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Introduction

•Water-based liquid scintillator (WbLS) [1]
emerging as a target material with possibility of
Cherenkov/scintillation separation

•Candidate material for Theia [2], ANNIE [3], and
NEO

•Characterization of proton light yield (PLY)
improves reach

•Supernova-ν energy measurement (νp scattering)
•Fast-neutron background rejection (np scattering)

Methodology

•Broad-spectrum neutron beam produced via
33 MeV deuteron breakup on Be target at
88-Inch Cyclotron at LBNL

•Neutrons undergo n-p elastic scattering in target
and are scattered into 11 auxiliary detectors

•Double time-of-flight method [4] results in
relatively pure sample of proton recoils
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Figure 1: Experimental geometry

Results
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Figure 2: Fits to measured incoming γ timing (left) and spectrum of 137Cs Compton
edge (right).
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Figure 3: Fits to charge populations for proton energies (Tp) in the range
2.00 MeV ≤ Tp < 2.25 MeV (left) and 2.25 MeV ≤ Tp < 5.50 MeV (right).
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Figure 4: WbLS PLY relative to 137Cs Compton edge.

Next Steps

•Correct for nonlinearity of PMT response
•Future measurements of other scintillator
concentrations, as well as isotopically loaded
samples

Conclusion

•Proton recoils from n-p scattering detected
•Calibration of light levels performed using
radioactive sources

•Proton light yield of 5% WbLS and LAB + 2 g/L
PPO measured

References

[1] Yeh et al. NIM A, 660:51–60, 2011.
[2] Askins et al. Eur. Phys. J. C., 80:416, 2020.
[3] Back et al. arXiv:1707.08222, 2017.
[4] Brown et al. J. Appl. Phys., 124:045101, 2018.

Acknowledgements

We thank the 88-Inch Cyclotron operations staff for their help in
performing this experiment. This work was funded by the Con-
sortium for Monitoring, Technology, and Verification under De-
partment of Energy National Nuclear Security Administration
award number DE-NA0003920, and the Nuclear Science and Se-
curity Consortium under Award Number DE-NA0003160. This
work was performed under the auspices of the U.S. Department
of Energy by Lawrence Berkeley National Laboratory under
Contract DE-AC02-05CH11231. The project was funded by the
U.S. Department of Energy, National Nuclear Security Admin-
istration, Office of Defense Nuclear Nonproliferation Research
and +Development (DNN R&D).


