Figure 1: Schematic layout of the H1 detector.

Figure 2: The H1 tracking system (r − z view)

Figure 3: Central tracking system, section perpendicular to the beam

Figure 4: Left: Electron-proton scattering event as seen in the CJC showing tracks found by the pattern recognition program and mirror tracks. Right: Simulation of a CJC cell indicating the drift regions of the senses wires, drift lines and isochrones. The straight lines represent infinite momentum tracks from the beam axis.

Figure 5: Dependence of the CJC z−resolution on the amount of ionization. A minimum ionizing particle deposits typically 1000 counts.

Figure 6: Specific ionization versus particle momentum measured in the CJC in HERA runs.

Figure 7: Longitudinal and transverse cross-section through a cell of the CIZ. S: signal wires, P: potential wires, the z−coordinates are given relative to the center of the cell [mm].

Figure 8: Schematic view of the COZ.

Figure 9: Forward tracker overview. Top: cross-section in the r, z−plane showing the three supermodules. Bottom: cross-section in the r, ϕ−plane showing the basic cell structure of each supermodule component in one quadrant (A: planar chamber, B: FWPC, C: TR, D: radial chamber).

Figure 10: Details of the forward tracker construction. Top: cross-section in the r, z−plane and in the r, ϕ−plane showing the overall orientation of cells, wires and pads for each supermodule component. Bottom: details of cell construction.

Figure 11: FADC readout system for drift chambers

Figure 12: Longitudinal cross-section and details of the COP.

Figure 13: Cross section through the backward proportional chamber.

Figure 14: MWPC front end electronics and read-out system.

Figure 15: Layout of the closed circuit gas system for the planar drift chambers. CP: circuit membrane pump, FL: mechanical flow meter, FM: electronic flow meter, GC: gas chromatograph, HM: hygrometer, IM: infrared meter, MV: mechanical safety valve, O_2: O_2-meter, PG: mechanical pressure gauge, PT: electronic pressure transducer, SV: solenoid valve, V: mechanical two- or three-way valve.

Figure 16: Schematic cross-section of the inner and outer veto wall (left) and the ToF counters.

Figure 17: Time distribution of hits in a ToF counter.

Figure 18: a) Longitudinal view of calorimeters. b) Radial view of a LAr calorimeter wheel.

Figure 19: Schematic structure of the readout cell: a) e.m. cell, b) hadronic cell. All dimensions given in μm.

Figure 20: Relative stability of the electronic chain over one month.

Figure 21: Noise contribution summed over all channels of the LAr calorimeter: a) after applying a +2σ noise threshold, b) after noise suppression.

Figure 22: Correlation between the true energy lost in front of the calorimeter (E^{true}_{lost} ) and its estimation in the reconstruction (E^{rec}_{lost}) for simulated low Q^2 DIS.

Figure 23: The effective mass of two photons before (dashed histogram) and after (hatched one) the dead material correction.

Figure 24: Performance of the dead material correction for simulated pions at 20 GeV. Ratios (−E^{true}_{lost} )/E^{true}_{tot} (circles) and (E^{rec}_{lost} − E^{true}_{lost} )/E^{true}_{tot} (crosses) are shown as function of θ and ϕ (both given in degrees). Before the correction a crack structure is clearly seen. Solid lines correspond to ±1% deviations from the true energy .

Figure 25: Response across the CB2/CB3 z crack in a pion test beam of 30 GeV at CERN.

Figure 26: Reconstructed energy for data (histogram) and MC (points) for electron energies of 10, 20, 30 and 50 GeV (BBE Wheel).

Figure 27: Energy resolution as function of electron energy for wheels BBE, CB, FB2 and IF. Solid line: parametrization for FB2.

Figure 28: Energy reconstruction for pions at 80 GeV for wheels CB, FB and IF on the electromagnetic (open) and hadronic energy scale (closed, shadowed) for data (histogram) and MC (points).

Figure 29: Energy reconstruction for pions at 205 GeV for wheel IF with tail catcher (open histogram), only IF (circles) and for events fully contained in IF. Solid lines: fitted Gaussian distributions.

