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DESY 07-196Study of Miro Pixel Photon Counters for ahigh granularity sintillator-based hadronalorimeterN. D'Asenzo a;b;1, A. Eggemann b, E. Garutti baUniversity of Hamburg, Edmund-Siemers-Allee 1, D-20146, Hamburg, GermanybDESY, Notkestr. 85, D-22607 Hamburg, GermanyAbstratA new Geiger mode avalanhe photodiode, the Miro Pixel Photon Counter (MPPC),was reently released by Hamamatsu. It has a high photo-detetion eÆieny in the420 nm spetral region. This produt an represent an elegant andidate for the de-sign of a high granularity sintillator based hadron alorimeter for the InternationalLinear Collider. In fat, the diret readout of the blue sintillation photons witha MPPC is a feasible tehologial solution. The readout of a plasti sintillator bya MPPC, both mediated by the traditional wavelength shifting �ber, and diretlyoupled, has been systematially studied.
IntrodutionThe prototype of the highly granular hadroni alorimeter for the InternationalLinear Collider (Calie HCAL [1℄) onsists of �nely segmented arrays of sin-tillators. Eah tile is read out by a Geiger mode avalanhe photodiode[2,3,4℄(the SiPM) produed by MEPHI (Mosow Engineering and Physis Institute),whose spei� design mathes the required performanes needed for its appli-ation in the alorimeter [5℄. The small size (1 mm2), high gain (106) andrelatively low bias voltage (30-70 V) of the SiPM made it the natural andi-date for the high granularity alorimeter; the photodetetor ould be diretlyinstalled in the tile. However, the SiPM is a green sensitive photodetetor; theoupling with the blue emitting sintillator is obtained via a green wavelengthshifting �bre, installed in a groove on the sintillator itself. A simpli�ation1 Corresponding author: niola.dasenzo�desy.de
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Fig. 1. Setup for the diret oupling. The sintillator is installed in a spei� housing.The MPPC is �xed at one end of a plasti holder whih an be loated in twodi�erent positions: the oupling is reproduible at a 3% level.of this elementary struture would be highly desirable, in order to extendthe onept to a large sale detetor. The new generation of Geiger modeavalanhe photodiodes, produed by Hamamatsu, shows a better optial sen-sitivity in the 420 nm spetral region, making it possible to investigate thediret readout of the sintillation tile. In this study the response to a minimumionizing partile (mip) of a plasti organi sintillator read out by the mostreent MPPC[6℄, with both 400 and 1600 pixels, was analyzed. The mip signalis in fat a benhmark for the high granularity hadron alorimeter response:it has to be well separated from thermally indued noise. The diret readoutoption was ompared with the established green wavelength shifting mediateddesign.1 The experimental setupThe study is based on 10 samples of MPPCs, 5 with 400 pixels and 5 with 1600pixels. They are proteted by a speial plasti pakage. The suggested oper-ation voltage is respetively 76 V and 78.1 V (estimated �2.5 V and �1.4 Vabove the breakdown voltage), with a spread of 0.1 V. In this measurementtwo 3 � 3 � 0:5 m3 plasti organi sintillator tiles (produed by Uniplastenterprise in Vladimir, Russia) are used. In one a 1 mm diameter green wave-length shifting �ber (Kuraray multiladding WLS �ber Y11(200)) is installed.The sintillators are wrapped in a Super-radiant VN2000 foil (3M).A speial setup is designed in order to guarantee the reproduibility of themeasurement (Fig. 1). The sintillator is installed in a �xed housing, in themiddle of a robust main struture. The MPPC is seured at one end of aplasti bar. Two grooves are arved in the main struture, one starting fromthe middle of the side of the tile, one from the enter and they host the MPPCholder. This allows the MPPC to be oupled to the sintillator in two positions.In the diret readout setup, a window of 3 � 3 mm2 is open in the reetive2



