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Abstract

The possibility of measuring? — 7%/ transitionsat
avery high luminosity ¢-factoryis discussedTwo differ-
ent machinedesignsaretakeninto consideration.ln both
options,this requiresexceptionallyhigh luminosities,and
anextremelyhermeticphotondetector

INTRODUCTION

The obsenation of K¢ — 77 decaysand the mea-
surementof the relative branchingratio is the mostrele-
vant goal for kaon physicsin this decade. Actually, the
rateof thesetransitionsis extremelywell calculablein the
framework of the StandardViodel; thereforeits measure-
mentwould be a stringenttestof the latter anda possible
signal of the presenceof new physics[1. Unfortunately
the experimentalchallangeis tremendousbecausef the
smallnesof the expectedbranchingratio, O(10~11), and
the faintnes=of the signal, which consistsof two photons
andnothingelse.For theabosereasonssinceseveralyears
already mary groupsall overtheworld have startedarele-
vantexperimentakffort to addressheproblem asreported
in this Workshopby severalauthors[2[3].

In the presentpaperl will discussthe possibility to ob-
senetheK} — 7w decayatahighluminosity ¢-factory

K9 — 7% w AT A ¢-FACTORY: WHY?

There are several good reasonsfor which a ¢-factory
can be consideredas the besttool to perform such an
experiment[4. First, K° mesonsare tagged since they
are producedin correlatedk ¢ -K$ pairs. Second by re-
constructingthe K¢ decaykinematics,onecandetermine
momentumanddirectionof the K9, thatis a powerful in-
strumentfor backgroundrejection. Third, a ¢-factoryis
naturallyfree of thecontaminatiorof neutralhadronsack-
ground.

Ontheotherhand,the performancef theacceleratoin
termsof deliveredluminosityneedto beexceptional:atthe
¢ resonancey 10° K9 -K pairsareproducedevery deliv-
eredpb~!. Thus,underthe assumptiorthatthe branching
ratio of our transitionis in the ballpark of 3 10~!!, one
couldhopeto produceafew dozensventsperyear, only if
theluminosityreachesherecordvalueof 10°° cm=2s~1.

Evenin this case however, thetotal detectionefficiency
cannotbe muchlower than~ 10%, which, aswe’ll seein
the following, is alsoa very difficult taskfor the experi-
mentalist.

*fabio.bossi@Inf.infn.it

In the following, | will take into consideratiortwo ex-
tremelydifferentmachinedesigns.Thefirst one,the“con-
ventional” option, is similar to DA®NE [5], with beams
colliding at a small angleat (or very closeto) the ¢ reso-
nancepeak.The secondthe“forward” option,consistsof
two higherenegy beamssay1-1.5GeV eachcolliding at
an angleproperlytunedto obtaina centerof massenegy
equalto the ¢ mass.For instancethe crossinganglea, as
definedin figurel,is equalto ~60(40)degreesfor 1. (1.5)
GeV beams.

Due to the smallnessof the branchingratio of the de-
cay of interest,it is understoodhatthe main requirement
for thedetectoiis to maximisebackgroundejection,while
keepingthe efficiency for the signalat a reasonabldevel.
Of themary possiblebackgroundourceshemostdanger
ousoneis dueto K¢ — 797% decayswith two photons
lost. In thefollowing | will concentraten thisissueonly.

THE DETECTOR

Giventheabove considerationghekey requirementor
thedetectoris to be asmuchefficientandhermeticaspos-
sible,for photonsover awide rangeof enegies.

DetectorDimensions

Thedimension®f thedetectoraredeterminecy there-
questof maximisinggeometricacceptancevhile keeping
compleity andcoststo areasonabléevel. This translates
howeverinto two completelydifferentdetectordesignsde-
pendingonthekind of solution,eithercorventionalor for-
ward,choserfor themachine.

In the forward option, dueto momentumconsenration,
andaftercorvolutionwith the sin?(6) angulardistribution
in the ¢ restframe,oneseeghatkaonsareemittedwithin a
narronv conealongthe forwarddirection. For instancethe
beamprofileatl m distancdromthei.p. for al GeV/beam
machinehasaradiusof ~12 cm; particlespopulatemostly
the sidesof this cone,a consequencef the sin?(6) distri-
bution in the ¢ referenceérame. K% mesonsdecaywithin
thefirst ~ 20cm, andcanbeusedto tagtheeventby thein-
sertionof aproperlydesignedietector After thefirst meter
or so,alargeandhermeticdetectorfor K} decayscanthus
beinserted.

The previousidea,is schematicallyexplainedby figure
1. The dimensionsshavn in the figure correspondo a
calorimetricsurface(which determineghe costof the de-
tector, to first approximation)of ~ 80 m?, andto a geo-
metrical acceptancdor K9 decaysof ~23%. A simple
Monte Carlosimulationsshowvs that,undertheassumption
thattherearenodeadzonedor photongproducednsidethe
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Figurel: A schemdor the“forward’ detector

decayregion otherthanthe beamhole, the probability for
loosingtwo photonsrom K9 — #%7z° decayss ~107.

In the corventionaloption one hasto build a standard
47 detectoraroundtheinteractionpoint, closelyfollowing
the designof KLOE [6]. Onecanalsoassumea detector
with similar shapeanddimensiongi.e. acylinder of ~ 2
m radius,~ 4 m length, to first approximation),a choice
which hasbeenalreadyprovento bebothefficientandcost
effective.
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Figure2: A schemdor the“conventional’detector

It hasto beunderlinecheretherelevanceof having anef-
fective designof theinteractionregion. In orderto achieve
very high luminosities,the low-5 quadrupoleave to be
placedvery closeto theinteractionpoint, ~20 cm on each
side. Sincethe K9 decayproductsare emittedalmostin
all directions,someactive coverageof thequadrupolehas
to be conceved, asfor the KLOE QCALs. Thereremains
howeverasmallregionunistrumentedor photondetection,
dueto theneedof insertingatrackingdevice arouncthei.p.
to tagthe eventthroughKY% — 77~ decays.Theactual

sizeof thisregionis determinedy thebalancebetweerthe
needof maximisingphotondetectiorefficiency andthatof
maximisingthe eventtaggingefficiency.

