KEKB Accelerator Review Committee, 23-25 February, 2001

BEAM INSTRUMENTATIONS OF KEKB

KEKB Beam Monitor Group
S.Hiramatsu

1. Beam Position Monitors
2. SR Monitors
3. Bunch-by-bunch Beam Feedback System

*Outline and performance of all beam instrumentations are reported
at the previous committee. Here we report 3 topical themes.

1. Beam Position Monitors

« Electrostatic pickup with 4 buttons (12mm¢)
454 BPMs @ LER /443 BPMs @ HER
detection freq. =1GHz

* Processing time for COD measurement of 2 rings is

~2Sec.

- Resolution measured by 3-BPM correlation method:;
average 2-4 um for |, > 10mA |
(limited by orbit vibration at 0.47/ 0.25Hz and

11-13Hz)



« Completed beam based calibration of BPM center offset
by Quad/BPM-response method.
COD : 0.3-0.4 mm(rms)

« Background by HOM wake field
- BPM which has the aperture with the waveguide mode
cutoff frequency <1GHz picks up the HOM signal and
causes offset error.

— Cured by changing the detection frequency from

1GHz to 509MHz.

MEASUREMENT ERROR DUE TO HOM SIGNAL

Table: Comparison of 1018 MHz and 509 MHz detection

1018 MHz detection 508 MHz detection

QMag X[mm] Y[mm)] X[mm] Y[mm]
QC4RE -0.351 4.497 -2.168 -0.230
QC3RE 1.159 -3.860 -0.042 -0.897
QC2LE1 -0.868 1.849 -1.527 -0.237
QC2LE2 0.391 3.014 -0.298 -0.165

« Construction of single-pass BPM system is on going

program.
120BPMs of each ring will be changed in dual mode
(COD/single-pass) operation.

The 1st turn orbit will be monitored whithin the error of

0.5mm --- helpfull for injection tuning.
Precise determination of the betatron phase advance

around IP is expected.



2. Synchrotron Radiation Monitors

« SR monitors are working well and indispensable to
collision tuning.

« Primary SR beam from the week bend extracted by a Be
mirror is divided into 3 lines.

(a) Beam image - focused onto CCD camera
(b) Streak camera and/or high speed gated CCD camera
- bunch profile observation
- measurement of bunch length and structure
Optical system of the streak camara for multibunch
observation is on going program.
(c) Double-slit interferometer
- automatic beam size measurement (o, and )

+ Surface distortion of the extraction mirror and change of
the optical line cause the error in the beam size
measurement.

- Effective optical path length between the source
point and the slit plane is changed by surface
distortion of the extraction mirror by SR heating.

— Surface distortion was measured with the multi-
hole array screen.

- Tilt and displacement of the extraction mirror by
beam heating change the optical line.

— QOptical line was stabilized by the feedback to the
2nd mirror rotation.



3. Bunch-by-Bunch Beam Feedback System

4. Others

FFast beam loss monitors with PIN diode detectors will

be installed in this April.
It can provide the interlock signal for beam abort within

one revolution time to ptotect moving masks.



Beam based calibration for the BPM

Horizontal offsets in HER Vertical offsets in HER

140 [ e 140 e ey
120 | :
]
100 ................... .:
_80}f -
s [ 1
o L |
()60 .................................... -
A0 bt TR j
o0 bl (SR ]
0 - b wrpe Lm4,l a1 ,J_?
-3 -2 =1 0 1 2 3

Offset [mm] Offset [mm]

Histogram of offset measured by beam based alignment in HER

Horzontal offsets in LER Vertical offsets in LER

140 e e 140 e

120 o ............. SRR S— A ........ A o 0| [T S o T R
. 80| . 80}
= 3 = -
= 3
o (o)
Ceo [ © 6o

40 40 |

20 20 |

0 0
Offset [mm)] Offset [mm]

Histogram of offset measured by beam based alignment in LER



Improvement of closed orbits

LER Orbit 50mA RMS. DX=0.44, DY=0.49 [mm)
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Position resolution by three-BPM method
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ORBIT OSCILLATIONS

004

Amplitude/Vp [mm/Vm]
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Folded Phase Advance

Overlapping of the amplitude of 0.47 Hz component
on the folded phase advance of optical function in the LER

Phase Advence

Trace of the amplitude of 0.47 Hz component
over the phase advance of the optics function.
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A 100-hole square-array screen.

The hole size is 2.7mm, and the hole interval is Smm.




Observation plane |
SR extraction mirror Ideal ray / !
Light source | P
et Actual ray
| Square-array screen
Il m 0.43m 30m
< e e >

Measurement setup.



Hartmann pattern Observed in the Photon Factory.
Ring current is 420mA.
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Light source

Y

Il m

SR extraction mirror [deal ray
A

0.45

Doble slit

Actual ray

<~\

Square-array screen

usc only one hole

m 30m

Double slit separation by actual ray

r

Double slit separation by ideal ray

Scanning the single-hole screen to determine the double slit separation

by ideal ray.