Figure 30: Energy resolution as function of pion energy for wheel IF. Circles: IF only , triangles: IF + iron tail catcher. Parametrization according to equation (2) with A = (50.7 ± 0.1)% [ √ GeV ], B = 0.9 GeV and C = 1.6 ± 0.1%.

Figure 31: Energy/momentum match of electrons generated by cosmic muons measured in the CJC and LAr CB wheels.

Figure 32: Transverse momentum balance p_{th}/p_{te} for both scattered electron and hadronic shower detected in the LAr calorimeter for data (open symbols) and Monte Carlo (histogram).

Figure 33: Transverse view of the BEMC barrel and longitudinal cross-sections of BEMC stacks, The positions of all long WLS in the BEMC are marked in (a). The scintillating light is read out transversely via long WLS covering the full length of the BEMC stacks (b). In square and trapezoid stacks the last 15 sampling layers are read out via short WLS (c).

Figure 34: Energy spectrum of low Q^2 DIS electrons scattered in the region of square BEMC stacks. For simulation (shaded area) the structure function GRV is used.

Figure 35: Cross sectional view of the PLUG calorimeter.

Figure 36: Typical I/V − and C/V −characteristics of the PLUG Si-detectors.

Figure 37: PLUG response to ep events compared to a MC simulation (solid line) produced using the Colour Dipole Model.

Figure 38: Muon spectra summed over a complete module for a) inner towers normalized to 4 planes, and b) outer towers normalized to 5 planes. The curves are fits to a Landau distribution.

Figure 39: Ratio of the total transverse hadronic energy- including the corrected TC energy - and the transverse electron energy versus the energy fraction in the TC, for NC events. The line is a fit to the data.

Figure 40: Structure of LST chambers.

Figure 41: Iron instrumentation showing the pointing pad structure of the barrel region. The crossed elements represent dummy modules which fill the space not occupied by the chambers in a way to ensure that the dead areas are not aligned for tracks from the vertex region (P=pads; S=strips).

Figure 42: The local data acquisition system.

Figure 43: Efficiency of chamber planes . The following numbering scheme is used: 0 - 15 backward endcap (from bottom to top), 16 - 31 backward barrel, 32 - 47 forward barrel, 48 - 63 forward endcap (from bottom to top).

Figure 44: Wire and strip multiplicity per event.

Figure 45: Muon reconstruction efficiency in the barrel region as function of the muon energy [GeV] determined from cosmic muons. The average efficiency in the plateau region is 89 % and is determined by geometrical acceptance.

Figure 46: a) A schematic view of the forward muon spectrometer and b) the cell structure of a double layer.

References

[1] I. Abt et al., The H1 Detector at HERA, submitted to Nucl. Instr. and Meth. [2] I. Abt et al., The H1 Detector at HERA, Internal Report DESY H1-96-01, Hamburg (1996), unpublished.

[3] J. Bürger et al., Nucl. Inst. and Meth. A279 (1989) 217.

[4] J. Bürger, Tracking at H1 in the environment of HERA, Proc. 4^{th} Topical Sem. on Exp.

Apparatus in High Energy Particle Physics and Astrophysics, San Miniato, Italy (1990), eds. P. Giusti et al. (World Scientific, Singapore, 1991), p. 272.

[5] H. Drumm et al., Nucl. Instr. and Meth. 176 (1980) 333.

[6] Glass fiber reinforced epoxy: Stesalit AG, Zullwil, Switzerland; and Permali, F 54320 Marseille, France.

[7] S. Prell, Z-Kalibration und dE/dx−Kalibration der zentralen Spurkammer des H1 Detektors, Diploma thesis, University of Hamburg (1992), H1 report FH1T-92-04, DESY, Hamburg (1992), unpublished.

[8] V. Karimäki, Fast code to fit circular arcs, Helsinki University report HU-SEFT-1991-10 (1991), unpublished.

[9] V. Lioubimov, Particle separation by likelihood analysis of dE/dX measurements in H1 tracking chambers, H1 report 11/93-329, DESY, Hamburg (1993), unpublished.

[10] C. Ley, Untersuchungen zur Rekonstruktion des radiativen D^{∗o} Zerfalls im H1 Detektor, Ph. D. thesis, RWTH Aachen (1994), unpublished; RWTH Aachen report PITHA-91-10 (1991).

