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Abstract

The luminosity of a collision region may lalculated if
one understandghe lattice parametersand measures the
beam intensities, théransverseand longitudinal emit-
tances,and the individual proton and antiproton beam
trajectories (space artome) through the collision region.
This paper explores an attempt to makés calculation
using beam instrumentatiaturing Run 1b of theTev-
atron. The instrumentationsed isbriefly described. The
calculations and their uncertaintiage compared téumi-
nositiescalculated independently bihe Collider Experi-
ments (CDF and DO).

1 INTRODUCTION

The primary focus ofcceleratoinstrumentation is on
diagnostics inorder toidentify problems in machine op-
erations. However this same instrumentation mayideel
to calculatethe luminosity of the collision regions as-
suming that one hadeowledge ofthe lattice. Run 1 of
the Tevatron Collider Prograandthe availability of on-
line analysis toolsprovidedthe opportunity to attempt
this measurement. Some initial uncertainggarding the
calculation of luminosity by the two Colliddbetectors
(CDF and DO at the Band DOcollision regionsrespec-
tively) provided the motivation.

1.1 Assumptions

The only assumption about the beam is that lpoth
ton andantiproton bunchesan bedescribed ashree di-
mensional gaussian distributions,
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where N is the bunclintensity,o (s),ay (s). o} are
the transverse and longitudinal bunch size§(s), y* (s),

are the closedhorizontal and vertical orbits, ¢ is the

cogging offset (collision offset withespect tos=0), and
X, Y, s andct arethe independentransverse, longitudinal
and time coordinates (in meters) of the bunch. Jupeer-

script © signifies the type beam (p for proton, a for antiq,

proton). Since the proton crossingssD definesct= 0,
¢” =0. The gaussian assumption is borne outnisas-

urements from our transversand longitudinal profile
monitors.

1.2 Luminosity

With this form of the beam distribution, the luminosity
(with units = (nt s )* ) may be written as
L= hv J’dx dy ds(2cdt) pP(x,y, s, ct)p?(x, y, s, —ct),
X,Y,S,ct
with h the rf harmonic numbeand v the rf frequency.
Integrating over, y, andct gives the longitudinal lu-
minosity profile,
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with I(s) having dimensions of (f®)*. This quantity
needs to besummed over the number of colliding
bunches.

The transverse beam sigemay be written as functions
of the latticeparametersB and D (dispersion), theneas-

ured values of emittances, (in rms and unnormalized
form), and fractional momentum spreAg/p,

o1 (0,80/p,9) = | B (e, +(Di(9) p/p)%. @

Usually the vertical dispersion is so small that it is
neglectedSince the collision point is in drift region

2
B(S) = Brin +(S_Sﬁmin) /Bmin '

andD(s) = D' (s—spmin) + Dmin  With D' the deriva-

tive of the dispersionAp/ p for a relativistic beam can be

related to the longitudinal beam size g by
Ap/p = \/2eV/ythEg sin(nva| ) 3)

whereV is the voltage of the rfy; isthetransition y, and

E, is the synchronous enetrgy

Since the transverse beamonitors are (usually) not
catedwithin the collision region, it isnecessary to
know the lattice well enough tealculatethe ratio of

« Bmin ! Bmonitor in order touse themeasuredounch
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sizes. In addition the location @y, as well as thalis-

persion must be determined.

In order to minimize thdeam-beantune shift in Run
1, electrostatic separatongereinstalled in the Tevatron.
These separatogive rise toseparatedhelical orbits for
the protonandantiproton beams. Another set electro-
static separatormsearthe collision regionare adjusted to
bring the beams into collisioance low beta ifchieved.
If this adjustment is incorrect, the trajectories of phe-
ton and antiproton closed orbits in the collisionregion
may not coincide and thus should beneasured. Irthis
region, theclosedorbits are simply x(s)=m, s +b,, and

level (the rms beam sizearied from 2-3 nsduring a
store).