Calibration of the double slit separation of SR
interferometer by single-hole screen



[oxtraction
Mirror

g Movable I
N Pirkole Misk Interferometer
Slits

SR I
Source l
Point

2 Absolute Magnification Calibration via Pin-
hole Mask

A movable pinhole mask is placed just downstream of the extraction mirror.
By finding the mask positions where the light from the pinhole hits the
interferometer slits, the effective slit separation at the mask location can be
measured. The beam size can be expressed as

AL 1.1

=DM\ 2y (2)

where 7 is the visibility, D is the interferometer slit separation, L is the

distance from the source point to the slits, and A{ is the magnification due
to curvature in the extraction mirror. It can also be expressed as

AL 11
Uzﬂ_D/‘/Eln;, (3)

where D' is the effective slit separation at the location of the pinholemask
and L' is the distance from the beam source point to the pinhole mask. The
magnification is then

L/D

VN = ——.
v oD

(4)

2
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1
1
:
1
Interferometer |
]
1
|
1

Camera

SR Monitor Mirror Angle Feedback

Extraction Mirror
Beam Pipe

469 mm

l Synchrotron Light

Movable Mirror

~30 m

By monitoring image position on camera, adjust movable
mirror angle to compensate for changes in extraction
mirror angle (X & Y, LER & HER).

Use vertical interferogram for vertical angle feedback, and
horizontal interferogram for horizontal angle feedback.
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Bunch by bunch feedback systems
1.Status
A)Transverse feedback systems
yeWorking very well for both HER and LER.
e Digital filter function has been changed from simple-delay mode to
two-tap FIR mode.
v Measured damping time ~0.25ms@500mA(LER-horizontal)
B)Longitudinal feedback systems
veNot used / tested yet.
C)Betatron tune measurement systems
veWorking very well without troubles.
vxData transfer function available for peak fits.
wSelected-bunch tune measurement system has been added.
D)Bunch current monitors
vwWorking very well without troubles.
E)Bunch oscillation recorders(BOR)
wwUsed to measure the growth mode/rate of the instabilities.

yeBeam loss trigger modules are under development.
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2.Progress from Feb/2000

1)Digital filter function

Changed from simple-delay mode to two-tap FIR mode.

Tap positions:

Ring Direction | TAP1 TAP2 NXx Ny
HER Horizontal | 137 297 DI
Vertical 137 617 . 3
Horizontal | 137 297 53 .
Vertical 187 297 .65
LER Horizontal | 141 301 51 .
Vertical 141 941 .09
Horizontal | 141 301 51
Vertical 141 301 .60

w Two-tap mode operation (DC-cancel)

OSaturation at high-power amplifiers have been removed.

—QOperation of the feedback systems have been much easier!

—Higher feedback gain than simple-delay mode is available.

2)Equalization of lower frequency (<1MHz) and wideband kicker.

seLower frequency kicker systems have been included in the feedback

loop for both HER and LER.

veCross-over frequency

HER: 200kHz

LER: 400kHz

OHuge horizontal oscillations during injection (kicker bump not closed)

can be damped much faster.

X Feedback systems can easily be unstable. Gain balances between

the two band systems are very touchy.




3)Remote control systems

A)Signal switch systems around betatron tune measurement systems
have been added.
v Switching between the selected-bunch betatron tune measurement
system and global tune measurement system.
vt Transverse beam oscillation excitation (RF-KO).
yvCalibration the tracking generator of the spectrum analyzer.
B)Signal switch systems for the real-time oscilloscope and the
web-controlled infinium oscilloscopes.
¢ Monitoring the real-time signal of the feedback systems.
OTime-domain signal (oscilloscope) vs. freq.-domain signal(SA)

OKick error/ timing jitter of the injection kickers.

A Welcome to Arilent Technolories Weh Enabled Site - Microsoft Internet Explorer
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Troubles
1)Amplifiers breakdown

A)Wideband amplifiers

¥¢3 amplifiers (2 LER, 1 HER) have been broken by Aug/2000.

7710 out of 11 amplifiers have been broken. (8: operation, 3: spare)

s¢Monitoring gains of amplifiers from Oct/2000 and found no clear
troubles until now!

B)LER Low frequency amplifier.

e All the final power output cables in the amplifier have burned out.
Combiners, FETs, power cables from amplifiers to kicker and
transverse kicker were OK.

v¢ Too thin cable (RG-58) for high power.

—Thicker cables (5D)

2)Digital filter
v One digital filter was failed. (LER-Vertical)
—Soldering trouble on the board.

3)Vacuum pressure around transverse kickers

YrLess than 5X10"pa (HER 580mA). 4X10'pa(LER 710mA)

¥¢ Temperature rise at monitor chambers seem rather higher than

expected (AT~35° /LER 710mA).

ooy Preis f i

..........




Plan for FY2001

1)Automatic beam phase correction systems.

wWith increasing the beam current, differences of the beam phase
relative to distributed RF signal become large.

v Feedback gain, residual errors from detection circuits changes with
the beam phase.

—Detect beam phase and feedback to the master phase shifter.

2)Longitudinal feedback system.
v Not needed until now.
v¢2 out of 8 wideband circulator is in trouble. No spares now.

¢ Repair the bad-conditioned circulators and investigate the causes.

3)More remote control knobs.
ycInstall more signal switches.

v Vector phase controllers.

4)For higher beam / bunch current.
v Forced air-cooling for hot chambers (LER monitors).

v Prepare better chambers if the heating is too high.



Transverse Amps/Kickers

Hev

Horizontal

Vertical

Transverse
kickers
(HER)
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