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Abstract

An absolutebeam-chargemeasurement of single-bunch 2 FARADAY CUP
electron beams with a pulse width of 10 g short- A cross-sectional view of the FC is shown in Fig.1.
pulsed electron beams with a pulse width of 1 ns was

performed bythe beam test for th&EKB injector linac ~ Secondary-Electron-
using a Faraday cup. A wall-current monitor vdaectly Suppression Elec\t/r;)éjljaum Vessel C'”Emag)lr K
recalibrated by the beam test with an erraot2s. aroon sloc

Iron Block Lead Block
1 INTRODUCTION

The KEK B-Factory (KEKB) [1] is an asymmetric
electron-positron collider comprising 3.5-GeV positron
and8-GeV electrorrings. TheKEKB injector linac [2]
was upgraded in order tinject single-bunch positron and
electron beams directiyto the KEKB rings. Thebeam  vacuum
charges arerequired to be0.64 nC/bunchand 1.3  Window
nC/bunch for the positronand electron beams, — =
respectively. High-current primary electron beafn$0 A \J
nC/bunch) are required in order ta@enerate sufficient Vacuum Port
positrons.About seventywall-currentmonitors (WCMs) I<
have been newly installed iorder toreinforcethe beam- 920 mm

charge-monitoring system in the injector linac for the

KEKB. A bench calibration for the WCMs waerformed  Figure 1: Cross-sectional view of the Faraday cup.

using fast test pulses with a width of nanoseconds, and the

calibration coefficientsvere derivedfrom the pulse-height |t was originally designed athe Laboratory of Nuclear
response of the monitodependingupon the pulsevidth  Science of Tohoku University about thirtyears ago.

[3]. It is, however, difficult to directlyobtain the Since adetaileddesign report is available elsewhere [5],
calibration coefficient for a single-bunch beam with fiere, the geometrﬁnd asimp|e discussion about its
pulse width of about 10 pfiecausehe direct generation design are briefly presented. The FC comprises a vacuum
of such extremely fast test pulses is not very easy. Opgsselmade ofiron, alead block, an iron blockand a

of the authors (T.Suwada) has tentatively derived carbon block with cylindrical symmetry. The FC
calibration coefficients for a 10-ps pulse widffom dimensions are about 1 m in total length to the beam axis
extrapolation based on the results of the bench calibrati@gfd abous60 mm indiameter;the total weight is about

It is, however, not sufficienthaccurate toestimate them 1.8t. The bottom thickness of the lead block is 190 mm,
by this extrapolation methodiecausehe WCM has a which corresponds to 34 radiaticengths, in order to
strong frequency responsed abeam-positiordependence perfectly absorb incident electron beams with an energy of
for shorter pulses [4]. A recalibration of the WCM using Ress than 300 MeV. The F€an beseparated by the
Faradaycup (FC) hasbeenperformedusing beantests. yacuum vesseland a thin vacuum window with a

The purpose of this report is to give the resultpretise thickness of 0.01 mnmade ofstainless steel (SUS304)
measurements of the amount of an absolute beIge from the beam line. Theindow thickness isrequired to

for a single-bunch beam with a pulse width of 10apd a be as thin as possible iorder to suppress as much as
short-pulsed beam with a pulse width of 1 generated possible any backscatteringand multiplescattering of
from the injector linac, and the recalibration for the WCNhcidentbeams. Acarbonblock with a thickness of 80

Beryllia-Porcelain
Iron Frame

e- Beam

660 mm

HV Signal

by a beam test. mm is used tosuppress anyrapid increase of an
: : electromagnetic showeascade caused bgcident beams
* Email: tsuyoshi.suwada@kek.jp in the leadblock. An opening hole with adiameter of

