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STATUS OF RESONANT EXTRACTION FROM THE FERMILAB
MAIN INJECTOR ~

C.D. Mooré¢, J. Firebaugh, P. Lucas, P. Prieto
FNAL, Batavia, IL

Abstract smoothness of the spill imodulated bymoving thetune
with a microprocessor system called QXR (Quad
eXtraction Regulator). The extraction systatasign is
based on the Tevatron beam extraction system [2].

One of the majoradvantages ofthe Fermilab Main
Injector isthat it will allow a vigorous program dixed
target physics toproceed independently from collider
operations._ Thus the commigsioning goals tfus new 2 EXTRACTION SYSTEM

accelerator include Qemonstratlon (_)f resonant extraction. COMPONENTS

For purposes of this demonstration thetracted beam

will be sent to the antiproton target statiovhere the The different components of the extraction system are
measuredbeam sizes will beused to help design described.

beaml?nes for the 120 GeV fixgd target programsortier 2.1 Extraction Magnets

to achieve this goal an experiment has beerformed to
measure stopband parameters. dline of thehardware There are 16 quadrupoles arrangetb two orthogonal
and software to be used for extractiordiscribedwith an  families (sine and cosine) with a strength of .255 kg-m/m
emphasis onupgrades tothe system. Utilization of Per amp to give control of the Bharmonic.

modern microprocessdechnologyandreal-time software 1 Nere are 54 correction octupoksanged tagive a 0-th
techniques will greatly simplify the regulation of co?]]ponen': octu&gli of atrepgth 28 kg-rﬁ[@nr %mg' th
extraction to obtain a smooth spill. The present state@ Re ri;;?evn\/w()eéch\;vithma stlrrécnogrtehmgfgr'\ggszuskeg_m/ym ;er
extraction studies is giveandthe short term goals are amp.

explained.

1 INTRODUCTION 2.3 QXR Hardware

The QXR air-core quadrupoles are driven by a current

: : ; . _regulated powersupply controlled by a VME-based
the beam into a half integeesonance thereby mducmgmi%roprocers)sor.ConE%)clm mode and gifferential mode

the gmplitude of betatron oscillations itq:reaseuntil the ripple currentdue tothe dipole magnet powesupplies is
particles are deflected by an electrostagptumlocated at expected to be 20 mA at 360 Hz and 720 Hz.aftenuate
the MI32 region of the Main Injector [1]. The kiCkrippIe of thesefrequencies by 20 dBhe magnetswere
supplied bythis electrostatic septurnausesthe particles designed around ceramic beambes, which permits the B
to enter into the deflection region of two other field to have frequency components in the 3 kHz range.
electrostatic septa located at MI52. The kick supplied Backgroundtasks running between extraction cyclesq
these septa allows particles about toekacted tomove seconds) are usddr computations, communications and
sufficiently far away from the circulating beam that adownloading parameters.

thicker magnetic septum may hsed toeject thebeam o
from the machine. A MVME 2300 POWER PC CPgboard residing in a
The extraction process begins by raising the norn}\éME'GA'l crateregulates the extra;non ﬁrocefes.polndmg
horizontal machine tune from 26.4@ward 26.5. Because O acceleratotiming events marking the beg_lnnlng and
L o >~ end of flattop through a Fermilabdesigned interrupt
of tune spread, the number of particles with a tune in tﬂﬁndling board (VUCD). A 16 bit A/D digitizes the
half integer stop band can be controlled. There is enougixput of the 53 MHz resonant R8pill detectorthat
octupole component from the main quadrupolepravide  measureshe extractedbeam. Circulating beam intensity
the zero-th harmonic amplitude dependent tune sbétled is measured by doroid in the machinedigitized and
for extraction although we have a setimmlependentzero- encodedonto a machine-wide communication system
th harmonic octupoles tancrease the efficiency of (MDAT). The processor responds to clock events through
extraction. The stopband width inlarged by atime & board that decodevents. Communicationisetween the

varying set of 53rd harmonic quadrupoles, and the Processoandthe current regulated powesupply is done
through a dedicated fiber optics link at 5760 Hz.