2.2 Flying Wires and Sync Lite - transversg.

The Flying Wre System|[3] is composed of Flying
Wires, all controlled by the samefront-end through a
VME interface (forthe loss monitodata) and a&ommer-
cial (nuLogid1) NuBugJ plug-in for theclosedloop mo-
tion control. The wiresare 30 micron diameter carbon
filament which are “flown” through the beam speeds of
5 m/s. The losses, primarily pionatedetected 1 m up-
stream (antiprotonsand downstream(protons) by two

y(s)=m, s +b, ,with different slopes and offsets for protonloss monitors (plastic scintillators). The loss profiles as a

and antiproton beams.

2 INSTRUMENTATION
The measurements described in this paper all piate

function of wire positionarefitted to a gaussian profile
with a slopingbackgroundusing anon-linearLevenberg-
Marquardt algorithm [4]. There are two horizon&ying
Wires, and one vertical. The two horizontal wiezs used

at theend of Run 1B (1994-1996).The instrumentationt0 measurdoth ey and Ap/p by solving Eq. 2 for the

platform in each of the following cases wasammercial
Apple Macintoshl computer running Nationalnstru-
ments’ LabVIEW] which was interfaced [1] to thaccel-

two unknowns. Since the vertical dispersion is negligible
and weignore any coupling effects, the singlertical
wire suffices forsy. During a store, the Flying Wés are

erator Divisions Control System ACNET via Token Ringq,wn every 30minutes. Theerror in the Flying Wire

or Ethernet. This front-end platforand software gave us
a powerful data acquisition/analysis tool whiclallowed
on-line analysis of copious amounts ddta. The sum-
mary resultswerethen available to ACNET. Iraddition
another software interface TCPort allowed the freamd to
request datérom any ACNET device in the accelerator.
This lastfeaturewas used bythe anotherfront-end (the
“Luminometer”) to acquirethe measured datfrom the
other front-ends and maltee luminosity calculations for
eachbunchandcollision region. This waslone by nu-
merically integratingequation {) over the variable “s”.
The updatetimes (for 12 differentcollisions) was typi-

measurement
uncertainties.
The Synchrotron Light Monitor (Sync Lite) [Sjon-
sists of two optical telescopes (one prosmone anti-
proton) which image the beam using the synchrotron
light (at 400 nm) which igproducedfrom the upstream
edge of an upstream dipole(protoasid downstreanmedge
of a downstream dipoléantiproton). Each telescope is
equippedwith a high-speed gated-Intensifier coupled to a
CIDTecH1 CID camera. The cameras are multiplexetd
a single Nubus framegrabberThe analysissequences
througheachproton and antiproton bunch with @om-

is 5% in emittance, ignoring the lattice

cally less than a few seconds and primarily was limited bé/lete cycle taking less than 12 seconds. Thermal”

the update times of the actual instrumentation.
The following sectiongprovide brief details othe In-
strumentation Front-Ends.

2.1 SBD - Beam Intensities aog.

analysis consists of a pixel by pixel gain normalization
and then the projection of the two dimensional imeage
horizontaland vertical profiles, These profileare fitted
with a similar algorithm as mentioned above. Sitiere
is only one horizontal profile, it is impossible tofold

The Sample Bunch Display (SBD) [2] is composed of &, and Ap/p. Howeverthe SBD bunch lengtitan be

front-end interfaced via GPIB to a Tektronix620 Oscil-
loscope. The oscilloscope wasnnected to &igh band-

width (3kHz to 6GHz) wall current monitor. The front end

sequenced the oscilloscope through each indivigrabn
andantiproton bunch, calculating the intensigentroid,

andrms of the central bunch as well as any satellit

used as irEq.3 to calculateAp/p andthus &y can be
unfolded fromoy .

