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Profile, Current and Halo Monitors of the
PROSCAN Beam Lines
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Abstract. PROSCAN, an extended medical facility using prdteams for the treatment of deep
seated tumours and eye melanoma, is under construat PSI. lonisation chambers and
secondary emission monitors will be used as cumentitors and in a multi-strip configuration
as profile monitors at the PROSCAN beam lines.iA #ind a thick version of these detectors are
in preparation as well as a 4-segment ionisatiommtfer to detect the beam halo.
Electromagnetic and microphonic noise from the aligmd high-voltage cables, saturation due
to recombination and the evaluation of the profées discussed as well as measures to detect
failures of the detectors during operation.

INTRODUCTION

In the PROSCAN facility (Fig. 1) a 250 MeV proton beam of 1 to 58Qvill be
extracted from the COMET cyclotron. After passing through aadksgy where the
energy can be adjusted in the range from 230 to 70 MeV, it can iverdd| at a
maximum current of 10 nA, into one of four areas: Two gantriesgye treatment
room and a material irradiation area. Fast changes of beagyeme foreseen for the
spot-scanning treatment of deep-seated tumours in the new GantrgveralS
diagnostics will be used to monitor the beam parameters in th@usamodes of
operation (Fig. 1). The first components will be taken into operation this year.
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FIGURE 1. Overview of beam lines.
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THIN PROFILE MONITORS

In front of the degrader and at the "control point" in front of the gemtprofile
and current monitors are inserted permanently in the beam. Titeatcand their ratio
are rapidly monitored as a safety measure. In addition, thiactable monitors are
available at the exit of the cyclotron. All these monitors mustdrg thin to prevent
excessive scattering of the beam.

Planar ionisation chambers (IC) and multi-strip ionisation chasn@8IC) filled
with ambient air are used to obtain sufficient signal from thdldmam currents (0.1
to 500 nA). These are formed by a stack of alternating high-volidy® and
measurement planes made from titanium foils pfréthickness (Fig. 2)'1 broader +
30 regular + 1 broader"-strip patterns with 1 mm pitch are usethéomeasurement
of (the projections of) the vertical and horizontal beam profilée two total-current
measurements are used by the machine control system arite lpatient safety
system. Additional grounded foils are added at both sides of the stdukitt the
active region and thereby decrease the maximum HV current load.

The pre-tensioned foils (full or with the etched strip pattern)nasented on the
supporting frames made from thick-film plated ceramic board. Thislone by
soldering, which requires a thin sputtered multi layer metal mpati the outer parts
of the foil. The IC/MSIC measurement head is separated fronaattieum by a box
with thin (25 or 5Qum) titanium windows, which are clamped between flanges.
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FIGURE 2. Left: Stack of frames with foils, forming 2 MSI€and 2 IC’s (vacuum enclosure and
windows not shown). Middle and right: Supportingrfre for multi-strip foil (front and back side).

At low beam currents recombination effects are negligible andatie “signal
current/beam current” varies from 48 to 113 for proton energies of %0 MeV.
With a gap of only 2 mm separating the planes and a bias of \theleldtrodes of
+1.5 kV, the high electric field counteracts recombination and redineesharge
collection timeteos = (plane separatiohy (high voltage) * (k)™ to approximately
16 ps (with the mobility of airky; ~1.7-10° m* s* V). Nevertheless, with smaller
beam diameters, recombination effects are dominant at higher beam c{fign®;3.
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FIGURE 3. Saturation of air filled ionisation chambers daegecombination (calculated according to
[1]). The efficiency is a function of (plane sepigonf * (beam current density) * (high voltade)
Hence the curves can be scaled to other valuesashizurrent, beam diameter, plane separation br hig
voltage than given in the right column of the ledien

In order to get signals not compromised by recombination, the dawees are
placed in vacuum and used as multi-strip secondary emission monit8&=W) and
current monitors (SEM) at the locations near the cyclotron and in front of the degrade
Nevertheless, at low beam current the signal current, a fewemest the former, is
too low for the electronics used. The stability of the secondarysemi coefficient of
titanium against ageing was one major reason for its choice [2].

INSERTABLE THICK PROFILE MONITORS

Insertable MSIC monitors, successively introduced into the beanorbpressed-
air actuators, yield the input information for the calculation bkam envelope with
the "Transport" code [3]. Since these monitors are not thin, ongasunement at one
location at a time is possible. (As in the case of the thin tarsnithe electronics used
allow for the measurement of the temporal development of a beam profile.)

Metallised ceramic 0.63 mm thick boards separated by 4 mm wides provide
the strip patterns and HV-electrodes. With one exception, a HV of +0.6 kV isesuiffi
to suppress the effect of recombination on the measured currentswollfie? at the
expected beam current densities and beam energies.

The strip pattern will be adjusted in the directions transveostid beam to the
requested accuracy of 0.1 mm to the reference given by the flangevat.then box.

