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Abstract. DA®NE, the Frascatid-factory, is an &e~ collider with 2 interactionpoints
(IPs). The center of mass energy is 1020 MeV andiéisignluminosity 4.2x 1030 cnr2 s71
in single bunchmodeand 5x 1032 cnt2 s1 in multibunch modeBetweenthe possible
electromagnetic reactions at the interaction point, single bremsstrahlungngdSBeerselected
for the luminosity measurement. The SB high countirgge allows real-timemonitoring,
which is very useful during machine tune-aipd moreoverthe narrow peak othe SBangular
distribution makes the countimgte almostindependenfrom the beanposition at the IP. A
description of the experimentakt-up, calibration resultand luminosity measurements is
presented.

INTRODUCTION

DA®NE, the ®-factory under commissioning at Frasddt), is an &/e- collider
with the center ofmass energyuned t01020 MeV for the production of® mesons.
Two interaction regions allow two simultaneous experiments. One of these in particular,
the detector KLOE (2), will stadata acquisition at thend of this summer and will in-
vestigate the CP violation in tikg meson decay. High luminosity is needed to measure
this rare event witlgood accuracy. DRNE hasbeen designed to obtainnaaximum
luminosity of 5x 132cm2s-1. The design strategy used to achieve this performance is
to store up to 5 A in 120 bunchesdachring. This multibunch, high-current approach
allows one tomaintain thesingle bunch luminosityalue to 4.2x 1030 cmr2 s-1,
permitting a relaxation of the requirements on related machine parameters. At the present
time, the single-bunch luminosity commissioning is nearing completion.



Several luminosity measurement methodspargsible inlepton colliders. Most of
them use electromagnetic reactions at the interagtiorts (IPs)with well known theo-
retical cross sections. The most commonly used are:

Single bremsstrahlung (SB) (3):
e +e e +te +y 1)
Double bremsstrahlung (DB) (4):
e +e e +e +2y 2)
Small-angle Bhabha scattering (SAS):
e +e - e +e ©)

Reaction (1) can be monitored by measuring the numbergsfotonsemitted in the
direction of one of the collidindbeams.The counting rate is typicallwery high,
allowing one to perform ‘on-line’ luminosity measurements. Moredheryery sharp
SB angular distribution significantly simplifies the geometry of the monitor at the
interaction region and makes the measurement weakly dependent jpositien and
angle of the two beams at the IP. On the olfzerd,the measurememust be carefully
extractedfrom the background, which isnainly due togas bremsstrahlunGGB), the
interaction of thestored beam particleswith the residualgas moleculesThe GB
counting rate depends linearly on the distance between the IP gnalétector;for this
reasonthe SB method is notised forlarge high-energy machines with very long
interaction regions.

In reaction (2), twagy photons are emitted simultaneously, one in the direction of the
€ beam and the other in the direction of #ie The counting rate is much smaller than
in the SB case and the angular distributiorbrisader. Fronthe background point of
view, GB contribution can be easily removed by measuring coincidencehary
detectors Accidentalcounts of simultaneous emission of two SB or GB photons must
be removed on a statistical basis by the delayed-coincidence technique.

In reaction (3), the background subtraction can be performed in affiergnt way,
but the counting rate is the lowest and the dependence ofabgsection on scattering
angle is strong.

For the DADPNE luminosity monitor the SB technique has been selected bay$he
tem layout also permitshe possibility of DB luminosity measuremer{&. Complete
information on the SB luminosity measurement technique cdaumel in Ref.(6); in
the final part of this introduction only the relevant features of the method are described.

The SBy photonsare collected by proportional counter situated near tie The
integral of the signal cominffom this detector is proportional tihve energy of the
y photon. Anenergy analysis and counting system (Figlxecounts and makes the
energy spectrum of all the signals havingaamplitude greater than a tunalieeshold,
fixed by a discriminator. The typical system also all@escidence measurements with
a selected rbucket, veryhelpful for background subtraction, @&xplainedlater, and
anticoincidence measurementscofints generated by charged particles suoitillator
plate placed irfront of the proportionalcounter. Thislast featureallows one tofilter
undesired counts due to loseam particles, pairs produced hiphe electromagnetic
showers generated lyybeam particles hitting the vacuum chamber, etc.
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FIGURE 1. SB Measurement Typical Diagram.

