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Abstract was low. Thesoftware forthe system was written in C
and Assembly, and no one with knowledge of the
A new flying wire systenreplaces an oldesystem to programs was available to upddtte The old systernused
enhance the analysis of beam emittance, improvawo differentembeddegrocessorswith slightly different
reliability, andsupport futureupgrades tathe Tevatron. programs to control the thresires. The difference in
New VME data acquisitiomndtiming modules allow for programs turned out rather tedious to maintain.
more bunches to be sampled more preciselfLaBVIEW As the Instrumentation Grouphad good prior
application, running on a Macintosh computer, controlexperiencewith LabVIEW basedsystems, it waglecided
the data acquisition and wire motion. The application alsm useLabVIEW on asingle Macintosh computer along
analyzesandstores thedata aswell as handleslocal and with commercial motion control and digitizers.
remote commands. The new system flies three wires and
fits profiles of 72 bunches to a gaussian function in a 2 HARDWARE CONFIGURATION
total of three seconds. A new console application allows
L%Tg;?e O.?ﬁgg;eioggﬁg‘iggglﬁgr d]:/rvc;rpe gﬂéoﬁg{g' FIFO, and timer modules are all new or upgraded in-house
: designs. In addition, we switcheffom the optical

se_tup, qapab|llt|esand measurement results of the N®Wencoders toresolvers to minimize radiation induced
flying wire system.

failures. A direct drive replaced the belt drivetbé earlier
system and the resolver was hard coupled to the fork shaft,
1 INTRODUCTION with a floating mount to prevent binding.

The flying wire systenmeasureshe transverséeam The wire can has a diameter of 21 centimeters, the fork
size by moving a wire through the beam. The collision dfas aradius of 10centimetersand holds a 33 micron
the beam particles with theire generates a spray of carbon filament that flies at speed ofabout 5 m/s. The
secondanparticles with an intensity proportional to theposition is measuredwith a resolver and 14-bit R/D
number of beam particles present at the position of tlewnverter, providing an angular resolution 6f022
wire. A portion of thesecondaryparticleshits anearby degrees. Toreducethe number of samples, the R/D
scintillator paddle to produce light. The lightdenverted converter implements programmable aperture gates to turn
into an electrical signal by a photo multiplier tube. Thisampling onduring that part of the fly patlwhere beam
signal is plotted versus the position of the wire to obtaimight be present. The beamloss signal from the
the profile of the beam. A gaussian functionfitted to  phototube is first integrated by an in-house fattgrator
the profileandits sigmarepresentghe transversebeam VME board and then A/D converted by a 12-bit Omnibyte

In the new configuration, the integrator, position

size. Comet 2MS/s VME digitizer. The high voltage to the
. phototube can be adjusted for low and high intensity beam
1.1 Problems with the old system by using aVero model VME48240 4-channel D/A

The old system, described in [ahd[2], sufferedfrom  converter moduleardthat controls arack-moun_teghigh_
reliability problemsand alack of anupgradepath. The Voltage powersupply. Beam synchronous timing is
VME hardwareoften generatedbus errorsresulting in an Provided by standardn-house VME timing cards. A
abortedfly or corrupted dataThe opticalencodemmodule Macintosh computer using a National Instruments NB-
that measuredhe position of the wire was sensitive toMX! interface controls the VME crate. The Macintosh
radiation and needed to bereplaced every month. Ccomputer also has a Nulogic motion contpobrdthat is
Sometimes the damage to the encoder would haltvitee connected to a drive amp to p_rowde motor control.
in the middle ofthe beam, destroying the wire. The old _ The fly path of the wires is a total 54legrees. The
hardware would also not be able to measureatititional  Wire first accelerates, then passes through beam twice, and
beam bunches for the planned Tevatron upgrade. THen deceleratesThe resulting rest position islifferent
results, sigmaand mean, were not consistent. Each from the start position, but by flying in the opposite
counterclockwisdly was followed with a clockwise fly ~direction forthe next fly, the next rest position will be
but the results were often more than ten percent apart. T original start position while giving wtralength to
profile could also containbad points due to, as later accelerate e_md_ decelerate.snmpl|f_|ed configuration ywth
diagnosed, a vibration from the drive belt and the use ofoqly one wire,instead oftwo horizontalandone vertical
soft coupler betweetthe encoder andork. The analysis Wire, is shown in figure 1.
itself was very sensitive to noise if the beam intensity
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Figure 1. Single Wire Configuration.

3 SOFTWARE SETUP

3.1 User-interface

The local graphical user interface (GUI), see figure 2,
can display current or saved profiles, manually control thej
wires, and, using menus, modify all hardware settings an(/,

analysis parameters on-line or in ttefaultsetting files.
The local GUI caralso be remotelycontrolled using an

utility like Timbuktu. Eachfly must use one out of 40

user-definedspecifications. These specificationisclude
which bunchesare sampled atwhat multiple of beam
turns, the integration time, when to flwhetherthe data
is to be saved or not, the type of analysis (fulboick),
the next fly specification, the aperturand the high
voltage.

The console application Tevatrdflying Wires
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Figure 2. The local GUI.