The pitch of the metallised strips varies from 0.5 to 1 and 2 mm @plesroader
strip at each side). 2x 68 strips are fed out by flexible-printed-circuggabl

With two exchangeable printed circuit boards placed in an eealtyrishielded box
at the top of the profile-monitor feed-through, the signals auwted to the 2x 16
channels of the electronics. With this arrangement, a strip @itatb, 1, 1.5, 2, 3 or 4
mm can be chosen for a "1 broader + 14 regular + 1 broadigr'astangement in
each plane (Fig. 4). This variability allows for the adaptatibthe strip pitch to the
expected range of beam profile width. This is required due to thtedimumber of
only 16 channels per plane that is foreseen for most of the monitors.
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At three successive locations, a higher resolution is foresed&edon tomography.
A "1 broader + 30 regular + 1 broader"-strip arrangement in each plariewdhlised
by doubling the number of cables and electronic modules. At theséofs;athe
available strip pitch is 0.5, 1 or 2 mm.
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FIGURE 4. Insertable profile monitor.

PROFILE EVALUATION

The beam profile can be reconstructed from the measured cuoehts strips by
assuming a constant line-current density over the width of a stepertheless, in
order to get a realistic representation of a broad beamenofihe region of the outer
broader strips, it is required to combine the current readings fine outer broader
strips with the information from the next inner strips (Fig. 5,.[#])is is essential for
a correct determination of beam centre and beam width, whiatvaheated from the
first and second moments of the measured distribution. Without this qeehrthe
width of broad beam profiles is usually overestimated.
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FIGURE 5. Treatment of broad beam profiles. Left: methoddie: applied to a fictitious profile,

right: not applied. (Strip configuration: 1 strippf -45 to -7 units, 14 strips 1 unit wide fromter7
units, 1 strip from 7 to 45 units. A precise cutremeasurement without noise is assumed.)
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For very narrow beams with a width comparable to or smaller treasttip pitch,
the width is also usually overestimated. For beams with a width tmthe strip pitch
Spitch this can be largely corrected by an empirical correction:

— 2 2
Ucorr - \/Uuncorr - 016 Spitch .

Simulations [5] indicate that by a profile measurement using 14 + 1" strips
beam position and width can be measured accurately when the Avgbil width is
in the range 1x to 10x strip pitch and the profile is of conventional sAgpattern
with varying strip pitch can also be chosen to further enlargeatige of beam profile
width accessible with a fixed configuration.

HALO MONITORS

"Halo-monitors" are placed around modified bellows adjacent to the updr
doublets and triplets (Fig. 6). These 4-segment ionisation chambacd) protrude
circumferentially 5 mm into the 90 mm diameter beam pipe, givegimsignal to
detect traversing beam current fractions of below 1 pA. This proadesich more
sensitive loss control than the external ionisation chambers docat@ the dipole
magnets and should also give an online control of the stability of the beam settings
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FIGURE 6. Halo monitor.

ELECTRONICSAND GROUNDING

With beam currents of 0.1 nA to 500 nA, the signal currents from M8IC
MSSEM, SEM, Faraday-cups and halo monitors are of the orded gfA to 25uA
per single electrode. All currents are measured with multhodlalogarithmic-
amplifier modules with a current range of 20 pA to >200 These allow single
channel readout as well as the measurement of up to 4096 profilea mithimum
time step of 1 ms. Algorithms for data evaluation and the gemeratt interlocks can
be implemented. A trigger input allows the observation of time depemdcttine
behaviour by simultaneous operation of several modules [6]. The elestroni
including the HV-modules for the detectors, are located some 40snagtay outside
of the concrete shielding to prevent radiation damage and to allowrfoces without
opening the bunker.
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The very low signal levels require the elimination of ground loopstefbie, the
internal shield and "ground" of the analogue amplifier electsosionly grounded via
the shield of the measurement-cable, which in turn is grounded atth®dtic head
at the beam line (Fig. 7). The ground of the digital electromiosonnected to the
(CAMAC- or VME-) crate ground. The ground transition for the signa provided
by a differential amplifier. Originally we intended to usesttyipe of grounding for the
HV-modules as well. However, locally grounded modules are now forekeerio
better availability.

CABLES, SHIELDING, NOISE AND FILTERS

In order to measure signal currents below 10 nA, it is imperédi use cables with
a low production of microphonic noise and to prevent ground loops. Several cables
have been tested for their susceptibility to microphonic noise aneratiffes of
several orders of magnitude were found. Ground loops are adequateintpckeby
the single point grounding scheme (see above) for the low frequesfcEmcern
(<<300 kHz corresponding td.ane<<A/30). A good electrical shield is also of
importance. The effectiveness of the cable shield againsnhekt&€ electrical fields
was also tested and large differences were found correspondimg tightness of the
shield.

