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THE CELSIUS/WASA 4� DETECTOR FACILITY�C. Bargholtzo, R. Bilger, M. Bloma, D. BogoslawskydA. Bondarf , W. Brodowski, H. Calenb, H. ClementL. Demirörsm, V. Dunind, C. Ekströmb, K. FranssonaC-J. Fridenb, J. Greiffa, L. Gustafssona, B. HöistadaM. Jaewiza, J. Johansona, A. Johanssona, T. JohanssonaA. Khoukazn, K. Kiliang, N. Kimurak, I. Koha, G. KolahevfM. Komogorovd, S. Kullandera, A. Kup±¢b, L. KurdadzefA. Kuzminf , A. Kuznetsovd, B. Lundströmb, P. MariniewskiaB. Martemyanovj , B. Morosovd, A. Nawrote, B.M.K. NefkenslG. Normanb, W. Oelertg, S. Oreshkinf , Y. Petukhovd, S. PompbA. Povtorejkod , K. Przestrzelskaa, J. Pätzold, D. ReistadbR.J.M.Y. Ruberb, V. Sandukovskyd , W. Sobelm, T. SefzikgS. Sewerinb, V. Sidorovf , B. Shwartzf , V. Sopovj , J. StepaniakeA. Sukhanovf , P. Sundberga, V. Thernyhevj , P-E. TegneroP. Thörngren Engbloma, V. Tikhomirovd, A. TurowiekiiG. Wagner, U. Wiednera, Z. Wilhelmii, A. YamamotokH. Yamaokak, J. Zabierowskih, A. Zernovd, J. Zloma«zukaaISV, Uppsala, 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; lUCLA, Los Angeles,USA; mHamburg University, Germany; nUniversity of Münster, Germany;oStokholm University, Sweden(Reeived July 13, 2000)A new experimental setup for light-ion physis loated at the CELSIUSstorage ring of The Svedberg Laboratory in Uppsala is now in the ommis-sioning phase. It onsists of an internal pellet target station and the WASAdetetor overing a solid angle lose to 4� steradians. Its entral part isoptimized to measure energies of eletrons and photons for energies up to600 MeV. The setup and the initial physis programme is presented as wellas the status of the ommissioning.PACS numbers: 13.60.Le, 13.20.Jf� Presented by A. Kup±¢ at the Meson 2000, Sixth International Workshop on Produ-tion, Properties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2249)



2250 C. Bargholtz et al.1. IntrodutionThe CELSIUS/WASA, a faility for medium energy light-ion physis atThe Svedberg Laboratory in Uppsala, is now in the ommissioning phase.The experiment is designed to study some rare deays of eta suh as � !e+e� and � ! �0e+e� with antiipated branhing ratios �10�9. In additiona wide range of meson prodution reations are aessible and an be studiedwith high auray. The neessary high luminosity of around 1032 m�2s�1 isahieved by using a newly developed target system that provides small frozenhydrogen spheres (pellets) as internal targets in the CELSIUS aelerator.At present the maximum energy for protons is 1360 MeV and after a plannedupgrade the maximum energy will be inreased to 1900 MeV. The mainparameters of the CELSIUS proton beams are listed in Table I. TABLE ISome parameters of the CELSIUS storage ring.Proton beam parameters: unooled ooledMaximum kineti energy 1360 MeV 550 MeVBeam diameter 10 mm 1 mmRelative momentum spread 2� 10�3 2� 10�4Number of stored protons 5� 1010 1� 1010Beam urrent 27 mA 4.5 mA
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Fig. 1. CELSIUS storage ring and the CELSIUS/WASA faility.