oating, in front of the MPPC. Its holder is then ompletely guided in theasing and the MPPC plasti overage is in ontat with the sintillator; thisimproves the oupling between sintillator and photodetetor. The distanebetween the sensitive region of the MPPC and the surfae of the sintillatoris � 2 mm. In the green wavelength shifter mediated design, the sintillatorequipped with �ber is installed in the dediated housing and the green lightis diretly read out by the MPPC, held by the same bar. In both designs, nospei� optial oupling is used. The response of the system to a �� soure(Ru106) is investigated. A trigger plate, onsisting of a 5� 5� 1 m3 organiplasti sintillator, read out by a traditional photomultiplier tube, is installedbehind the sintillator/MPPC system. The signal of the MPPC is ampli�edby the wide-band voltage ampli�er Phillips Sienti� 6954. The integration isperformed by the QDC Leroy 1182, in a gate of 80 ns, produed in oinidenewith the trigger. The setup allows a reprodution of the measurement to withina systemati error of �3%.2 The results of the measurementA haraterization of the devies is initially performed. The 1600 pixels MPPCshow a typial gain of (2:7�0:1)�105. The dark rate at a threshold of 0.5 pixels 2is (40 � 1) kHz and the ross talk (4:3 � 1)%. These values are measured at2.5 V over the breakdown voltage. The 400 pixels MPPC exhibits a gain of(7:7 � 0:1)�105, a dark rate at a threshold of 0.5 pixels of (230 � 3) kHz andross talk of (3:5� 1)%, operated at 1.4 V over the breakdown voltage. Thevalues are found to be in agreement with the data sheet performanes of thephotodetetor.The aim of the experiment is to extrat the most probable value (MPV) of thenumber of photoeletrons produed in the MPPC when a minimum ionizingpartile rosses the sintillator. The typial signal is shown in �gure 2. Eahpeak orresponds to a ertain number of pixels �ring in the MPPC. The goodseparation of the peaks indiates a good uniformity of the devie. The signal is�t with a multi-Gaussian funtion (Fig. 2.a). The extrated area of eah peakis then plotted versus the number of photoeletrons (Fig. 2.b). The areas followa Landau distribution, smeared by the Poisson photo-statistis. The maximumof this distribution is the searhed MPV, whih is estimated with a Gaussian�t around the peak. The results of these measurements for the green and bluelight oupling for both 1600 pixels and 400 pixels MPPC are shown in �gure3, as a funtion of the voltage.The eÆieny of the 1600 pixels MPPC is found to be about half of that of the2 This threshold is hosen in order to have the highest sensitivity to the dark pulses3
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(b)Fig. 2. A plasti sintillator detets a mip: it is diretly read out by a 1600 pixelsMPPC, operated at 2 V over the breakdown voltage. To extrat the MPV of thedistribution the spetrum is �t with a multi-Gaussian funtion (a) and the areasof the Gaussians are plotted (b). The maximum of the area plot, estimated with aGaussian �t, is the MPV.
400 pixels devie, in agreement with the photo-detetion eÆieny delared inthe produer data sheet. The MPV is in agreement within �3%, in both aseswhen the MPPC is either loated entrally on the edge or near the orner.The two measurements agree within the systemati error quoted above.4
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(b)Fig. 3. Most probable value of a mip spetrum deteted by a 1600 pixels (a) and a400 pixels (b) MPPC. The blue dots orrespond to the diret oupling, while thegreen triangles to the wavelength shifting mediated readout.3 Appliation to the alorimeterIn the alorimeter, mip signals are used as a referene for the alibration:the MPV of the signal sets the energy sale of eah hannel. An amplitudethreshold 3 de�nes the disrimination between the noise and the physis signal.The normalized integral of the mip signal above the noise threshold is the mipdetetion eÆieny. All signals, with amplitude above threshold, onstitutea hit in the alorimeter. The proedure is shown in �gure 4. The thresholdis �xed onsidering the pedestal spetrum (Fig. 4.a) suh that the noise rateabove threshold is 3 kHz. This requirement orresponds to an oupany ofabout 8 aidental hits, as observed in the present 8000 hannel prototype with� 200 ns integration time. For the ILC detetor, the oupany of 10�4 duringone beam rossing interval (� 300 ns) translates into a sharper requirementof 300 Hz noise above threshold for a single photo-sensor.3 The total harge of the signal is onsidered as amplitude in this appliation.5
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(b)Fig. 4. Sintillator rystal read out by a 400 pixels MPPC. A threshold is de�nedonsiderting the pedestal spetrum, so that the noise above it is 3 kHz (grey areain (a)). This threshold in amplitude de�nes the eÆieny of the olletion of thesignal (b): in grey is the part of the signal above the ut, whih is 98% of the total,after subtrating the pedestal ontribution.The eÆieny of the mip signal is then alulated using the determined thresh-old (4.b). For a given oupany requirement, the dark noise of the sensor, theinter-pixel ross-talk and the most probable number of pixels orresponding toa mip determine the mip detetion eÆieny. The �rst de�nes the minimumallowed