The BaBar Drift Chamber

G. Sciolla^1

Stanford Linear Accelerator Center, Stanford, CA

Representing the BaBar Drift Chamber Collaboration^2

The central drift chamber for the BaBar detector at the PEP-II Bfactory at SLAC is a cylindrical chamber with a length of 280 cm and outer radius of 81 cm. It consists of 40 layers of small hexagonal cells arranged in 10 axial and stereo super-layers.

In order to minimize multiple scattering, light materials are used for the mechanical structure, and the gas mixture is Helium based. The pulse-height and timing electronics are mounted directly on the chamber rear end-plate.

A full length prototype of the BaBar drift chamber has been built. The analysis of cosmic ray events measures the spatial resolution averaged in the cell to be 130 ¯m and the dE/dx resolution to be 6.8%, meeting the performance goals for the BaBar central tracker. The mechanical assembly and stringing of the chamber was completed in December 1997 and the detector will be integrated into BaBar during summer 1998.

1 Introduction

The main physics goal of the BaBar Detector [1] is to study CP violation in the B system at the SLAC e^+e� asymmetric B-factory (PEP-II). This requires fast detectors to match a design luminosity of 3�10^{33} cm�^2s�^1, efficient and precise momentum measurement for the exclusive reconstruction of the B decays, use of light materials in the construction of the detectors to minimize the multiple scattering, and good particle identification capabilities over a wide energy range for tagging purposes.

1 Work supported by DOE contract DE-AC03-76SF00515 2 The members of the BaBar Drift Chamber Collaboration are listed in the Appendix.

Preprint submitted to Nuclear Instruments and Methods 31 March 1998

The specific requirements for the drift chamber, which operates in a 1.5 T magnetic field, are to provide a spatial resolution better then 140 μm averaged over the cell and to supply identification for low momentum tracks through dE/dx with a resolution of 7% (40 measurements). In addition the drift chamber provides one of the principal triggers for the experiment. These requirements are met through the use of a small-cell design, low density gas (helium:isobutane = 80%:20%) and low mass materials.

2 The Mechanical Design

A schematic side view of the BaBar drift chamber is shown in figure 1.

Fig. 1. Side view of the BaBar drift chamber. The dimensions are expressed in mm.

The BaBar drift chamber is a 280 cm long cylinder, with an inner radius of 23.6 cm and an outer radius of 81 cm. The flat end-plates are made of aluminum. Since the BaBar events will be boosted in the forward direction, the design of the detector is optimized to reduce the material in the forward end. The forward end-plate is therefore made thinner in the acceptance region of the detector (12 mm thick) compared to the rear end-plate (24 mm thick), and all the electronics is mounted on the rear end-plate. The inner cylinder is made of 1 mm beryllium, which corresponds to 0.28% X_0. The outer cylinder consists of 2 layers of carbon fiber on a Nomex core, corresponding to 1.5% X_0.

The cells are arranged in 10 super-layers of 4 layers each, for a total of 40 layers. Axial (A) and stereo (U, V) super-layers are alternated following the pattern AUVAUVAUVA as shown in figure 2. The stereo angle varies from a minimum of 40 mrad in the innermost stereo super-layer, to a maximum of 70 mrad in the outermost stereo super-layer.

Fig. 2. Cell layout in the BaBar Drift Chamber.

The 7104 cells are hexagonal with typical dimension 1.2 � 1.8 cm^2. Figure 3 shows the 50 ns isochrones in a typical cell in a 1.5 T magnetic field.

The sense wire is a 20 μm gold-plated tungsten-rhenium wire; the field wires are 120 μm and 80 μm gold-plated aluminum wires. The chosen gas mixture (Helium:isobutane=80%:20%) provides good spatial and dE/dx resolution and reasonably low drift times while minimizing material (gas and wires total 0.3%X_0 at for tracks at 90ffi [2].

Fig. 3. 50 ns isochrones in a typical BaBar drift chamber cell.

3 The Electronics Design

The BaBar drift chamber electronics is designed not to degrade the intrinsic performance of the chamber by more than 10%. For the drift time measurement, the electronics detects the leading edge of the signal from the ionization arriving at the sense wire and digitizes the time with 1 ns resolution. The dE/dx measurement requires summing the total charge in the pulse. The approach adopted is to apply a slow shaper then digitize the pulse with a 6-bit 15 MHz FADC.