The CELSIUS/WASA 4� Detetor Faility 22512. Pellet target systemThe pellet target system is presented shematially on the left side of�gure 2. A jet of liquid hydrogen is broken up into droplets by a vibrating
droplet chamber

liquid jet nozzle

vacuum injection capillary

heat exchangers

skimmer

CELSIUS beam

beam dump

hydrogen gas inlet

pressure regulator

20 mbar

1.E−3 mbar

400 mbar

1.E−6 mbar

cold head

40 mbar

pellet generator

pumping
differential

cryogenic beam dump

CELSIUS
beam tube

pump station pump station

scattering
chamber

pellet
beam tube

Fig. 2. Shemati view of the pellet target system.of an injetion nozzle. The droplets freeze by evaporation in the droplethamber and form pellets that are injeted into vauum. After ollimation,the pellets are direted through a thin long tube into the sattering hamber.This arrangement provides the neessary spae to put a 4� detetion systemaround the interation region. The pellet target thikness of up to 5� 1015atoms/m2 gives aeptable half-lives of the irulating ion beam as wellas aeptable vauum onditions. Some parameters of the pellet target arelisted in Table II. The small size of the pellets ensures that the probabilityof seondary interations inside of the target is low. The pellet system wasdeveloped in Uppsala [1℄ and has been suessfully tested at CELSIUS withhydrogen and deuterium pellets [2℄. TABLE IISome parameters of the pellet target system.Parameters of the pellet target:Pellet diameter 35 �mMax pellet frequeny 70 kHzPellet stream divergene 0.04ÆE�etive target thikness 1015 � 1016 atoms/m2Beam diameter 2�4 mm



2252 C. Bargholtz et al.3. Overview of the WASA 4� detetorThe detetor onsists of three main parts: a entral detetor, a forwarddetetor and a zero-degree spetrometer. A ross setion of the entral andthe forward part is presented in �gure 3.
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50 cmFig. 3. Cross setion in the plane of the CELSIUS beam of the WASA 4� detetor.The forward detetor overs sattering angles from 3Æ to 18Æ. Its purposeis the measurement of harged target reoil partiles and sattered proje-tiles. The entral part of the detetor is optimized for meson deay produtslike eletrons, photons and harged pions. It onsists of a ylindrial drifthamber, plaed inside of a superonduting solenoid, and of an eletro-magneti alorimeter of CsI rystals. Fast signals for trigger purposes areprovided by a plasti sintillator barrel enlosing the drift hamber. Thezero-degree spetrometer is positioned in the aelerator quadrant down-stream of the pellet target and used for measurement of deutrons, 3He and4He partiles sattered at angles below 1Æ (Table III). TABLE IIIParameters of the Zero-degree spetrometer.Sensitive Material CsI and high purity germaniumRange of sattering angle 0Æ-0.85ÆRigidity range (Zp=pbeam) 0.3�0.95Energy resolution for helium 12 % /pE[MeV℄ (FWHM)(CsI variant)



The CELSIUS/WASA 4� Detetor Faility 2253The forward detetor, desribed in detail in [3℄, onsists of several planesof plasti sintillators. Four layers, 11m thik eah, are used to measure theenergy of harged partiles. The other plasti detetors are used for triggerand for partile identi�ation. Charged partiles traking is provided byseveral layers of thin walled straw tubes. The main parameters are listed inTable IV. TABLE IVParameters and typial performane of the forward detetor.Sattering angle resolution < 0:2Æ (FWHM)Energy resolution �E=E 3 % (FWHM)Thikness 1X0 � 50 g/m2Maximum kineti energy for stoppingharged pions 170 MeVprotons 300 MeVdeuterons 400 MeValpha partiles 900 MeVIn the entral detetor, harged partiles traks are measured by the 17layers of individual thin drift tubes (1738 in total). The entral drift ham-ber overs sattering angles between 24Æ to 159Æ. The momentum resolu-tion with magneti �eld of 1 Tesla for di�erent partiles is given in Table 5.The superonduting solenoid has to have walls as thin as possible in orderto minimize disturbane on the partile energy determination in the ele-tromagneti alorimeter. The wall thikness orresponds to 0.18 radiationlengths only, a reord for this kind of magnets. The plasti sintillator barrelprovides �E information for harged partile identi�ation. TABLE VParameters and typial performane of the entral detetor.Maximum kineti energy for stopping:harged pion 190 MeVproton 400 MeVdeuteron 450 MeVEnergy resolution for:100 MeV photon 10 % (FWHM)stopped harged partiles 3 % (FWHM)Momentum resolution for:eletrons (20� 600 MeV/) 1 % (FWHM)�� and � (100� 600 MeV/) 4 % (FWHM)protons (200� 800 MeV/) 5 % (FWHM)



