arXiv:hep-ph/0512266 v1 20 Dec 2005

UCLA/05/TEP/33 December 2005

DAMA detection claim is still compatible with all other DM searches^1

Graciela B Gelmini

Department of Physics and Astronomy, UCLA, Los Angeles, CA 90095-1547, USA

E-mail: gelmini@physics.ucla.edu

Abstract. We show that the annual modulation signal observed by DAMA can be reconciled with all other negative results from dark matter searches with a conventional halo model for particle masses around 5 to 9 GeV. We also show which particular dark matter stream could produce the DAMA signal.

Given the country which hosts this conference, TAUP2005, I was tempted to change the title into a well known spanish aphorism “Los muertos que vos matais gozan the buena salud”. Although the DAMA signal may not be entirely in“good health”, the point of this talk, based on Ref. [1], is to show that, even with the usual assumptions on the dark halo of our galaxy, the DAMA claim has not yet been rejected by other experimental results.

The DAMA collaboration [2], has found an annual modulation in its data compatible with the signal expected from dark matter (DM) particles bound to our galactic halo. Other such experiments, CDMS [3, 4], EDELWEISS [5, 6], and CRESST [7, 8], have not found any signal from weakly interacting massive particles (WIMPs). It has been difficult to reconcile a WIMP signal in DAMA with the other negative results [9].

In Ref. [1] we showed that it is possible to have a dark matter signal above the WIMP speed threshold for DAMA and below the WIMP speed threshold for CDMS and EDELWEISS, so that the positive and negative detection results can be compatible. Our idea is based on attributing the DAMA signal to scattering off Na, instead of I, and can be tested in the immediate future by detectors using light nuclei, such as CDMS-II (using Si) and CRESST-II (using O). We found: (1) that with the standard dark halo model there is a solution for WIMP masses about 5-9 GeV and WIMP-proton scattering cross section of about 1 femtobarn (10^{−39} cm^2), and (2) that this region of solutions can be enlarged if a dark matter stream is suitably added to the standard dark halo. DM streams have been considered before [13], but we looked for a stream with speed above threshold for Na in DAMA and below threshold for Ge in CDMS and with the right arrival direction to produce the annual modulation seen by DAMA. The stream should come from the general direction of the Galactic rotation (it cannot be the Sagittarius stream). See Figs. 1 and 2. The region in point (1) could certainly also be enlarged by considering more general halo models, even in the absence of dark matter streams (see e.g. the models in [10]).

Light neutralinos as WIMPs with masses as low as 2 GeV [11] or, with updated bounds, 6 GeV [12] have been considered, but their cross sections are about one order of magnitude smaller than those needed here. In Ref [1] we proceeded in a purely phenomenological way in choosing the WIMP mass and cross section. For simplicity we concentrated on spin-independent cross sections only.

1 Talk given at TAUP2005, Sept. 10-14 2005, Zaragoza (Spain)

Figure 1. Comparison of the DAMA annual modulation region with other direct detection bounds for spin-independent WIMP-proton interactions (a) (left panel) for just the conventional dark halo model, and (b) (right panel) this halo model with the addition of a DM stream with density 3% of the conventional local halo density, heliocentric arrival direction of ecliptic coordinates (λ_{str}, β_{str}) = (340^∘, 0^∘), and heliocentric speed of 900 km/s. In the hatched region, the WIMP-proton cross section σ_p at WIMP mass m reproduces the DAMA annual modulation results at the 90% and 3σ C.L. (inner densely hatched region and outer hatched region, respectively). The region above each other line is excluded at 90% C.L. by the corresponding experiment (CDMS-Soudan is denoted by CDMS-S). In (a), we use the 2-4 and 6-14 keVee DAMA bins; in (b), the 2-6 and 6-14 keVee bins. In (b) the gap in the DAMA modulation region is due to our requirement that χ^2_{min} < 2 (see Ref. [1]). The experimental upper limits change when the stream is included.

Our basic idea is very simple. The minimum WIMP speed required to produce a nuclear recoil energy E is v = √_{M E} 2μ^2 where μ = mM (m+M ) is the reduced mass, m the WIMP mass and M the

nucleus mass. Thus the experimental energy threshold E_{th} corresponds to a minimum observable speed v_{th}. Let us simplify our argument by considering m ≪ M, then μ ≃ m and v_{th} ∼ √ ME_{th}.

One can easily compare the square-roots for Ge in CDMS-SUF ( √ 67.64 GeV × 5keV) and for Na in DAMA ( √ 21.41 GeV × 6.7keV), and find that v_{th−CDMS−SUF−Ge} = 2.44 v_{th−DAMA−Na}.

