Scintillation Properties of a Stilbene Crystal for Low-mass Dark Matter Search 
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The search for low-mass WIMPs is strongly motivated by the need to detect low-energy nuclear recoils, where target materials containing hydrogen provide a distinct advantage. Elastic scattering of low-mass WIMPs off hydrogen nuclei offers favorable kinematics, resulting in higher observable recoil energies compared to heavier target nuclei and thereby improving detection sensitivity at low thresholds[1]. Stilbene, an organic molecular crystal rich in hydrogen, naturally exploits this advantage while providing efficient scintillation response[2]. Furthermore, stilbene exhibits an anisotropic scintillation behavior in which the effective quenching factor depends on the recoil direction relative to the crystallographic axes, offering sensitivity to directional signatures of WIMP-induced nuclear recoils[3,4]. 
In this work, we measure the scintillation decay characteristics and effective light yield of a trans-stilbene crystal to evaluate its suitability for dark matter detection. The detector consists of a cylindrical stilbene crystal with a radius of 1 cm and a length of 1 cm, directly coupled to two photomultiplier tubes (Hamamatsu R12669) at both ends to maximize light collection efficiency. The scintillation waveforms are analyzed using a triple-exponential decay model, yielding decay time constants of approximately 8.7  0.2 ns (fast), 20.0  0.3 ns (medium), and 73.4  1.5 ns (slow). Using a Am calibration source, the effective light yield is determined to be  photoelectrons per keV. In addition, pulse shape discrimination performance for gamma-ray and neutron events is studied using a Cf neutron source.
In this talk, we present the detector design, detailed scintillation property measurements, and PSD performance of the stilbene crystal, and discuss its potential as a next-generation scintillator for rare-event and dark matter searches.
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