Extraction from the Main Injector takgdace bybringing
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A finite state machine (FSM) whiathangesstatesdriven
by clock eventsand software timers controls QXR
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software. A 5760 Hz interrupt drives tR&M and isused

to derive 2880 and 720 Hz timers which activate The finite impulse response filter (FIR) is defined by
extraction and noise rejection regulation tasks whiave

highest priority. Background tasks running between Lt 1
extraction cycles [J2 seconds) are used foomputations, yn = Z Wi(") X, 1)
communications and downloading parameters. =0

The extraction process w@ivided into two independent and the filter coefficients are computed during the

regulation loops. The loop in figure 1 maintains consta :
the rate at which the beam leaves the machine l%{aptatlon process by the Least MeBquares(LMS)

X . ; . gorithm using the method of steepest decent.

comparing the amount of circulating beam against a

calculated reference. Its loop bandwidth ranges from DC to

30 Hz (nominally). The regulation process utilizes a w(n+1)=w(n)+2 Hx(n)e

feedbackloop operating inreal time at 720 Hzduring

extraction;howeverthe error signal is alsostored during The coefficieniu is a convergenctactor. Since extraction

the spill and processed between spill cycles. and spill smoothing are non-stationary processes an
adaptive approach taoise attenuation may prove to be

Moving Average+p Shift more robust than the approach taken in the TeV QXR.

Sa][np + + ¢ + 2.5 Electrostatic Septa
e
—» GAIN _>Q_> There is one 10-foot long electrostatic septum with 2 mil
diametertungsten-rhenium wires at location MI-32 and
- QXRout two 10-foot septa with 4 mil wires at location MI-52. At
80 kV/cm theyeachwill give a 68-microradiarkick to a
Beam Current 120 GeV/c beam.

Figure 1: Representation of QXR beam extractiast
feedback and feedforward regulation components. fun RLFERE L0

-108
Error signals, which repeat from cycle-to-cycle, are
averaged andveighted, then applied tthe next cycle |
during spill. The averaged data isdded tothe present i
QXR output with a phaseadvance correction,
compensating founwantedsignals thatepeatfrom cycle 7
to cycle and have a fixed phase.

118P5201 A
Frequencies present in tepill between 30 Hand kHz L 1o
are buckedut using aseparateegulation loopbased on
an adaptive noise compensation scheBiety Hz and its -5
harmonics comprise the majority of thenwanted
frequenciesmodulating thespill. Therefore an adaptive (K
rejection loop shown in figure 2 was designed to primarily
attenuate these frequencies.
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Figure 2: X(n) represents 60 Hzand its harmonics
generated by a line locked software generator. itsied by ;
the Least Mean Squares and FIR filter sectiongi@sence to preparethem for use. The graph shows the finstf

signals. Y(n) drives the air core magnets that attenuate P%" during which the voltage waals_ed to 8&vV. The
unwanted line frequencies in the extracted beam. ower tracesshow theeffect of sparking on thevacuum
and the current drawn from the supply.

Figure 3 shows the start of conditioning the septardter
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2.6 Magnetic Septum Figure 4 shows beam being resonantly beaxtracted
(lost) from the machine. The solid curve on the bottom is
There are three 10-foot magnetic Lambertson magnets alse current in the 53 harmonic ramp, the somewhat
located inthe MI-52 region of the Main Injector whichirregularlines startinghalfway acrosshe plot depict the
serve to guide the beam onto the external beam line.  beam left in the machinafter extraction hasstarted and
the wavy lines in themiddle show thecurrent in QXR
attempting to smooth out the spill.
3 EXTRACTION MEASUREMENTS The Main Injector wentlown due to avacuumfailure
before QXR was tuned up and the electrostatic saniti
Ibe used to sentdeam to the PBAR production target.
After the present shutdown we will attemptgend2E13
resonantlyextractedwith smoother spill to the PBAR
production dump.

The phaseand strength of the intrinsic 1/2integer
stopbandvere measured byamping the two orthogonal
families of harmonic quads to cause resonance.
Operationally this waslone byraising the main tune to
26.485andthen raisingand lowering thecurrent in the
circuits until beam loss wasbserved. The value of the
current in the two families necessary to cancel the
intrinsic stopband was deduced from the measurements and

this value of thecurrentwas the starting value for the 5 REFERENCES
ramps built in for extraction. [1] The Fermilab Main Injector Technical Design Handbook
[2] L. Chapman, D.Finley, M. Harrison, and W. Merz“Tevatron
Extraction Microcomputer”, IEEE Transactions on Nuclesience,
4 STATUS Vol. NS-32, No 5, October 1985.

The currentstatus of extraction is shown in Figure 4
where we areresonantly losing the beam from the
machine without trying to use the extraction septa. The
cosine family of the 53rd harmonic quadrupoles was
ramped upfrom the value experimentallyneasured in
section 3. QXR was turned after some beanhad been
extracted (lost) by the cosine ramp.
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Figure 4. Resonantly Extracted (Lost) Beam
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