International Journal of Modern Physics A © World Scientific Publishing Company

The Cryogenic Dark Matter Search (CDMS II) Experiment - First Results from the Soudan Mine

Clarence L. Chang^∗ Department of Physics, Stanford University, Stanford, CA 94305, USA

Received (31 October 2004)

The CDMS collaboration has completed its first WIMP search run at the Soudan Underground Laboratory. This run consisted of operating 4 Ge and 2 Si ZIP detectors for 52.6 live days and yields a post-analysis WIMP exposure of 19.4 kg-d for recoil energies between 10-100 keV. Analysis of this data sets the world’s lowest exclusion limits on the coherent WIMP-nucleon scalar cross-section for all WIMP masses above 15 GeV/c^2 .

Keywords: Dark Matter; SUSY; ZIP

1. Introduction

Most of the dark matter of the universe may consist of Weakly Interacting Massive Particles (WIMPs)^{1,2,3}. WIMPs are well motivated predictions from many supersymmetric theories^{4,5}. It is possible to detect WIMP dark matter through elastic scattering off of atomic nuclei^6. These interactions will typically impart a few tens of keV to the recoiling nucleus at a rate of ≲ 1 event per kg per day^7.

The Cryogenic Dark Matter Search (CDMS) collaboration is conducting a WIMP search with a new apparatus in the Soudan Underground Laboratory. The detectors are 4 Ge (250 g) and 2 Si (100 g) ZIP detectors^{10} which are surrounded by 22.5 cm of lead and 50 cm of polyethylene. A plastic scintillator enclosure which tags muons with > 99% efficiency is used to reject events produced by muon activity in the shielding. The muon flux at Soudan is sufficiently low that backgrounds from muon activity in the rock are negligible. The only remaining backgrounds consist of photons and electrons produced by radioactivity inside the shielding. ZIPs can efficiently distinguish these backgrounds from WIMPs since photons and electrons scatter off of electrons while WIMPS scatter off of nuclei.

2. Analysis

From October 11, 2003 until January 11, 2004, we obtained 52.6 live days of exposure using six close-stacked ZIP detectors. Over the course of the run, we performed

∗for the CDMS Collaboration 1

2 Clarence L. Chang

Fig. 1. WIMP-nucleon exclusion plot for spin-independent interactions under the assumptions of a standard isothermal dark matter halo with ρ =0.3 GeV/cm^3 and a mean velocity of 230 km/s. Curves are for EDELWEISS (dashed), CDMS II - SUF (dot dashed), and CDMS II - Soudan (solid). The dark grey heart shaped region is the 3σ DAMA allowed region. The light grey shaded regions correspond to the allowed parameter space for some MSSM models. Plot courtesy of http://dmtools.brown.edu.

several in situ calibrations using a^{133}Ba source (photons only) and a^{252}Cf source (photons and neutrons). Excellent agreement between data and Monte Carlo simulations for both of the sources indicates that the energy calibration is accurate to within a few percent for both electron and nuclear recoils. The external calibrations also indicate that the experiment is stable to better than 5%.

The analysis of this data is a blind analysis. We did not inspect the nuclear-recoil region of the WIMP-search data until all cuts were finalized making it impossible for our results to bias the analysis. All cuts and their efficiencies are determined from the in situ calibrations. For recoils between 10-100 keV, the spectrum-averaged effective exposure for a 60 GeV/c^2 WIMP is 19.4 kg-days. Details of this analysis can be found in a separate paper.^9

We estimate our only nuclear-recoil background, neutrons produced by muon interactions in the rock, to be 0.05 ± 0.02 events. We estimate our photon misidentification to be 0.18^{+0.43}_{−0.16}. It is difficult to estimate the misidentification rate of electrons coming from contamination on the detector surface since the external calibrations do not perfectly reproduce the spatial distribution of surface contamination. We estimate a misidentification of 0.4 ± 0.2 electrons, which should be good to within a factor of two.

3. Results

This analysis of the first Soudan CDMS II WIMP-search data set reveals one nuclear-recoil event with a recoil of 64 keV in the 52.6 kg-d raw exposure of our Ge detectors. This rate is consistent with our expected electron-recoil misidentifi-

October 31, 2004 14:2 WSPC/INSTRUCTION FILE DPF2k4proceeding

CDMS II - First Results from Soudan 3

cation. Using the optimum interval method^{12}, these data set an upper limit on the WIMP-nucleon cross-section of 4 × 10^{−43} cm^2 at the 90% C.L. at a WIMP mass of 60 GeV/c^2 for scalar (spin-independent) coherent interactions and a standard WIMP halo. As shown in Fig. 1, these limits are about a factor of four below the best previous limits set by EDELWEISS^{14}, and a factor of eight better than our limit with the same detectors at SUF^{11}, confirmming that events detected by CDMS at SUF and those detected by EDELWEISS were not a WIMP signal.

Under the assumptions of a standard halo model, our new limits are clearly incompatible with the published DAMA signal region^{13} if it is due to scalar coherent WIMP interactions. Our new limits significantly constrain supersymmetric models under some theoretical frameworks^5.

Acknowledgments

This work is supported by the National Science Foundation under Grant No. AST- 9978911, by the Department of Energy under contracts DE-AC03-76SF00098, DE- FG03-90ER40569, DE-FG03-91ER40618, and by Fermilab, operated by the Universities Research Association, Inc., under Contract No. DE-AC02-76CH03000 with the Department of Energy. The ZIP detectors were fabricated in the Stanford Nanofabrication Facility operated under NSF. We are grateful to the Minnesota DNR and the staff of the Soudan Underground Laboratory for their assistance.

References 1. B. W. Lee and S. Weinberg, Phys. Rev. Lett. 39, 165 (1977).

2. J. R. Primack, D. Seckel and B. Sadoulet, Ann. Rev. Nucl. Part. Sci. 38, 751 (1988). 3. L. Bergstrom, Rept. Prog. Phys. 63, 793 (2000) 4. G. Jungman, M. Kamionkowski and K. Griest, Phys. Rept. 267, 195 (1996) 5. J. R. Ellis, A. Ferstl, K. A. Olive and Y. Santoso, Phys. Rev. D 67, 123502 (2003) E. A. Baltz and P. Gondolo, Phys. Rev. D 67, 063503 (2003) A. Bottino, F. Donato, N. Fornengo and S. Scopel, Phys. Rev. D 69, 037302 (2004) Y. G. Kim, T. Nihei, L. Roszkowski and R. Ruiz de Austri, JHEP 0212, 034 (2002) 6. M.W. Goodman and E. Witten, Phys. Rev. D 31, 3059 (1985). 7. J. D. Lewin and P. F. Smith, Astropart. Phys. 6, 87 (1996).

8. D. S. Akerib et al. [CDMS Collaboration], accepted by Phys. Rev. Lett., [arXiv:astroph/0405033].

9. D. S. Akerib et al. [CDMS Collaboration], in preparation.

10. Irwin, K. D., Nam, S. W., Cabrera, B., Chugg, B., and Young, B. A., Review of Scientific Instruments 66, 5322 (1995) T. Saab et al., AIP Conf. Proc. 605, 497 (2002).

11. D. S. Akerib et al. [CDMS Collaboration], Phys. Rev. D 68, 082002 (2003) 12. S. Yellin, Phys. Rev. D 66, 032005 (2002) 13. R. Bernabei et al. [DAMA Collaboration], Phys. Lett. B 480, 23 (2000). 14. A. Benoit et al., Phys. Lett. B 545, 43 (2002) 15. R.J. Gaitskell and V. Mandic, http://dmtools.brown.edu.