The v_{th} are even larger for CDMS-Soudan, EDELWEISS and experiments with heavier nuclei. Without using m ≪ M, one can easily see that v_{th−CDMS−SUF−Ge} > v_{th−DAMA−Na} for m < 22.3 GeV. Thus, it is possible to have halo DM WIMPs with speeds above threshold for Na in DAMA and below threshold for Ge in CDMS and EDELWEISS.

Three light nuclei, namely Si in CDMS and Al and O in CRESST, have speed thresholds lower than Na in DAMA, and can be used to test and constrain our idea. In a recent paper [14], announced at this conference, CDMS obtained bounds on light WIMPs using their Si component, which get into part of the mass region we favor.

Acknowledgments This work was supported in part by NASA grant NAG5-13399. G.G was supported in part by the US DOE grant DE-FG03-91ER40662 Task C.

Figure 2. (a) (left panel) As in Fig. 1b but with heliocentric stream speed v_{str} of 600 km/s. (b) (right panel) Range of WIMP masses m for which there is a compatible region between the DAMA modulation and the other experimental results at various v_{str}. Also indicated is the speed above which the stream is extragalactic (dashed horizontal line). The inner densely hatched and outer hatched regions correspond to the 90% and 3σ C.L., respectively. In (b) the 2-4 and 6-14 keVee DAMA bins were used. At the 3σ level it is possible to find WIMP masses compatible with DAMA and all other experiments at any assumed stream speed (see Ref. [1]).

References

[1] Gelmini G and Gondolo P 2005 Phys. Rev. D 71 123520 (Preprint hep-ph/0504010). See also Gelmini G and Gondolo P (2004) ‘DAMA dark matter detection compatible with other searches Preprint hep-ph/0405278.

[2] Bernabei R et al. 1996 Phys. Lett. B 389 757; 1998 424 195; 1999 450 448; 2000 480 23; 2001 509 283; 2003 Riv. Nuovo Cim. 26 1; 2004 Int. J. Mod. Phys. D 13, 2127; Belli P et al. 2000 Phys. Rev. D 61 023512; 2002 Phys. Rev. D 66 043503 [3] Akerib D S et al. 2003 Phys. Rev. D 68 082002; Abrams D et al. 2002 Phys. Rev. D 66 122003 [4] Akerib D S et al. [CDMS Coll.] 2004 Phys. Rev. Lett. 93 211301 [5] Sanglard V [the EDELWEISS Coll.] 2003 Preprint astro-ph/0306233 [6] Sanglard V [the EDELWEISS Coll.] 2005 Preprint astro-ph/0503265 [7] Jochum J et al. 2003 Nucl. Phys. Proc. Suppl. 124 189; Angloher G et al. 2003 Phys. Atom. Nucl. 66 494 [ 2003 Yad. Fiz. 66 521] [8] L. Stodolsky, F. Probst, talk at “The Dark Side of the Universe,” Ann Arbor, May 2004. [9] Brhlik M and Roszkowski L 1999 Phys. Lett. B 464 303; Copi C J and Krauss L M 2003 Phys. Rev. D 67 103507; Foot R 2004 Phys. Rev. D 69 036001 and 2004 Mod. Phys. Lett. A 19 1841; Green A M 2001 Phys. Rev. D 63 043005, 2002 Phys. Rev. D 66 083003 and 2003 Phys. Rev. D 68 023004 Erratum ibid. 2004 D 69 109902; Kurylov A and Kamionkowski M 2004 Phys. Rev. D 69 063503; Prézeau G, Kurylov A, Kamionkowski M and Vogel P 2003 Phys. Rev. Lett. 91 231301; Savage C, Gondolo P and Freese K 2004 Phys. Rev. D 70123513; Smith D and Weiner N 2001 Phys. Rev. D 64,043502 ; Ullio P, Kamionkowski M and Vogel P 2001 JHEP 0107 044.

[10] Bernabei R et al. 2003 Riv. Nuovo Cim. 26 1. [11] Gabutti A et al. 1996 Astropart. Phys. 6 1.

[12] Bottino A, Fornengo N and S. Scopel S 2003 Phys. Rev. D 67 063519; Bottino A, Donato F, Fornengo N and Scopel S 2003Phys. Rev. D 68, 043506 and 2004 Phys. Rev. D 69 037302.

[13] Sikivie P and Ipser J R 1992 Phys. Lett. B 291 288; Freese K, Gondolo P and Stodolsky L 2001 Phys. Rev.

D 64 123502; Gelmini G and Gondolo P 2001 Phys. Rev. D 64 023504; Stiff D, Widrow L M and Frieman J 2001 Phys. Rev. D 64 083516.

[14] Akerib D S et al. [CDMS Collaboration] 2005 Limits on spin-independent WIMP nucleon interactions from the two-tower run of the Cryogenic Dark Matter Search Preprint astro-ph/0509259.