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Abstract mer, we adopted the large angle method with the detection
. . . ngle of65°.
Beam tests of a prototype wire scanner which will be used In the second beam test conducted in December 1997,

in the KEKB injector linac and in the beam transport line . tigated b back din diff tb di
have been successfully conducted. The main purpose Y Investigated beam backgroundin dierent beam condi-

the tests was to investigate effects of beam background %): ?S nwﬁ uf/sd al bearrr: of‘(laSGet\/ tWI\;[\t]hatChzrgn?[\?vm N
system performance by using electron beams of the injectg unch. We aiso checked out to what exte € ca
linac and to prove that the wire scanner does work in educe d(_atector shied fpr saving space. _We measured the
actual beam situation. This report describes results of t Fam em|ttan_ce and TW'SS parameters_usmg the WS. In this
beam tests in detail. paper, we mainly describe results of this second beam test.
The third beam test is now in progress. In this report,
we show very preliminary results very briefly. In the beam

1 INTRODUCTION test, we employed another prototype of WS, which was

Since the KEKB is a factory machine, a well-controlled’edesigned to fit the narrow room for the monitor in the
operation of its injector is required for minimizing tun-linac[2].
ing time and a stable operation. To this end, beam diag-
nostic and monitoring tools are essentially important. Of
those tools, a wire scanner (WS) system is used to mea-
sure transverse beam distributions non-destructively and to
determine beam emittances and Twiss parameters which
are used in optics matching. To determine these parame-
ters without changing magnet strength, at least 3 WS's are
needed in a localized area. For redundancy, we plan to in-
stall WS's in sets of four. At several critical points of the
injector linac and the beam transport (BT) lines, such a set
of monitors will be installed. Vs \f; ory -ray

Wire scanner monitors themselves are well-established ' Scintillator
and common techniques used in various machines. Empir- IN 4
ically, however, performance of WS's is seriously affected L PM
by beam background and seriousness of beam background
to a detector is rather different from machine to machine.
The main motivation of the present beam study was to in-
vestigate background situation in our machine. For this
purpose, we carried out beam tests three times by using Figure 1: Schematic view of prototype wire scanner.
prototypes of WS's.

The first beam te.st. was cpnducted in July 1997 using a 2 EXPERIMENTAL SETUP
beam of the KEKB injector linac. We used a 2.5GeV elec-
tron beam with a beam current of around 0.2nC/bunch. Réx cross-sectional drawing of the prototype WS used in the
sults were reported elsewhere[1]. Here, we summarize tisecond (and first) beam tests is shown in Fig. 1. The WS
results very briefly. We found out that seriousness of beaim composed of a tungsten wire of 300-mm diameter and a
background depends strongly on a beam tuning conditiodriving unit to drive the wire. The driving unit consists of
a detector arrangement and a detector shield condition. Apulse motor and precise linear guides. Each of 3 wires
signal to noise (S/N) ratio was easily affected by a veryneets the others at an angle of 45 degree. The three wires
small beam loss in upstream of the monitor and we needede actually different parts of a single wire. The wires,
a very careful beam tuning to maximize the S/N ratio. Thevhich are called H-,V-, and U-wire, go across the beam
SIN ratio of the order 0f0? was finally obtained after suf- horizontally, vertically and in the 45-degree direction by
ficient beam tuning. As for a detector arrangement, wdriving a wire holder in the direction perpendicular to U-
compared two cases of (1) a small angle detection (mainlyire. The motion of the wire holder is constrained by two
detects Bremsstrahlung photons) and (2) a large angle dmear guides installed on both sides of the holder. A small
tection (mainly detects electrons from multiple scattering)port with a SUS foil of about00um thickness is attached
Since the latter brought much better S/N ratio than the fote the vacuum chamber to guide scattered electrons at an
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angle of65° with the beam line. Fig. 2 shows a block

diagram of the system. The pulse motor is driven with a

step resolution of um by the motor driver controlled by Plastic Scintillator +

a pulse-train generator(PTG) at the pulse rate of 512Hz. Pb shield Photomultiplier

A tuner controller was used to drive the pulse motor in a )

|t\)/lench test. Th_e drive posmon of the wire is r_nomto_re_d by 1.5GeV electrons |_r\\ o
agnescale with a resolution @fim. The driving unit is — /

controlled by a VME/CAMAC system and a host computer _ L Linac Beam Line

through a network. We used a photomultiplier (PM) tube to Wire scanner at the end of B sector

which a40 x 50 x 10mm? plastic scintillator was attached.

PM signals were directly fed to a CAMAC-based charge

ADC(LeCroy 2249W) through a 15m-long coaxial cable Figure 3: Schematic view of the setup for the second beam

A beam timing signal was used to gate the ADC. A controlest.

software has been developed based on the EPICS system.