A sketchydrawing of the detectoyis shown in figure 2,
correspondindo a total calorimetericsurfaceof ~ 80 m?,
andageometricabcceptancef ~30%.

Unfortunately in this case,backward emitted photons
canbelost dueto interactionson the beampipe or on the
taggingdetectomaterial.In theabose schemetheamount
of eventswith two photondostcanbekeptatthesamdevel
of the oneseenfor the forward option,only at the price of
considerablyeducinghegeometricahcceptancéo about
~15%) for the decays.This becausehe fartherto thei.p.
thedecayoccursthesmalleris theanglethroughwhichthe
deadzoneis seenby theemittedphotons.

It hasto be underlinedthe factthatwhile in the forward
detectorthe amountof lost photonsdependonly on ge-
ometry in the othercaseit is very muchdependenon the
choiceof the techinqueand consequentlypf the materials
usedfor thetaggingdetector
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Figure 3: Parameterizatiorf the photondetectionineffi-
cieng asafunctionof enegy usedin the preseniwork.

The above considerationsre valid only in the limit of
infinite photondetectionefficieny. This is never the case,
however. An ohbviousadvantageof the high enegy option
is thatphotondetectionnefficiengy is highestfor loweren-
ergy photons.Sincephotondetectionis akey issuefor this
search,detailedstudieson several techinquesand on the
relatedefficienciescan be found in the literature. In the
presentpaperi will not make ary assumptioraboutthe
techniqueto be usedfor neitherof the two detectors put
ratherassumeéor both a responsdo photonsasshown in
figure3, whichis similarto theoneassumedor theKOPIO
detecto7].

By corvolving this distribution with the spectrunof the
photonsfrom 27° decaysoneobtaineghe probability for



loosingtwo photonsto be ~10~? in bothdetectoroptions!
Thisis about2 orderof magnitudetoo low to obtaina S/B
ratio of ~1, thatis whatK OPlOclaimsto be ableto obtain
atthislevel of eventselection.

However, sincemostof thelost photonsareby construc-
tion low enegy ones,somecut on the total enegy of the
eventcanhelpin discriminatingbackgroundrom signal,at
the price of loosingsomeof thelatter Obviously, hereen-
ergy resolutioncomesinto play. However, evenassuming
infinite enepgy resolution,in the caseof the corventional
detector one canrejectall backgroundeventsonly by re-
ducingthe total efficiency for the signaldown to ~6%, a
simple consequencef the decaykinematics. A similar
conclusioncanbe drawn for the forward detector There-
foreit is photondetectiorefiiciency(morethanenengy res-
olution) thatremainsthe key issuefor suchan experiment
to besuccessfulwhicheveroptionis chosen.

Tagging Device

As mentionedbefore,onekey advantageof a ¢-factory
comesfrom the fact that one can determinea priori the
presenceof a K9 by the obsenation of the decayof the
accompaying K¢ into two pions. The KLOE experience
confirmsthe naive expectationthat a goodtaggingcanbe
provided only by the decayinto two chagedpions,with a
reasonableeconstructiorof the decaykinematics. In the
corventionaloption, this canbe provided by a goodtrack-
ing systemaroundtheP, andasolenoidafield of moderate
intensity This is essentiallythe KLOE choice,which has
beenprovento be effective androbust. The dravback of
this option,asseerbefore,is thatthetaggingdevice cannot
bekeptcompletelyseparatdrom theK9 decayproducts.

In theforwardoption,anevenmorerefinedsolutionhas
to beervisaged Herethe problemcomesrom thefactthat
the pionsfrom K% decaysareemittedin arelatively nar
row region almostparallelto the direction of the beams.
As aconsequencef this, onecannotthink to measureeas-
ily themomentunof the pionsby a magneticspectrometer
without alsointerferingwith thebeamsClearly, onecould
think to modelthe shapeandintensityof themagnetidield
in theregion of interest. However, at present cannotsee
ary easysolutionto this problem.

DAQ, Trigger andrelated

Whichever would be the detectordesign,it is clearthat
triggering and DAQ issueswill be a challange. At a lu-
minosity of 10°®> cm—2s~! the ¢ productionrate is 300
kHz. Bhabhadiffusionwould contribute anadditionalbur-
denwhich strongly dependson the event acceptancebut
very unlikely canbebelov 1 MHz.

Onehasalsoto take careof machinebackground High
luminositywould imply high currentsandmostlik ely very
shortlifetimes(i.e. very high fluxesof particleslost by the
beams).This caneasilykill themeasuremeninlessawise
schemeof shieldingsis foreseen. The forward designis

probablyfavouredunderthis respectsincethe K9 decay
regionis relatively far from the interactionregion.
However, thereis no a priori solutionto the two above
mentionedproblemsin neitherof the options. Thus, the
detectorhasto bedesignedalsoto copewith them.

CONCLUSIONS

The huntfor K9 — 7% is openedall over the world.
This is a very difficult measuremenivhichever tecnique
onethinksto use We have seenthatthe useof kaonspro-
ducedin ¢ decayshasmary naturaladvantagesn termsof
backgroundsuppressionWe have alsoseenhowever, that
giventhe presenknow-how aboutacceleratorsinddetec-
torsit is mostlikely a dreamthatcannotbecomereality in
ashorttimerange.But...?
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