A good standard in both aspects is the coaxial cable GO3130HT, whickdisous
all single signals. It is a declared “low noise” cable usingemiconductor layer
between the inner isolator and the dense copper braid. As signalfcalthe MSIC
and MSSEM, a 40 wire twisted-pair cable (Huber&Suhner No. 12 566 286 A
plastic coated aluminium tape and a copper braid (enclosing the inadde of 40
wires) give a compact shield. 32 wires carry the signals. The returrsgatbvided by
the cable shield and the residual wires (which as well could hareleg floating).
Hence no advantage is taken from the twisted pair property. This patibrmes as
well as the GO3130HT. A similar cable with fewer wires (Hulfgu&ner No. 12 568
329) is foreseen for the halo monitors. It should be noted that an indigitie&ding
of each wire would give no advantage because the cross talkelbethe wires is
already negligible due to the very low voltage burden of the electronics used.

Additional electrical shielding is provided by enclosing measuremeam HV-
cables from each diagnostic head together in a second isolatetl (soigber braid)
which is grounded at many locations along the way. (With the HV-mspgiounded,
it is disputable whether or not to include the HV-cable in thidghiRo attempts are
made to magnetically shield the signal cables, but some effertss made to separate
the diagnostic cables from magnet, AC and stepping motor catdegrtheless, this
was possible only to a limited degree due to boundary conditions from the
infrastructure and concrete shielding. Furthermore, the diagnostescatal placed on
their own support, separate from water pipes, in order to reduce microphonic noise.

Grounding of both ends of the HV-supply cable causes a ground loop and noise is
coupled to the HV-planes and from there capacitively to the sajeetrodes. Hence,

a filter for noise suppression is required (Fig 7., filter 1). Tiher parameters are
chosen to fulfill several requirements: A noise input voltage of Otb the cable
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(which is considered to be the worst case) should yield a noisé bgjoa 1 pA, at
least at frequencies above 50 Hz. With full signal, the high wlghguld not drop
below 90% of the zero-current value in order to preserve some Stedmi#inst
recombination. The slowing of the detector speed due to the “sgfi"valtage must
be moderate. l.e. 90% of the final value should be reached after apatelyi 10us
(the charge collection time is not included in this number).
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FIGURE 7. Filtering of HV input, HV read-back output (onbne shown) and test-pulse input of the
thin profile (MSIC) and current (IC) detector heddetector and cable capacitances are roughly
estimated. Also shown are cable shields and grogndWith the given set-up, noise coupling to the
HV read-back output and the test-pulse input is éztical than to the HV input.)

DETECTOR FAILURE SURVEILLANCE

In order to get the correct current reading from each electibde required to
have: intact foils in their correct position, high voltage at theféilg, signal path
uninterrupted, signal path and signal foil isolated (i.e. not shauitgéd to ground or
HV or other signal path), air present in IC’s respectivelyuuat in SEM'’s, intact
current measurement electronics.

Possibilities for failures are:

» break of foil or solder joint (spontaneous or due to a break of a vacunchow)
resulting in a misplacement or a loss of isolation or an inteorugif the path to
all or part of the signal

» bad connectors or break of PCB or wires resulting in interruption of the signal path

* humidity, radiation damage, sparking or sputter effects leading to sadbs
isolation in the detector or in cables or connectors, resulting inrraneeus
current reading or a loss of high voltage
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» |ocal disintegration of foils due to radiation damage or sparkirgpark induced
burning of foil (in air) which results - if the holes in the faikdarger than the gap
between the planes - in too low current readings (“blind spot”)

* local change of the secondary emission coefficient of SEM plédbksd spot”).

With all detectors, the mechanical integrity of the foils, pnesence of the high
voltage, the integrity of signal path and isolation and the reagleatronics can be
checked from time to time without beam: The high voltage is bedtoff and on with
defined slopes, thereby capacitively inducing a signal to theuresaent electrodes.
This response can be compared to previously recorded data. The stignéd be
chosen small enough to detect even small leakage currentsiiéée®s, this method
is hardly sensitive enough to detect e.g. a hole of a few mm diamea foil of 70
mm diameter or a break of the foil far from the readout-side.

The strip-foils can be checked in addition by capacitively couingst pulse (or
AC voltage) only to the end of the strips opposite to the readoutfsige @, 7). The
set-up from Fig. 7 results in a pulse of 210 pA height and 1.7 s FWHM.

At the safety relevant current monitors, the presence of the aljage at all
electrodes is checked online. The high voltage is provided to oneodieend via a
chain of connectors to the other HV-electrodes. From the laseledtrode, the
potential is fed back to the read-out electronics which is @lathe patient-safety
system. (An additional read-out is provided to the machine contreénsysThis
feedback is filtered so that any retroaction of the readoutretécs to the high
voltage at the HV-electrode is negligible.

As a further control, the total currents (with beam) of the individuehsurement
planes can be compared. This is the only available means to sletdt holes in the
foils. (It is assumed that a larger fraction of the beam pdssmsgh the hole and that
holes in different planes are not formed at the same timethé\tsame time the
readout electronics are checked against each other. This check shqédidrmed
regularly.

In the same way a change of the secondary emission coeffiareiecdetected by
comparing the output of SEM’s and IC’s.
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