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A COMPACT AND FAST PHOTON DETECTORFOR COSY�M. Hoek, W. Döring, R. Novotny, K. RömerII. Physis Institute, University Giessen, 35392 Giessen, GermanyR. BekInstitute for Nulear Physis, University Mainz, 55128 Mainz, GermanyV. Hejny, and H. StröherInstitute for Nulear Physis, FZ-Jülih, 52425 Jülih, Germany(Reeived February 22, 2002)A ompat photon detetor with nearly 4�-overage in solid angle hasbeen proposed to be implemented into the magneti spetrometer ANKE atCOSY, Jülih. Based on the physis program and experimental onstraintsa �rst onept will be presented. As part of the R&D program, the responseto monoenergeti photons between 45 and 770MeV has been measured atthe tagged photon faility at MAMI, Mainz for arrays onsisting of largeCeF3 and PbWO4 sintillation detetors. The appliability of a �ne-meshphotomultiplier (Hamamatsu R5505) has been tested in stati and variablemagneti �elds.PACS numbers: 29.40.M, 29.40.Vj1. IntrodutionOne of the internal target failities at the ooler synhrotron COSY atthe FZ Jülih, Germany, is the magneti spetrometer ANKE (Apparatusto study Nuleoni and Kaon Ejetiles), whih onsists of three C-shapeddipoles. They are designed to guide the beam to the target, serve as a spe-trometer magnet and in�et the beam bak to the original orbit. Equippedwith a omplex set of traking hambers, Cherenkov detetors and plas-ti sintillators, positively and negatively harged reation produts an be� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(925)



926 M. Hoek et al.deteted and identi�ed by momentum, energy-loss and time-of-�ight teh-niques in the forward hemisphere within a large solid angle. The produtionof strangeness in elementary reations at medium energies has been the pri-mary physis motivation, whih requires the detetion of meson produtionin nuleon�nuleon and nuleon�nuleus ollisions. Many �nal states aredominated by the prodution of neutral mesons as well. The identi�ationor disrimination of suh hannels is only possible via a missing mass analy-sis, if the kinematial parameters are over-determined. Therefore, the diretidenti�ation of multiple neutral meson prodution via the diret detetionof all deay photons in a nearly 4� photon detetor would provide an impor-tant omplement to ANKE or ould be even used as a stand-alone devie forneutral meson spetrosopy at COSY, Jülih. Inspired by the developmentand performane of high density inorgani sintillators and fast photosensorsto be operated in a strong and variable magneti stray�eld, �rst design stud-ies for a fast and ompat photon detetor have been started and proposalson the additional physis program have been evaluated. This paper presents

Fig. 1. The shemati lay-out of the ANKE magneti spetrometer at COSY.in the following the spei� experimental onstraints for suh a dediateddetetor devie to be implemented into ANKE, the envisaged detetor on-ept and reports on �rst performane tests of dense sintillation detetors,suh as CeF3 and PbWO4, and the operation of �ne-mesh photomultipliers.



A Compat and Fast Photon Detetor for COSY 9272. The photon detetor2.1. Tehnial onstraintsThe detetion of multiple photon events requires a nearly omplete over-age of the solid angle around the target. The �xed and ompat geometry ofthe dipole magnets, the vauum system and the installation of various targetdevies limit the available spae to a spherial volume of 75 m in diameter.Therefore, a very ompat design and a very dense detetor material ap-pear mandatory. The spetrometer dipoles are ramped synhronously withthe COSY magnets up to a maximum magneti �eld strength of 1.6T whihleads to stray�elds, pointing in various diretions, of up to 0.2T in the targetregion.The detetor should allow to measure high energy photons up to E=2GeV with su�ient energy and position resolution, therefore, a rystaldepth of at least twelve radiation lengths X0 and a high granularity areneeded. The e�ient photon detetion and invariant mass resolution of multiphoton events requires a large solid angle of � 3�. Bakground suppressionvia narrow oinidene requirements an only be ahieved exploiting thefast sintillator response and onsequently the read-out of the sintillationlight with photomultiplier tubes. An on-line harged partile disriminationshould be possible and be implemented into the trigger, to selet neutralevents. Finally, an upgrade to a stand alone 4�-detetor has to be foreseen.2.2. Design oneptThe generally limited spae as well as �xed beamline omponents allowthe installation of a spherial detetor ball of 75 m diameter, overing an az-imuthal angle range between 25Æ � � � 160Æ. For the segmentation, basedon MC-simulations, whih take into aount the geometrial developmentof the eletromagneti showers, the expeted photon and partile multipli-ity and the onsidered single detetor ount-rates, two alternative oneptshave been evaluated onsidering PbWO4 as the most appropriate sintillatormaterial due to the small values of radiation length X0 and Molière-radiusRM, respetively (see Table I). The �rst onept is based on a rotationalsymmetri arrangement of tapered rystals with thirteen di�erent shapes ofTABLE IThe relevant sintillator parameters of PbWO4 and CeF3.X0 [m℄ RM [m℄ � [ns℄PbWO4 0.89 2.20 < 20CeF3 1.68 2.63 < 30



