. Beam Position Monitors (BPMs)
2. Beam Current Monitors (DCCTSs)
3. Beam Loss Monitors (lonization chambers)
4. SR Monitors (SR Image, Streak camera & Interferometers)
5. Others
Bunch current monitors
Tune monitors
Turn-by-turn BPMs
Realtime bunch-length monitors

Fast CTs

* Outline and initial performance of these system were

reported at the last committee.



1. Beam Position Monitors

Electrostatic pickup with 4 buttons (12mm¢)

454 BPMs @ LER /443 BPMs @ HER
Electronics system is distributed in 20 local control buildings (LC).

« Frontend electronics (special 240 VXI modules)

superheterodyne (signal; 1.018GHz, IF; 19kHz)

beam signal detection; spectrum analysis by DSP

S/N~86 dB ; expected resolution ~1.2 um(rms)

(4 average of 2048-point FFT @DSP)

one frontend processes 4 BPMs(2 of LER & 2 of HER) .
Processing time for COD measurement of 2 rings is ~2sec.
Resolution measured by 3-BPM correlation method;

average 2-3 um for [ > 10mA (limited by orbit oscillation)
Orbit oscillation has been observed at 0.47Hz(or 0.25Hz) and 11-13Hz
with the resolution of ~1um.
Completed beam based calibration of BPM center offset by Quad/BPM-
response method.

Akp: change of K-value at Q,

Axy: COD produced by Ak, at (BPM)

Xn: measured beam position at (BPM),

AXpy: offset of (BPM),, center against Q, center

Axk - \/B—kB—njn

AK 2sin v

(X, +AX, )cos(m/ — oy — (bn’)

Ax, /AK, =0 = AX, =-X

n n

COD: 0.6-0.7 mmims (without offset correction)

= 0.3-0.4 mmrms (with correction)
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Special BPMs at IP
* Specially desinged 4(3) BPMs were installed in the QCS beam

chambers (55mm¢ inner diameter) for the orbit feedback at IP.
* Both of e~ and et pass the BPM signal pickup.
* pickup; 8 buttons with 6mm¢ diameter to separate e~ orbit and e+ orbit.

* 10Hz signal processing is available for the orbit feedback.

2.DCCTs
Developed KEKB-original DCCTs (parallel feedback circuit).
response; DC-20kHz
offset drift; ~411A/deg [ <20pA (long term)]

3. Beam Loss Monitors
Beam loss is monitored by free-air ionization chambers.
Ring IR BT line
# of chambers 109 (5mlong) 16 (1m long) 23 (8-10m long)
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4. Synchrotron Radiation Minitors
SR extraction & Primary optical beam lines
LER; FUJI(QR4/QR5)-D8 / HER; OHO(QR3/QR4)-D4
- Surface distortion of the extraction mirror is monitored by Shack-
Hartmann sensors.
Primary SR beam from the week bend extracted by a Be mirror is divided
into 3 lines.
(a) Beam image - focused onto CCD camera
Diffraction spreading of 30-40um will be corrected,;
- 0N going program
(b) Streak camera - measurement of bunch length and structure
(c) Double-slit interferometer - automatic beam size measurement
- usefull for collision tuning
High speed gated CCD camera - bunch profile observation
Extension of beam line for the gated camera for LER will be -

completed in February.



5.0thers

5-1 Bunch Current Monitors
« Bunch current is detected by the frontend similar to that of the bunch-
feedback system using 4f reference.
Available for 50Hz data-processing of 5120 bunches.

« Beam injection is controlled by bunch-current monitors.

5-2 Tune Measurement
Transverse tunes are measured by spectrum analyzers using feedback

kickers to excite beam oscillations.

5-3 Turn-by-turn BPMs
4 BPMs in LER and 4 BPMs in HER can be switched to wideband signal
processors with ~20MHz. bandwidth.

« Used for injection tuning.

5-4 Realtime Bunch-length Monitors
Bunchlength is estimated from the ratio of two frequency components
of the button signal.
f1=509MHz, fp=2.54/3.56/4.07/4.58/5.09GHz

5-5 Fast CTs
Each ring of LER and HER has a fast CT for beam bunch observation.

response; ~nsec
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LER vertical orbit oscillation due to PS

FFT/pSp : 204 poiut:
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Beam based Calibration: BPM/LER Offset Distribution
(Quad/BPM-response)
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Beam based Calibration: BPM/HER Offset Distribution

(Quad/BPM-response)
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High-Speed Gated Camera

Observations
Train: 120 bunches, 0.4 mA/bunch

Bunch Spacing: 8 ns (4 buckets)
Gate Width: 10 ns (single bunch)
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Bunch-Current Monitor System

2GHz FIR BPF
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Bunch-current Monitor/
Large-scale memory board system
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An Example of Bunch Current Monitor View
32 Trains (36 bunches/train) with 8ns spacing
(1040 bunches in total)
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Tune Measurement System

Spectrum Analyzer
with Tracking Generator

Center frequency
4 x fRF+ n x fazy+ fe

© 1

FB- Signal TG
BPM [nput output
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EPICS(MEDM) Operation Panel
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Turn-by-Turn Monitor (4D-BPM)

- used for Monitoring energy and phase of injected beam.
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Synchrotron oscillations show beam energy injected is a little
higher than accepted ring energy.



o_(mm)/LER

o_(mm)/HER

Bunch Length vs. Bunch Current

2000/1/25

0 0.5 1

LER Bunch Current (mA)

2000/1/25

T T T T ] T ! T T I _l T .I T T L 8 ) 3 T T

HER

(single BUNCh)-—wivcs

el R S (NS T O T O P Lt T

0 0.5 1 1.5 2

HER Bunch Current (mA)