[11] N. Sahlmann, Reconstruction of Λ and K^0_s with the H1 detector, H1 report 04/93-281, DESY, Hamburg (1993), unpublished.

[12] R. Luchsinger, and C. Grab, Comp. Phys. Comm. 76 (1993) 263.

[13] H.J. Behrend and W. Zimmermann, A hardwired trigger processor using logic cell arrays (XILINX), in ref. [115], p. 237.

[14] Rohacell 51: Roehm GmbH, Darmstadt, Germany. [15] S. Egli et al., Nucl. Instr. and Meth. A283 (1989) 487. [16] P. Robmann et al., Nucl. Instr. and Meth. A277 (1989) 368.

[17] P. Robmann, The central inner z−chamber of the H1-experiment at HERA, Ph. D. thesis, University of Zürich (1994).

[18] California Fine Wire Company, Grover City, Cal. 93433.

[19] K. Esslinger, and P. Robmann, A sensitive current monitor for drift chambers, Nucl. Instr.

and Meth. A334 (1993) 649.

[20] H. Bärwolff et al., Proc. 4^{th} San Miniato Topical Seminar on Experimental Apparatus for High-Energy Physics and Astrophysics (1990), P. Giusti et al. eds., World Scientific 1990, p. 284.

[21] H. Bärwolff et al., Nucl. Instr. and Meth. A283 (1989) 467.

[22] H. Bärwolff et al., Nucl. Instr. and Meth. A294 (1990) 117.

[23] S. Burke et al., Track Finding and Fitting in the H1 Forward Track Detector, DESY preprint 95-132, Hamburg (1995), submitted to Nucl. Instr. and Meth.

[24] NOMEX: Eurocomposites, L 6401 Echternach, Luxembourg. [25] G.A. Beck et al., Nucl. Inst. and Meth. A283 (1989) 471. [26] H. Graessler et al., Nucl. Inst. and Meth. A283 (1989) 622. [27] H. Graessler et al., Nucl. Inst. and Meth. A310 (1991) 535. [28] J.M. Bailey et al., Nucl. Inst. and Meth. A323 (1992) 184. [29] H. Graessler et al., Nucl. Inst. and Meth. A323 (1992) 401. [30] VICbus, VME Inter-Crate Bus, ISO/IEC JTC 1/SC26.

[31] W. Zimmermann et al., A 16 channel VME flash ADC system (F1001-FADC), H1 internal report, DESY, Hamburg (1989), unpublished; manufacturer: Struck, Tangstedt/Hamburg.

[32] Creative Electronics Systems SA, Fast intelligent controller FIC 8230/8232, Geneva, CH, 1987/1992.

[33] H. Krehbiel, H1 trigger control system, H1 report 12/88-101, DESY, Hamburg (1988), unpublished.

[34] The VME Subsystem Bus (VSB) specification, IEEE standard 1096. [35] M. de Palma et al., Nucl. Instr. and Meth. 216 (1983) 393. [36] J. Boucrot et al., Nucl. Instr. and Meth. 176 (1980) 291.

[37] DAG and Electrodag graphite solutions: Acheson Colloiden, Scheemda, Netherlands;

Deutsche Acheson Colloids, Ulm, Germany.

[38] K. Müller et al., Nucl. Instr. and Meth. A312 (1992) 457. [39] Araldit: epoxy glue manufactured by CIBA-Geigy AG, Basel, Switzerland. [40] R–4825 Johnson Mathey, Conductive Adhesives and Coatings. [41] G. Bertrand-Coremans et al., Nucl. Phys. B (Proc. Suppl.) 16 (1990) 518. [42] P. Huet, A VMEbus-based Data Acquisition System for the MWPCs of the H1 Detector at the HERA Collider, Ph. D. thesis, Université Libre de Bruxelles (1993), unpublished.

[43] BASF AG, Ludwigshafen, Germany.

[44] G. Kemmerling, Untersuchungen zur Beimischung von Alkoholdampf in geschlossene Gaskreisläufe für den Betrieb von Drift- und Proportionalkammern, Diploma thesis, RWTH Aachen (1990), unpublished.

