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From Dark Matter to Brittle Fracture
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Broken sample shows main fracture along long axis, and a secondary fracture that occurred after the main one when force was kept after main fracture, along one of the short axes More recently, several dark matter searches have observed intriguing events incompatible with known backgrounds [START_REF] Agnese | Silicon detector dark matter results from the final exposure of CDMS II[END_REF][START_REF] Aalseth | CoGeNT: a search for low-mass dark matter using p-type point contact germanium detectors[END_REF][START_REF] Angloher | First results from DAMA/LIBRA and the combined results with DAMA/NaI[END_REF][9], in tension with the null results of other experiments [START_REF] Aprile | Dark matter results from 225 live days of XENON100 data[END_REF][START_REF] Ahmed | Dark matter search results from the CDMS II experiment[END_REF][START_REF] Agnese | Search for low-mass weakly interacting massive particles with SuperCDMS[END_REF][START_REF] Agnese | Search for low-mass weakly interacting massive particles using voltage-assisted calorimetric ionization detection in the SuperCDMS experiment[END_REF][START_REF] Armengaud | Search for low-mass WIMPs with EDELWEISS-II heat-and-ionization detectors[END_REF][START_REF] Akerib | First results from the LUX dark matter experiment at the sanford underground research facility[END_REF][START_REF] Archambault | Constraints on low-mass WIMP interactions on 19F from PICASSO[END_REF]. We have therefore decided to study fracture as a potential background in rare-event searches, in particular as a source of light in the experiments deploying scintillating detectors. Such devices convert the energy deposited by an interacting particle into light that can be detected by photomultipliers (PMTs) or cryogenic detectors for instance. Detectors of this type are widespread in particle and nuclear physics [START_REF] Knoll | Radiation detection and measurement, 3rd edn[END_REF]. For our purpose, after various tests, we converged on scintillator samples compressed in the double-cleavage drilled compression (DCDC) geometry. The samples were 20 5 3mm 3 rectangular prisms, polished to optical quality, with a 1 mm diameter circular hole drilled perpendicularly in the middle of the 20 5m m 2 face. Under compression along the long axis, cracks formed reproducibly on either side of the hole in the plane parallel to the 20 3m m 2 face. Applied force and acoustic emission (AE) were monitored; the emitted light was also recorded using a PMT. All channels were recorded simultaneously, at 1 Gsample/s for the light channel and at 10 Msample/s for the others. Our results evidenced a clear correlation between the rupture of various common scintillators (Bi4Ge3O12 aka BGO, ZnWO4 and CdWO4), AE and light emission, in various mechanical configurations at room temperature and ambient pressure as shown in Fig. 23.1 taken from [START_REF] Tantot | Sound and light from fractures in scintillators[END_REF]. We have also demonstrated that the spectrum of emitted light is compatible with that of the final stage of the scintillation process, itself linked to transitions in the Bi3C ion. Because in other cases emission of charged and neutral particles from fracture surfaces has been observed [START_REF] Langford | Simultaneous measurements of the electron and photon emission accompanying fracture of single-crystal MgO[END_REF], we hypothesise that the mechanism is as follows: as the fracture advances, fractoemitted particles from one surface interact in the other as they do in a scintillator, emitting light. Other mechanisms may be possible, including electric arcs forming, and causing the BGO to luminesce, or some direct stimulation of the Bi3C ions. Indeed, DCDC BGO samples excited by UV light will luminesce as shown in Fig. 23.2. Using the precise energy calibration of the light channel possible with radioactive sources, we were also able to set a lower limit on the fraction of elastic energy converted to light. We find a value of 3 10 5 , limited by saturation of the light detection channel.

To better understand the mechanisms involved, and avoid saturation of the light detector, we are commissioning an improved setup in the form of a vacuum chamber that can be evacuated or filled with various gases [20]. Other improvements include a distance sensor to monitor the actual compression of the sample, an infrared (IR) camera to track the progression of the fracture in the DCDC sample, filters on the PMT to block IR light and also to reduce saturation from the fracture itself, and a new streaming DAQ that allows resolution of individual photons. An IR picture of a sample being broken in the dark with the PMT running is shown in Fig. 23.3. Offline image processing allows to track the progression of the crack. Lastly, the DAQ controlling the actuator which imposes the force on the sample has been upgraded to allow regulation at a constant Over the course of nearly an hour, the force was first set at 500 N while the fracture was allowed to propagate freely and slowly, then ramped up to 565 N, and the fracture propagated freely on its own again, slowly at first before eventually accelerating as expected in the DCDC geometry, and destroying the sample. We observe an excellent correlation between the fracture propagation and the AE. The light channel is not presented for this data set.

In conclusion, we are commissioning an improved setup that will allow us to study brittle fracture in scintillators under various atmospheres with multiple channels: compression distance, crack length, force, acoustic emission and light emission. We expect that this work will be beneficial to development of detectors for rare-event searches, and may lead to insight into fracture mechanisms.
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 12 Fig. 23.1 Correlation between fracture, acoustic emission, and emission of light during the rupture of a DCDC sample of scintillator BGO (from Ref. [SOUND])
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 3 Fig. 23.3 Propagation of crack in DCDC sample as visualized with camera under IR lighting. IR lighting is chosen so as not to interfere with the PMT which is sensitive to visible wavelengths. Offline data analysis allows to track propagation of crack tip. Sample is squeezed between fixed backstop and movable pushrod. The two cylindrical objects in foreground are AE sensors