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OBSERVATION OF BETHE-BLOCH IONIZATION USING THE
BOOSTER ION PROFILE MONITOR

A.A. Hahn, J.R. Zagel, Fermi National Accelerator Laboratory, Batavia Il, 60510

Abstract becausethe beam is transversely quite large. At the

The Booster lon Profile Monitor (BIPM) warecently !ntensmes (up to0 2.5e12 prqtons) wereable toachieve
(April 1998) used in atest to study the feasibility of N the_ study, the totqctorrecnoneffectwas at most 10%.
collecting the electrons instead tfe moretraditional AS Will be seen, this is at or below the level of the
ions. These electrons and ions are created by the ionizafi@fdwareuncertainties of the curredPM system. The
of the residual gas in the beam pipe by the proton beagorrection can range up t800% in the case of the
As a consistency check, the proton beamrent is Tevatron IPM.

compared tothe integratedarea of the measuredprofile

through theacceleratiorcycle. It wasfound necessary to 2 EXPERIMENT AND ANALYSIS
include the effect of the proton beamenergy upon

ionization by means of thBethe-Bloch equation iorder "€ Horizontal BIPM (H-BIPM) was fitted with an
to have satisfactory agreement. electromagnet whose field strength couldvagedfrom 0

to 700 gauss. Two other electromagne¢se utilized so
that the totaleffect of the magnets would be a local 3
1 INTRODUCTION bump to theBooster beanorbit, therebyminimizing the
The Booster lon Profile Monitor (BIPM) is one of aimpact onBoosteroperations. Theexternal electricfield
family of profile monitors[1,2] which are found could bereversed in order tgollect ions or electrons on
throughout the FNAL Accelerator Complex. The any particular Booster cycle.
BIPM[3] was the first operational IPM of the family. AnThe particulardata described irthis paper were actually
IPM utilizes the ions or electrons from ionization of th@cquired inthe ion collectionmode and with negligible
residual gas by the particle beam. The density omagnetic field. As a control, weesiredthat theH-BIPM
ionization is proportional to the beam intensitexhibit self-consistencyWhenever waecordthe turn-by-
distribution. Anexternal transverse electric field drifts thgurn profile, we also simultaneoushgcordthe turn-by-
ions or electrons towards a microchannglate. The turn measurement of “Charge 0”. Charge 0 in Boester
incoming charges are amplified ithe microchannel plate representshe total charge inthe circumference of the
anddeposited orcollectors (approximately thirty-two 1.5 machine. To be consistent, the IPM should track this total
mm width x 10 cm length strips in thRooster) which chargethrough theaccelerationcycle. The ionization of
run parallel to the beam direction. The distribution dhe residual gas is proportional to the beawurrent
signal among the strips igpresentative othe transverse (velocity *Charge 0). The velocity of the Booster proton
profile of the beam. These signaase further amplified beam varies from about 0.713 c at injection (T = 400
and then digitized byhe IPM electronics. Thelectronics MeV) to 0.9945 ¢ at extraction (T = 8 GeV). Figure 1
can capture profiles on a turn by turn basis, which in tiows plots of Charge &ndthe current. As seen by the
Booster amounts to 20000 turns of data. IPM, the intensity of the ionization is tharea of the
Among the advantages of atPM are that it is non- beam profile. We extracthe areafrom a 5 parameter
invasive and can capture turn-by-turn transverbeam gaussian fit,
profiles. One of the disadvantages is thatrdwal electric _1tx-p)d
field from the chargedistribution of the beam itself is y(X) = Ae 280 f +B + Mx
comparable tathat of the external fieldThis causes a
spreading othe ion or electron cloudand necessitates a

“correctpon; to tze measm:rr]edpgoﬁle ccijlstrll?tutlozu.q gh'? gaussian is/2moA . The gaussian parameters, as well as
correction dependsupon the beam densily. MOAest g, ay/c andy=(1)*2 ), the Lorentz quantities of

external magnetifield (400-3000 Gausslependenupon the protonbeam)are plotted in figure 2. The activity

beam density) can confine the electrons (but not the iorﬂ) eenturns 9000-12000 islue to the Booster going
and eliminate theneed for a theoretical correction. An through transition. The results shown in this figuee

experiment to test this proposal wattempted in the derived from 1000 fits (e
i qually spaced 20turns apart)
Booster. The Booster was choseecause iwas the only throughout the cycle. Each fit was made to dlkierage of

operational circular machine at the tirfwee are preparing 20 turns ofdata toimprove statistics. The resulfsund

for the startup of the new Ma_m Injectcamq Run 2). by dividing the area bythe beamcurrent (with arbitrary
Unfortunately, the correction issmallest in Booster normalization) are shown plotted in figure 3a agapst

where A = amplitudgy = centroid,c = sigma, and M and
B parameterize asloping background.The area of the

