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Abstract beam tunings. In this paper, the first results of beam-size

In the beam transport lines from the injector linac to KEKBmeasurement and optics matching in the positron BT line

rings, four wire scanners were installed for each of positro%r'a presented.
and electron line. The vibrations and no-linearities of
the wire holders were suppressed to be small enough fo2 PRODUCTION OF WIRE SCANNERS
beam size measurements. Optics matchings were made Y51
ing the wire scanners. Better transmission from the linac’
to the rings was obtained. By detecting shower due tbhe schematic view of the wire scanner is shown in Fig. 1.
Bremsstrahlung near the detector, the beam sizes were sAdhin thread of tungsten of 1Q0n in diameter is stretched
cessfully measured without any beam tunings dedicated foetween three pins on the wire holder so as to form three(X-
background. ,U- and Y-) wires perpendicular to the beam. The holder is
attached on one side of long shaft, while another side of
1 INTRODUCTION which is fixed, in a cantilever style, to a stainless block
mounted on the Linear Guide. The block is moved with
In the KEKB the electrons(positrons) accelerated in thg pulse-motor through a screw shaft. The Linear Guide
linac up to 8GeV(3.5GeV) are transported to the main ringgjls are tightly bolted on the thick base plate, which also
through beam transport(BT) lines whose length are abodfipport the total weight of the mover. The holder and its
500m. Atthe BT, electron and positron lines have adoublegupport shaft is in vacuum. The conversion ratio of rota-
decked structure in the first part of tunnel of 350m long anggn with pulse motor to linear motion is4n/pulse. The
fed into separated tunnel in the rest part. In order to maifinear motion is monitored through a potentiometer with
tain high luminosity, a well-controlled operation transporty resolution of 50m. The vacuum chamber has a win-
line is required for minimizing tuning time and a stable opyow of stainless steel of %N in thickness which allows
eration. A wire scanner(WS) for monitoring beam PrOf”esfow-energy knock-on electroniay) to pass the window.
non-destructively is useful for these purposes. Beam tesjg detected thé-ray at the window and also high energy
of a prototype for WS have been done at KEKB injection,.rays at the downstream using a PMT(Hamamatsu/R329-

linac so far[1][2]. We produced improved wire scannerg)?) with a40 x 50 x 10mn? plastic scintillator.
as an actual model; more compact, less expensive but with

A structure of the wire scanner

smaller wire vibrations. Especially we took care of the wire IN
positioning which leads directly the systematic error. In or- /
der to study this effect two prototypes with cantilever sup-  Potentiometer o~ Pulse Motor

ports had been produced. One had linear guides in vacuum
which can suppress wire vibrations most effectively since
the cantilever was very short. Another had linear guide Y-wire ¢ Beam
outside the vacuum chamber. We measured the wire po-
sitioning for both of them[3]. As a result, both types were
feasible but we adopted the type with one linear guide for
its easier handling in maintenance and lower cost. We in-
stalled ten wire scanners in total to the BT lines, for all of
which wire positionings had been measured before instal-
lation.

In the entrance of BT |ineS, at least three WS's are Figure 1: Schematic view of the wire scanner.
needed to determine beam emittance and Twiss parameters
in the optics matching. For redundancy, we adopted four
wire scanners are mounted in each line. By using a phot%_z Measurement system of displacements of
multiplier tube(PMT) with plastic scintillator, we detected wire holder
shower occurred near the PMT due to Bremssstrahlung
emitted from the wire crossing a beam. The PMT’s wer&ince we adopted a cantilever to support the wire holder,
set at a wide angle(8%to the beam lines. By this setting a vibration in the direction perpendicular to linear motion
beam background from the upstream was effectively shand to the beam was a serious concern. We have mea-
off and high S/N ratio was obtained without any dedicatedured a static displacement (no-linearity) and also a vi-
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bration during linear motion. The layout of measuring ADC-A ADC-B ADC-C ADC-D
system is shown in Fig. 2. A laser displacement-meter,
KEYENCE/LC2430, was placed at the side of the wire
holder. The LC2430 measures the distance from the surface
reflecting the emitted laser light, using a built-in position-
sensitive detector(PSD). The resolution is B2 As a

reflector, we attached a block gauge with flatness of les s—= Q / Q 7

than 0.1um and with area of 310mn¥ on the one side , QD QF

of the holder. We measured the displacements for all of tefi °¢2™

WS'’s to be installed within the area of the block gauge. The T S 53T
linear motion was monitored with a magnescale. The mea- AWire  B-Wire C-Wire D-Wire

surement was done without a vacuum vessel. The pulse rate
of the pulse motor was 1kHz. The results were: maximum
amplitude of non-linear displacement wa8um in peak-
to-peak, maximum amplitude of vibration waslOum in
peak-to-peak. These are sufficiently small for the prese
beam size. The four wire scanners were placed at a regular section of

long straight, where the phase advance/@ for both of

the horizontal and vertical planes. At the region, there is
Gauge Block no dispersion in the design. A- and C-(B- and D-) wire

(20x10x5 mrd )

Figure 3: The arrangement of WS's in the positron line

2 Beam optics in the wire scanners

Laser Displacement Meter

scanners were placed at the downstream of the defocus-

=N Magnescale ing(focusing) quadrupole magnets. A matching of Twiss
Laser Light . parameters to the linac was done by using all quadrupole
"""" Head Part of Wire Scanner Magnets upstream the wire scanners, under the condition

that the dispersion is to be closed and beta functions at

some points not exceed some maximum values.
Oscilloscope, Macintosh
*Laser Displacement Meter (via RS232C) )
3.3 Measurement of beam sizes