[45] S. Masson, Ph. D. thesis, RWTH Aachen (1993), unpublished. [46] J.A. Kadyk, Nucl. Instr. and Meth. A300 (1991) 436. [47] R. Etienne, Diploma thesis, RWTH Aachen (1993), unpublished. [48] Messer Griessheim AG, Griessheim, Germany.

[49] BAYER AG, Leverkusen (Vertrieb Hamburg), Germany.

[50] H.B. Dreis, Bau einer automatisierten Gaschromatographie Messtation für den H1 Detektor, Diploma thesis, RWTH Aachen (1991), unpublished.

[51] W.A. Dietz, Response factors for gas chromatography, Esso Res. and Eng. Co., Analytical Res. Div., Linden, New Jersey, 68 (1967).

[52] V. Commichau, RWTH Aachen III. Physik. Inst. Lehrstuhl B, internal report, unpublished.

[53] P. Göttlicher, Entwicklung und Bau eines rechnergesteuerten Gassystems für eine Präzisionsdriftkammer, Ph. D. thesis, RWTH Aachen (1993), unpublished.

[54] C. Leverenz, Aufbau und Test eines Szintillationszählersystems zur Bestimmung des Strahluntergrundes am H1 Experiment sowie erste Strahlstudien an HERA, Diploma thesis, University of Hamburg (1991), unpublished.

[55] V. Korbel, Erste HERA - Strahluntergrundstudien in der H1 Wechselwirkungszone im November 1991, DESY preprint HERA 92-07, Hamburg (1992), unpublished.

[56] K. Flamm, Messungen von Strahluntergrund bei HERA für den Betrieb von H1, H1 report FH1K-92-03, DESY, Hamburg (1992), unpublished.

[57] H1 Collaboration, C. Berger et al., Technical proposal for the H1 detector, DESY report PRC 86-02, Hamburg (1986), unpublished.

[58] H1 Calorimeter group, B. Andrieu et al., The H1 liquid argon calorimeter system, Nucl.

Instr. and Meth. A336 (1993) 460.

[59] H1 Calorimeter group, B. Andrieu et al., Electron/Pion Separation with the H1 LAr Calorimeter, Nucl. Instr. and Meth. A344 (1994) 492.

[60] J. Stier, Kalibration des H1 Flüssig-Argon Kalorimeters mit kosmischen Myonen, DESY FH1K-92-04, Diploma thesis, University of Hamburg (1992), unpublished.

[61] R. Bernier et al., Pedestal drift and cable pickup problems in multiplexed analog signal transmission, NS Symposium 34, San Francisco, IEEE. Transactions on Nuclear Science 34 (1988) 131.

[62] K. Djidi, DSP readout of ADCs for the H1 calorimeter, Proc. 2^{nd} Int. Conf. on Advanced Technology and Particle Physics, Como (1990), E. Borchi et al. eds., Nucl. Phys. B (Proc. Suppl.) 23A (1991) 186.

[63] N. Huot, Estimation et Réjection de l’Empilement pour la Mesure des Fonctions de Structure par les Calorimètres de H1, Ph. D. thesis, University of Paris 7 (1992), unpublished.

[64] H. Abramowicz et al., Nucl. Instr. and Meth. 180 (1981) 429.

[65] H1 Collaboration, W. Braunschweig et al., Nucl. Instr. and Meth. A265 (1988) 419.

[66] H1 Collaboration, W. Braunschweig et al., Nucl. Instr. and Meth. A275 (1989) 246.

[67] H. Greif, Untersuchung zur kalorimetrischen Messung von Jeteigenschaften in hochenergetischen Elektron - Proton Speicherring - Experimenten, Ph. D. thesis, Technical University of München (1990), unpublished.

[68] H1 Calorimeter group, H. Oberlack, Compensation by software - single particles and jets in the H1 calorimeter, Proc XXV. Int. Conf. on High Energy Physics, Singapore, (1990) vol.2, p. 1377.

