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Abstract

The lon Profile Monitor Systems have been studied in th~ .

Fermilab Tevatron, Main Injector, and Booster #| MI10 Vertical IPM | #|
accelerators. These systems capture 64K samples of 1762972114

horizontalandvertical profiles at a turn by turn sample
rate. Someearly resultshaverevealedvarious systematic
problemsandwhereimprovements in the present systen
can be accomplished. Identification of these systemat
and improvements for these systenase described. An = Z3000-
entirely new design isplanned which incorporates a
magnetic field and can collect electrons insteatho$. In | =pooo-—
addition, selective gating of the top microchannel plate
a 2-plate system will allow us to minimize saturation ar
charge depletion problems.

1 CURRENT INSTALLATIONS

lonization Profile Monitors (IPM)are installed in the
Fermilab Booster [1] and Main Injector. Tvavicesthat Figure 1. Injection effects on observed batch.

were previously installed in the Main Ring [2jvere

removed, new microchannel plate (MCP) glass installegigure 1 shows the intensity profile for the tirperiod
and then placed in the new Main Injector. during which 4 Booster batches are injectatb Main
The Booster system has an 8 kilearing field and Injector. The intensityecreasaoted after eaclvatch is
currently collects positive ions.  Theeworked Main injected, approximately 6000 samples, is the result of
Injector devices operate at &, also collecting positive chargedepletion from theMCP not beam losses in the

30000 —

ions. observed batch.
Threepotential solutions to this probleare: 1. obtain
2 SATURATION an MCP withgreateroutput currentcapability, 2.higher

The system is timed to observe aboyiséc of beam at a 9ain preamplifiers, or 3. use theual chevron MCP
set timedelay from eachrevolution marker. This time configuration in amode wherehe ion collection plate is
corresponds tqust under 1 Booster batch. Wewould ~Used as a fast gate while the lower platesed to provide
expect that the signal observed should be directly ~9ain. This mode of operation aII_ows the S|gpgjducmg
proportional to the number of ionsollected. It was plate to recharge during the off time of the gating plate.
recognized that the area of the profile shogld be consisteny High Output MicroChannel Plates

throughout theacceleration cycland proportional to the

ionization produced by the fraction of beam curmeithin  The MCP's used inthese systems originate from Galileo
our 1 pusec integration time. [3]Area is defined as the Corporation.ExtendedDynamic Range (EDR) glass is
sigma multiplied by the amplitude from a gaussfan available that can provide a 4 to 10 times improvement in
When motion of the beam causedhange inposition on output current. Typically an MCP can provide 10 to 20%
the MCP, ions impinging on different area othe MCP  of the bias current as a linear output.

caused greater amplitude peaksfome number of turns.

When additional batchemre injected, a correspondirigss Table 1: MicroChannel Plate specifications
of signal occursthat is not consistent with any losses MCP Bias Current Gain
noted from the observed batch. Instead a much léoger Type 1000 Volts

is noted in the beam-induced signal. An oscilloscigee Long Life 120 pamps 2.5*10
taken during a short run in the Tevatron asowedthis EDR 420pamps 2.6+10

behavior. . . - .
We have beemsing simple voltagealividers to provide

bias voltages for the existinglual chevron plate
assemblies. This will noprovide the appropriate bias
using the newer extendeddynamic rangeglass, which
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exhibits much lowelimpedance. Dual powesupplies 3 SIGNAL CONDITIONING
will be used to provide a separately adjustabilas for

each plate. The top plate will then jpelsed to provide a When .the. Main In!ectostarted toramp we observed a
gate consistent with the batch to bbserved. For the potential difference intunnel ground asreferenced to the

out of an approximate|y 11dsec revolution period_ to measure nanoampers of current. Even sdiffdrences
. in ground can cause problems.
2.2 Gating McroChannel Plates

To providetime gating of the micrahannelplate, the 11/6439/21 09 |

first stage must beyated byapplying a voltage pulse % MI110 Horizontal IPM ::L.ﬂ

during the time of interest. The ultimate goal ishewe  {zgooo-
this stage go from below threshold to above threshold
approximately 50 nsec (3 empty bunchégtween o o-_ —
batches). The applicatiorequires aseries of1.6 psec =
pulses to repeat for approximatelysécond andhen have p—
0.5 seconds obff time. There aretwo approacheseach
requiring a fast pulse generator and an isolation
transformer: 1) keep the plat#ased atbelow nominal 1 (Do
operating voltagandthen supply a 200 V pulse, or 2)
keep the plate at 0 V and apply the full necessary voltag *3908=
200 Ohms 2:1
80000-
/MCP 1 / Foaoo-
_l_ &0000-
HVPS1 50000 -
-100/-1000V |- / MCE2 /
| 40000-
Pl
HV PULSER ™~ Z0000-
20400- ,
HVPS 2 1 10 20 IO 40 50
1 kV = TR
Figure 3: Signal variations through acceleration cycle.