928 M. Hoek et al.trapezoidal ross setions. The total of 1060 modules is arranged in 20 ringsand eah of them overs the full polar angle at a �xed azimuthal angle. As analternative, several polyhedral arrangements have been disussed leading insome ases to more than 1200 pentagonal and hexagonal elements with morethan 50 di�erent shapes. Based on GEANT4 simulations, photon detetionwith su�ient resolution up to 2GeV energy requires at least 12 radiationlengths of detetor material. CeF3 and PbWO4 have been onsidered asthe most attrative sintillation materials (see Table I). To exploit fully thefast response of the sintillator, the read-out with photomultipliers beomesmandatory. However, due to the strong magneti stray�eld only �ne-meshphotomultiplier tubes an be onsidered, whih are ommerially availableonly in a very limited seletion of geometrial dimensions. An additionalmagneti shielding with soft iron has been foreseen and will be optimizedby a modi�ation of the rystal shape. A mahined ylindrial endpart ofthe rystal or an additional light-guide will allow that the shielding ylinderovers in addition a signi�ant volume in front of the photoathode. On-line harged partile identi�ation will be ahieved by a polyhydral array ofplasti sintillators (thikness d = 5mm), in a design similar to the VETOdetetor system of the TAPS spetrometer [4℄, to be mounted inside the hol-low detetor sphere. The proessing and digitization of all detetor signalsas well as the generation of a �rst and seond level trigger will be similar tothe new TAPS eletronis whih is under development.3. Researh and development3.1. Seletion of the detetor materialThe proposed photon detetor requires the use of a fast and dense inor-gani sintillator material. In order to ompare large size rystals a ompar-ative study of two detetor matries of large PbWO4 and CeF3 rystals havebeen tested with monoenergeti photons between 45 and 770MeV energy atthe tagging faility of MAMI at the university of Mainz.3.1.1. Test of a 5� 5 matrix of PbWO4Nb/La-doped rystals of slightly tapered shape, manufatured and prese-leted by Bogoroditsk Tehno-Chemial Plant (Russia) and RI&NC (Minsk,Belarus) have been assembled into a 5 � 5 matrix. The optially polishedrystals of 150mm length (�17 radiation length X0) have a quadrati frontfae (20:5 � 20:5mm2) and a tapering angle of 0.4Æ. They are individuallywrapped in PTFE-foil, oupled with optial grease to fast photomultipliertubes (Hamamatsu R4125, ? = 19mm � overing 35% of the rystal end-fae) and staked into a light-tight box, whih was temperature stabilizedat t = 6ÆC. The detetor blok an be moved by remote ontrol to illumi-nate diretly eah rystal with the ollimated photon beam (< 6mm) for



A Compat and Fast Photon Detetor for COSY 929alibration purposes. A plasti sintillator in front of the rystal matrixserves as a harged partile veto. The detetor signals are transfered vialong oaxial ables (� 50m RG58) to the data aquisition system to de-due energy and time information by means of ommerial eletronis. Thepreliminary analysis of the energy response shows an exellent energy reso-lution, in partiular at the lowest photon energies investigated with PWOso far. An energy resolution of �=E = 7:4% an be ahieved at an inidentenergy of E = 45:4MeV. In addition, one has to take into onsiderationthat the resolution is not orreted for the intrinsi beam width amount-ing to �E = 2:4MeV, de�ned by the tagging oinidene, and the reduedoverage of the sintillator endfae by the phototube ompared to previousexperiments [3℄. Figure 2 illustrates the ahieved lineshape. The overall
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Fig. 3. The energy response of a 5� 5 matrix of PWO rystals as a funtion of theinident photon energy.