LabVIEW, we could select from a library of filter and

T46, provides remote control for operators anditing routinesandcheckthe processing by plotting the

experimenters from anystandard X Whdows based

data at different stages.

console located anywhere in the lab. The consoles use theTnhe new analysis has two parts: the first performs

ACNET communication protocol which isupported by 5 quick analysis of the data to serve as an estimate for the

for the console application was done in C. The two maignalysis starts by cutting odata acquireavhile the wire

menu items to the prograare Fly Specand Plot Six.

moves within the aperture gates but doesn't intercept any

Under Fly Spec one is able to modify the fly of the particle beam. Next, it will do quick estimate by
specifications just as under the local GUI. The menu iteinoothing the data, finding the peak with a quadizeik

Plot Six allows one to view new ACNEJata orsaved
disk data from a given fly. The plotgenerated undd?lot
Six very closely resemble the ones shown in figure 2.

3.2 Analysis algorithm

The old system’s analysis routine firstid a
backgroundsubtractionand then did a secondmoment
calculation to estimate the sigma. Astirnedout this
calculation was very sensitive to noise duriogy beam
intensity and could not handle aslope in thebackground
noise. Knowing this, the new system's analysisnixle

finder, estimating thebackgroundnoise usingdataright
beforeandafter the profile, determining the slope of the
background noise, and estimating the sigma fromhdie
peak value.

The new system flies the wire through tibeam
twice, once upstreanand once downstreamproducing
two peak locations. Knowing that the beartravels
straight and given the locations of the peaks,caleulate
and correct for any rotational misalignment of the
resolver. The resolver counts can now be propedpped
into millimeters perpendicular to the beam. The estimates

more robust for background noise and poor signals. Usirage also corrected, given the rotation and mapping.
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The secondpart of the analysis uses the estimates as

an initial guess to fit theotatedand mappedprofile with 5 CONCLUSION AND FUTURE

a non-linear Levenberg-Marquardt method to the function: The new systemdelivers a big improvement in

O-(x-p)* 0 reliability and gives more consistent results with a typical
a@H 20 B, bk +c (1) repeatability of around 1% RMS.

We will furtherinvestigate theaccuracy ofthe flying

The Levenberg-Marquardinethodthat camewith the  wire data. We found aonsistentdifferencefor one of the

LabVIEW libraries has been optimized to obtain a ten-foldiires in the upstream and downstream sigma, nfargjer
increase in speedhis particular routine is alsased in  than would be expected, due to emittance growth from the

other instrumentation systems that atieal with beam wire colliding with the beam. We plan fnd out if this

parameters, see [4]. is related to phototube saturation byeducing light
coming from thepaddles or tothe position of the
4 PERFORMANCE beam/wire interaction by varying the position of the
paddles.
4.1 Speed The Tevatrorwill be upgraded tchold 36 proton and

36 pbar bunches instead of 6 each. A test setup
supporting thisupgradehas beemmade and iscurrently
ing tested. This setup will also bheedfor the Main
ng (andlater Main injector) flying wires, which has a
&ycle of 3to 5 seconds. To perfomultiple flies during
this cycle, theprogram is structurethto different tasks
with different priorities. The acquisition task runsder
the highest priorityand can be retriggered independently
from the analysis task that runs at a lower priofitius,
4.2 Repeatability the wirescan fly agai_n before all data ha_s; been fuIIy_
analyzed. The analysis can take part during the following
We looked at RMS (Root MeaBquare)values of the flying of a wire andafterthe Main Ringcycle has been
measurements to quantify the repeatability. Figure Sompleted. Retrigger rates of almost 2 Hz are possible.
shows the sigma for the first proton bunch. The foatt As the number of bunches increases six fold, we must
of the graph shows results from measurements taken gio process six times as muddta. Weplan to upgrade
149 GeV. As bunches are injected into the Tevatron, firgie 8100 with anewer model. As threetimes faster
proton than pbar, the emittance is changi@mce the models are already available, we expect thafuture
ring accelerates to 900 GeV and the collision is turned oMacintoshes will give us close to a six timepeed
we havemeasured an average alhout 1% RMS with a increase compared to the current system.
worst case of 2% RMS around lgarithmic growing
sigma. Theerror in the emittance is twice that of the 6 ACKNOWLEDGEMENTS
sigma. RMSpercentages othe otherparametershave
similar values.

Using aPowerMac8100 at 110 MHz, the system
acquires data and fits profiles of three wires for a beam
six proton and six pbar bunchesdtwo passes within 3 g,
seconds (total of 72 fits) with 80 points per profile. Fast
than 2 seconds speedbut with reduced accuracy are
obtained by reducinthe number of points of thgrofile
or by completely turning the fit offand using the
estimates as final results.

Many people other than the authors hawaped
develop the new system. Special thanks go to Dong Chen
for his early work, Alan Hahn for the analysis

1.70- = optimization, Jim Crisp for his work on the vibration of

L the old wire system, Jim ZagahdBrian Chase for their
o (mm) Upstream experiencewith the old system and suggestions, and
1.25- Shoua MouaandBrian Fellenz for the technical support
100 Downstream 1 11 and hardware design.
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