The y counting rate includelsoth SB and backgrourmhotons. After background
subtraction, agxplainedlater,the SB counting rateN, can be obtained anased for

calculating the luminosity value:
/EMAX
o”'EdQ
4)

where E,,, is the maximum energyja photoncanhave. (Fomelativistic particles it is
practically half the center-of-mass energy of bleam.) oy, is the SB theoreticaross
section,Q; is the solid angle viewed by thietector, as defined byallimator placed
in front of the proportional counter, arfel. is the minimumphoton energyaccepted by
the system.The value of E; is fixed by the discriminatothreshold voltagdevel. In

order toevaluateE,, a calibration procedure reecessary. This igerformed by using
the GB spectra obtainable by the eneagglysis system when only obeam isstored

in the machine. The comparison between the well knowrth@8retical spectrurahape
and the experimental one allovis to be evaluated.

EXPERIMENTAL SETUP

Interaction Region Layout

DA®NE is a ~100 m long collider wittwo independent vacuurchambersOnly at
the two interactionregions (IRs) dahe beams have a commahamber.Each IR,
whoselength is about 10 nhassplitter magnets at the extremgberethe beams are
horizontally separated into the different vacuanambersThe beams collide at the IP
with a horizontal angle tunable from 10 mrad to 15 mrad; standard operations are
performed with12.5 mrad. Figure 2 showshe splitter areand theposition of the
proportional counterThe layoutallows the placement ofwo detectors in each of the
IRs, but at the present time, only the one on the positron beam direction is installed.

The distance of the detectioom the IP is ~6 m. At the splittesutput, a 1.5 mm
thick aluminum window allows thg’ photons tccomeout of the vacuum chamber and
to enter the detector. Between the thin window and the proportionater, a 10-radia-
tion-length thick lead collimator with a 10 mm radiscular aperture isised to fix the
accepted solid angle within a conelo6 mrad semi-apertureentered on therossing
angle of12.5 mrad. Byintegrating the SRrosssection within this solichngle, it has
been determined that 70% of the $Bhotons are accepted.
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FIGURE 2. SB Luminosity Monitor layout at splitter area.

Special cardnasbeenused in shieldinghe monitor photomultiplierfrom the stray
magnetic fields from nearby machine magnets.

Proportional Counter

The DA®NE luminosity monitor proportional counter is a very fine-samplaagl-
scintillating fiber calorimeter with photomultiplier read-out. The sampling structure is the
same as the one used for the KLOE electromagnetic calorimeter (7).

The calorimetric module is built up by gluing 1 mm diameter blue scintilléitiegs
between thin-groovetbad plates,obtained bypassing 0.5 mnthick leadfoils through
rollers of a proper shape. The groovethatwo sides ofthe lead are displaced by one
half of the pitch so thaftibers are located at theorners of adjacentuasi-equilateral
triangles, resulting iroptimal uniformity of the finalstack. The groovesare just big
enough to insur¢hat the leadloes notapply directpressure orthe fibers. The blue-
green scintillatingfibers (Pol.Hi.Tech-46)provide high lightyield, short scintillation
decay time, and long attenuation length (8). The selected fiber pitclB®imm results
in a structure which has fiber:lead:glue volume ratio of 48:42:10 and a sampling
fraction of ~15% for aninimum ionizingparticle. The final compositeas a density of
~5g/cn® and a radiation length of1.6 cm. It is self-supportingnd can be easily
machined.The resulting structure iguasi-homogeneous and has higfficiency for
low-energy photons.

This kind of samplingcalorimeterhas been extensively teste(®) and has an
excellent linearityand energy resolution fdully containede.m. showersnduced by
photons, given by:

o, A4.4%

E  \Eow (5)




Each of the luminosity monitor calorimeters has a squared face (Z22mn#) and
is 184 mm long, corresponding to a llr&diation length. Fibersare vertically
positioned and are read on aside by twoplastic lightguides,each covering half the
width (61 mm), but the whole length.Each light guide is equippedith a 2-inch
photomulti-plier tube (EMI 9814B).

Energy Analysis and Counting System

Each of thdRs has acompletely independent energpalysis and counting system
(EACS). Figure 3 shows a diagram of this system.
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FIGURE 3. Energy Analysis and Counting System diagram.

