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THE ONLINE CHARACTERIZATION OF THE MAIN INJECTOR BPM

A. A. Hahn, Fermi National Accelerator Laboratory, Batavia Il, 60510*

Abstract

The design of the Main Injector beaposition monitor
(BPM) wasdriven by the desire to minimize its beam
impedance and longitudinal space

combined in pairs to form either a horizontal ovedtical

BPM by switches located nearby in the tunnel. The BP

response isdecidedly non-linear and furthermore shows

sensitivity to the beam position on the orthogonal ax
This paper presents the method in which consecutiv

measurements in both plana® used to derivihe actual
(X, y) position in an online environment.

1 INTRODUCTION

The Fermilab Main Injector (FMI) wadesigned as aigh
intensity medium energy (15@5eV) injector into the
Tevatron to replace the original Main RiAgcelerator. In
additionthe FMI can operate as B20 GeV Fixed Target
Acceleratorand antiproton production facility. Ireither

requirements. The
resulting BPM consists of four striplines inset into
section of Main InjectoBeam pipe. The striplines are

The four striplines are combined in pairspmvide either
horizontal or vertical BPM’'s. This summing of the
individual plates is accomplished by an external switching
box located inthe tunnel next to the BPMWhether a
BPm operates as a horizontal or a vertical pickap be
changed fronmthe control roomHoweverthe slownature

of the switches (relays) preventhe simultaneous
Measurement of both planes. The two summed signals are

icabled to the Service Building. Thisscheme was

ﬁhplemented as a cost saving method, as two cabling runs
fser BPM were eliminated and the old Main Ring
processing electronics could be reused. The disadvantage of
this scheme is due to the particutdwaracteristics of these
BPM’s. Not only do the BPM's exhibit aon-linear
response, but they are also relatively sensitive tdoéaen
position in the orthogonal plane. Since we can read only a
single plane at a timduring the accelerationcycle, two
acceleration cycleare needed tocaptureboth horizontal

and vertical measurements. The assumption is that the
two cycles are (nearly) identical. Tidefaultconfiguration

modes the anticipated particle intensities are expected todfethe BPM system is such that horizontally focusing

high (>3 1. In order toavoid beaninstabilities it was

desired to reducany sources of beam impedance. ThRorizontally defocusing quads have vertical

guads have horizontal BPM configurations, and

BPM

resulting BPM [1, 2, 3] consists of four striplines insetonfigurations. This iscalled the (normally) “ON”
into a section of Main InjectdBeampipe, which to the configuration. The switched configuration rigferred to as
beam appears as nearly as possible asajusther section the (normally) “OFF” configuration (verticaBPM in
of beampipe. The striplinere grounded abneend and a horizontally focusing quad and horizontal BPM in

sheet metal vacuum enclosurewisldedover the inserts.

Figure 1. Schematic drawing of Ml BPM.

A front—view diagram isdepicted infigure 1. Thedesign
was alsoguided bythe desire tominimize non-magnetic
space, so the entire BPM can be inserted intoemdeof a
guadrupole magnet.
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horizontally defocusing quad).

2 CHARACTERIZATION OF THE
BPM RESPONSE

Figure 2 shows the response of a particular BPM that was
measured byhe stretchedwire method [4]. The wire was
moved on an x-\grid with 5 mm gridlinesbetween|x| <
25mm, and |y| < 15mm. The horizonta{and vertical)
positionsareplotted as a function of the voltage output
(V) by the processing electronics RF module [5]. The
family of curves is the result for the wire different
vertical (horizontal) positions. The dadsethe actualdata
points, while thecurvesarethe result of fitting thedata
with the function, Position(y) = a;+a,*V ++a,*V . As

one can see the fit is reasonably accurate over the range of
the data. However it can be noticédht a,, a; anda,, are
themselves functions of the orthogorwaordinate of the
wire.

The coefficientsa,, a;, and a,, for a particular BPM are
plotted as a function of the orthogonal coordinatdigare

3. The shape of the curves fgranda, vs. the orthogonal
coordinate issimilar to a gaussiaand inactual fact, we
have fit this data to a gaussian function witpealestal as

a way to characterizethe functionaldependence of the
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Figure 2. The Position vs. Mor a particular MIBPM as a stretched wire is moved on a x-y grid (5mm spacing).