A beam test was performed at the end of the B sector ¥fas driven step by step in units of 0.5mm/step. A whole
the linac by using electron beams at a pulse repetition rafii'Ve length was setto be 80mm. The number of data points
of 5Hz. An outline of the linac is described in ref.[3]. The'©' ©ne whole scan was 160 points/scan (one data point was
beam energy and beam intensity were 1.5 GeV ang 007 constructed by a 7-pulses average). As a result, the total
nClpulse at the WS. An experimental setup is shown iﬂweasuring time was about ten minutes for one whole scan
Fig. 3. The detector was placed in the downstream of tHEcluding waiting time at each drive step before the start
WS and at the same level as the beam line. The detecfdthe data taking to avoid any wire vibration. Prior to the
was sufficiently shielded by using about one-hundred lea¢f@m Study, we made a beam orbit correction. An orbit

blocks against beam background. The detector acceptang&dortion was reduced from 0.5 mm in rms to as much as
were aboul.7 X 103 sr. 0.2 mm in rms for both the horizontal and vertical orbits.

The third beam test is being done at the Arc section g his correction was _effective to get a better S/_N ratio. Qn
the linac using another type of WS[2]. the other hand, we did not make any beam tuning on optics
for better S/N ratio of the WS. This was because we can not

always perform such a tuning for the WS in an actual beam
operation. To investigate a beam current dependence of the
| beam background, we tested three different beam currents;

UME | 1nC, 7nC and 10nC/bunch with a beam energy of 1.5GeV.
To investigate effectiveness of Pb shield, we intentionally
Gate kel removed some Pb blocks and observed changes of beam
¥ @ S background.
SD:Seral Diiver CAMAC| ADC || PTG I In the third beam test, we used the new wire scanner with
TC: Tl .
. e ol 2 two different bunch currents of 1nC/bunch and 7nC/bunch
PM: Pulse Motor a,j, so far
LG: Linear Guide NIM TC N :
MS: Magnescale |::| 2
CM: Control Module e
WS: Wire S
WCM:VI\;:II (02322?1; Monitor [HY ] Klystron Gallery 4 RESULTS
PhM: Photomultiplier .
Scinti: Plastic Scintillator D Tannel In the current dependence measurementin the second beam
i }%{ oW test, we measured beam profiles with bunch currents of
e_y/VV' 1nC/bunch, 7nC/bunch and 10nC/bunch. We could mea-
' [wew] sure beam profiles clearly with these current and did not
ws see any significant difference among S/N ratios for these

three bunch currents. A typical value of the S/N ratio was
around 3/1, although it depended on a beam tuning condi-
tion. Fig. 4A shows a typical result for 7nC/bunch. In the
Figure 2: Block diagram of the wire scanner system.  figure,the left, middle and right peaks correspond to V-, U-
and H-wires, respectively.
3 PROCEDURE OF BEAM TEST Fig. 4 shows a result of a study on effectiveness of Pb
shields performed in the second beam test. The bunch cur-
To obtain an optimum value for high voltage (HV) fed torent was 7nC/bunch in this measurement. In the study, we
the PM, we compared signal strength in the case that tirgentionally removed some Pb shield. Before removal, a
beam was on the wire with that off the wire with scanningletector (a plastic scintillator and a photomultiplier) was
the HV values. We chose the value of -700V for HV whichshielded closely with Pb blocks of 20cm in effective thick-
maximized this ratio. Several parameters were tuned lness on every side except for a path through which signal
using the beams before the data taking. The wire holdgarticles can reach the detector from the wire. We removed



Pb blocks on one side which faced the upstream. As is
seen in Fig. 4, the S/N ratio got worth when we reduced 7 i
the shield thickness from 20cm(a) to 10cm(b). The shield 100 [~ &* -
thicknesses of 10cm(b) and 5cm(c) gave almost the same i ;
result. Here, we noticed that a large crevice in front of the

detector was made unintentionally when we removed the
Pb blocks. When we narrowed this crevice in the case of : x
a thickness of 5cm, the S/N ratio was improved(d). Al- 100% e % Gy, ]

|

Counts
x

though the S/N ratio was not recovered to the level of the L
20cm-shield, this may be due to a residual crevice. In a ® Vine position
restricted machine time, we could not fill the crevice suf- .
ficiently. From these observation, we concluded that the (@) 20cm-lead shield
5cm-thickness may be enough but we should pay close at-
tention not to make unnecessary crevice. The WS system
was used to measure beam emittance. Results were wel I ]
consistent with those by using a screen monitor near to the ol x E
WS. i x ]
In the third beam test, we prepared a Pb shield structure ,  =°f- e *
with the thickness of 5cm based on the result of the second £ g ’ ]
beam test. With the bunch current of 1nC, the S/N ratio was : - ]
at a practical level. However, in the case of 7nC/bunch, 100 -
we could not measure the beam profile at all, owing to a . :
bad S/N ratio. This was because we could not cure a heavy T
beam loss which amounted to 20% of the whole beam in the e positon _

Arc section where the WS was installed. A further study (b) 10cm-lead shield

with additional shield blocks showed that we need a shield

with a thickness of 10cm in that case.
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5 SUMMARY

A prototype system of the wire scanner worked well with ok X* E
a detector shield of 5cm-lead in effective thickness in the £ TS L
range of bunch current of 1r€10nC/bunch, unless the ' .
beam loss is heavy. When the beam loss is such that it
amounts to several tens percent of the whole beam arounc
the monitor system, we need thicker lead, say, of 10cm- I N B B B R
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thickness for suppressing the background. Wire position
(c) 5¢cm-lead shield
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