Figure 2: MCP Bias scheme.

. ] . The apparentloss of signal in figure 3, sample 62000
The kicker group at Fermilab hakeveloped dast high through 77000, is explained by tkapacitivecoupling of
voltage pulsegenerator fortheir work [4]. Thiscan be ramp currentsinto the beam pipe ground. Since the
used to generate a pulse of up to 800V with a rise time Sfstem software calculates a baseline ihe fitting
15 nsecinto 50 Ohms. Anadditional powersupply is youtines thisdoesnot affectthe final profile information.
needed taemotely control either the variablgas or to Howeversteps have been taken to capacitivédgouple

supply the variable pulse amplitude from the puls&ne grounds to prevent possible damage to the amplifiers.
generator. There is #adeoff in how much power is

dissipated in resistors. For the biased case, a DC blockina
capacitor is required but thisust bedischargedtherwise

the pulse current would overcharge it. For the full voltage
case, the termination resistor wilave amuch higher
power dissipation. The latter solutiomequires fewer
componentsand failures in the circuittend to inhibit
operation of theMCP instead ofcausingdamage.There
will be only passive components mounted in thenel,
external tothe vacuum systemgconnectedvia several
hundred feet of 50 cable.

Figure 4: Shorted RG-58 signal as seen from upstairs.

2165



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

The capacitance to ground ithe main bend magnets
allows bend bus voltage to induce currents alongbtam
pipe. As a power supply ramps up, the beam plpses
the loopbetween capacitiveoupling to ground through

the magnets on botkides ofthe supply. The IPM's in
the Main Injectorare located 17neters aparand a power

supply feedsthe bend bus half waybetweenthem. The

measured groungotential betweenlPM's peaks at 150

millivolts and isproportional todl/dt in the bend buss.
Ohms law suggests 5 amps afrrentflows through the
.0017Q/m stainless beam pipe separating the IPM's.

[Zizesoasa s

Turn
19000-

12000-

1R lhl--ll—l

17000 -

16000-
15000 -8
14000 -8
12000-

12000-

11000-§

10000-

so00-§
s000 -
FO00 -
000 -

S000-§

4000 -

a000-

2000 -

1000-| =

=0-
0 10

I
&0

I
a0

Electrons lons

Figure 5: Electron collection test in Booster at 600 gauss.

4 THE CASE FOR ELECTRON
COLLECTION

The collection of positive iongroduced inthe proton
beam is problematic in that tlepace charge dhe beam
itself contributes to spreading those ions. The problem is
exacerbated bythe smaller beam sizes, in the Main
Injector (1mm) and Tevatroh5mm), wherethe spreading
increaseghe measuregrofiles by up to 500% over the
actual beam size. To eliminate théffect we are adding a
magneticfield andswitching the polarity of theslearing
field to collect electrons. An experiment wdane in the
Fermilab Booster to determinghe effects of placing a
magnetic field around the IPind collection of electrons.
The conclusion is that electron collection is at least as
good aswith positive ions. In theBoosterthe expected
ion spreadingvas at the 10% level at most. Were
dominated bysystematiceffectsdue tosaturation athese
signal levelsand could not decisively provethat the
electron profiles were 10% smaller than the ion profiles.
Calculations suggest that a magndigtd of 2000 Gauss
for the Main Injectorand 3000 Gauss for th&evatron
will be sufficient to contain electronproduced in the
beam while theyare accelerated towattie MCP. This
field will reduce spreading to the 1 to 2% level.

5 WORK IN PROGRESS

High output glass has been install@do the Main
Injector IPM's. We are now building tlelditional power
pulsing devices to install for the next run. By using the
top plate of the chevron configuration as a gatd the
bottom plate for gain we hope to minimize thigects of
saturation on the lower plate.

Design work is now being undertaken to produce a magnet
and improved mounting scheme for the intemh@lices to
allow us tocapture electrons othe MCP's in the Main
Injector and Tevatron Installations.
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