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Abstract 2. DESIGN CONSIDERATIONS

Four ionization beam profile monitors (IPM’s) halbeen RHIC will accelerate andtore manydifferent beams and
installed in RHIC to measure verticand horizontal the IPM’s are located 50m from an interaction peihere
profiles in the two rings. Each IPM collects amdeasures the lattice optics varies with theequirements of the
the distribution of electrons in the beamline resultingxperiment. Depending onenergy, ion specieandi.p.

from residualgas ionization during bunch passage. Theptics the rms width of the beam can vary from 0.7mm to
electronsare swept transversely from the beamline ané.5mm. The channel spacing has to be small enough that
collected onstrip anodes orientegbarallel to thebeam a reasonable measurement can rbade onthe most
axis. At each bunch passage theharge pulses are narrow beanbut the collector has to beide enough to
amplified, integrated,and digitized. @ The system is see the largest beam with some allowance for missteering
designed to measure single-bunch profiles with up to 126d betatron oscillations.

bunches in each ring. The compromise chosen was to build a collector with
64 channels spaced 0.6 mm apart. Ordyo the widest
1. INTRODUCTION beam fits on the collectand & of the narrowestbeam

fits on only 7 channelsHoweverthe measurement of a

The Relativistic Heavy lon Collider (RHIC) at Gaussian beam of =0.7mm with a collectoi0.6mm
BrookhavenNational Lab will accelerate andtore beams wide yields arms width less than 4%rgerthan thetrue
of ions ranging from protons to gold nuclei [1].width.
Transverse beamrofiles will be obtained by measuring RHIC hassuperconductingnagnets so theesidual
the distribution of free electrons formed by beam gasesare helium and hydrogen. Themeasuredprimary
ionization of theresidualgas [2,3]. The electrons areionization rate for minimally ionizing protons inthese
swept from the beamline by @ansverse electric field, two gases at atmospheric pressurealsout 5.5 ion
amplified by a microchannel plaf®CP), and collected pairs/cm and the cross section is proportional’fdz A
on a circuit board with strip anodes oriented parallel to tigeld bunch with 1®ions in a vacuum of 1%orr will
beam axis. A uniform magnetic field, parallel to thereate about 4,000 ion/electron pairs in one passage. An
sweep electric field, counters thaefocusing effects of MCP has adetection efficiency forl.5kV electrons of
space charge and recoil momentum. 36% so about 1,406lectronswill be detectechber bunch

The RHIC IPM detector is aclose copy of the [5]. Monte Carlo simulations show that tkariance of a
prototype, ref. 2, which wagested inthe AGS-RHIC Gaussian parent distribution can be obtainedwtthin
transferline in 1997. Howeverthe prototypemeasured +2.2% by sampling 1000 points.
bunches separated by several seconds so itdegiate to A bunch of 1&" protons will produce only ~20
use slow charge-sensitive amplifiers~4us), track-and- detected electrons. lthe beginning proton-beam profiles
hold amplifiers, and slow digitizersThe RHIC monitors will be generated bysumming up 50 or more single
are intended tdligitize individual bunchespaced107ns bunch signals. Thisan either belonewith all bunches
apart. Thisrequires fastepreamplifiersand digitizers. or by looking at the same bunch on consecutivas.
Also much of thegroundplane on the collectoboard is Single proton bunches can only tmeasured if a pressure
removed to lower capacitancé=inally a test pulse input bunch is added.
was added to the detector toake it possible taetermine

gain and offset corrections for all 64 channels in a single 3. DETECTOR
measurement.

This paper describethe detector, digitizersand data- Figure 1 is a cross section of the IPM from the
collection systems. The kinematics oélectron perspective ofooking along the beamline. Thaetector

confinement by the magnet field is discussed in ref. 2. vacuum chamber imnadefrom 10x15cmrectangular 304
stainless steel tubing. Aletectorport is formed by
welding a short section of this tubing into tsidewith a
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10" conflat flange attached. The detector (fig. 2) is voltage so the sweep field remains a constant 3.0kV as the
mounted entirely on a mating flange. MCP bias is adjusted. The MCP bias voltage is the only
Two 30-cm long ‘C’ permanent dipole magnetgain control ‘knob’ in the system. MCP biasadjusted

producing 0.14T are placed 30 cmapart along the until the channelwith the largest signabpproach the

chamber. One igentered orthe detector tofocus the
electronsand the second correctshe beam deflection
caused bythe first.
produce parallel field lines within an area of 38mm
parallel to the collector by3mm perpendicular to it.
Within this collection area the maximum field-line

dynamic ceiling of the electronics.
The detector flange has four 2.75” conflat ports. Two

