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2258 B. Lauss et al.1. DEAR sienti� programThe DEAR (DA�NEExotiAtomResearh) experiment is based on thedetermination of the energy of X-rays emitted in the ground state asadetransitions of kaoni atoms [1℄.A kaoni atom is formed when a negative kaon enters a target, loses itskineti energy through ionization and exitation of the atoms and moleulesof the medium and eventually is aptured, replaing the eletron, in anexited orbit. Via di�erent asade proesses (Auger e�et, Coulomb de-exitation, sattering) the kaoni atom deexites to lower states.When a kaon reahes a low-n state with small angular momentum, stronginteration with the nuleus auses its absorption. This strong interationis the reason for a shift in the energies of the low-lying levels from purelyeletromagneti values, and the �nite lifetime of the state orresponds to aninrease in the observed level width. This view is skethed in �gure 1.
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Fig. 1. Shemati view of the level sheme of kaoni hydrogen indiating the K�,K� and K transitions, and the level shifts and widths, whih are only relevant forstates n � 2.For the DEAR experiment the kaoni hydrogen K� transition is of mainexperimental interest as it an be learly separated from the higher K tran-sitions.



The DEAR Experiment on DA�NE 2259The shift " and the width � of the 1s state of kaoni hydrogen arerelated in a fairly model-independent way to the real and imaginary part ofthe omplex s-wave sattering length, aK�p"+ i2� = 2�3�2aK�p = (412 eV fm�1) � aK�p ; (1)where � is the �ne struture onstant and � the redued mass of the system.This expression is known as the Deser�Trueman formula [2℄. A similar rela-tion applies to the ase of kaoni deuterium and the orresponding satteringlength, aK�d. "+ i2� = 2�3�2aK�d = (601 eV fm�1) � aK�d : (2)These simple relations are known to hold quite aurately for theseatoms [3℄, their orretion being smaller than 1%.The observable sattering lengths are related to the isospin satteringlengths a0 and a1 in the following wayaK�p = 12(a0 + a1) ; (3)aK�d = 12 � mN +mKmN +mK=2� (a0 + 3a1) + C : (4)In the ase of deuterium, the �rst term represents the lowest-order impulseapproximation in whih the kaon satters from eah �free� nuleon. Theseond term, C, ontains all higher-order ontributions, inluding three-body e�ets. In fat this seond term turns out to be even larger than the�rst term. Thus the extration of the two isospin sattering lengths requiresa sophistiated analysis.An aurate determination of the K�N isospin sattering lengths willplae strong onstraints on low energy K�N dynamis, whih in turn on-strains the SU(3) desription of hiral symmetry breaking [4℄. Cruial in-formation about the nature of hiral symmetry breaking, and to what ex-tent hiral symmetry must be broken, is provided by the alulation of themeson�nuleon sigma terms.A meson�nuleon sigma term is de�ned [5℄ as the nuleon expetationvalue of the equal-time (sigma) double ommutator of the hiral symme-try breaking part of the strong-interation Hamiltonian. The sigma termis therefore a quantity whih diretly gives the degree of hiral symmetrybreaking. Consequently, its relation to the sattering amplitude represents(taking all the kinematial variables for this proess going to zero) the or-responding low-energy theorem in the soft meson limit [5℄.



2260 B. Lauss et al.A phenomenologial proedure, whih implies dispersion relations andsuitable extrapolations, allows one to extrat the sigma term from measuredross setions [5℄. However, only estimates of theKN sigma terms (there aretwo, in orrespondene with the two isospin states of the KN system) existso far, due to poor K�N sattering data at low energies and to unertaintiesin the phenomenologial proedure.The sigma terms are also important inputs for the determination of thestrangeness ontent of the proton. The strangeness fration depends onboth kaon�nuleon and pion-nuleon sigma terms, but is more sensitive tothe kaon�nuleon sigma terms [6℄.2. The experimental statusThe sienti� program of DEAR will be developed in two stages: witha NTP target (nitrogen) and with a ryogeni target (hydrogen and deu-terium).The NTP target onsists of a pure nitrogen volume at room temperatureat 1 bar pressure. This setup, whih is presently installed in the DEARinteration region on DA�NE, was used to study the bakground situationthere. CCDs (Charge-Coupled Devies) [7, 8℄ are used for the detetionof X-rays in the energy range between 1 keV and 20 keV and are able toseparate these events from harged-partile hits. In a �rst stage the sys-temati bakground investigations inluded three di�erent beam situationswithout ollisions, where the e�ets of partile losses from the beams are wellknown (mainly Toushek e�et and beam-gas interation): only eletrons oronly positrons irulating, and both beams simultaneously irulating butvertially separated in the DEAR interation point (IP) [9�11℄. These mea-surements are well suitable to test Monte Carlo preditions for the DEARsetup [12, 13℄. All these measurements showed good agreement with the re-sults of the DEAR Monte Carlo simulations [9℄ for di�erent beam intensitiesand lifetimes.In Deember 1999 the �rst ollisions were ahieved in the DEAR IPand the harged kaons from �-deay were unambiguously observed withthe DEAR kaon monitor. This kaon monitor onsists of two sintillationounters plaed on opposite sides of the beam pipe at the DEAR IP [14℄.�-partiles deaying into K+K� pairs are expeted to give a oinidentsignal in both sintillators. With this detetor the �rst kaons ever wereobserved in the DEAR interation region [14℄. Figure 2 shows the obtainedtime spetrum. The start of the TDC was given by the oinidene signal ofthe kaon monitor, the stop by the bunh rossing signal. The time sequenewas inverted to redue the dead-time of the detetor, whih would be ausedby the muh higher rate of bunh rossings than oinidene ounts. Two



The DEAR Experiment on DA�NE 2261peaks an be learly separated, the bakground peak (e.g. Bhabha-satteredbeam partiles) and the peak of the harged kaons. The kaons take about1.3 ns longer to reah the detetor due to their large mass. Without ollisionsin the DEAR IP, of ourse, the kaon peak vanishes and only the bakgroundpeak is present.

