Electron drift velocity measurements at high electric fields.

P. Colas^a, A. Delbart^a, J. Derré^a, I. Giomataris^a, F.Jeanneau^a, V. Lepeltier^b, I. Papadopoulos^a, Ph. Rebourgeard^a

aCEA/DSM/DAPNIA/C.E.-Saclay, 91191 Gif-sur-Yvette, France bLAL, IN2P3-CNRS et Université Paris-Sud, BP 34, 91898 Orsay Cedex, France

Abstract

A method to measure the electron drift velocity is presented. A pulsed UV Nitrogen laser is used to excite both the drift and cathode Nickel micromeshes of a Micromegas detector. The signals induced on the anode are then readout by a fast current amplifier. Several results have been obtained for various gas mixtures and electric fields from 10 V/cm to 14 kV/cm. Relevant applications with low (TPCs mode) and high (pre-amplification mode) electric fields will be discussed.

1 Introduction

In several applications of gaseous detectors it is important to know the electron drift velocity in gas. With a very simple device based on the Micromegas principle [1], measurements are performed in different gas mixtures. Results are presented for a wide range of electric fields.

2 Setup description and measurement principle

The setup is based on a standard Micromegas detector used in a double photodetector mode [2]. The cathode micromesh is the first photon converter and on top of it another mesh is used as a second photon converter and drift electrode. A scheme of this setup is given in the figure 1.

The photon source is a UV (˘=337 nm) pulsed laser (N_2), focalised through a lens in order to increase the photo-electric effect on the two meshes. Two signals are induced on the grounded anode (see figure 2) which is read through a

Preprint submitted to Elsevier Science 27 March 2001 fast preamplifier (1 GHz): one for the photo-electrons created on the drift electrode and one for the photo-electrons created on the cathode mesh. Since the distance between the two electrodes is known, the time delay between these two signals provides the electron drift velocity in the conversion gap. This measurement has been made for several conversion field values in different gas mixtures: Argon, Neon or Helium with Isobutane or CF_4 as quencher.

3 Calibration measurements

A first set of measurements were made in well known gas mixtures to check the method. Some results obtained in Helium mixture, P10 (Argon + 10% CH_4) and pure CH_4 are represented in the figures 3, 4 and 5 and compared with published measurements [3–5] and with Monte-Carlo calculations performed with Magboltz [6]. The agreement is quite good.

4 Results in several gas mixtures and for different purposes

4.1 Pre-amplification mode in Micromegas

The pre-amplification mode is a nice solution for Micromegas to cope with hadron fluxes as it has been shown in [7]. Different gases (Argon, Neon, Helium) with small amount of quencher (Isobutane or CF_4), which can provide a comfortable pre-amplification gain, are studied here in order to find gas mixtures which allow a high enough electron drift velocity. Results are presented in figures 6, 7 and 8. Neon-based mixtures are attractive, both for their preamplification factor and for the high drift velocity they allow to reach (greater than 5cm/¯s). For instance in Ne + 5% iC_4H_{10} the pre-amplification mode starts at 2.5 kV/cm and the drift velocity reaches 5 cm/¯m for 3.6 kV/cm while in Ar + 5% iC_4H_{10} it starts at 6 kV/cm and the higher velocity is about 4 cm/¯s.

4.2 Interest for Time Projection Chamber

Gas mixtures for TPC should allow a high electron drift velocity at very low electric fields. A drift velocity higher than 5 cm/¯s can be reached in CF_4 mixtures for fields as low as 200 V/cm (fig. 9). The advantage of such a gas is obvious compared to quenchers like CO_2 (fig. 10). As a comparison, the drift velocity reaches a maximum of 4 cm/¯s at 400 V/cm in Ar + 5% CO_2 while it reaches a maximum of 9 cm/¯s at 250 V/cm in Ar + 5% CF_4.

4.3 Small drift and high flux

Some measurements have been made to find the best gas mixture in order to cope with high particle fluxes and allow high gain and good time resolution. Adding a small fraction of CF_4 in Neon leads to a dramatic increase of the electron velocity (fig. 11). The results obtained with the gas mixture used for the Micromegas tracker of the COMPASS experiment [8] are also represented on the figure 12.

5 Conclusion

The feasability of a simple device to measure electron drift velocities in a wide range of electric fields, based on the Micromegas detection principle, has been demonstrated. There is a good agreement with previous published results and simulations. Drift velocity measurements are presented in various gas mixtures. The experimental results at very high field are of great interest for some applications and could be used to improve the accuracy of Monte Carlo simulations.

Acknowledgements

We would like to thank A. Giganon and E. Mahe for the technical support and S. Herlant for his precious assistance during the measurements.

References

[1] Y.Giomataris et al., Nucl. Instr. and Meth. A 376 (1996) 29-35.

[2] J.Derré et al., Nucl. Instr. and Meth. A 449 (2000) 314.

[3] U.Becker et al., 06/96.

[4] U.Becker et al., 07/97.

[5] F.Fulda-Quenzer et al., NIM A 235(1985)517.

[6] S.F. Biagi, Magboltz Source Code Version 2.01, CERN.

[7] A.Delbart et al., Performance of Micromegas with preamplification mode at high intensity hadron beams, 9th Vienna Conference on Instrumentatrion, Vienna/Austria, February 19-23, 2001.

[8] CERN/SPSLC 96-14 SPLSLC/P297 and CERN/SPSLC 96-30 SPLSLC/P297 add.1.

Fig. 1. Experimental setup.

Fig. 2. Signal measurement.

Fig. 3. Calibration in Helium mixture.

Fig. 4. Calibration in P10.

Fig. 5. Calibration in pure CH_4.

Fig. 6. Drift velocity in neon mixtures.

Fig. 7. Drift velocity in argon mixtures.

Fig. 8. Drift velocity in helium mixtures.

Fig. 9. Drift velocity in argon with CF_4 fractions.

Fig. 10. Drift velocity in argon with C0_2 fractions.

Fig. 11. Neon mixtures with isobutane and CF_4.

Fig. 12. COMPASS gas mixture.