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Precise measurementstbe longitudinal profiles of ion the INR linac. The traditionaBSM can be modernized to
beams with 110 ps temporal resolution became available witheasure longitudinahnd transverse distributions of beam
the help of a Bunch Shape Monit(BSM) developed and bunches includingtwo component beams [9]. A further
used atthe INR. A number oBSMs have been developedjmprovement of the monitor is2D-BSM - a detector, which
fabricated at thdNR and tested with a beam at severafllowsthe measurement of the chagnsity distribution in

laboratoriesduring last 3years. The upgradeBSM-Bunch
Length andvelocity Detector (BLVD)-can measuret only
longitudinal profile but also absolute beamlocity. A 3D-
BSM is afurther improvement of the monitor whieliows a

a 3-dimensional space [107his monitor is beindgabricated
now at INR for the CERN proton linac.

II. BUNCH SHAPE MONITORS

three-dimensional density distribution of the bunched beam to

be measured.

l. INTRODUCTION

The arrangement of theBSM with transverse
modulation oflow energy secondaselectrons is reported
elsewhere [3,11]. ABSM consists ofhe following main
elements: a target, an input collimator, an electrostatic lens,

The BSMs are normally used to measure a bunctan RF deflector, an output collimatand, following a drift
longitudinal density distribution at present. In these monitagpace, an electron current detector.

the temporal structure of tHeamunderstudy is coherently
transformed intdhat oflow energy secondaslectrons and
then into a spatial structure by RF modulation. Tinst
proposal to usdow energy secondaslectrons forthis

purpose was made the early sixties [1]. To obtain a phase

dependent separation of the electronsvats suggestetthat
their velocity be modulated transversallytivo perpendicular
directions by a circular scan. The first reddvice was
proposedand created in the mideventies [2]. Irthis device
an RF field was used to obtaiongitudinal or energy

Table 1
Deflector type f, MHz Lab
two coupled\/2 coaxial 594.6 INR
two coupled\/2 coaxial 202.56 DESY
A4 parallel wire line 427.6 SSCL
A4 parallel wire line 202.56 CERN
5A/4 parallel wire line 1282.8 SSCL
A/2 parallel wire line 991 INR
A/2 parallel wire line 810.24 DESY

. The general configuration of all of tHBSMs we have

modulation of the electrons. Phase separation of the electrgageloped is practicallfhe same buspecific features and

was obtained using a magnetic field.

In order to improve the phase resolution, a monitor wilectrical requirements as well as by beam parameters. The

designs differand aredetermined by mechanical and

transverse modulation of theelocity of the electrons hasmain component of a BSM is the RF deflector.

been developednd built at the INR. Inthis monitor, the

velocity ofthe electrons is transversally modulated by an

sweep field inone direction providing a phase depend
separation after a drift space [3This device has been

installed in thelNR linac and isbeing used successfully t
tune the accelerat@nd totest thebeam quality. Monitors of
this type have found application in a number of acceleratq
Two deviceshave been developeand designed with our
assistance at Fermilab [4/ecently, four monitors haveeen

built at INR forthe SSC linac [5,6]. We have jusimpleted

developmentand designand have began fabrication of twqg
BSMs for the DESY proton linac.

The devices mentionedhbove can be considered 4
traditional ones. A number of ideas haleen proposed
recently forthe improvement of the traditional monitor. Th
BLVD provides ameasurement of the averalgeamvelocity

\fig. 1 BSM for the high energyart

as well asthe bunch shape [7]. Thiktector has been

Since 1992 we have used an
RF deflector combined with
electrostatic lenses in a single
unit [9]. This combination
allows improvement of the
monitor  parameters and
avoids multipactor discharge
due to the HV focusing
potential applied to the
deflecting plates. A number
of RF deflectors have been
developed (see Tabl). All

of the deflectors consumél

of the SsC Linac ( 1- Beambox, |2-10\W RF power to provide a
é’arget unit, 3-Target actuator, 4-RF . .
deflector, 5-Collimator unit, - nominal value of deﬂeCtmg
Magnetic separator,  7-Electrpn field. Fig. 1shows one of the
detector unit) four BSMs built forthe SSC

developed, designed and built at the INR for the CERN Heawhoratory. The devices fitto the standarbeam boxwith a
lon Linac [8]. Detectors dhis type have been developed andjimension along theeamline 80 mm. The monitoshown

are being fabricatefbr the DESY proton linac asell as for

was intended to be used ithe highenergy section of the



accelerator. It utilizes an additional magnetic separator to To measure a three dimensional chardensity
prevent the influence of the electrons stripped fronioRls. distribution one camsethe fact that the target ishin with
The DESYBSMs have been designed toibstalled into the respect to its distance from thaeflector. A schematic
ports of the existing intertank sections. diagram of the3D-BSM is shown in fig. 3The target is
The main parameter of tH&SM isits phase resolution surrounded by a grounded shield. The target, shield, and
which depends upon a number of factors. A resolution ofcallimator aremoved inthe y-direction simultaneously. In
degree for frequencies up to 400 MHz can be achieved.  addition, the collimator can beoved independently ithe x-
direction with the help of the pusher. The width of the
I1l. BUNCH LENGTH AND VELOCITY collimator, along the target, is much smallban thebeam
DETECTORS transverse dimension. Thus the intensity of the electrons,
passedhrough the collimator, is proportional to the intensity