To achieve the required channel density, the electronics design uses a 4-channel custom amplifier-discriminator IC [3] and an 8-channel custom CMOS TDC/FADC IC [4]. The amplifier, digitizer and trigger interface electronics are mounted on the rear end-plate, on top of the HV Assembly. They are contained in 48 wedge-shaped aluminum boxes called Front-End Assemblies (FEAs) which are water cooled.

The data from the TDCs and FADCs are written through a 12 μs trigger latency buffer into 4 levels of event buffers to minimize the dead time. The electronics provides a prompt trigger from all the channels and is designed to maintain good performance even in severe background conditions. The trigger single cell efficiency is ˘ 95%, and the sampling rate is 3.7 MHz.

A nominal voltage of 2020 V for the sense wires and 350 V for the fieldshaping wires at the boundaries of the superlayers is supplied by HV assemblies mounted on the feedthroughs of the rear endplate. Other field wires are at ground.

4 Prototype Results

A full-length prototype of the BaBar drift chamber was built at SLAC in 1996. This test chamber consists of 214 drift cells (930 wires) and reproduces a portion of the first 4 super-layers of the final chamber. The main goals of this prototype are the validation of the design choices, test of the assembly procedures, and provision of a test bench for the electronics and for the development of the on-line and off-line software.

The prototype chamber was operational at SLAC in 1997 and 1998. The spatial resolution and the dE/dx resolution has been studied for different settings of the electronics, different values of the high voltages, and in different regions of the chamber.

The tracks used for the analysis are cosmic rays with a minimum momentum of 0.8 GeV/c. The typical data set was recorded using the nominal gas mixture (He:isobutane 80:20) and the nominal settings of the high voltages (2020 V for sense wires). The gas gain was ß 1.2 � 10^5 and the discriminator threshold was 1.5 electrons. The resolution for this configuration was 90 μm in the central part of the cell and 120 μm averaged over the cell (figure 4).

The dE/dx resolution was measured for the 16-layer prototype chamber. The result, extrapolated to 40 layers, corresponds to a predicted resolution of 6.8% for the BaBar drift chamber.

These results meet the goals for the BaBar drift chamber and confirm the validity of both the mechanical and the electronics design.

5 Conclusion and Outlook

The design of the BaBar drift chamber is optimized for physics at an asymmetric B-factory. A full length prototype obtained a spatial resolution of 130 μm averaged on the whole cell and a dE/dx resolution of 6.8% for 40 measurements. These results indicate that design goals have been met.

The stringing of the chamber was performed at TRIUMF from August to

Fig. 4. Spatial resolution obtained in the Prototype drift chamber with sense wire voltage at 2020 V.

November 1997. The mechanical assembly was completed in February 1998 and the chamber delivered to SLAC in March 1998. The production electronics will be completed and tested in May 1998 so that the chamber will be ready for installation in the BaBar detector in September 1998.

Appendix: Members of the BaBar Drift Chamber Collaboration

A. Bajic^p, R. Bard^j, M. Beaulieu^m, V. Blinov^n, E. Borsato^g, A. Boucham^a, D. Boutigny^a, A. Boyarski^p, R. Boyce^p, D. Britton^l, B. Brochu^m, F. Bronzini^h, B. Broomer^e, A. Buccheri^h, R. Caracciolo^g, F. Colecchia^g, D. Coupal^p, R.F. Cowan^k, D. Coward^p, F. Dal Corso^g, C. Dallapiccola^j, I. De Bonis^a, D. Dorfan^c, S. Dow^i, J. Dusatko^p, E. Erdos^e, C. Fanin^g, J. Fernandez^c, R. Fernholz^l, F. Ferrarotto^h, F. Ferroni^h, D. Fong^j, W.T. Ford^e, A. Gaddi^f , F. Galeazzi^g, C. Goodenough^b, A. Gritsan^e, J. Harris^p, J. Harton^d, A. Hasan^m, C. Hearty^b, J. Heise^b, R. Henderson^q , J. Hodgson^p, M. Houde^l, H. Jawahery^j , A. Jeremie^a, D.R. Johnson^e, A. Karcher^i, Y. Karyotakis^a, M. Kelsey^b, N. Khan^q, R.V. Kowalewski^r, H. Krieg^e, R. Lafaye^a, E. Lamanna^h, T. Lanting^b, M. Levi^i, C. Lu^o, D. MacFarlane^l, R. Malchow^d, J.P. Martin^m, M.A. Mazzoni^h, K.T. McDonald^o, M. McDougald^p, J. McKenna^b,

