KEKB Accelerator Review Committee
23-25 Jan. 1997

BEAM INSTRUMENTATIONS

Beam Monitor Group
S.Hiramatsu

1. Beam Position Monitors (BPMs)
2. Synchrotron Radiation Monitors
Beam size and profile
3. DCCTs
4. Others



. Beam Position Monitor

Electrostatic pickup with 4 buttons

452 BPMs/LER
Type $94 $150 H150xV94 Others
Numbers 414 14 22 2

- 452 BPMs/HER
Type H104xV50 $150 Others

Numbers 398 38 =16

« Pickup electrode; 12mm¢ button

« Position resolution ; <10um

- Measurable range; 10pum<x,y<10mm
10mA<ip<?.6A

« Frontend electronics; superheterodyne
signal: 1GHz IF: 20kHz
ADC at 20kHz
supectrum analysis by DSP

« Processing time; <250msec/button with 10um
resolution (S/N>92dB) @<10mA

« Closed orbit measuring time; <1sec/4-buttons(programable)

« Prototype frontend processor;  S/N~90dB in 0.25sec/button
(more 2dB?)
« One frontend processes 4 BPMs(2 for LER & 2 for HER) .
1st step: 226 frontends
« Signal test at AR;
direct signal: <0.1mA bunch current - measurable
spectrum analysis:  S/N~92dB is expected at ip=2.6mA .



Narrow band coupling impedance (oz=4mm);
LER: 3.2kQ/400 BPM (@7.6GHz)
HER: 4.7kQ/374 BPM (@7.5GHz) [1 cut]
2.3kQ/374 BPM (@7.0GHz) [2 cut]
Zmax for te=238msec at a=1x10-4, vs=0.01
2.3kQ for LER, 12.5kQ for HER



2. Synchrotron Radiation Minitor

Optical lines
a. Beam image (beam size)
b. Streak camera (Bunch monitor)
c. Double-slit interferometer (beam profile)

+ Beam size measurement with diffraction corrected beam
image.
diffraction limited optics
ox(LER/HER)  472/650um — 507/680um (observed)
oy(LER/HER)  69/120um — 102/158um (observed)
diffraction spreading: 30-40um — correction by point
spread function
« SR extraction mirrors;
Be-mirror mounted on Cu block
effective area: LER 10mmHx44mmV
HER 10mmHx50mmV
location: LER FUJI straight section (QR4/QR5)
HER OHO straight section (QR3/QR4)
+  Wavefront-correction mirrors will be employed to correct the
wavefront distortion by thermal deformation of the extraction
mirror.
+ Laser system for optics calibration will be installed.
Point spread function (diffraction) & mirror distortion will be
measured.



< Mirror distortion monitor;
Shack-Hartmann sensor (laser+interferometer with micro-
lens array)
sensitivity: 0.02um~i/30 (surface distortion)
— feedback to the wavefront correction mirror
« Beam profile measurement with double-slit interferometer.
A=300-700nm
resolution; Ao<ium
requirement; contrast of interference pattern>3%
— intensity unbalance of 2 beams <1.5%
(feedback by beam shifter and PMs)



3.DCCTs

KEK original DCCTs will be installed.

measurable range; 10pA<ip<3A

response; DC-10kHz

drift; 1-3uA/deg
The prototype DCCT was tested at the AR with 600mA beam
current.

responce; DC-500Hz

drift; 5-8uA/deg

accuracy; ~0.5%

*No problem in the DCCT itself but small problem of heating in the
ceramic break of the beam chamber (~80deg @570mA).



4.0thers

4-1 One-Turn BPM
20 one-turn BPMs are planed.
1-5 bunches will be sellected by a fast analog SW.
Expected resolution; 50-70um @ip=0.1mA (S/N~60dB)
Fundamental components were tested at AR.
Bunch selection by analog SW
Signal detection by 1/Q demodulator
S/N~43dB @ip=0.1mA, single bunch
(more improvement reqired?)
4-2 BPM at IP
Specially desinged BPMs will be installed in the QCS beam chamber
(55mm¢ inner diameter).
pickup; 4 buttons with 6mm¢ diameter
feedthrough; SMA
4-3 Event Timing
Bunch detectors will be installed in the IR.
pickup; electrostatic pickup with wide and smooth
response (same one as the bunch-by-bunch
feedback signal detector)
locations; 2 in both sides of IR for each ring
4-4 Laser-Wire Monitor
Laser/beam timing was tested in the Tokyo Univ. linac at JAERI.
Collision experiment is under way.
electron beam; 17MeV,150pC/pulse
beam size: 480um
laser; 790nm, 100fsec, 210mJ
spot size: 100um
timing jitter; ot~3.7psec



4-5 Bunch Current Monitor
Beam current of every bunch is measured in the signal processing
systems of bunch-by-bunch feedback.

tested in AR; synchronous det. at 1.5GHz
error<5%(affected by synchrotron oscl.)
reqgired I/Q demod.

4-6 Tune Measurement
Transverse & vertical tune are measured in the signal processors of
bunch-by-bunch feedback systems.

4-7 Wall Current Monitor
Each ring of LER and HER has a wall current monitor for bunch
identification.
Design & fabrication will be in '97-'98.