[69] P. Loch, Kalibration des H1 Flüssig-Argon Kalorimeters unter Berücksichtigung der Gewichtungsmethode für Teilchen-Jets, H1 report FH1K-92-02, DESY, Hamburg (1992); Ph. D. thesis, University of Hamburg (1992), unpublished.

[70] H.P. Wellisch et al., MPI-PhE/94-03 (1994).

[71] W. Braunschweig et al., Results from a test of a Pb-Fe liquid argon calorimeter, DESY preprint 89-022, Hamburg (1989).

[72] H1 Calorimeter group, B. Andrieu et al., Results from pion calibration runs for the H1 liquid argon calorimeter and comparisons with simulations, Nucl. Instr. and Meth. A336 (1993) 499.

[73] H1 Calorimeter group, B. Andrieu et al., Beam tests and calibration of the H1 liquid argon calorimeter with electrons, Nucl. Instr. and Meth. A350 (1994) 57.

[74] F. Zomer, Energy Correction Procedure for Electrons in CB2-CB3 ϕ-crack region, H1 report 09/93-316, DESY, Hamburg (1993), unpublished.

[75] M. Korn, Untersuchungen zur Messung der Energie von Elektronen und geladenen Pionen mit dem Flüssig Argon Kalorimeter des Detektors H1, Ph. D. thesis, University of Dortmund (1994), unpublished.

[76] M. Hütte and M. Korn,Energy Correction Procedure for Electrons in FBE ϕ-crack region, H1 report 11/94-400, DESY, Hamburg (1994), unpublished.

[77] H1 Collaboration, W. Braunschweig et al., Nucl. Instr. and Meth. A270 (1988) 334.

[78] R. Grässler, Kalibration eines elektromagnetischen Kalorimetermoduls für den H1 Detektor, Diploma thesis, RWTH Aachen (1991), unpublished.

[79] J.-F. Laporte, Diffusion Profondément Inélastique à HERA et Calibration Absolue de la Mesure en Energie d’un Electron dans le Calorimètre à Argon Liquide de l’Expérience H1, Ph. D. thesis, University of Paris-Sud (1991), unpublished.

[80] K. Borras, Aufbau und Kalibration eines Flüssig-Argon Kalorimeters im H1 Detektor, Ph. D. thesis, University of Dortmund (1992), unpublished.

[81] M. Flieser, Untersuchungen zur Energieauflösung eines Flüssig-Argon-Kalorimeters für Elektronen und Pionen im Energiebereich von 3.7 - 170 GeV, MPI-Phe/92-08, H1 report 07/92-231, DESY, Hamburg (1992), unpublished; Diploma thesis, Technical University of München (1992), unpublished.

[82] S. Peters, Die parametrisierte Simulation elektromagnetischer Schauer, MPI-PhE/92-13, Ph. D. thesis, University of Hamburg (1992), unpublished.

[83] P. Hartz, Kalibration eines Blei-Flüssigargon Kalorimeters mit Elektronen für das H1 Experiment, Ph. D. thesis, University of Dortmund (1993), unpublished.

[84] R. Haydar, Test et Calibration du Calorimètre Hadronique de l’Expérience H1 à HERA, Ph. D. thesis, University of Paris-Sud (1991), unpublished.

[85] J. Gayler, Proc. Workshop on Detector and Event Simulation, K. Bos and B. van Eijk eds., NIKHEF-H report, Amsterdam (1991), p. 312.

[86] B. Delcourt et al., Comparison of pion calorimeter test data with simulation for CB2/CB3 period, H1 report 04/92-220, DESY, Hamburg (1992), unpublished.

[87] M. Rudowicz, Hadronische Schauersimulation fuer den H1 Detektor, MPI-PhE/92-14, Ph. D. thesis, University of Hamburg (1992), unpublished.

[88] H. Fesefeldt, Nucl. Instr. and Meth. A263 (1988) 114.

[89] R. Brun et al. GEANT long write-up, CERN Program Library, W5103, 1989.

[90] H. Bergstein, Eichung des H1 Tail Catchers als stand-alone Kalorimeter und in der Kombination mit dem H1 Flüssig Argon Kalorimeter, Ph. D. thesis, RWTH Aachen (1993), unpublished.

