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Abstract. Scintillating bolometers of LiF and Al,O; can monitor the fast neutrons flux in
WIMPs searches. With both materials we merge the traditional fast neutron detection methods
of induced reactions and scattering. The ROSEBUD collaboration devoted an underground run
in the old Canfranc laboratory to study the response of LiF and Al,O; to fast neutrons from
2Cf. Both bolometers were used simultaneously in a common experimental set-up resembling
those of current WIMPs searches, which could give valuable insights into future WIMPs
searches with cryogenic detectors as EURECA.

The ROSEBUD collaboration [1] can test several absorbers simultaneously [2] running as a small size
multi-target experiment. A time fraction of the last run in the old Laboratorio Subterraneo de Canfranc
[3,4] was used to study the nuclear recoil band of LiF, Al,O3; and BGO scintillating bolometers as well
as the viability of monitoring fast neutrons inside the Pb shielding using the combined data of LiF and
Al,O;. The irradiation with neutrons from a source of 2Cf located outside the shielding shows their
particle discrimination power: nuclear recoils, captures in °Li and B/y events are clearly separated
(figures 1 and 2). The Al,O; heat channel was calibrated with a >’Co gamma source, although the
irradiation time was not enough to produce high statistics full absorption peaks.
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Figure 1. Heat-light plot of LiF. °Li(n,a)t captures  Figure 2. Heat-light plot of Al,Os. Nuclear recoil
are located around (2000,400) mV. events give lower light output than B/y ones.

We assumed an isotropic neutron flux around the bolometers and a three-parameter model for the

neutron spectrum: ®(E)dE=(Dy/T"(a+1))(E/T)"exp(-E/T)dE/T. The isotropy can be justified because
25 cm of Pb flat the anisotropy of the neutrons from the outside point source; the energy dependence
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corresponds to the shape of the *’Cf neutron spectrum (a=0.5, T=1.29 MeV) and it contains as special
cases a translation in lethargy (a=0.5, T<1.29 MeV) and, asymptotically, the equilibrium spectrum
(a—-1, E<<T). It seems valid that Pb produces an intermediate shape with other (o, T) pair.
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Figure 3. Heat spectrum of the (n,o) events in LiF Figure 4. Heat spectrum of recoil events in Al,O;

Appropriate cuts on the heat-light plots provided the differential spectra of the heat channel for the
®Li(n,a)t capture (figure 3) and for the elastic scattering in Al,Os (figure 4). The capture by °Li of
thermal neutrons and at the 0.24 MeV resonance can be seen in figure 3 as two peaks at 2000 mV and
2100 mV, respectively. The number (C) of neutron captures at the resonance, the number (A;) of
nuclear recoil events in Al,Os in the interval [50, 100] mV and in the region above 100 mV (A;) were
used to estimate the free parameters o, T and ®,. The Co calibration gave 3719 keV at the 50 mV
discrimination threshold and 85+4 keV at 100 mV. The choice of 100 mV gave similar values for A,
and A,, minimizing their joint contribution to the uncertainties of the three parameters. The
efficiencies for each type of event were calculated as a function of the neutron energy with MCNP
version 4C [5] and, finally, we obtained a solution with a neutron mean energy of 0.148 MeV, well
below the mean energy of the original **Cf neutrons (1.9 MeV), showing that our model was not
incompatible with the integral data C, A; and A,. The parameters o and T were obtained with big
uncertainties (-1<a<l and 0.3 MeV<T<2.5 MeV) which came from the non accurate calibration of
AlLO; recoil spectrum and from the statistical uncertainty of the captures at the °Li resonance. We
concluded that the experimental data gave information for neutron energies between 0.1 and 2 MeV
and a fast (E > 0.1 MeV) neutron flux of 0.20£0.02 ns™cm? We foresee further improvements
exploiting the shape of the differential heat spectrum of recoil events in Al,Os.
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