threshold, the latter determines position and Poisson width of the mipsignal distribution and thus the integral above threshold. In the prototype ofthe hadron alorimeter, the MEPHI SiPMs provide 15 � 2 photoeletrons atthe MPV of the mip signal. The eÆieny of the signal olletion, as measuredin the prototype, is 95%. The eÆieny of the mip signal olletion of MPPC,as a funtion of voltages, is shown in �gure 5. The measurements with diretoupling and with wavelength shifting �ber mediated readout are presentedfor both 1600 and 400 pixels MPPC. The MPPC have a very low dark rate andross talk, and the requested noise ut an be put at 1.5 - 2 pixels. The 1600pixels devie, in the diret oupling option, an be used at 2.5 - 3.5 V overthe breakdown, providing 6 - 7 photoeletrons at the MPV, with a olletioneÆieny of � 97 %. The performane of this solution is then omparable withthe one used in the atual prototype, and allows even an improvement in thedynami range. If the green wavelength shifting �ber is used, the MPPC arede�nitely ompetitive with the SiPMs in use in the present prototype: whenoperated at 3 - 3.5 V above the breakdown voltage, they provide a bettersignal eÆieny (98%) and a larger dynami range. The 400 pixels MPPC, inboth diret and wavelength shifter mediated readout, shows a very high mipsignal olletion eÆieny, but the redued number of pixels imposes stritbounds on the dynami range.It has to be noted that in both MPPCs the dark rate drops rapidly as thethreshold is raised, suh that for the tighter requirements of the ILC a thresh-6
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(b)Fig. 5. Signal olletion eÆieny for the 1600 pixels (a) and 400 pixels (b) MPPCs.The blue dots orrespond to the diret oupling, while the green triangles refer tothe wavelength shifting mediated readout.old of 2-4 pixels would be enough to keep the oupany small. In this aseit is possible to operate at a overvoltage whih preserves the mip eÆienyabove 95%. If thinner sintillator, e.g. 3 mm instead of 5 mm thikness withorrespondingly smaller light yield, is to be used, a better oupling or a largersensitive area of the photodetetor have to be investigated. A possible solutionould be the appliation of the new 3�3 mm2 MPPC, but further systematialstudies are needed.4 ConlusionThe diret readout of a 3� 3 m2 plasti organi sintillator by a Multi PixelPhoton Counter is possible, and an be an elegant solution for the futureprototype of a hadron alorimeter. The MPPCs are suitable also for the greenwavelength shifter �ber readout, hosen in the atual alorimeter prototype7



for the ILC, providing potentially even better performanes than the onesin use at the moment, in term of dynami range and mip signal olletioneÆieny. The 1600 pixels devies are preferred for this partiular appliation,as the linearity of the signal would be extended to a wider range of lightintensity. The uniformity of the light olletion with respet to the partileimpat position on the tile has still to be studied as well as the bounds on thedynami range imposed by the physis observed at the linear ollider.A further impliation of these results in the design of a Positron EmissionTomography sanner is also under study and it will be shown in detail in afuture paper.AknowledgementsThis work is supported by DESY, by the University of Hamburg and bythe Helmholtz-Nahwuhsgruppen fund VH-NG-206. We thank V. Korbel, V.Saveliev and F. Sefkow for their useful suggestions and omments. We thankHamamatsu, whih kindly provided us the tested samples of MPPC. We thankalso Peter Smirnov for his professional tehnial support. We �nally thank allthe students, from the university and the high shool who ontributed tothis projet, in partiular Franziska Klingberg and Britta Riehmann fromthe Hamburg University, who performed an exellent laboratory pratie atDESY.Referenes[1℄ V. Andreev et al. A high granularity sintillator alorimeter readout with SilionPhotomultipliers , Nul.Instr.Methods A540, 368 (2005)[2℄ V. Saveliev,V. Golovin Silion avalanhe photodiodes on the base of metal-resistor-semiondutor (MRS) struture, Nul.Instr.MethodsA442, 223 (2000).[3℄ P.Buzhan et al. Silion Photomultiplier and its possible appliations,Nul.Instr.Methods A504, 48 (2003)[4℄ Z.Sadygov et al. Super-sensitive avalanhe silion photodiode with surfaetransfer of harge arriers , Nul.Instr.Methods A504, 301 (2003)[5℄ The Calie/SiPM ollaboration Status report on Silion Photomultiplierdevelopment and its appliations, Nul.Instr.Methods A563, 368 (2006).[6℄ Hamamatsu, Multi-Pixel Photon Counter, Datasheet
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