4-8 Fast CT
Each ring of LER and HER has a fast CT for bunch current
calibration.
Design & fabrication will be in '97-'98.
Heating problem of the ceramic break in the beam pipe should be
solved.

4-9 Screen Monitor
No plan for the screen monitors.
Direct signals from 452+452 BPM heads can be monitored instead
of the screen monitors.

4-10 Beam Loss Monitor
No plan for the beam loss monitors.



vefevence P/cwe

LER

BPM block for the BF ring
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Control System for BPM of KEKB
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96 pm 96 um

Figure 11.15: The Point Spread IFunction (PSF) of the focusing system. The side

LER HER
& Ty O Ty
Original 472 pm 69 pm 650 pm 120 pm
With Aberration 472 pm 69 ym 650 pm 120 pm
With transverse diffraction 5062/1m 102 pgm 675 pm 158 pm
With longitudinal diffraction pm 69 pm 655 pm 120 pm
Total 507 pm 102 pm 680 pm 158 pm

Table 11.2: Expected values of observed beam sizes which include contributions from

effects of aberrations and diffraction.

11.3 Laser Wire Monitors

In addition to the beam profile monitor based on imaged synchrotron light, the use
of so-called laser wires is under consideration for better resolution with an ability to
measure individual bunches.

The principle of the measurement is illustrated in Figure 11.17. A narrow laser beam
(“laserwire”) meets a beam bunch perpendicularly, creating a number of Compton-
scattered photons. The population of scattered photons is proportional to the overlap
area of the laserwire and the particle beam. Therefore, by scanning the laser light
horizontally or vertically, and by measuring the flux of Compton-scattered photons,
one-dimensional particle distribution of the bunch is obtained.

Discussions in this section assumes that the laserwire is placed at the end of a
straight section. However, since the laserwire technique can offer a very high resolution,
it may be also used at the collision point. The practical application depends on the

availability of an adequate room for measurement ports.
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decomvolutiom

with PSF

beam, the beam profile was measured at the stored
current of ImA. The focus of the system was carefully
adjusted at the balanced astigmatism point. A CCD
TM7/4915 and image processor LBA100A of Spiricon
company was used to observe the beam image.

Fig.4 A beam image of the Photon Factory. The ring
encrgy is 1GeV and the beam current is 1mA.

The rms beam sizes from the beam image are 96.5
—————

Jum in the vertical and_280pum in thg horizoptal The

raw image of the beam as shown in Fig.4 is given by a
convolution of the PSF (Fig.3) and the geometrical
image. Considering the conjugation ratio of 0.148, the
rms width of the PSF is almost same size as in the
beam size. Thercfore, to observe the original beam
size, it is necessary to deconvolute the raw image by the
PSF. Recently, deconvolution technique (restoration
of the image) is currently used in the astronomical
observation[3]. In the present time, a Wiener inverse
filter [4] was applied. In the spatial frequency domain,
the convolution integral is represented by

G(u,v)=H(u,v)F(u,v) + N(u,v) (n

where G denotes a two dimensional Fouricr transform of
blurred image, H is thought of as a inverse filter (two
dimensional Fourier transform of PSF) , F is a two
dimensional Fourier transform of original image, and N
is as a two dimensional Fourier transform of noise
term in the image. The Wiener inverse filter Hy in
cquation (1) is given by

H*(u,v)
¢, (u,v)

[H(u,v) P =22
’ 0,(0,v)

H,(u,v)= 2)

where the asterix indicates the complex conjugate of H.
¢n is the power spectra of the noise and ¢ is the
power spectra of the signal. In the present time, the
raw image was taken at the balances astigmatism point,
we neglect asymmetric components of the obtained PSF
as shown in Fig.3, and usc a Gaussian approximation
as the PSF. To perform the deconvolution process, we
usc the computer code Hidden Image which has the
maximum cntropy deconvolution method. A result of
the deconvolution is shown in Fig.5. The rms beam
sizes [rom this beam profile arec 49.2 pm in the vertical

and 206pum inThc horizontal, By the use of measured
values of P function, The emittance at 1GeV operation
of the ring are 0.13 nmrad in the vertical and 22 nmrad
in the horizontal.

Fig. 5 Beam profile after deconvolution process,
scale is same as in Fig.4.

6 CONCLUSIONS

A beam profile monitor for the high brilliant
configuration of the Photon Factory was designed and
constructed. A Be-mirror was applied as a extraction
mirror of The visible SR becam. We have analyzed
aberration of the focusing system including the
deformation of the Be-mirror in the Fourier optical
manner, and obtained a PSF at balanced astigmatism
point.  We measured a beam profile of the Photon
Factory with a ring energy of 1GeV at the balanced
astigmatism point of the focusing system. By the use
of obtained PSF and beam profile image, we applied the
image restoration method. After the image restoration
process, we obtained a beam cmittances 0.13 nmrad in
the_vertical and 22 nmrad in the the_horizontal, We
‘conclude; T. the present system has a enough
performance to measure the small enittamce in the high
brilliant configuration of the Photon Factory; 2. the
image restoration technique with measured PSF as used
in the astronomical observation is very useful tool not
only to eliminate the aberration of the focusing system
but also obtaining the geometrical image.
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