200 mmand adepth of 600 mm in thecentral region
needs to suppress the escapseambndary chargeghrticles
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generated by arelectromagnetic showetascade in the acquisition(DAQ) system wasconstructed fotthe beam
carbon block. A good vacuum conditiomeeds to be experiment. It comprises several front-end computers and a
maintained through a vacuum port in order to suppress thast computer, which control the BPMadthe WCMs,
generation of ions caused in the residual air gas.ififrer an electrometer (Keithley 617) used for #@. All of the
materialsare sufficiently insulated to béargerthan 1000 BPMs andthe WCMsare controlled by digitalsampling
MQ by several beryllia porcelains from theacuum oscilloscopes (Tektronics TDS680Bnd VME/OS-9-
vessel, which isonnected to a grouniéhe. A negative based front-enccomputers. The host computand the
electric potential with severalhundredvolts is typically front-end computers communicate with each other through
applied to anelectrode atthe entrance ofthe monitor a network systemTrigger-pluses synchronizedith the
through a vacuunieedthrough inorder to suppress the linac beamare provided taall of the devices at0.33 Hz.
escape of directly backscatteretthrgedparticles as much This rate is limited by the communication throughput
as possible. The integrated beam charge is extracted frofmetween the front-end computand each devicthrough a
signal port, which is connected to the lead block. GPIB line. A detailed report is available elsewhere [8].

3 EXPERIMENTAL SET-UP 4 BEAM TEST

Figure 2 shows a schematic layout of #agerimental
set-up and the beam line at sectors A and B of the inje
linac. Two kinds of electron beams, single-bunahd short-
pulsed beams with the energies of 1.5 Geid 325 MeV,
were tunedfor the beam test. Single-bunch beawese

4,1 Beam experiment

e Lo generatedusing the two sub-harmonic bunchers; on the
"O N oo other hand, short-pulsed beamsre acceleratedvithout
Pre-jectr them. A single-bunch beam with the energy of 1.5 GeV is

Optical-Transition-
Radiation Monitor

to RF-Power
rement System

Eegon e a nominal-injection beam for th€EKB ring. Theother
T beams with theenergy of325 MeV were generated in
= —=-=—=—— order to reduce aswuch as possible any systemagicor
' for the beam-chargeneasurement. The energpread of

Figure 2: Schematic layout of the experimental set-up ajif 325-MeV beam was 5.5%, which was greater than that

the beam line for the sectors A and B at the injector linad2%) Of the 1.5-GeV beamlue tothe longitudinalbeam
spread caused by a deaccelerationth& sector B. The

bunch length of the single-bunch beand the envelope
width of the short-pulsed beam were measured by the OTR
to be 8.64 ps and 1 ns in FWHM, respectively. Beam
orbits were carefully tuned forall of the beammodes by
using the BPMs without any observational beboss.
The spatial beam size was measured to be about 6 mm in
diameter infront of the FC by ascreenmonitor. The
negative bias voltagapplied to the secondary-electron-
guppressionelectrode was chosen to be -1 kV by
measuring thebeam-charge reductionsing single-bunch
beams with theenergy of 1.5 GeV by changing the
applied voltage. Two background measurementswere
carried out beforé¢he beam-chargeneasurement. The first
was a dark current generated from acceleisttoictures and
the secondwas adark currentfrom the electrorgun. The
first background was estimated by thebeam-charge
reduction bydisturbing thedark currentsusing ascreen
monitor in front of the FC with &eam off’ condition,
which meant no high voltagapplied tothe electrongun.
The second backgroundias obtained by measuring the
beam-chargancrement with a “beam wait” condition,
which meant no triggerserefed to the gun with a high
voltage applied. Théackgroundcontribution from the
first one was negligibly smattomparedwith the second
one (0.3 nC/scan) which wa®rrected inthe analysis.
The beam-chargemeasurement wascarried out by