The signals coming from the two proportiocaluinter photomultipliers are summed
at the EACSront end and then split into an analdgannelfor pulseintegral analyses
and into a logic channel for pulse counting and for shaping the system gates.

The charge integrating ADC needs a relatively long gate pulse, 120 ns FW&H.
of the gate duration is needed for setting up the electronics. With such thgatde of
accidental counts gives a non-negligible contribution tcether inthe energy spectrum
acquisition. The 20 ns window ttie linear gateipstream thé\DC reduces thieffect
by a factor of six.

The EACSfront enddynamic range accepts photomultiplulses withvoltages
down to —2.5 V,without saturating.The attenuatodownstream ofthe linear gate
permits matching the dynamic range of &iC to this signalrange. Figure 4 shows a
linearity measurement of the EACS.
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FIGURE 4. Energy Analysis System linearity.



The logic channel allows coincidence measurementstwithdifferent rf buckets, a
feature used in one of thmackground subtractioschemesThe photomultiplier output
pulse length at the pedestal is about 17 ns. In ordeertait complete integration of the
pulse, the linear gate ENABLE signal has been set with a duration of 20 ns FWHM. The
distance betweetwo contiguous buckets B.7 ns.This meanghat in measuring the
coincidence with two different rf buckets, special attention must be paid to selecting and
filling the two buckets at least 20 ns distant from each other.

The luminosity measurement in the multibunch maoudest be performed without
any coincidence witthe rf. The 20 ns photomultipligoulse lengtHimits the counting
system bandwidth to 50 MHz. Ahe maximumluminosity, 5x 1032 cm2 s-1, the
expected SB counting rate, with a threshold set to 0.7 times the beam enerlyiiizs 4
while the backgroundrate is one order of magnitudéower. In this situation an
underestimation of the counting rate of about 8%xigected. In order to improve this
figure, photomultipliers with shorter output pulses must be used.

The two EACS are fully integrated in the BAE controlsystem.The components
in Figure 3 labeled with “VME” are remotely controlled. The idvwer supplies for the
proportional counter photomultipliers are programmaléE boards. It istherefore
possible to switch off one of the photomultipliers and perform the energy analysis of the
signals coming from the other under computer control.

Background Subtraction Schemes

In the DADNE luminosity monitor, two background subtraction methads be
used: single countingchannel pedestal subtractiofBCPS) and missing bunch
background subtraction (MBBS).

The formeruses asingle counting channel of the EAG6Sr getting the different
counting ratesvhen the two beams at the IP are in collision eeparated. First the
beams are separated and the background counting rate is recorded; therwitie the
beams again in collision is measured. The difference between these two values gives the
SB counting ratehat, whendivided by the SB integratedross section, gives the
luminosity value. The D®NE IR has a lowvertical beta configuration; th@imensions
of the beam at the IP, at 1% coupling, areu@®rms and 2 mm rms itine vertical and
horizontal planes respectively. This geometry makes the horizontal separation of the two
beamsmpracticaland longitudinal separation usable only with viemy stored-current
values. On the contrary, in the vertical plane, where bumps as higihsagmascan be
obtained, the separation of the beams at the IP can be performed efficiently. Because of
the finite lifetime of thebeams the backgroundevel must be periodically measured in
order tomaintainerrors within anacceptablerange. The SCPS method also allows
luminosity measurements in the multibunch mode.

The MBBS method uses the following configuration. A single bunahjgsted and
stored into the electron beam. Two bunches are injected into the positron ring, one in the
bucket colliding withthe storedelectronbunch andthe other, usually with amaller
current, in abucket not incollision. Assuminghat theresidual gas pressure does not
change between thpassage ofthe two positron beams and assuminthat the
background is due to the GB contribution only, it is possible to write:

Nc = N83+aGB|g (6)

Nye = 8eslne (7)



where N. and N,. are the counting rateslative to the collidingand noncolliding
bunches respectivelyiNg is the counting ratelue to SBphotons, a,; is the GB

coefficient andl; and I are thecurrents ofthe colliding and noncollidingpositron
bunches. It is straightforward to derive from expressions (6) and (7) the relation:

. ) | * .
NSB:NC_ITCNNC

NC (8)

By usingformula (8) and knowinghe current ratio of th@ositron bunches, it is
possible to measutbe SB counting rate independently of other maclpamameters.
Special attentiormust be paid in checkinthat thebackground contribution is being
dominated by the GBerm. For example, ithe lifetime ofone of the beams ishort,
then the e.m. showegenerated by the beam particles hitting the vacuum chamber will
give a significant contribution to the background. In this situation, formula (8) cannot be
applied. The MBBS method does not allows luminosity measurements in the multibunch
mode.

