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WIRE SCANNERS FOR SMALL EMITTANCE BEAM MEASUREMENT
IN ATF

H. Hayano, KEK, Tsukuba, Ibaraki, Japan

Abstract

The wirescannersare usedior a measurement of the
very small beam sizeand the emittance inAccelerator
Test Facility (ATF). Theyareinstalled in theextraction
beam line of ATFdampingring. The extracted beam
emittance arex=1.3x10° m.rad,ey=1.7x10" m.radwith
2x1C electrons/bunchintensity and 1.3GeV energy[1].
The wire scanners scan the beam by a tungstenwitine
beam repetition 0.78Hz. The scannspeedis, however,
very slow( ~500um/sec). Since the extracted beam is quitf =
stable by using thdouble kickersystem[2], precision of
the size measurement lisss than 2unfor 50 - 150um
horizontal beam sizand 0.3um for 8 - 16um vertical
beam size. Thdetail ofthe systemandthe performance
are described.

1 INTRODUCTION

ATF is a testaccelerator to realize small emittance
beam whichwill be used in anelectronpositron linear

colllder_. The b_eam e_mlttance measurement n th? AT.':',:tretched to X, Y, U and 10degree tilted fromdiXection.
extraction line is required for a single bunch and0ti-

bunchecheam which Faxd0° lcions neach bunch 118 1Y VIS A1se stecheton e soelnl
with 2.8ns spacing[3]. Theequired resolution of the P P P

. : : the stretchedangle. Bothend ofwire are fixed to copper
beam size monitors is less than 1jion the beam of 6 - . : . . L
. ) . pillars with holding bysolder. Themoving direction of
7um vertical size. On the other hand, the horizomaim the wire stage is 45 degree between X and Y axis has an
size isaround 50-150um, bigger thamertical one. The
wire scannebeam size monitor is thenost appropriate
monitor for the required performance.The five wire
scanners togethavith a gammadetector at downstream
are installed at the region of no dispersion in the
extraction line between qudrupole magnets. The b&iaen
from 4 or 5 scanners are used to fit an emittance assuming
the optics between the scanners[4].
In order to measure precisely such a small vertical beam
size with big horizontal size, the installation of thiee
in the beam lineand precision of the movemerare very
important. The pulse-to-pulse stability of theeam is
also important for such a scanningionitor. The
performance ofthe wire installation and movement are 50um
described together with measurement stability. Tungsten wire

Fig.1:1 Wire scanner chamber in ATF extraction line.

moving direction
45deg

10pm
Tungsten wire

0.5um-step stepping moter stage

2 Wl R E SCAN N ER 0.5pm resolution digital scale

Fig.1 shows the picture of the wire mover stage and the Fig.2 Wire mount in the wire scanner chamber

vacuum chamber. The wirmount shown in Fig.2 is L
advantage of that the only one move directiondsessary

supportgd bythe two arms in the vacuum chamber. Afor 3 axis scans. The angles of the stretching wires are
50um diametergold platedtungsten wire isstretched : . . .
measured byusing amicroscopewith precision mover

simultaneously to X, Yand U directions which is 45 . -
. S . stage. An example of the measurement is shown in Fig.3.
degree tilted from the X direction. In the ottside of the . . X X
Each measuredpoint are fitted to a linearfunction and

mount, a 10um diameter gold plated tungsten wire is alsroelative anglesre calculatedThe resultsare summarized

MOCO01 146



XX International Linac Conference, Monterey, California

in Table 1. The error from the design angle is less thantie Magnescale is0.5um for 100mm travel, enough
degree.The installation into the beamline wasne to small for the beam size measurement of 10pum.

have 10um horizontalwire to sit in the precise The vibration measurements[dre dondor the same
horizontal. Using an alignment telescope, tilt angle of thiype of the stage using laserlight beam on the wire.
whole wire scanner chambewas adjusted within 0.2 The cw laser beam o¥Oum diameter was used to

degree. simulate stable particle beam. The vibration wife
5 omm 42 wire yppmrosner appears on the absorptichange ofthe photo-detector at
v iomiawe e Taren downstream ofhe laser beam. Thaebservedvibration of
- Y50um #1wire Wire mount No.1 157255 + 095822 R= 1 . .
- Y S04 42 wire Y= 9+ TOTAR= 059967 wire( 50um diameter )was always less tha@.3pmp.p.
--e um #3 wire -y= + X R= . .
5 — - for 55 Hz to 771 Hz clock speed. With higher clesgeed
F T
= of 50um wire i ] for the stepping motor more than 150 Ikuce the
E . ] vibration amplitude to0.2ump.p.. It isenough small
s 5F o .
3 : amplitude for ATF beam measurement.
g 10 I ik 10mm
> - ,’
asb o 3 WIRE SIGNAL DETECTION

-40  -30 -20  -10 0 10 20 30 40

X position [mm] A breamsstrahlung gamma-ray is used for the signal of

beamand wire interaction. Agamma-ray detector[6] is
placed atthe lastbending magnet irthe end of beam

Fig.3:measurement of wire stretching angle. . ) . ;
g g ang diagnostic section. Theletector is a cerencodetector

Table 1: measured stretch angle of wire Whlch gonS|sts of 2mm thl_ckgad plate converter, air
stretch angle | No.1 wire| No.2 wire| No.3 wire| No.4 wire light guide and a photo-multiplier tube(PMT). ¢nder to
[degree] mount mount ] mount __] mount shield the PMT from other noissourcesuch asgamma-
10pm#1 wire -89.744 -90.614 -90.0T74 -90.0p2 .