Time of flight methods have been used to measure Meln® Primary ions at a definite point of the transvesy)

average velocity of beangith an RF bunch structure. Eithef?'@n€. By moving the collimator horizontally, one can get
q’gormatlon aboutthe beam for differentx-coordinates.

two monitors installed a known distance apart [12] or a sinq ) i ;
movable one [13] can be used for this purpose. A BSMbe nfor.manon for othery—.coordlnates' can be thamed by
moving the target, shieldand collimator vertically. By

used as a movable detecfdl. When moving theBSM in a ) 2 A )
longitudinal direction one caobserve ahange in the bunch Measuring the longitudinal dlstrlputlofor eac'h vertical
phase shape location by a valtsé, = 2md/BA, wherep is Ioce_\tlon of the targeand.each honzon_tal location of_the
. . . . collimator one can obtain a 3-coordinate chadgnsity
the relativastiovelocity ofthe beam) is the wavelength of distribution function. Spatial resolution in thedirection

the deflector RF field and_j is the distance of th_e monltordepends upon a number of parametard was estimated to
displacement. By measurinfyp, andd one can findoeam be about 1mm. Todecreasethe total duration of the

velocity. An improvedmonitor capable of measuring thgneasurements, the longitudinal distribution is measured

average velocitythe BLVD, hasbeen developedndbuilt at \yithin one beam pulse withthe use of amultichannel
INR for the CERN Heavylon Linac [8]. A generaliew of qjiector.

the BLVD is shown infig. 2. The detectowas used for PH
ions with (=0.02 and B=0.09 and provided energy
measurements with an

accuracy of about 0.15%
and 0.3% respectively.
The best accuracy is
obtained when thealue
of the detector
translation is exactly
equal to BA. If the
translation equalsBA/2
the accuracy suffers a
slight degradation but
only half as much

i mechanical translation is
F'g‘ﬁBLV? fOUhe CERN ired aiah B i Fig. 3 Schematic diagram of the 3D-BSM (1-target, 2-target holders, 3-beam
eavy lon Linac required. For dighB it ger study, 4-shield, 5-movable collimator, 6-RF deflector, 7-multichannel

is expedient to use acollector, 8-pusher)

higher harmonidor the deflecting field. Th8LVD for the ) ) ] )
DESY Linac, for whichthe design hascently been The variable distancbetweenthe input collimator and
completed, will operate at the fourth harmonic810.24 the RFdeflectorentrance is transversed by the electrons with

MHz. For the 50MeV protonsthe value of theletector & constant anavell known velocity thus enabling a simple
translationA/2, is 60 mm. restoration of the relative phase locations of longitudinal
' distributions measured for differegtcoordinates. A slight

IV. DETECTORS TO MEASURE THREE variation of phase resolution due to changed focusing of the

electrons for different target locations is a relatively small
DIMENSIONAL DENSITY DISTRIBUTION deficiency of the configuration. This configuration was

_ ) ) selected fothe 3D-BSM which weare now developing for
The name of thelevice, Bunch Shape Monitor, is NOtne CERN Linac 2.

exactly correct. Inthe main, it is intendefbr the

measurement qf the Iongltudma_l distributionanfly those V. APPLICATION OF GAS TARGET
particles which impinge on the wire but not of a real bunch

shape which is a function of the three coordinates.



To measurenigh intensity ion beam parameters a gasitensity will result in thenecessity to detect individual
target can baised as a source of secondary electrons. Tdlectrons. Measurements at 8ERN Heavylon Linac have
molecular gas jet must have small transverse dimensionsbeen made fothe 0.25 MeV/amu (exit of thRFQ)and 4.2
uniform electrostatic field, 110 kV/cm, must be appliedto ~ MeV/amu (exit of the accelerator) Phl0 pA beams [8]. At

Table 2 accelerate the the exit of the accelerator a background signal originated

Proton energy 100 MeV |detached  electrons. from positive iongmpinging on the negative potential target
Peak current 10mA |The contribution of which was synchronous witthe RF in the IH accelerating
Pulse length 100ps the finite jet size on tanks.Due tathis effect,the beamcurrent to be analyzed has
Beam diameter lcm the electrontime-of- been limited to JA.
Gas jet size 1 mm flight and energy
Distance fromthe jet tg 2cm spread can be VIl. CONCLUSION
the Zel’q potential plane 5 Compensated by using
ngﬂjetit('fm /SpeCtromEterlo a magnetic A number ofBSMs and modified detectors have been
C P _———Spectrometer  similar gevelopedand built or are being built atNR for several

oncentration of al 101 cm to the one shown |n| b . . . .
molecules in the target aboratories. Thelevices have extremehigh resolution and

fig. 1. For the sensitivity. Due to differing beam parameters, frequencies,
parameters listed in Table 2 the number of electrons at #}ff mechanical anelectrical requirements an individual
entrance of the electrooollector is (10" when the RF approach to the research, developmenij design of each
deflector is off.For a continuous gas flnd a 10torr monitor is necessary. Modern detectors theBLVD can be
pressure a 1400 I/s pumping speed is required.VEti® can ysed in place of conventional buleyd expensive diagnostic
be reduced to a reasonable one if a pulsed bleed-in is usedinstallationsyet provide information otherwise inaccessible,
e.g. by a 3D-BSM.
VI. SENSITIVITY OF BSM
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