The left (right) plot is that BPM configured as a horizontal (vertical) BPM. Only the positive positions are shown
for reasons of plot legibility.

coefficients on the orthogonatoordinate. When all X(V,¢,0) = ay +a*(0)Vy +ax(o)3

BPM’s are put through this analysis, theverage ! Z

parameterizations for, and &, represent the BPM's y(Vi,0) = a, +a’(0)Vy +aZ(O)3.

adequately. 2) Using these values for x and ation is iterated.
Only a, tends todefy parameterization. One reason is th ; Whegr]]the change of xand y isyt;etlg?;l somethreshold
this coe_fficient is very sensitive to actua[ electrical an .g. 0.1 mm) omfter amaximum number of iterations,
mechanlcal aspects of the BPM constructwhereas the ihe'iteration stops. Typically this is less than 7 iterations
linear and cubic termsare more representative of the ¢, positions < 10mm.

electric fieldmap (which in anyase wouldcontain only -
odd powers of ;). The actuab, and a, were taken from
the entire BPM ensembkeverage. The choice fa, was
the valuefound by averaginga, over the orthogonal
coordinatefor each individuaBPM. The final result is
that eachBPM has aunique a,, but all BPM’s share a

Table 1. Parameterization of coefficientg, on the
orthogonal plane position. The function is a gaussian of
amplitudeA, rms widthg, and pedestd. See equation 1.

commona, anday, or HoZzontaI Coiﬁicients =
a 6.07e-1 10.5 0.459
X(VigY) = 85 +aX(y)Vy +a (Vi agg; bl o D
Y(Vi, X) = & +a (x)Vyg +a? (X)Vy® Virtical Coefficients -
o
where, 2 @ a) | 7.19e-1| 8.18 0.915
1

—7(y/a(xl,2>) a,(X) 2.27e-3 3.79 -4.31e-4

a, (v) = Alge +Bo).

i mi y
and similarly for a(le)(X)' . ) Using this prescription, thedata from the wire
The values foA, o, Bare given in table 1 fa anda,. ~ measurements of all the BPMisere fed back into the
The algorithm for calculating the actual beam positions, ghalysis. For positions withint10mm of the BPM

and y, is as follows (for a particular BPM). - center, the rmerror over the BPM ensemble is lefsan
1) Using themeasured Y from the“On” and "Off' BPM .33 mm. Theresidual difference between the actual

configurations, the zerotlrder positions are calculated position and thevarameterized curve iess than 1.0 mm
assuming the orthogonal measurement is zero, i.e.
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Figure 3. The variation of the coefficiergsas dunction of theorthogonal plane position. The points were
derived from the fitted curves of figure 2, while the lines #aanda,) are derived from fitting the points to a
gaussian function (see text). In the casapfthe line simply connects the points. It should be notedathat

has been multiplied by 1000 for display purposes on this plot.

rms. This level of absolutaccuracy isadequate as the

smallest beam rms size will typically be ~1.0 mm at 5 REFERENCES

extraction). Precision use of the bpm system is usually

confined to lattice studies. Since under these

circumstances, 0n|y orbiifferencesmatter, theprecision [1] P.J.Chou,Theoretical Study of StriplineBeam PositionMonitors’,

will be much better. unpublished, 4/17/92
[2] Barsotti, E., Crisp, J., ‘Preliminary design of the Be&wsition
Detectors for the Fermilab Main Injector’, Proceedings of the Particle

3 CONCLUSION Accelerator Conference, IEEE, 1993

It is possible to parameterize the response of the MI BPR] Fitzgerald, J., Crisp, J., 'A CompaBPM for the Fermilab Main
system,even though the behavior of the pickups@- Injector, Proceedings of the Partichccelerator Conference, IEEE,
linear and exhibits a significant cross plane couplingvancouver, 1997

During Main Injector Commissioning, it hasbeen (4] Fitzgerald, 3.A., Crisp, J., McCrory, E., Vogel, @PM Testing,
possible to ignore the cross plaeéect an,d US?_ the Analysis, and Correction’, Proceedings of the Beam Instrumentation
system as a “normal” BPM system (as of this writing, “\ﬁ’/orkshop Stanford, May 98

implementation of remote switching of the tunnel switc ' '
boxes has been delayed due to other consideratidisje
we begin to systematically study the MI, thegher
precisionneededwill requirethe use of the crosplane
knowledge to correct the BPM response.

Currently the algorithm (iteratiorscheme) has been
written andinstalled in the Console Application written
for the MI BPM system. Since the BPdgitizer is only
an 8-bit system, it is possible to implement the algorithm
as a 65k element x-y lookup array. As futurardware
would most likely use a higher bit ADC, it has not
seemedworthwhile to make thischange (in addition
modern processors make the iterative method very fast).

E] Vogel, G., ‘MI BPM RF Module Test Results’, Main Injecthiote
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