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THE CELSIUS/WASA FACILITY�R. Bilger, M. Bloma, D. Bogoslawskyd, A. BondarfW. Brodowski, H. Calénb, I. Chuviloj, H. Clement, V. DunindJ. Dyringa, C. Ekströmb, K. Franssona, C.-J. FridenbL. Gustafssona, S. Häggströma, B. Höistada, M. JaewizaJ. Johansona, A. Johanssona, T. Johanssona, A. KhoukazaK. Kiliang, N. Kimurak, I. Koha, G. Kolahevf M. KomogorovdS. Kullandera, A. Kup±¢e, L. Kurdadzef A. KuzminfA. Kuznetsovd, P. Mariniewskie, A. MartemyanovjB. Martemyanovj, B. Morosovd, A. Mörtsella, A. NawroteW. Oelertg, S. Oreshkinf , Y. Petukhovd, A. PovtorejkodK. Przestrzelskae, J. Pätzold, D. Reistadb, R.J.M.Y. RuberaV. Sandukovskyd, U. Shubertha, T. Sefzikg, V. SidorovfB. Shwartzf , V. Sopovj, J. Stepaniake, A. SukhanovfA. Sukhanova, P. Sundberga, V. Thernyhevj, V. TikhomirovdA. Turowiekii, G. Wagner, Z. Wilhelmii, A. YamamotokH. Yamaokak, J. Zabierowskih, A. Zernovd, and J. Zªoma«zukaaISV, Uppsala Univ., Sweden; bTSL, Uppsala, Sweden; Tübingen University,Germany dJINR, Dubna, Russia; eINS, Warsaw, Poland; fBINP, Novosibirsk,Russia; gIKP, KFA, Jülih, Germany; hINS, �ód¹, Poland; iInst. of Exp. Phys.,Warsaw Univ., Poland; jITEP, Mosow, Russia; kKEK, Tsukuba, Japan;(Reeived November 12, 1999)The WASA (Wide Angle Shower Apparatus) is a new detetor systemwith very high aeptane presently being ommisioned at the CELSIUSstorage ring loated at The Svedberg Laboratory in Uppsala. It has beendesigned to study rare deays of light mesons with sensitivity down to10�9 in the branhing ratio. It will also allow for unpreedented qualitymeasurements of di�erential ross setions of di�erent reations indued byprotons and light nulei.PACS numbers: 29.40.�n, 29.20.Dh, 13.20.Jf, 13.25.Jx� Presented by A. Turowieki at the NATO Advaned Researh Workshop, Krzy»e,Poland, 2�4 September 1999. (77)



78 R. Bilger et al.1. IntrodutionThe WASA detetor loated at the pellet target station is now being om-pleted and ommissioned. It has been built by laboratories and universitiesin Dubna, Jülih, �ód¹, Mosow, Novosibirsk, Osaka, Tsukuba, Tübingen,Uppsala and Warsaw. We present here the potential of the apparatus.2. The CELSIUS aelerator and target systemThe CELSIUS aelerator and storage ring gives maximum energy 1360MeV for protons and 470 MeV/nuleon for ions with harge to mass ratioof one half. The preision study of rare proesses requires high luminosityand the thin, windowless target to avoid the onversion and seondary inter-ation in the target material. The newly developed target system providesa stream of hydrogen pellets of about 30�m in diameter. A jet of liquidhydrogen is broken-up into droplets by piezo-eletrially indued vibrationof the injetion nozzle. The droplets are freezing by its own evaporationin the vauum and form the solid pellets. After a ollimation the pelletsare direted through a thin tube into sattering hamber. The pellet tar-get thikness up to 5 � 1015 atoms/m2 gives aeptable half-lives of theirulating ion beam as well as aeptable vauum onditions.3. The detetorThe detetor has the apability of measuring photons, eletrons andhadrons. The ross setion of the detetor are presented in the Fig.1.