Screen Monitor

ﬁ ecor
Bending Magnet

180-Degree
LINAC ARC
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Single-bunch electron beansan begenerated by a new
pre-injector [6], which iscomposed ofwo sub-harmonic
bunchers, grebuncheiand abuncher. The electron gun
can generate Beamcharge ofabout 20 nC/pulse. The
nominal bearrenergiesare about 500 Mevand1.5 GeV
at the end of the sectors Aand B, respectively. A
longitudinal beam profile can be monitoragsing an
optical transition-radiation monitor (OTR) with sdreak-
camera system [7] installed after the exit of the module
1. The beam experimentgere carriecbut usingelectron
beams ejected from a straight linfter the sector B. The
FC was installed 2.3 rbehindthe first bendingmagnet,
which guides the electron beams to th@0-degree arc
section. The bearanergiesandthe energy spreadsere
measured after the bending magusing ascreenmonitor
installed behind. The vacuum of the FC vesparated
from the beam line with a 10m-thick vacuumwindow
30 mmyp in diameter made ostainless steeland the
vacuum pressure inside the FC was maintained a1 @1
Torr using a turbo-molecular vacuupump. Twenty-two
stripline-type beam-position monitors (BPMa)dtwenty
WCMs measurghe beam positionandthe beamcharge
in order tocontrol them stable without any bedoss,
respectively. Another WCMand ascreenmonitor were
mounted jusbeforethe FC inorder toobservethe beam
lossesand the spatial beam sizes, respectively. data-
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changing the bias voltagapplied tothe gun fourtimes, 7 REFERENCES

which were 172.8, 191.2, 209.6and 228.4 V; the [1] KEKB B-Factory Design Report:KEK Reporf5-7
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beampositionsobtained bythe BPM-R0-02(see Fig.2). [9] T. Suwada, to be in preparation.
The systemati@rror analysis is giverelsewhere in detail
[9]. Figure 3 show the resulisfter only a dark-current
correction for a 1.5-GeV single-bunch beam. We faath
beam losses slightlpeforethe FC in the region of the
horizontal beam-positiodisplacement ofess thanzero.
An analysis waperformed after dateeductiondue to the
beam loss and after rejecting data larger thao obtained
from a Gaussian-function fittingrocedurefor the charge-
ratio distributions inorder to excludeany noisy events - : : = = Counts
caused bythe klystron modulators. Figure 4 shows i £ 2°p ¢ ¢ E
linear relation of the bearharge ofthe WCM-R0-01 to
that of the FC by using kast-squareéitting procedure 02 o0 02 04 0.6
after data reduction. The slope a)( corresponds to a . Conzonte Zeam Phpacemen ,
recalibration coefficient of the beachargefor the WCm-  Figure 3: Scatter plots for the charge ratiodQucv.ro.)
R0-01. The errors in the figure give only statistiealors. t© the horizontal beam displacementasuredor thel.5-
For the other beam modes, the analysis was al,@@_v single-bunch elec.trobeam.._The allowsand lines
performed in the same wayafter the data-reduction Indicate the data-reduction conditions.

. . . 1.5-GeV Single-Bunch Beam

procedurewhile carefully taking into accountthe beam- . I - _ N
loss andthe shower events. Table 1 summarizes tt Flming Function yI:aXJ,b, ! - !
analysis results for all of the beamodes and the Reduced Chi-Square= 58904,
combined recalibration coefficients for the single-bunch ( o 23.086+-0.001,
b) beam, and for the short-pulsed (s-p) beam, respective

5 CONCLUSIONS
() R B

An absolutebeam-chargeneasurement for single-bunch 5 i 5
and short-pulsed electron beams \wagormed byusing a Qww-Ro-01 (NC)

Faradaycup at theKEKB injector linac. Awall-current Figure 4: Linear relation of the beatharge measured by
monitor was recalibratedccording tothe analysis results; the \WCM-R0-01 to the FC for the 1.5-GeV single-bunch
the recalibration coefficienta/ere obtained to bel.11*  gjectron beam.

7x10* (stat)+2x10” (syst) for the single-bunch beam,Taple 1:Results for the beam experimens’ ‘and “&’
and 1.042x10° (stat)+2x10” (syst) for theshort-pulsed show the recalibration coefficient and its error,
beam, respectively. respectively.
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