The magnet pole tipare shaped to are for signal feedthroughs and one is for hifigh voltage

feedthrough. The top port in fig. 2 has quartz window
for illuminating the MCP with UV light. Although the
illumination across the plate is not uniform, wtill

transverse runout is 0.034mm or 6% of a channel width.provide a method to baseline the nBICP. The current

The collectorboard isaluminametallizedwith gold.
There are 64 anodasghich are 91mm long and spaced
0.6mm apart. Plated-through holes conribetanodes to
traces onthe back ofthe boardwhich bring thecollected
charge tothe edge. Short aluminacoated wires are
soldered to pads othe board and are attached two 35-
pin feedthroughswith push-on connectors. Ahevron
8x10cm microchannel plate detector [6]sirewed directly
to the board with a kapton gasket providinglectrical
insulation. Theransverse sweep field igeneratedwith

illumination pattern can beompared tothe baseline to
tell when the plate agemndthe gaindrops inthe center
channels.

Each collectoranode capacitively couples to the
output electrode ofthe MCP by about 1.3pF. A step
pulse delivered tdahe MCP outputdrivesall 64 channels
with pulses that only vary by the smalifferences in
anode areas, differences which also affect the tmgnals.
The bias line to the MCP output is parallel
transmission line with Z105Q. This pulse input will be

an electrode and secondary-electron suppression grid onubked to calibrate each detectordompensate irsoftware

other side of the beam.
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Figure 1. Cross sectional view of IPM. View is
looking along the beamline.
the IPM would measure horizontal profiles.

Taut-wire beam-coupling measuremest®wedthat
the collectorboard needed to beshieldedfrom the beam
and that the MCP electrodesdid not provide good ff
shielding. Theboard is enclosed in phosphorbronze
shieldandthe input of thechannel platels coveredwith
copper mesh with ~90% OAR. Capacitorsoldered
aroundthe edge ofthe meshprovide bypassingand the
structure is grounded to the vacuum chamber wifimgier
stock.

Four high-voltage lines bias the MCP input an
output and the sweeglectrode anduppression grid. The
sweep voltage powesupply floats on the MCP input

In this orientation

for channel-to-channel variations in gain and offset.

w i 5

Figure 2. Photograph of detector. The MCP and anode
board are on the bottom.

4. ELECTRONICS

Each bunch passageill deliver chargepulses to the
anodes. Individual pulsesare integrated and shaped by
charge-sensitive, hybrid preamplifieasd hybrid shapers
both designed by BNLInstrumentation Division. The
preamplifier has ahargesensitivity of 0.6V/pCand a
decay time constant of 20nandthe shaper has a voltage
gain of 10. Benchtestsdone byinjecting signaldirectly
into the prototype IPMmeasured anoise floor for the
system of 2-3fC. Thehaperoutput is amplified by a
AD811 op amp [7] set to a gain of andcoupledinto a
(:]LOOQ balanced line via a 1:1 pulse transformer.

Every channelalso has alow-pass-filtered output
which rolls off at about 100kHz. These channetsvide
dc coupling tomeasure beanprofiles with unbunched
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beams. After filtering the signatwe amplified by OP-37
op ampsand coupled into twisted-pair cables through 5. SUMMARY
SSM2142 balanced-line drivers [7].

Eight preamp circuits are on a 15x15tmward. Four Four IPM’s areinstalled in RHIC to measure horizontal
of theseboards aremounted in a chassis box which isand vertical beam profile in both rings. Thiesign is
attached tothe vacuumfeedthrough tominimize signal based on aprototype which measured single-bunch
lead length. The pulse outputare connected to VME profiles in the AGS-RHIC transfer line. Wxpect to be
digitizers installed in racks beneath the beamline #ble to measure single-bunch profiles of gold beams and
minimize cablelengths. Thdiltered signalsare brought averaged profiles gbroton beams. Single-bunch profiles
out of the tunnel to the instrumentation control roorof proton beams will only be possible with pressure
(ICR) on twisted pair cabland digitized with a RHIC bump.
general purpose A/D converter [8]. All eight pulse

channels oreachpreampboard aresummed togethanto 6. ACKNOWLEDGMENTS
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can be repeated at a selected interval. After eactsdaia

collected the new profile and width are displayed. [Hs¢

profile is added to a mountain-range dispéang the values

of the widthandcenter areadded to astrip-chart display.

In this manner weanfollow the beam profile during the

energy ramp.

2116