EXPERIMENTAL RESULTS
Gas Bremsstrahlung Threshold Calibration

The completedescription of this thresholdalibration method can b&ound in
Reference (6). The principle is tmalyze a measured GB spectrumusyng results of
the well known related theory. By multiplying the value of the spectrum at a channel by
the channel number and repeating this operation for all the channelgx tdependence
of the spectrum can be removed (seexample inFig. 5). Inthis modifiedspectrum,
some properties are enhanced. First of all, faalativistic beam,the maximum energy
that a GB photon can have is practically the energy of the stored beasharpaess of
this high energyimit of the GB spectrum ignitigated by the calorimeteesolution. In
the modified version of the spectrum, the channel relative tdirtliiscan be analytically
derived. The knowledge of this channel andhef one related to zeemergy,derivable
from the linear fit of the energy analysis systezsponse (seEigure 4), allows one to
calibrate the valuds; of the low-energy threshold fixed by the discriminatorthi@ case
of Figure 5, the high energy limit is 510 MeV at channel 14@,zero channel is 6, and
E; is 94 MeV at channel 25. The spectrum includes 1.5 Msamples.

41045\\\\ T 17T T T 7T \\\\E 1-21067\\\\ T 17 \\\\‘\\\\7
N E _ | :
SWE '\ E %8105: ( ]
€ 210 | E S / - :
8 £ - 0 N
£ E 5 410° 3 ]
110E / E o C ) 3
N0 D e S 800 S U DU N
0 50 100 150 200 0 50 100 150 200

Channel Number Channel Number

FIGURE 5. Gas bremsstrahlung measured spectra: raw and modified.



The rms resolution othe EACS isl-2 channels out d56. The resolution of the
proportional counter at 510 MeV is about 6%; that correspondlse inase ofrigure 5,
to about 8.2 channels. Thus in this case the global rms resolution of the monitor is about
8.4 channels and it is dominated by the calorimeter term. The total width of the spectrum
is about150 channels; assuminigr a roughestimate astandard deviation ahe GB
modified spectrum of abo®7.5 channelg150/4), then the contribution to therror in
the threshold calibration can be estimated to be &éh&@b. Inthe measurement of the
Figure 5,the energywidth’ of a channel is3.75 MeV. This generates aadditional
indeterminacy on the threshold value of about 2%. Special care must be also taken in the
determination of the zero energpannel. Inthe case ofFigure 4 an error of 0.5
channels generates an indeterminacy of 2% orhtteshold.The statisticakrror on the
single channel counts must be kept lower than 1% so that the indeterminacynigithe
energylimit channel is negligible. This requires an average sampling per channel of at
least10* samples. The sampling rate of the EACS in the 256 channels s¢alekidz,
permitting the acquisition of a 2 Msamples spectrum in haliceam. By summing all
the contributions a total indeterminacy:@.5% of the threshold is obtainegknerating
an indeterminacy af5% on the SB integrated cross section and thus on the luminosity.
The above indeterminacy estimate has been done assuming thainthef both the
calorimeter photomultipliers are identical. The gain-equalipngcedure consists of
measuring the GB spectrum of the individual tube and in regulating the gaideinto
obtain the samdigh-energy threshold channel in bdtie photomultipliers. A bad
equalization degrades the calorimeter resolution.

Luminosity Measurements

In Figure 6, a set of luminosity measurements performedth&BCPSmethod are
shown. The typical accuracy i£15%, with a 10% contribution coming from the
thresholdcalibration due to théact that the calorimeter photomultipliergere notwell
equalized. Other contributions are background evaluation (4%) and statistical
fluctuations and accidental counts (1%). The measurements in Figure 6 were performed
with different values of the positron beam coupling.

At the presentime, luminosity measurements witie MBBS methodare affected
by largererrors. The mainreason isthat thenecessaryeal-time measurement of the
positron bunch current ratio has not yet been implemented.
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FIGURE 6. Example of luminosity measurements on ©®XE.
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