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Abstract AT :&, where W[eV] is the beam energy,

2
The bunch length and velocity of a beam accelerated () PCpd
with the 432-MHz, 3-MeV JHP-RFQ (Japanese HadroHAl is the beam currentfs] is the pulse duratiorR[m]
Project - Radio Frequency Quadrupole) linac werg the beam radiusa[kg/mﬁ is the target densityCp
measured by using a Bunch Length and Velocityy q.K)] is the specific heat of the target materitfin]
Detector (BLVD) developed by INR. The measureqds the target wire diameteAssuming a bam radius to

velocity (0.080020.00016)c showed a good agreemen ) .
with the design value. The longitudinal profiles of theBe equal to 2ms value and using beam parameters for

bunch have been measured for various setting of tiige€ most powerful beam one can gt~ 4700°K. The
RFQ. The bunch shapes of eam as well as proton Maximum temperature for the tungsten is restricted by
beam (produced by the stripping of i9ns) have been thermal emission of electrons ~1508. The simplest
studied. Although the BLVD has been designed foway to avoid target overheating is the use of a slit
measurement of beam core (~99% of particles) theollimator upstream of the target. The 0.2 mm slit
accurate study of a beam halo has been done. An almttated 130 mm upstream of the target decreases the
uniformly distributed background was observed. Théeam density at the target by a factor of 6 allowing to
amount of the integrated background signal was abouotake safe measurements for whole beam pulse with
1% of the beam intensity. A possible source of thenaximum current of 40 mA and 50 Hz repetition rate, if
background is analyzed. necessary.

Table 1: BLVD specifications

1 INTRODUCTION 1 | Type of particles Hoor '
Well understanding of the beam characteristics outpu2 | Energy of particles 3 MeV
of the JHP RFQ opating at high duty cycle [1] is major | 3 | Minimum pulse current 0.1 mA
step in the design of front end of the linac for futur¢ 4 | Maximum pulse current 40 mA
Hadron Facility [2]. For the study of longitudinal bean] 5 | Pulse length 600 us
parameters as well as for the beam energy measurenjeét | Repetition rate 50 Hz
the BLVD has been used. The design of the BLVD wgs7 | Accelerating frequency 432 MHz

based on the long-term experience of the INR group []8 | Geometrical size along the bean; 360 mm|
The BLVD is an extension of the Bunch Shape Monitgr9 | Phase resolution at 432 MHz 20
(BSM) to measure absolute velocity of a bunched begm 0 | Range of phase measurements | 18¢°

[4]. 11 | Accuracy of velocity measurement 0.2 %

12 | Beam line aperture 32 mm
2 GENERAL DESIGN OF THE

DETECTOR The simplified general assembly drawing of the
r{BLVD is shown in Fig. 1. The beam to be analysed is
oved perpendicularly to the plane of drawing. The
LVD consists of the following main elements: body of
the detector (1), target actuator (2) with the target unit
has 57.3 mg/cfor 28um range in tungsten, therefore (9), rf deflector combined with electrostatic lens (3),
total beam energy will be dissipated in the target. Thegistration unit (4), permanent magnet with adjustable
heating of the wire, located on the beam axis per beafild (5) to steer the electrons vertically, glider (6) with
pulse can be roughly estimated using the formulthe actuator (7) to shift the longitudinal position of the
detector. The extra port (8) is assigned for vacuum pump.
The horizontal 0.2 mm slit is not seen in the drawing and

The technical specifications for the BLVD are show
in Table 1. The target is a tungsten wire with a diamet
of 100um. A proton or H beam with energy of 3 MeV
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located 130 mm upstream of the wire. The verticatnables to find behavior of the longitudinal distribution
position of the slit is adjusted by a stepping motor. Thering the beam pulse. Obviously this procedure requires
is a permanent magnet located upstream of the slit. We stability from pulse-to-pulse which is perfectly
can select one of the two positions (one is on the bedHpVided by the accelerator. o

axis and the other is far from the beam axis) of the The software for control and data acquisition system
magnet remotely. By locating the magnet on the beaffif the detector has been developed using new 32-bit

: : : i f the MOON Laltechnology running under
axis, we can bend the small amount of particles, whlcliqrs'on or t :
are not accelerated in the RFQ, far from the target. T icrosoft Windows95, developed at the INR [5]. While

longitudinal glider has been designed using the Line rrocessmg the detector control and acquiring data, the

4 . ftwar n t-pr nd present th ta.
Motion Guide Actuator manufactured by THK, the oftware can post-process and prese e data
position reproducibility is ~3um. In order to minimise a
space along the beam pipe the stepping motor of the _4_RI_ESULTS _
longitudinal glider is located off-axis, parallel to the After the commissioning of the BLVD and optimum

beam pipe. The glider can move the detector over tf§tting of its parameters the 3-MeV beam accelerated by
distance of $A/2<56 mm. the 432 MHz RFQ has been studied. The RFQ beam

parameters are rather different from those in Table 1,
mainly due to the performance of the ion source under
development. The typical peak beam current, the
maximum repetition rate and the maximum pulse length
were 13 mA, 25 Hz and 3Q@s respectively. In order to
avoid the sputtering problem of the collimator slit, the
measurements were performed with the pulse length
shorter than 13GQs. Under these conditions, the wire
also survives with any repetition rate less than 25 Hz.
(Therefore, the collimator slit was used in order to study
the relationship between the bunch shape and the vertical
position.)
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Figurel: General assembly drawing of the BLVD.