“ Operated by Universities Research Association under contract with the U.S. Department of Energy.
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Figure 1. The Booster charge and current through one acceleration cycle.
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14.0
Sigma (mm)
Amp
12.0 Amp (arb)
Centroid (mm)
10.0 I beta-gamma ™ »
e
'-_’.’
8.0
6.0 ,/"
4.0 Mot
) Sigma H"
20 [y
I -
0.0
f“ Centroid
-2.0 if
.0, .
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Turn Number

Figure 2. Plot of Sigma, Amplitude, Centroid from the fitting of 1000 twepeced 2Qturns apart
through the Booster cycle, as well &g vs. Booster Turn Number. Eadfit was to the sum of 20
individual turns. The activity between turns 908 12000 (5 <By < 7) is due tothe Boostergoing
through transition.

From the injection pointBy ~ 1 (turn 30) tofy =2.7 instrumentaleffect. A subroutine was written tanclude
(turn 5000), theArea/l drops byabout 60%. This is the variation in ionization, using the Bethe-Blogfuation
followed by aslow rise to extractionfy =9.5 (turn [4],

20000). Inaddition some instrumentagffects werestill O 21 0
observed primarily coming fromlarge transverséoeam —d%x_ KZ2 __%| MeC ﬁ y max _ 32 _°
motion. 2%
While calculating the ion productiows. gas density, it

wasrealizedthat theBooster is running from below thewith Z = Atomic Number , A = Atomic Massd =
minimum ionizationenergy (at injection) to above it atdensity effect, | = the mean ionizatienergy ofthe target
extraction. The slowly rising Area/l could lexplained by medium, and B3, y, referring to the Atomic Number and
the relativistic rise of -dE/dx and not a mundane Lorentz quantities of the ionizing particle. K= 0.307075
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Areal/l (uncorrected) vs. By (normalized to median value)
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Figure 3: (a) The Area/l. Note the suppressed zero.
(b) The Area/(I*|dE/dX|) as calculated from the Bethe-Bloch equation.

MeV g' cn?. The maximum possible kinetienergy dynamic rangeThis can bedone either by raising the
which can be given to the electron is saturation level of the microchannel plate (by using a
Zmeczﬁzyz High Output miprochaqnel plate Wi'FF!n(_:reased bias
Tmax = > current) and/or increasing the sensitivity of the
1+2y ”E/M +(me/M) preamplifier electronics.

with m, and M being theelectron massandthe ionizing Finally, the H-BIPM did give reasonableprofiles when

particle mass (the proton in the Booster case) respectivetyn in the electron collection mode, however we cannot at

The parameters ( Z, A, 1) chosen ( 2, 2, &8) were this time(because oaturationeffects inthat data at the

those for Hydrogen gas {Hwhich represents 42% of thel0% level or more) conclusively prove that thlectron

residualgas in the Booster. The densigffect @) was mode is really better than the ion. The final results of that

ignored since it is chiefly applicable to liquidadsolids, test will be reported in another paper.

not gases. In any case since we do not know the absolute

gain of the IPM, weare insensitive to theexact 3 REFERENCES

parameters ( Z, A, | ) othe medium. The results are

shown in figure 3b. Thagreemenwith the Bethe-Bloch [1] zagel, J.R., Chen, D., Crisp, J.l“Fermilab Booster lon Profile

equation i quite good. One calil see “gliches’ which Yenicr Sreiem Usna LaEW oot eam, nspumentator

are correlated with the Booster Beam slewing acrasisia _ o _

region. Fortunately these remnasftects are athe 5% (2] Z208l0ft, Crondbe Hahn, A, Hut, G Fermiat uai

level, providing hope that thegan becorrectedonce we Vancouver. B.C (1997).

have installed an overall gain measurement system (USjBOGraves, W.S., “Measurement of Transverse Emittance in the

a UV light shining on the microchannel plate). ng;rgnilab Booster”, PhD Thesis, University of Wisconsin-Madison,

However the H-BIPM seems to be workingarthe limit ( )_ ] )

of its linear region. In anothedata set where the [#1Review of Particle Physics, Phys.Rev D(54), (1996) p132

microchannel plate gain was only 10% higher, the system

clearly showed saturation effects. Theea/(I*|dE/dx|)test

is a useful method tdemonstratdinearity, but it isclear

that a more robust IPM wilfequire an increase in its
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