Fig. 2. TDC spetrum of the DEAR kaon monitor showing the �rst kaons everobserved in the DEAR IP. Filled irles orrespond to data taken with ollidingbeams. The bakground peak and the kaon peak are separated by 1.3 ns due tothe longer time-of-�ight of the kaons. Without ollisions (open irles) the kaonpeak vanishes.Figure 3 shows the X-ray energy spetrum measured with the CCD de-tetors in the 2 days of ollisions. An overall integrated luminosity of ap-proximately 60 nb�1 was olleted during this period [15℄. The �uoreseneX-ray peaks of aluminum (detetor and target housing), silion (CCD hips)and zironium (kaon entrane window), introdued in order to provide a al-ibration line at the high-energy side of the spetrum, are visible. The dottedlines indiate the expeted positions of the kaoni nitrogen X-rays [16℄. Noorresponding peaks ould yet be identi�ed. Following the Monte Carlo sim-ulation only�6 ounts were expeted for the 6-5 transition at the given beamonditions and integrated luminosity, for the other transitions the expetedount rate was equal or less [12, 13℄.
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;�UD\�HQHUJ\��NH9�Fig. 3. X-ray energy spetrum obtained with the CCD detetors, olliding beamsand a target �lled with nitrogen. The �uoresene X-ray lines of the setup materialsare visible. The dotted lines indiate the expeted positions of the given kaoninitrogen transitions and their energies. No kaoni nitrogen peak is observable. Thepeak at the low-energy side of the spetrum is already part of the noise peak of theCCD-detetor.No disturbing X-ray peaks are visible around 6 keV. This shows thepurity of the used target and detetor materials, espeially the purity of theused aluminum, beause in ommon aluminum alloys impurities of iron andmanganese are present whih would reate disturbing �uoresene peaks at5.9 keV and 6.4 keV.The bakground in the DEAR interation region was investigated alsofor the ase of olliding beams by analyses of the number of lusters ountedin the CCD detetors. After normalizing the reorded bakground to beamurrents and lifetimes [9℄ no signi�ant di�erene was found for olliding andnon-olliding beams; for the latter the beam bunhes were irulating on aentral orbit, but separated in time.No di�erene in the bakground rates was found if the beam urrent wassplit into 23 or 40 bunhes [15℄.The ratio between X-rays in the region of interest around 6 keV andlusters was found to be onstant at �8�10�4 for all investigated beamonditions. This re�ets the fat that bakground X-rays originate fromthe same soure as luster events [9, 15, 17℄. Counting lusters therefore



The DEAR Experiment on DA�NE 2263allows a preise bakground measurement within a short time and with highstatistis.Additionally to the shielding of the detetors and the target ell twolead walls were plaed on both sides of the interation region, outside thequadrupole magnets. Their shielding fator was measured to be 2.4 [15,17℄ inagreement with the Monte Carlo simulation. Any shielding whih reduesthe bakground is of paramount importane for the measurement of thekaoni X-ray lines.The agreement between simulation and measurement on�rms our un-derstanding of the experimental setup in the environment of the DEARinteration region and strengthens our on�dene that the DEAR on�gu-ration an indeed reah the planned hallenging level of preision.3. SummaryThe �rst ollisions were ahieved in the DEAR IP and the �rst kaonswere unambiguously observed by the DEAR kaon monitor. Extensive sys-temati bakground studies were performed for non-olliding beams wherethe partile losses from the beams are well understood. The bakgroundsituation in the DEAR interation region is reprodued well by the DEARMonte Carlo simulation. It was suessfully demonstrated that in the aseof ollisions X-rays an be extrated out of the large bakground withoutproblems by the CCD detetors.The DEAR experiment ombines newly available tehniques to initi-ate a renaissane in the investigation of the badly understood low-energykaon�nuleon interation. It should stimulate theorists to perform the manyneeded, but still undone alulations. DEAR is regarded to have the poten-tial for a breakthrough in the low-energy kaon�nuleon phenomenology andshould give a preision test for theories of hiral symmetry breaking.REFERENCES[1℄ S. Biano et al., Riv. Nuovo Cim., 22, 1 (1999).[2℄ S. Deser et al., Phys. Rev. 96, 774 (1954); T.L. Truemann, Nul. Phys. 26, 57(1961); A. Delo�, Phys. Rev. C13, 730 (1976).[3℄ R. Seki, Phys. Rev. 182, 1773 (1969).[4℄ C. Guaraldo, Proeedings of the DA�NE'99 workshop, November 16-19, 1999,Fraati, Italy; Frasati Physis Series, in press.[5℄ E. Reya, Rev. Mod. Phys. 46, 545 (1974); H. Pagels, Phys. Rep. 16, 219 (1975).[6℄ R.L. Ja�e, C.L. Korpa, Comments Nul. Part. Phys. 17, 163 (1987).[7℄ J.-P. Egger, D. Chatellard, E. Jeannet, Part. World 3, 139 (1993).
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