930 M. Hoek et al.energy dependene of the resolution an be parametrized by�E = 1:41%pE [GeV℄ + 0:90%and is shown in Fig. 3.3.1.2. Test of a 3� 3 matrix of CeF3A erium �uoride matrix omposed of nine longitudinally segmented tow-ers (up to 4 individual elements), approximately 25X0 long, has been pro-vided by the Crystal Clear Collaboration and ETH, Swiss Federal Instituteof Tehnology, Zürih, Switzerland [5℄. The towers were 3� 3 m2 in rosssetion, exept for the 4 orners being 2� 2 m2. The rystals, individuallywrapped in PTFE- and aluminum-foil, were read-out with photomultipliertubes (Hamamatsu R4125 (19mm?), R1668 (28mm?)) and mehaniallystabilized by thin PVC shrinking tubes. The uniformity of the light olle-tion was optimized by stripes of blak paper. The photon response has beentested at the tagged photon faility at MAMI in a similar way as desribedabove for the PWO-matrix. The analysis of the energy response deliver agood energy resolution, whih an be represented by�E = 2:17%pE [GeV℄ + 2:70%over the investigated energy range up to 770MeV. The lineshapes at fourseleted energies are presented in Fig. 4 for illustration. Fig. 5 shows the en-ergy dependene of the dedued resolution values. The high energy tails, inpartiular at the higher photon energies, whih beome visible in Fig. 4 an
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photon energy [GeV]Fig. 5. The energy response of a 3� 3 matrix of CeF3 rystals as a funtion of theinident photon energy.be addressed to a not fully uniform light olletion. The ahieved resolutionin the investigated energy regime was in�uened by the not hermeti over-age of the eletromagneti shower due to the not perfet rystal geometry,the mehanial arrangement and the inhomogeneity of the rystal samples.However, the obtained results deliver for the �rst time an extension of themeasured energy response for eletromagneti probes from the multi GeVrange [5℄ down to a few MeV photon energy. By direting the ollimatedphoton in between two matrix elements, the intrinsi time resolution anbe dedued from the measurement of the relative time di�erene. Assum-ing idential response an individual time resolution of � = 170 ps an bededued. 3.2. Test of a �ne-mesh photomultiplierThe appliability of a �ne-mesh photomultiplier tube R5505 (Hama-matsu, 25mm?, 15 stages, gain = 5�105 at 0Tesla) has been investigated.The gain stability of the �ne-mesh photomultiplier R5505 has been testedin stati and ramped magneti �elds up to 0.15T. The photomultiplier,mounted in a light tight aluminum housing, was illuminated by a fast blueemitting LED pulser of onstant amplitude and ount rate (� few kHz) andthe amplitude of the anode signal was reorded. The photomultiplier wasplaed into the gap of a C-shaped magnet. The mehanial set-up allowedto hange the orientation of the tube with respet to the diretion of themagneti �eld lines and to rotate the photomultiplier along its symmetryaxis. The unshielded tube in a stati magneti �eld up to 0.11T shows nowredution of the gain for an orientation parallel to the �eld lines. In the aseof a perpendiular external �eld, the anode signal remains una�eted onlyup to a �eld strength of �150Gauss. An additional variation of up to 20%



932 M. Hoek et al.is superposed by rotating the tube along its symmetry axis. Independenton the �eld orientation, the sensitivity to a magneti �eld up to 0.11T anbe avoided by an external shielding ylinder of soft iron of at least 2mmwall thikness as illustrated in Fig. 6. A similar set-up equipped with asoft iron ylinder of 3mm thikness, whih ompletely overed the photo-tube inluding the voltage divider and reahed beyond the photoathode by15mm, was operated in a beam test in the ANKE environment at COSY.Exept during the short periods of the ramping of the magnets up to 1.6T,the anode amplitude remained fully onstant during the operation lastingseveral hours.

Fig. 6. Signal amplitude of the �ne-mesh photomultiplier R5505 as a funtion ofthe �eld strength of a perpendiular external magneti �eld. The tube is shieldedby a soft iron ylinder of 1mm, respetively, 2mm wall thikness.4. Conlusions and outlookThe proposed spherial photon detetor to be implemented into the mag-neti spetrometer ANKE at COSY an beome the �rst PWO appliationin medium energy physis. Based on the previous experienes and the testresults presented in this paper PbWO4 appears to be the ideal detetor ma-terial due to its ompatness and fast response aompanied by su�ientresolutions in energy and time. The appliability of �ne-mesh phototubesas photosensors has been proven. Tests at COSY with large diameter rys-tals (32� 32mm2 ross setion) read out with R5505 photomultipliers arein preparation.
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