Fig. 1. The detetor ross setion. 1 denotes the entral wire hamber, 2 � super-onduting selenoid, 3 � CsI rystal sintillators, 4 � plasti sintillator barrel,5 � pellet tube, 6 � ryogeni pump tube, 7 � beryllium tube, 8 � wire hamberplanes and 9 � plasti sintillator planes.



The CELSIUS/WASA Faility 79The entral part of the detetor (Central Detetor), optimized for ele-trons and photons, onsists of a ylindrial drift hamber sitting inside asuperonduting solenoid that is surrounded by a CsI(Na) alorimeter. Thefast signal for trigger is provided by the plasti sintillator barrel situated inbetween the drift hamber and the solenoid. The alorimeter onsists of 1012CsI(Na) sintillating rystals shaped as trunated pyramids. The length ofthe rystals varies from 30 m (16.2 radiation lengths) in the entral part to20 m in the bakward and 25 m in the forward part. To obtain good en-ergy resolution of the alorimeter the rystal surfaes were treated to assureuniform light output along the rystal axis. Eah rystal is optially oupledby light guides to the photomultiplier plaed outside of the iron yoke andsupplied with light �ber providing light pulser alibration signals.The forward part of WASA (Forward Detetor) overs sattering anglesin the range of 3Æ to 18Æ and is designed to measure the projetiles and targetreoil partiles. It onsists of several drift-hamber planes and 8 planes ofplasti sintillators of the total thikness 50 m. The mesons an be taggedvia missing mass to two protons, deuteron or helium ions identi�ed andmeasured in the Forward Detetor. Deuterons and He nulei at satteringangles below 1Æ are measured aurately in a spetrometer system using theaelerator magnets.The disturbanes in the measurement of partiles by seondary intera-tions are minimized by using windowless target, beryllium sattering ham-ber and the thin walls solenoid (0.18 radiation lengths ). The high intensityinternal proton beam of the CELSIUS storage ring interating with the win-dowless hydrogen pellet target an provide up to 109 �'s per year.4. Physis programThe forward part of the WASA detetor and two matries of CsI(Na)sintillators proeeded by the plasti hodosopes were already in use withthe luster-jet target [1℄. The ollaboration has studied �0 and � meson pro-dution in nuleon-nuleon ollisions near threshold as well as �+�� pair pro-dution. Some of the reation hannels were measured for the �rst time. Theresults are presented in [2�7℄. Other items of interest were bremsstrahlung,deuteron break-up mehanism, and searhes for dibaryon states.The Collaboration will ontinue studies of �0 and � prodution from ppand pd interations in the high aeptane onditions. The new detetor ispartiularly well suited for the measurement of lepton pair prodution. Thiswill permit lear distintion between di�erent soures of leptoni pairs inlight nulei interations. The preise study of the lepton pair invariant massdistribution from the single and double Dalitz deays of � will permit to getnew information on the transition meson form-fator at small Q2.



80 R. Bilger et al.However the most hallenging goal is the study of both harged andneutral rare � deays. It will permit to test Chiral Perturbation Theorywith better preision and to searh for the e�ets of fundamental symmetriesviolation.An inrease of maximum energy of protons to 1.95 GeV and of heavyions to 720 MeV/nuleon is under onsideration. It will open up new physispossibilities, suh as the �0 and � meson prodution and deay studies. Bythis presentation we also want to stimulate new ideas and we enourageinterested people to join the group for exploatation of the CELSIUS/WASAfaility. REFERENCES[1℄ H. Calén et al., Nul. Instrum. Methods A379, 57 (1996).[2℄ A. Bondar et al., Phys. Lett. B356, 8 (1995).[3℄ H. Calén et al., Phys. Lett. B366, 39 (1996).[4℄ H. Calén et al., Phys. Rev. Lett. 79, 2642 (1997); Phys. Rev. Lett. 80, 2069(1998).[5℄ H. Calén et al., Phys. Rev. C80, 2667 (1998).[6℄ H. Calén et al., Phys. Lett. B458, 190 (1999).[7℄ J. Zªoma«zuk et al., Phys. Lett. B436, 251 (1998).