The typical results of beam-size measurements are shown
in Fig. 4 and 5 for electron(C-wire) and positron(A-wire)
line,respectively. The horizontal axis is a position of wire
holder along the scanning direction and the vertical axis is

] o ) ) ADC count of the signal. We can clearly see three peaks
Figure 2: Schematic view of vibration measurement SYSorresponding to the Y, U and X wires crossing the beam.
tem. Each peak was fitted to an asymmetric Gaussian shape. The
beam sizes of Y and X were obtained from peak with di-
vided by+/2. The typical S/N ratio was about 45 and 7.5

KEYENCE LC2430
(35 =0.02um)

PSD

W

——%—— displacement

3 OPTICS MATCHING for electron and positron. For A, B, C wire scanners, we
observed high S/N ratios almost independent on the beam
3.1 Arrangement of the wire scanners condition. This is because the background from beam halo

Wgs almost completely shielded with the lead blocks of

Rear the detector, which was generated by Bremsstrahlung
rays from the upstream wire. Although the detector sits
the wide angle(65, huge amount of Bremsstrahlung

ys emitted in extremely small angle gives high S/N ratio.
For D-wire scanner as shown in Fig 6, however, the PMT

" detects the smabdl-ray as the signal, while the background

electron line, all detectors sit on in the same manner Fdmes from the shower produced in front of the detector

[.) detectpr. Thg PMT was placed just.downstream of th%y beam halo. We needed some dedicated beam tunings in
window with 65 in angle to the beam line. The detectors

h k .
were surrounded by lead shield of 66mm in thickness iﬁrderto decrease the background
all direction, while to the upstream side the thickness w .
166mm. The signal from PMT was put into the CAMACaﬁ'4 Matching
ADC/2249W, LeCroy. The data were taken by a VME sysWe have made optics matching at the positron line. The

tem via CAMAC serial highway. beam sizes at the four wire scanners were used to ob-

in Fig 3. Two detectors(PMT’s with plastic scintillators) _
were set for the four wire scanners: One PMT located ne%;
the C-wire detects high energy particles emitted from wire
of "A” and "B”, while another PMT near the D-wire de-

tects particles emitted from wires of "C” and "D”. Fo
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Figure 4: Typical transverse beam distributions(C-wire) ifrigure 6: Transverse beam distributions of D-wire in
electron line. The left, middle and right peaks correspongositron line.

to Y-, U- and X-wires, respectively.

T T T | ‘ | T Table 1: The obtained emittances and Bmag’s of positron
line before and after matching.

800[—

] Before matching| After matching
£ el ] £, [m] 1.09 x 10~© 7.30 x 1077
3 ] Bmag, 1.16 1.62
g ol ] e.-Bmag, [m] | 1.26 x 107° 1.18 x 1076
. opput y 1 gy [m] 2.58 x 10~7 2.33 x 1077
2001~ V. .t - — Bmag, 6.54 2.04
Y S I e e,-Bmag, [m] | 1.69 x 1076 4.75 x 1077

i 20 a0 &0 80 100 120
Wire Position [mm]

_ ) o ~__Better transmission was obtained in the line. Emittances as
Figure 5: Typical transverse beam distributions(A-wire) iRye|| as Twiss parameters obtained in the optics matching
positron line. process gave useful information for a tuning of the injector

tain Twiss parameters at the A-wire. In the phase spac@?ac-
we can draw two ellipses, one from measured parame-
ters(S1) and another from design ones(S2). An additional 5 ACKNOWLEDGMENTS

ellipse(S3) can be drawn that it circumscribes the ellips .
S1 and is similar to S2. Here Bmag means a ratio of aﬁhe authors gratefully acknowledge the KEKB commis-

area of ellipse(S3) to that of ellipse(S2). It is given by[4];S|on|ng group who helped preparation of the measurement.

Bmag = [82/B1451/B2+6182(c1 /1 —a2/B2)%] /2. The
subscript[s 1/and 2 /mean me;su/red and/de)si]g/n values, re- 6 REFERENCES
spectively. When measured twiss parameters are the safe 1 sywada et al.”FIRST BEAM TEST RESULT OF A
as design ones, Bmag becomes unit. The obtained emit- pROTOTYPE WIRE SCANNER FOR THE KEKB INJEC-
tances and Bmag's are summarized in Table 1. Although in  TORE LINAC AND BT LINES”, Proceedings of the 11th
the horizontal direction Bmag was not changed so much, in  Sympo. on Accelerator Science and Technology, 1997, Hy-
the vertical direction, it became smaller and the products of ougo, Japan, KEK Preprint 97-184, 1997
emittance and Bmag decreased after matching. This megpp v. Funakoshi et al.”BEAM TESTS OF A WIRE SCANNER
that the transmission of the transport line becomes better. FOR THE KEKB INJECTOR LINAC AND BEAM TRANS-
PORT LINE”, Proceedings of the APAC98
4 CONCLUSION [3] N. lida et al.."A METHOD FOR MEASUREING VIBRA-
TIONS IN WIRE SCANNER BEAM PROFILE MONI-
We developed wire scanners for the BT line from the in- TORS”, Proceedings of the APAC98
jector linac to KEKB rings. Since a cantilever supporty j 1 seeman et al.:SLAC-PUB-5705 Aug. 1992
for a wire holder was adopted for easier maintenance an
lower cost, we carefully designed them to suppress vibra-
tion and non-linear motion of the wire. Bench measure-
ments showed that they were negligibly small for beam size
measurements.
By using the wire scanners, the first trial for optics
matching in the positron line has been successfully done.
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