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We are preparinga new experimentalprogramat the DA NE facility of LNF to measure
X-ray transitionsin kaonicdeuteriumandhelium. The hadronicshift andthe width of the
atomic ground stateare sensitve quantitiesfor studyingthe low enegy antikaon-nucleon
interaction.Combinedwith theresultsfrom our kaonichydrogenexperimentDEAR this will
allow to determinegheisospin-dependestatteringengths.Thenew kaon-triggerandfastX-
ray detectorwill provide asuppressionf backgrounaf morethantwo ordersof magnitude,
andthusallow to measur&aonicdeuteriumX-raysfor the rst time ever.

PACS: 36.10.-k,13.75.Jz232.30.R},29.40.Wk

1 Intr oduction

In the SIDDHARTA project(Silicon Drift Detectorsfor HadronicAtom Researchy Timing
Application)atriggeredsoft X-ray detectiorsystemis beingdeveloped.The kaonicatomexper
iments[1] requireto do high resolutionX-ray spectroscopin the radiationervironmentof an
acceleratgmwhichis achallengeo experimentatechniquesin Fig. 1 theprinciple of thesystem
is sketched.

A kaonicatomis formedwhena negative kaon entersa medium,loosesits kinetic enegy
throughionizationandexcitation of theatomsandmoleculesandeventuallyis capturedreplac-
ing theelectron,jn anexcitedorbit (n ' 25). Via differentcascad@rocessegAugertransitions,
Coulombdeexcitation, scatteringthe kaonicatomdeexcitesto lower states.

Whena kaonreachesa low-n statewith small angularmomentum stronginteractionwith
the nucleuscausests absorption.The stronginteractionis the reasorfor a shift in the enegies
of thelow-lying levelsfrom the purely electromagnetizaluesandthe nite lifetime of thestate
corresponddo an increasein the obsered level width, seeFig. 2 for the situationin kaonic
deuterium.Kaonicheliumis moreeasyto measuresincethe X-ray yield is higher[2].

0323-0465/05 c Instituteof Physics SAS, Bratislava, Slovakia 7



8 M. Camgnellietal.
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Fig. 1. Schemeof thetriggereddetectionsystemfor kaonicX-rays.
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Fig. 2. Overview: X-ray transitionsandstronginteractionobsenablesin kaonicdeuterium.

2 Silicon Drift detectors

Silicon Drift Detectorg(SDDs)arebasedon the principle of sidevard depletionintroducedby
GattiandRehal{3] in 1984. In anadvancedSDD designoptimizedfor X-ray spectroscop(see
Fig. 3), the concentricring-shapech+ strip systemfor the generatiorof the drift eld aswell
asthe collectinganodein their centerareplacedon onesideof the structure while the opposite
surfaceis a non-structure+ junction acting as the radiationentrancewindow. Thereis no
eld-free region in the device. That meansthe whole volumeis sensitve to the absorptionof
ionizing radiation.Eachelectrongeneratedh this volumehasto fall down to the point of lowest
potentialenegy, whichis theanodein the centerof thefront side. The smallvalueof theanode
capacitancéwhich is almostindependenbf the detectorarea)resultsin a large amplitudeand
a shortrise time of the outputsignal. Comparedo conventionalphotodiodeghe SDDscanbe
operatedt highercountingratesandof yield amuchbetterenegy resolution.
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Fig. 3. Schemeof a Silicon Drift Detectorwith circulargeometry

SDDscombinea large sensitie areawith a smallvalueof outputcapacitancendarethere-
fore well suitedfor highresolution high countrateX-ray spectroscopasrequiredin thekaonic
atomexperimentalprogramat LNFrascati. The SDDsto be usedin theseexperimentshave a
nearquadraticstructure(seeFig. 4) with an active areaof 1 cn? anda thicknessof 450 m.
Threeof thesestructureareintegratedon onechip, two chipsmake up a SDD detectorelement.
Firstprototypeswith smallerareaweretestedandshov anexcellentenegy resolutiondueto the
low leakagecurrentlevel obtainedby there ned processingechnology This makesit possible
to operateSDDsevenat roomtemperatur@r with moderatecooling. Thetiming resolutionwill
bearound500ns FWHM.