During this measurement , thidying Wires and the
Sync Lite measurementgere consistent witheach other
at the 5% level.

bunches (up te5 rf buckets away). The system of oscil-2.3 CPM -¢ and closed orbit trajectories.

loscope, cabling, and wall current monitwere character-

izeda priori to better than 1% absolute intensity. During A Collision Point Monitor (CPM)[6] is located at the
the a store the total summed intensity of all bueches BO and DOCollision regions.Each systemincludes the
could be compared to BRCCT monitor, whichhad been standard front end interfaced taraktronixd 520 Oscillo-
calibrated to better than 1% by a current source. The t#§OPe- The two channels of the oscilloscape connected
results agreed within the 1% error margin. The oaisu- through a multiplexer to two pairs (horizongald verti-
lation precision was limited by the samplingte of the Cal) Beam Position Monitors (BPM's). These BRidirs
scope (2Gsa/s), but was estimated to be accurate at the & located orthe drift regionend of the low betaquad-
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rupoles, one pair on the upstream side, the other on thkis gives rise to a stefeature whenever freshlying
downstream side. The function of the system igdlou- Wire databecameavailable. This will bechanged in a
late straight line beam trajectori@se ignore beam-beam future version which will weight the Flying Mé data as
steering) through the collision region. Wiave shorted a function of elapsed time.
the downstreanend ofthe Upstream plateéand shorted

the upstreanend ofthe Downstream plates) iarder to L(e30)

force the raw proton and antiproton BPM plate signals 4- CDF Calc *
through the same analysis path (the two platesach .
BPM arefed into the two scope channels). The analysi 5_ DO Calc

involves a digital rectification of the BPM signals, anc DO Detector
the calculation of proton and antiproton trajectories. Sinc -t
according toEq.1 weareonly interested inthe difference 2~ ‘*MN
betweenthe protonand antiproton orbits, the absolute
systematics should tend to cancel. Unfortunately, the sy 1-
tem suffered from protofeed-throughinto the antiproton
signal, thus spoiling the calculation. We planadd an
active feedthrough subtraction in a future update. o-— I I I
In addition the proton and antiproton doublet signals a 0 2000 4000 GOOOTimeB ?80
captured on asingle oscilloscoperace for each BPM
plate. By determining theero crossing point foreach Figure: Operation of Luminometer. The uppgaces are
beam and subtracting, we can calculate the cogging offsétosecalculated bythe on-line program “Luminometer”.
The result of this calculation was a measurement of thie lower trace is the DDetectorLuminosity . See text
offset to better than 1.5 cm (50 ps). for more details.

3 RESULTS 4 CONCLUSIONS

The program “Luminometer” was written @quire the ~ The results from the Luminometer show muebrk
instrumentation datavery 20 seconds. In additionrgad remains to be done, if we are to achieve the goaheds-
out the luminositiexcalculated bythe Colliderdetectors uring luminosity with acceleratorinstrumentation. We
from their luminosity monitors. Since the CPM positionhope to improve theoftwarealgorithms (CPM)and ac-
data was suspect, it was (arbitrarily) assunted we had tual hardware(Flying Wires and Sync Lite) to give us
head-oncollisions, but the cogging offsep wasused. more confidence in the results. Finally we needpend a

The Flying Wire data werecombinedwith the Sync Lite Major effort on the attempt to @asurethe lattice, espe-
data andhe SBD bunch length to obtain thmansverse cially to correlatebeam sizes from the measuring instru-
beam sizes. The lattice parametesethose whichwere ~MENts t0 the collision regions. We may install a test Fly-
considered ashe best estimates (10%). The results ard Wire system in a collision region (before ithetectors
shown in the Figure. This particular store was a @€ installed in Run 2) iorder to corparethe beamsize
(proton) on 1 (antiproton) store. Productiminosity there and that measured simultaneously at the ndfiyal

begins at the rise of the DO Detector plot. Thizere the "9 Wire and Sync Lite locations.
beam haslreadybeen taken to low betand scraped in
order to lower the detector background. g@gramming REFERENCES
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