W. Miller^j, M. Momayezi^i, M. Morandin^g, M. Morganti^f , S. Morganti^h, M. Morii^p, D. Nelson^p, M. Palrang^p, H. Park^e, P. Patel^l, G. Piredda^h, D. Pitman^r, M. Posocco^g, F. Raffaelli^f , P. Rankin^e, J.M. Roney^r, J. Roy^e, H. Sadrozinski^c, W.R. Sands III^o, S. Santi^g, S. Schaffner^p, B. Schumm^c, G. Sciolla^p, R. Seitz^m, M. Serra^h, J.G. Smith^e, A.J.S. Smith^o, M. Smy^d, A. Snyder^p, N. Spencer^c, R. Stroili^g, P. Taras^m, E. Torassa^g, J. Trischuk^l, C. Voci^g, S. Wagner^p, D. Warner^d, A. Weinstein^p, A. Woch^m, R.K. Yamamoto^k, V. Zacek^m, H. von der Lippe^i

aLaboratoire d’Annecy-le-Vieux de Physique des Particules, Chemin de Bellevue, BP 110, F-74941 Annecy le Vieux CEDEX - France

bUniversity of British Columbia, Department of Physics and Astronomy, 6224 Agricultural Road, Vancouver, BC V6T 1Z1, Canada

cUniversity of California at Santa Cruz, Institute for Particle Physics, Santa Cruz, CA 95064, USA

dColorado State University, Department of Physics, Fort Collins, CO 80523, USA

eUniversity of Colorado, Department of Physics, Campus Box 390, Boulder, CO 80309, USA

f INFN and Dipartimento di Fisica, Univeriá di Pisa, via Livornese 582/A, S. Piero a Grado, I-56010 Pisa, Italy

gINFN and Universitá di Padova, via Marzolo 8, I-35131 Padova, Italy

hINFN and Dipartimento di Fisica, Universiá di Roma “La Sapienza”, P.za A. Moro 2, I-00185 Roma, Italy

iLawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA jUniversity of Maryland, Department of Physics, College Park, MD 20742, USA

kMassachusetts Institute of Technology, Department of Physics and Laboratory for Nuclear Science, 77 Massachusetts Avenue, Cambridge, MA 02139, USA

lMcGill University, Rutherford Physics Building, 3600 University Street, Montreal, Quebec H3A 2T8, Canada

mUniversite de Montreal, Groupe de Physique des Particules, Laboratoire Rene J. A. Levesque, C. P. 6128, Succ. Centre-Ville, Montreal, Quebec H3C 3J7, Canada

nBudker Institute of Nuclear Physics, Novosibirsk, 630090, Russia

oPrinceton University, Department of Physics, P.O.Box 708, Princeton, NJ 08544, USA pStanford Linear Accelerator Center, P.O.Box 4349, Stanford, CA 94309, USA qTRIUMF, 4004 Wesbrook Mall, Vancouver, BC V6T 2A3, Canada rUniversity of Victoria, Department of Physics and Astronomy, P.O. Box 3055, Victoria, B.C., V8W 3P6, Canada; D. Pitman currently at Fantastic Data

References

[1] The BaBar Technical Design Report, SLAC-R-95-457(1995) [2] A. Boyarski, D. Briggs, P. Burchat, Nucl. Instr. and Meth. A323 (1992) 267-272 [3] D. Dorfan et al., to be published.

[4] A. Chau et al., A multichannel time-to-digital converter CHIP for drift chamber readout, Published in IEEE Trans. Nucl. Sci. 43:1720-1724,1996