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THE NEW TAPS ELECTRONICS�P. Drexlerfor the TAPS CollaborationII Physikalishes Institut, Justus Liebig Universität GiessenHeinrih Bu� Ring 16, 35392 Giessen, Germany(Reeived February 12, 2002)The urrent eletronis for TAPS is more than 10 years old with theexpeted de�ienies of suh an old hardware. To overome these prob-lems, a new 4 hannel per module eletronis has been designed whih willreplae and improve the urrently used eletronis. The main goals for thenew design have been the need of a better handling, easier maintainane,improved performane and the apability to handle higher readout rates.A basi requirement was the ompatibility with the HADES experiment toperform ombined experiments. This is ahieved by using similar VME-motherboards. The readout of a typial TAPS-BaF2-signal omprises 4QACs for the separate integration of the long and short sintillation om-ponents in two di�erent ranges, a TAC and 2 LEDs for more sophistiatedtrigger onditions. A CFD is inluded to optimize the timing informa-tion. Several tests were performed with prototypes. Initial problems wereidenti�ed and have been removed.PACS numbers: 07.05.Hd 1. IntrodutionThe new readout eletronis for TAPS [2℄ is designed within the TAPSollaboration by the Giessen group in lose ollaboration with KVI, Gronin-gen (The Netherlands) and the University of Basel. It is planned to em-ploy the new read-out eletronis for TAPS in joint experiments with thedilepton spetrometer HADES at GSI, Darmstadt, and future stand-aloneexperiments at various aelerator failities. Therefore, the eletronis hasto be ompatible with the general read-out and trigger onept of HADES,whih requires in partiular the omplete digitization within 10�s. In addi-tion, a highly ompat eletronis loated diretly near the detetor modulesinluding the omplete digitization of the detetor response will drastially� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(919)



920 P. Drexlerredue the installation time, avoid long signal ables and passive delays andshould improve the overall performane signi�antly. The repair of the ex-isting eletronis is more and more limited by the lak of omponents whihwere designed and produed exlusively for TAPS.2. Overview of the omponentsThe onept is based on the VME-standard and aommodates modernrequirements regarding data rate, resolution, �exibility and trigger seletiv-ity. Based on a HADES ompatible mainboard with a 13bit ADC and theVME-interfae, the speially onstruted piggybak is able to read out inparallel 4 hannels of BaF2-detetors (see �gure 1).
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Fig. 1. Shemati blok diagram of the piggybak designed for the read out of 4hannels. The upper part shows the digital ontrol iruits for the analogue setion(QACs and TAC) below.Eah hannel is disriminated by a Constant Fration Disriminator(CFD). Two separate Leading Edge Disriminators (LED) provide inde-pendent thresholds for more advaned trigger deisions. The CFD signalrepresents the main start signal. After a possible inhibit setting (initiated



The New TAPS Eletronis 921by a motherboard busy, e.g. during onversion of a preedent signal), theCFD signal is used in the PLD ontrol funtions and for generating the inte-gration gates of the Charge-to-Amplitude Converters (QAC), whih have tobe set very aurately to allow pulse shape analysis. Eah analog signal isintegrated 4-fold: the BaF2-signal is integrated over the total response time(long gate, typially 2�s) and during its fast omponent (short gate, typi-ally 20ns), both with a high and a low gain. Exploiting the orrelation ofthe fast sintillation omponent with the total light yield, suh a pulse shapeanalysis allows to distinguish signals initiated by photons or hadrons. Ananalog Time-to-Amplitude-Converter (TAC) with a resolution per hannelof approx. 50 ps delivers the timing information. Due to the fast operationin ommon stop mode no long delay of the logi timing signals is required.The slow ontrol (adjustment of the DACs) as well as the digital readoutof the disriminator status are handled by a Programmable Logi Devie(PLD, XCR3256XL), positioned on the piggybak. In addition, it ontrolsthe long gate and the reset of the hannels by using the �rst level triggerdeision. If the stop signal for the TAC iruit does not arrive in the timewindow between 400ns and 600ns after the CFD signal, the PLD resets theorresponding detetor hannel.3. First testsAn 8-hannel prototype (4 boards omprising only 2 hannels eah ontwo-layer boards assembled with several plugins) was employed during a �rsttest beam time at the MAMI tagged photon faility at Mainz. The in-beamtest was performed to study the energy and time resolutions as well as theoverall linearity. A detetor array onsisting of 7 TAPS BaF2-detetors wasexposed diretly to the ollimated tagged photon beam. The oinidenewith a limited number of tagging hannels selets a few inident photonenergies distributed over the full energy range up to 800 MeV. Figure 2presents the energy response of the detetor array to inident photon energiesbetween 70 and 800 MeV.The analog signals have been integrated over 2 �s and digitized within afull dynami range orresponding to 1 GeV. The line-shapes are �tted by thetypial asymmetri response funtion (solid lines), see Ref. [1℄. The deduedenergy resolutions (�) are shown as a funtion of inident photon energy inthe same �gure 2.In a subsequent measurement the BaF2-matrix, read out with the newTAPS eletronis, was used in a parasiti experiment. In a joint operation,oinidenes of the test unit have been reorded with the omplete TAPSdetetor, whih was arranged in a wall geometry and positioned at the oppo-site side of the beam (overing a. 30% of 4�). The small detetor array was
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Fig. 2. Left: Experimental line-shapes for various inident photon energies deter-mined in the detetor array and reorded with the new eletronis. Right: Energyresolution of the BaF2-matrix measured for the long integration gate as a funtionof inident photon energy.

