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We arepreparinga new experimentalprogramat the DA� NE facility of LNF to measure
X-ray transitionsin kaonicdeuteriumandhelium. The hadronicshift andthe width of the
atomic groundstateare sensitive quantitiesfor studyingthe low energy antikaon-nucleon
interaction.Combinedwith theresultsfrom ourkaonichydrogenexperimentDEAR thiswill
allow to determinetheisospin-dependentscatteringlengths.Thenew kaon-triggerandfastX-
raydetectorswill provideasuppressionof backgroundof morethantwo ordersof magnitude,
andthusallow to measurekaonicdeuteriumX-raysfor the�rst time ever.

PACS: 36.10.-k,13.75.Jz,32.30.Rj,29.40.Wk

1 Intr oduction

In the SIDDHARTA project (Silicon Drift Detectorsfor HadronicAtom Researchby Timing
Application)a triggeredsoftX-ray detectionsystemis beingdeveloped.Thekaonicatomexper-
iments[1] requireto do high resolutionX-ray spectroscopy in the radiationenvironmentof an
accelerator, whichis achallengeto experimentaltechniques.In Fig.1 theprincipleof thesystem
is sketched.

A kaonicatomis formedwhena negative kaonentersa medium,loosesits kinetic energy
throughionizationandexcitationof theatomsandmoleculesandeventuallyis captured,replac-
ing theelectron,in anexcitedorbit (n ' 25). Via differentcascadeprocesses(Augertransitions,
Coulombdeexcitation,scattering)thekaonicatomdeexcitesto lowerstates.

Whena kaonreachesa low-n statewith small angularmomentum,stronginteractionwith
thenucleuscausesits absorption.Thestronginteractionis thereasonfor a shift in theenergies
of thelow-lying levelsfrom thepurelyelectromagneticvaluesandthe�nite lifetime of thestate
correspondsto an increasein the observed level width, seeFig. 2 for the situationin kaonic
deuterium.Kaonicheliumis moreeasyto measure,sincetheX-ray yield is higher[2].
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Fig. 1. Schemeof thetriggereddetectionsystemfor kaonicX-rays.

Fig. 2. Overview: X-ray transitionsandstronginteractionobservablesin kaonicdeuterium.

2 Silicon Drift detectors

Silicon Drift Detectors(SDDs)arebasedon the principle of sideward depletionintroducedby
GattiandRehak[3] in 1984. In anadvancedSDDdesignoptimizedfor X-ray spectroscopy (see
Fig. 3), the concentricring-shapedn+ strip systemfor the generationof the drift �eld aswell
asthecollectinganodein their centerareplacedon onesideof thestructure,while theopposite
surfaceis a non-structuredp+ junction actingas the radiationentrancewindow. Thereis no
�eld-free region in the device. That meansthe whole volumeis sensitive to the absorptionof
ionizingradiation.Eachelectrongeneratedin thisvolumehasto fall down to thepointof lowest
potentialenergy, which is theanodein thecenterof thefront side.Thesmallvalueof theanode
capacitance(which is almostindependentof thedetectorarea)resultsin a largeamplitudeand
a shortrise time of theoutputsignal. Comparedto conventionalphotodiodestheSDDscanbe
operatedat highercountingratesandof yield a muchbetterenergy resolution.
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Fig. 3. Schemeof a SiliconDrift Detectorwith circulargeometry.

SDDscombinea largesensitive areawith a smallvalueof outputcapacitanceandarethere-
forewell suitedfor highresolution,highcountrateX-ray spectroscopy asrequiredin thekaonic
atomexperimentalprogramat LNFrascati. The SDDsto be usedin theseexperimentshave a
nearquadraticstructure(seeFig. 4) with an active areaof 1 cm2 anda thicknessof 450 � m.
Threeof thesestructuresareintegratedononechip, two chipsmakeupaSDDdetectorelement.
Firstprototypeswith smallerareaweretestedandshow anexcellentenergy resolutiondueto the
low leakagecurrentlevel obtainedby there�ned processingtechnology. This makesit possible
to operateSDDsevenat roomtemperatureor with moderatecooling.Thetiming resolutionwill
bearound500nsFWHM.