3 DATA ACQUISITION AND CONTROL

SYSTEM 132
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i
I

Intensity

In order to detect secondary electrons produced on the
target, a secondary electron multiplier (SEM) tube of the
type of Hamamatsu R596 is used. The amplification gain
of the electron multiplier can be varied within 5 orders of
magnitude by changing supplied high voltage. The signal
from the SEM tube is amplified by the fixed gain (0.5 phase, deg
V/pA) amplifier located directly on the registration unit _. .
output flange. The amplifier has an internal puls&'9ure 2: Bunch shape evolution along beam pulse.
generator to test the signal propagation. The respons
time of the whole signal chain is less thapskc.

The control system is based on IBM PC and on
CAMAC crate. Special electronic modules are housed i
an additional NIM crate. There are two modes of th&'
g]eiiscliirr?g;n ﬁgfg islnva:?igd fv?nStL mgdse;rr;e pﬁ?saesean%f tL e transient. Therefore the bunch center at the beginning

bunch shape is measured within a beam pulse. It med the pulse is shifted in phase and due to the low level

that the different points of the longitudinal intensityo he accelerating field in the beginning of pulse there is

distribution are taken along the beam pulse. In the ‘slovit fraction of unacceleratgd particles. As _for the top of the
mode the phase is varied between the beam pulses Eﬂﬁdpulsle rf:ogn thretprly I flts rv‘ter:y :“'”n“keg' N;[OV hg\I/:e
different points of the bunch shape are obtained fdf'acceerated particies after the 00 g o-Vie Q.
different beam pulses. In this case digitizing of thdiOWever it was found that about:@)% of integrated

- ; : .. signal arises from the almost uniformly distributed in
signals with 1psec intervals for each phase IOOSItIOnps)hase background. The insertion of the 1000 Gs bending

time,us

?n Fig. 2 the bunch shape evolution along the beam
ulse is shown. Duration of the beam pulse injected to
e RFQ was longer than the rf pulse length. The rf filed
the RFQ has been well stabilized on the top of beam
Ise but there was some rf field parameters distortion in

906



magnet upstream of the BLVD do not indicate anyproduce some aberrations. All these effects result in a
reduction of the background. It was supposed that tlffusion of the electron beam on the detector. The
possible source of the background is the contribution secondary electron distribution f(\as a function of the
the detached electrons from.Hn order to avoid the steering voltage Y applied to the deflector plates has
contribution of the detached electronguh aluminum been measured without any rf field in the deflector. For
foil has been installed upstream of the target. Thleally focused electron beam this function must be very
passage of the Hbeam through the foil produces aharrow distribution without any background. However,
proton beam without any change of the longitudinaln Practice the very low level of background signal has
charge distribution. In order to measure bunch shape ¢€n observed for whole range of steering voltage. It
wide dynamic range the measurements have been ddiffirms the existence of scattered secondary electrons.
with different gains of the SEM tube using theThe function f(\,) has been used in order to exclude the
calibration curve. The measured particle fractions as $YStematic error in the measurements. Fig. 4 shows the
function of phase half-width for Hand proton beams are “restored” bunch shape after excludlng_syst_ematlc error
shown in Fig. 3. The bunch shape of the proton beam f#!d the simulated bunch shape which ‘is produced
logarithmic  scale is shown in Fig. 4. Thesghumerically using the “restored” bunch and the fu_nctlon
measurements show that the background noise for protf{=)- FOr the restored bunch shape the bunch width on
beam is smaller than that for Hbeam (see Fig. 3), (he base (see Fig. 4) i50° which corresponds to
however the longitudinal tail containing ~1% of particles3-27A®,,. WhereAg, is the rms bunch width.
still remains. An ability of the target displacement across the beam
provides possibility to obtain transverse parameters of
1 e the beam by processing the results of the standard
098 / ] measurements taken at different position of the target.

= The transverse profiles have been measured for different
096 L/ rf power levels in the RFQ. There is no change of the
] / ‘+H-minuﬁ beam transverse position with rf power variation which
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0.94 L= Protons means that the RFQ is well aligned and there is no
transverse coherent oscillation.
i The total error of energy measurementi® keV (rms

09 : error is 0.13%) (including calibration of BLVD glider,

o BN e deg o 0 statistical error due to multi bunch measurements,
Figure 3: Particle fraction as a function of phase hahj-lr]d'.ng pf the bunch center using Iongltudmz_:ll density
width for H- and proton beams. distribution). The output energy of the RFQ is (392
0.012) MeV which is equal to the design value.

0.92

1 \ \

- Restored bunch 5 CONCLUSION
0.1 cmaatonto SEM A detector for the measurement of the bunch shape
2> / and average velocity for 3-MeVJHP RFQ has been
£ o001 developed and built. The detector has been successfully

N commissioned and is being used for the studies of the
RFQ beam parameters.
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