[91] H1 BEMC group, J. Ban et al., The H1 backward calorimeter BEMC and its inclusive electron trigger, Nucl. Instr. and Meth. A372 (1996) 399.

[92] Kyowa Gas Chemical ind. Co. Ltd., Nihonbashi, 3-8-2, Chuo-ku, Tokyo 103, Japan.

[93] HAMAMATSU Photonics K.K., Ichino-cho, Hamamatsu City, Japan.

[94] Floeth Electronic, Landsberg a. Lech, Germany.

[95] C. Brune et al., BEMC Calibration in 1993, H1 report 04/94-352, DESY, Hamburg (1994), unpublished.

[96] E. Fretwurst et al., Nucl. Instr. and Meth. A288 (1990) 1.

[97] M. Eberle et al., Electromagnetic MC-simulations with EGS4 and GEANT – How to make them work for thin detectors, H1 report 05/89-113, DESY preprint 89-104, Hamburg (1989).

[98] M. Eberle et al., Test Experiment und Monte-Carlo-Simulationen für Silizium-Instrumen-tierte Kalorimeter, Annual report 1990/1991, I. Inst. Phys., University of Hamburg (1991), unpublished; M.Eberle, Ph. D. thesis, University of Hamburg, in preparation.

[99] I. Fedder, Untersuchungen an Silizium-instrumentierten Test-Kalorimetern für elektromagnetische und hadronische Schauer, Ph. D. thesis, University of Hamburg (1991), unpublished.

[100] M. Ruffer, Implementierung des Silizium-instrumentierten PLUG-Kalorimeters in den H1- Detektor, Ph. D. thesis, University of Hamburg (1992), unpublished.

[101] E. Panaro,M. Krüger and M. Seidel, Calibration of the H1 Plug calorimeter and comparison of data with Monte-Carlo simulations, H1 report 09/95-455, DESY, Hamburg (1995), unpublished.

[102] R. Wunstorf, Systematische Untersuchungen zur Strahlenresistenz von Silizium-Detekto-ren für die Verwendung in Hochenergiephysik-Experimenten, Ph. D. thesis, University of, Hamburg (1992), unpublished; H1 report FH1K-92-01, DESY, Hamburg (1992), unpublished.

[103] W. Hildesheim and M. Seidel, An investigation into the radiation damage of the silicon detectors of the H1 Plug calorimeter within the HERA environment, DESY preprint 95- 139, Hamburg (1995), unpublished.

[104] G. Ingelman, Proc. of the workshop on Physics at HERA, Hamburg (1991), W. Buchmüller and G. Ingelman eds., DESY, Hamburg (1992), vol.III, p. 1366.

[105] J. Ebert, The H1 Tail Catcher hardware and software performance, H1 report 08/95-448, DESY, Hamburg (1995), unpublished.

[106] F. Niebergall, Calibration and data correction for the TC calorimeter, H1 report 02/91- 163, DESY, Hamburg (1991), unpublished.

[107] H. Bergstein et al., Beam calibration of the H1 tail catcher at CERN, H1 report 10/91-197, DESY, Hamburg (1991), unpublished.

[108] L. Büngener, Interkalibration der Türme des H1 Tailcatchers, Diploma thesis, University of Hamburg (1992), unpublished.

[109] Luranyl: BASF, Ludwigshafen, Germany.

[110] G. Battistoni et al., Nucl. Instr. and Meth. 152 (1978) 423; ibid. 176 (1980) 297. [111] F. Ferrarotto, R. Kotthaus, and B. Stella, Study of alternative materials for streamer tubes, H1 report TR-406, DESY, Hamburg (1987), unpublished.

[112] CAEN High Voltage System SY 127, Costruzioni Apparecchiature Elettroniche Nucleari S.p.A., I-55049 Viareggio.

[113] K. Geske, H. Riege, and R. van Staa, The digital electronics of the H1 streamer tube detector, H1 report H1LSTEC 90-8, DESY, Hamburg (1990), unpublished.

[114] I. Cronström et al., Nucl. Instr. and Meth. A340 (1994) 304.

[115] Proc. Int. Conf. on Computing in High Energy Physics, Tsukuba, Japan (1991), Universal Academy Press,(1991).