SIDDHARTA is a JointResearchActivity within theI3 HadronPhysicsproject(6th frame-

Fig. 4. Chip layout for SIDDAHRTA, developedat PNSensorandMPE.SDD layout - readoutside. Left:
cell center. Right: cell edge.
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Fig. 5. Cell design.Triggerscintillatorsomitted

workprogramof theEuropeanUnion). It is carriedoutin cooperationwith LNF, MPI, PNSensor,
PolitecnicoMilan andIFIN-HH (Bucarest).

3 Monte Carlo Simulation

TheGEANT MonteCarlosimulationusesthefollowing geometry:theexistingbeampipewith
a radiusof 4.5 cm, the kaon triggers(two groupsof 1.5 mm plastic scintillatorsstripes)are
modelledat5.5cmdistancefrom thebeamaxis.Thekaonmomentumvariationdueto thelateral
boostoriginatedby the beamcrossingangleof 15 mradis compensatedby shapeddegraders.
Two gastarget cells andtheir insolationvacuumvesselsareplacedat 180 degreesin back-to-
backgeometry. Thecellshave a radiusof 6 cm, theentrancewindow is at 7 cm from thebeam
interactionpoint. Thecylindrical X-ray exit window (75� m kapton)is supportedby ahexagonal
�ber grid structure,theSDD modulesareplacedat 6.7 cm from thecenteraxisof thegascell,
they have in total200cm2 of activearea.Figure5 showsthedesign.

The modelfor beambackgroundcontains510MeV e+ ande� which aremoving in small
angles(� 0.1 rad) alongthe beam. The spreadfrom the beamaxis is FWHM = 11 cm. This
'asynchroneous'backgroundhasno timecorrelationto bunchcrossing.

Additionally Babhascatteringis included:insteadof a � , a bunchcrossingcanproduce510
MeV back-to-backe+ ande� pairs.

Theoutlineof thesimulationis this: chooserates— start� s ande with statisticaltime tags
— track all secondaries,storedepositedenergies,storetime tags— for a fraction of stopped
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Fig. 6. Signalrateestimationandsignal-to-background

K � starta kaonicX-ray with an energy distributedasVoigt function with given width — add
”experimental”time— andenergyspreadto timetagsanddepositedenergies— handle'Pile-up'
events.

Thedata-aquisitiontriggerdemandedthatbothback-to-backscintilators-groupshaveadeposited-
energy signalabovethekaon-thresholdanda fasttime correlation(10ns).

In a following stepthestoredevent-dataareprocessedandtime correlationsbetweenSDDs
andscintillatorsarecalculated.Thisallows�nally to selectandhistogramSDDeventscoinciding
with triggerkaonswithin 1 � s. Therelevantnumbersderivedare: triggerspersecond,triggers
perproducedchargedkaon,stoppedK � in thegas,detectedkaonicX-rays,detectedkaonicX-
raysper trigger, detectedbackground.In Figs. 6 to 8 a compilationof Monte Carlo resultsis
given.
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Fig. 7. Simulationof theenergy signalof the triggerscintillators.Without usageof the fastback-to-back
coincidencethekaonsignalsitsona veryhigh background(”single” spectrum).

Fig. 8. Simulationof theenergy signalof theSDDs.Theriseof thespectrumabove 120keV corresponds
to theenergy MIPSdepositin 450� m Si. Theremainingbackgroundin the”coincidence”spectrumcomes
primarily from thedecayof thechargedkaons.
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4 Conclusions

Thedevelopmentof thenew SDD detectorsis in anadvancedstage.
Usingconservativeassumptionsfor theavailableluminosity, thesimulationof a kaonicdeu-

teriumexperimentshows: In a beamperiodof 30 dayswe canexpect 4000signaleventsat a
signalto backgroundratioof 1:1 - �t simulationsshow thatwith suchdatatheshift anwidth can
indeedbedeterminedto 15eV and35eV respectively.

Acknowledgement: Part of the work was supportedby the EuropeanUnion ”Transnational
accessto ResearchInfrastructure”(TARI) ContractNo. HPRI-CT-1999-00088

References

[1] J.Marton:ActaPhys.Slov. 55 (2005)69

[2] S.Baird etal.: Nucl. Phys.A 392(1983)297

[3] E. Gatti,P. Rehak:Nucl. Inst.andMeth.A 225(1984)608