SIDDHARTA is a JointResearctctivity within the I3 HadronPhysicsproject(6th frame-

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

work programof theEuropearUnion). It is carriedoutin cooperatiorwith LNF, MPI, PNSensar
PolitecnicoMilan andIFIN-HH (Bucarest).

3 Monte Carlo Simulation

The GEANT Monte Carlo simulationusesthe following geometry:the existing beampipe with
a radiusof 4.5 cm, the kaontriggers (two groupsof 1.5 mm plastic scintillators stripes)are
modelledat5.5cmdistancdrom thebeamaxis. Thekaonmomentunvariationdueto thelateral
boostoriginatedby the beamcrossingangleof 15 mradis compensatetty shapeddegraders.
Two gastarget cells andtheir insolationvacuumvesselsare placedat 180 degreesin back-to-
backgeometry The cellshave aradiusof 6 cm, the entrancevindow is at 7 cm from the beam
interactionpoint. Thecylindrical X-ray exit window (75 m kapton)is supportedy ahexagonal
ber grid structure the SDD modulesare placedat 6.7 cm from the centeraxis of the gascell,
they havein total 200cn? of active area.Figure5 shavs the design.

The modelfor beambackgrounccontains510 MeV €" ande which aremoving in small
angles( 0.1rad)alongthe beam. The spreadfrom the beamaxisis FWHM = 11 cm. This
‘asynchroneousbackgrounchasno time correlationto bunchcrossing.

Additionally Babhascatterings included:insteadof a , abunchcrossingcanproduce510
MeV back-to-bacle” ande pairs.

The outline of the simulationis this: chooserates— start s ande with statisticaltime tags
— track all secondariesstoredepositedenegies, storetime tags— for a fraction of stopped
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Fig. 6. Signalrateestimationandsignal-to-background

K starta kaonic X-ray with an enegy distributed as Voigt function with given width — add
"experimental'time — andenegy spreado timetagsanddepositecnegies— handlePile-up’
events.

Thedata-aquisitiotriggerdemandedthatbothback-to-baclscintilators-groupbave adeposited-
enegy signalabove the kaon-thresholdnda fasttime correlation(10ns).

In afollowing stepthe storedevent-dataare processe@ndtime correlationdetweenSDDs
andscintillatorsarecalculatedThisallows nally to selectandhistogramSDD eventscoinciding
with trigger kaonswithin 1 s. Therelevantnumbersderivedare: triggersper secondtriggers
perproducedchagedkaon,stopped in the gas,detecteckaonicX-rays,detecteckaonic X-
rayspertrigger, detectedbackground.In Figs. 6 to 8 a compilationof Monte Carlo resultsis
given.
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Fig. 7. Simulationof the enegy signalof thetrigger scintillators. Without usageof the fastback-to-back
coincidencehekaonsignalsits on a very high background”single” spectrum).
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Fig. 8. Simulationof the enegy signalof the SDDs. Therise of the spectrumabove 120keV corresponds
totheenegy MIPS depositin 450 m Si. Theremainingbackgroundn the"coincidence”spectruncomes
primarily from the decayof the chagedkaons.
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4 Conclusions

Thedevelopmenibf thenew SDD detectorss in anadwancedstage.

Usingconserative assumption$or the availableluminosity, the simulationof a kaonicdeu-
terium experimentshawvs: In a beamperiod of 30 dayswe canexpect 4000signaleventsat a
signalto backgroundatioof 1:1- t simulationsshow thatwith suchdatathe shift anwidth can
indeedbedeterminedo 15eV and35eV respectiely.

Acknowledgement: Part of the work was supportedby the EuropeanUnion "Transnational
accesso Researchinfrastructure’(TARI) ContractNo. HPRI-CTF1999-00088

References

[1] J.Marton: Acta Phys.Slov. 55 (2005)69
[2] S.Bairdetal.: Nucl. Phys.A 392(1983)297
[3] E.Gatti, P Rehak:Nucl. Inst.andMeth. A 225(1984)608