80 100 120 140 160 180 200 220
0

20

40

60

80

100

120

140

160

C
ou

nt
s

M γγ (MeV/c  )

π0

2Fig. 3. Invariant mass spetrum dedued from -oinidene deteted in the rea-tion +4He showing a pronouned �0 peak. One of the deay photons was detetedin the small detetor array read out with the new TAPS eletronis. The solid linerepresents a �t with the known �0 !  line shape inluding the ombinatorialbakground (dotted line).



The New TAPS Eletronis 923plaed at a sattering angle of 100Æ with respet to the photon beam and wasread out by a TAPS aquisition system. Figure 3 presents the identi�ationof �0-mesons from the reation +4He based on an invariant mass analysis.The invariant mass has been dedued from pairs of deay photons under theondition that one photon was identi�ed in the small detetor array. The�gure demonstrates the overall performane of the new read-out, whih in-luded the reonstrution and alibration of the eletromagneti shower andthe lean separation of photons via time-of-�ight and pulse-shape analysis.The ahieved time resolution of 200 ps (�) is omparable to the typiallyvalue obtained with the urrent eletronis.4. Problems with nonlinearityThe tests desribed above have shown the funtionality of the new ele-tronis, but the detailed analysis of the response of the individual moduleshas revealed a non-linearity of the measured energy towards higher energies.Laboratory tests with test pulses, simulating the shape of BaF2-signals, havebeen performed, whereby the pulse height has been varied with a high pre-ision attenuator.The investigations, overing a maximum attenuation fator of 52 dB,have shown a non-linearity in ase of the long integration omponent ofapprox. 8% over a full range of 800 MeV (�gure 4) measured with thepiggybak used in the MAMI experiment. In the lower part of the spetruma fully linear response of the harge integration is found while deviationsour at higher energies.
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Fig. 4. The measured deviation from linearity shown for an unmodi�ed BaF2-signal(risetime = 2.7 ns) as a funtion of relative signal amplitude. Maximum values upto 8% have been determined. After shaping leading to an inrease of the risetimeto 9.2 ns, the maximum non-linearity is redued down to 1.1%



924 P. DrexlerThe deviation from the linearity has been alulated by the followingproedure: A linear �t has been applied to the 20 lowest data points. Theabsolute error is given by the deviation of the experimental data from the�tted line. In a similar way, the relative error orresponds to the ratio of(absolute error/�t-value)*100%.After a series of detailed investigations the reason ausing suh a strongnon-linearity has been attributed to the fast rise time of the BaF2-signal.The used QAC hip an not handle suh fast signals. When applying asignal shaping iruit inreasing the rise time to 9.2 ns, in ontrast to aformer value of 2.7 ns � measured at the input stage of the QAC � thenonlinearity is redued to a value as low as 1.1% (see �gure 4).5. Summary and outlookA prototype of the new very ompat read-out eletronis for the pho-ton spetrometer TAPS has been designed and operated in two �rst testexperiments deteting high energy photons in a subarray onsisting of 7BaF2-detetors. In omparison to the urrent eletronis, the new oneptis easier to handle, provides full ompatibility for a joint TAPS/HADES op-eration and allows higher rates of fully digitized detetor signals (> 90kHz).The �rst tests with prototype boards are very promising [3℄. The imple-mentation of the prototype set-up into the fully operating TAPS systemsdouments the overall funtionality. The identi�ation of neutral mesonsvia an invariant mass analysis douments the apability of a lean photonreonstrution. The reason for the signi�ant non-linearity of the energyresponse has been identi�ed and a pratiable solution has been tested. Asa next and �nal step, the design and prodution of a 4-hannel multilayerpiggybak is in preparation. The mass prodution, in ollaboration withthe group of R. Bassini, University of Milan, Italy and the ompany CAEN,Italy, should be started early 2002 to allow a omplete read out with thenew eletronis for the joint CRYSTAL BALL/TAPS experiment at MAMIin summer 2003. REFERENCES[1℄ A. Gabler et al., Nul. Instrum. Methods Phys. Res. A346, 168 (1994).[2℄ R. Novotny, IEEE Trans. Nul. Si. 38, 379 (1991).[3℄ GSI Sienti� Report (2000) p. 209.