2254 C. Bargholtz et al.The eletromagneti alorimeter overs sattering angles from 20Æ to 169Æ(96% of 4� steradians). Its primary purpose is to detet and measure pho-tons, eletrons and positrons with energies up to 600 MeV. The alorimeteronsists of 1012 sodium-doped CsI sintillating rystals. The rystals areshaped as trunated pyramids and supported on the bak end only. Theyare plaed in 24 layers along the beam. A layer in the entral part onsistsof 48 idential rystals. The length of the rystals vary from 30 m (16.2X0) in the entral part to 25 m in the forward and 20 m in the bakwardpart. Eah rystal is optially oupled by light guides to the photomultiplierplaed outside of the iron yoke and supplied with an optial �ber providinglight pulser signals for monitoring and alibration purposes. The use of pho-tomultipliers provides a lear advantage in terms of energy resolution andtiming. 4. Physis programmeThe forward detetor and 112 rystals of the alorimeter were previouslyused for six years in experiments at the luster-jet target. Studies of nearthreshold �0 and � meson prodution in nuleon�nuleon ollisions as well as�+�� pair prodution were made. Some of the reation hannels were mea-sured for the �rst time [4�9℄. Other items of interest were bremsstrahlung,deuteron break-up mehanism, and searhes for dibaryon states.The studies of light mesons prodution from pp and pd interations willbe ontinued with high aeptane onditions what will allow for e�ientidenti�ation of mesons prodution events over a large kinematial range.The possibility to identify some heavier mesons using di�erent deay modeswill help to ontrol systemati errors. For example the � meson ould beidenti�ed by its deay into two photons as well as by its deay into threeneutral pions.Figure 4 shows some mesoni �nal states that ould be studied at CEL-SIUS in pp, pd and dd interations. The solid horizontal line represent thepresent momentum limit of CELSIUS and the dashed line the limit after theplanned upgrade. The upgrade will open new physis possibilities, like �0and � meson prodution studies.The ollaboration has an extended programme of studies of rare deaysof the � meson. This will allow to searh for violations of fundamental sym-metries and to provide ruial tests of Chiral Perturbation Theory. The mostimportant prodution reations of the eta meson for the deay programmeare summarized in Table VI. Eta mesons for the preise measurements ofthe not so rare � ! 3� or � ! �0 deays an be produed in pd!3 He�reation lose to the threshold where 3He is measured in the zero-degreespetrometer. For the very rare deays with branhing ratios of 10�8 thereation pp! pp� at 1360 MeV must be used.
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1Fig. 4. Partiles that an be studied at CELSIUS/WASA. TABLE VIProdution reations for the � deay programme. Rates are estimated for a lumi-nosity of 1032 m�2s�1.Reation pp! pp� pd! 3He�Tp[MeV℄ 1360 1500 895Cross setion 5 �b 25 �b 0:5�bUseful rate (�s/day) 2�107 1�108 2�106Tagging resolution (FWHM) 5 MeV 10 MeV <1 MeV5. Status of the ommissioningThe main parts of the detetor have been installed at CELSIUS. The pel-let system is being tuned for proper performane with the CELSIUS beam.Tests of the individual detetor elements were done during the installationphase. Now readout eletronis is being installed and the di�erent detetorsystems are tuned in regular runs. In 1999, runs were arried through withmost of the plasti sintillators and an inreasing number of CsI rystalsonneted (now all rystals are onneted). The forward detetor with itsdrift hambers were veri�ed to work properly. The basi performane of theentral drift hambers were studied and a few layers were tested. The dataaquisition system and digitizing eletronis for the large amount of hannelsand the antiipated high luminosity runs are being developed. The goal isto be able to start regular meson prodution runs in the fall using most ofthe detetor.
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