5 T3E36d 34 8d0 134904 132442 '@y andneutronscaused bybeamloss in other place, the

#3 0.000 0.00 0.000 0.000 PMT is placed atthe floor with lead shield and the 1m

#4 9.30] 9.27p 9.628 9.705 |ong light guide is used betweethe cerenkov light
50um#1 wire -89.65! -90.53% -90.322 -90.2[L1 : . . .

5 T3ET0A 35606 1348is—132d7g 'adiator and the PMT. Since the gamdwection isdone

#3 0.232 -0.69% -0.099 -0.049 by a calorimetric waylow HV voltage isapplied to the

PMT with light intensity filter in front of the PMT. The

The two arm supports of theire mount inside the intensity filter is made bythin plate with many small
vacuum chambeare fixed tothe two stages with two holes which reduce the light intensity. The HV voltage is
bellows at bothends ofsupport arm tubes. The supportchanged from 600V t@®50V depending orthe beansize
tubes are loaded bythe vacuumpressure loading from and the wire diameter. The wire signal out from the PMT
both side of tubes, however, the pressure cancels it out isna pulse signal wittaround20ns widthdetected by a
the movement of the stage. Tload of mover stage is a chargesensitive ADC using 100ns gate. Since the ADC
spring recovenyforce ofthe bellows only.Furthermore a is installed at the outside of thannel, a 20mcoaxial
vibration of the wiremount is reduced byusing this cable is used between the PMT and the ADC.
double support stage compared with a siregldsupport.

bearing spindle ofimm pitchfor one revolution. The
stepping motorperforms one rotation byY000 steps.

El

1L

001
R 0.99192 NA

As it has manyadvantageshe doublestage mover was e S Son!
adopted. The onend ofthe wire mover stage igowered 4 MW2X_00APR15_0043
by a 5-phasestepping motor stage assembly (Physik MW2X IF .,"
Instrumente M-510.10). This stage dsiven by aball 12[ Oy =88+-03um i' R IR M
,l :
|
|

|
]
|
|

=
|

normalized gamma signal

Combining the ballbearing spindleand the precise et  3um step scan |
stepping motor, the resolution of step is 0.5um and 081 -
repeatability is less than 0.1um. As a maximsiarting 04
pulse rate is limited to 1 kHz, a 1024 pulse/sec constant b
pulserate is usedor the stage control for theeason of 02t ¢ ’ §5 ]
simplicity. 0 ‘ ‘

61.15 61.20 61.25 61.30 61.35

The stepping motor stage assembly hagadiation
resistant. Also, the stage position sensor mheste a
radiation resistant. TheMagnescaleposition sensor is
adopted, because it doast have processing electronics
near the sensor. It include a magnetizedwitt very fine 4 BEAM SIZE MEASUREMENT
pitch and apickup coil. The processinglectronics is  The acquisition of the wire signal done bythe BPM
placed outside of thacceleratotunnel. The resolution of readertask whichreadthe all BPM signaland the beam

stage position[mm]

Fig.4: Example of scanned beam profile.
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intensity monitor synchronously with one ATlBeam an intrabeam effecThe further study orthis emittance
cycle. As aconsequencethe wire signal, the beam growth is now in progress.

intensitiesand the beampositions are storedinto the

database for the same beam pass. A fluctuation of the wire Y emittance by 4 wire scanners

signal caused bythe beam intensity iscorrected by single bunch, 1.28GeV, QK2X=0.8A 4/19/00

3.5 10"

normalizing the wiresignal by the extractionbeam T T T

intensity. As an example, a fluctuation wire signal is 3010% £ hd ]

shown in Fig.4together withits averagedsignal. The E ,. * ]

spread ofthe distribution which is not so much gives % .

0.3um error in the fited beam size. A positon £ *°' . 3

fluctuation is not corrected, because oinsufficient E 1510 | 1 1

resolution of BPMcomparedwvith beam fluctuation. The > ;55ou ]

resolution of BPM isaround 10 to20pm, while the 0 102

position jitter ofbeam is estimated t8.4 to 4.4um by ' 3 ]

using the wire sitting irbeamandusing high resolution 0-00 P

microwaveBPMs whicharenewly installed in thesame DR beam Intensity [No. of electrons/bunch]

region. — : . .
In case of X, Y and 10 degree wires, stagsitions are Fig.5: measured Y emittance vs. beam intensity

recorded as an abscisshich must beconverted to aeal 6 SUMMARY

movement in its directions, such as multiplyihtqrt(2) . ] ) ) )

for X and Y. The size also must lerrected bythe wire The five wirescanners irthe ATF extraction line are

diameter. The effect is quadratic of (d/4) where d isira  Used to measur¢ghe beam size of 50 - 150um in
diameter.The simulation shows that theorrected beam horizontaland 8 -16um in vertical. Since thextracted
size is enough accurate down to 2um beam size. beam is stable within4.4um, the wire scanner
The scanning speed is around 30sec for one profile. TR&Easurement iperformed byless than 2um stability in
slow scan is coming fromboth the 0.78Hzbeam X and0.3um in Y. Themeasure®emittanceare near the

repetition and the slow stage movement. The scan is mafj&F target in case of low beamtensity. Theemittance
as follows; by setting thewire stage to theinitial growth with beam intensity is still not understandable.
position at first, then wait the beam passing, getwie
signal together with the beaimtensity, go to thenext 7 ACKNOWLEDGMENT
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