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1. CHC crystal scintillators for rare a decay

searches

a long-standing, order-of-magnitude

discrepancy existed between the early experimental '74Hf
half-life and theoretical predictions remained unresolved for

) ¢

decades.
Transition Level of the Early Theoretical
daughter nucleus experimental predictions of
Ty/2(yr) Ty/2(yr)
2.0(4)x101> (3.0 to 7.0)x101®
174145 1,170V 0%, 0 keV [T.P. Kohman, Phys.
g.s. > g.s. Rev. 121, 1758
(1961)]
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Hf is an intrinsic
constituent of CHC (~27 wt%), enabling a high
detection efficiency.

» Cs,HfCl; (CHC) crystal scintillators were first
proposed as radiation detectors in 2015 showing
promising scintillation properties.

»4 CHC, total mass=57.52¢
» Encapsulated with silicone
elastomer and coupled to

Hamamatsu PMTs

»OFHC Cu (15 cm), low-radioactivity
Pb (20 cm), polyethylene (5 cm),
PFTE box flushed with high-purity N,
to suppress radon

»Operated at Laboratori Nazionali
del Gran Sasso (LNGS), Italy

» 80 ys time window at room

temperature

> Total live time: 85.23 d
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» Periodic energy calibration
with ®°Co, "**Ba, "*’Cs and

228
Th sources.

» Stable and linear response

from 81 keV to 2615 keV
over the full data-taking
period.

» Quality of discrimination:
FOM _lka—Hpl

\/0§+0[23
Efficiency of the pulse

shape discrimination (PSD)
cutis 99.7%.

> A simultaneous model of the

174Hf (E, = 2437.6 keV) and
147Sm (E, = 2249.9 keV)

a peaks is required because
the two a energies are close
after quenching in the
scintillator.

> QF, = 0.331 — 0.346

NN X

PSD

P. Belliet al 2026 J. Phys. G: Nucl. Pa.rt. Phys. 53 075112 .=

4. Conclusions and outlook

Ty2 = (2.95 £ 0.16) x 10 yr

{

The result improves the precision of '"*Hf a« decay half-life and
contributes to resolving the long-standing discrepancy between
earlier experimental results and theoretical predictions

New experimental limits on naturally occurring Hf isotopes were set.

The first limit on the '8°Hf & decay was obtained: Ty, > 1.5x10%%yr

CHC are promising detectors for rare a decay searches thanks to |
their high Hf mass fraction, good scintillating performance and strong |

Next steps: increase crystal mass, enhance optical quality and
radiopurity, further constrain ultra-trace Sm contamination.

A precise measurement of the "74Hf a decay half-life was obtained
with 4 CHC, yielding a final combined value of:
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This work:

Tl/Z (174Hf —170 Yb g. S) —

[2.957 012 (stat) +
0.09 (sys)] x 10*° yr

» Sm concentration
measured by ICP-MS
and constrained at ppb
level: < 0.5-1.1 ppb

Final combined value with CHC
— 2025 [P. Belli et al. Nucl. Phys. A
1053 (2025) 122976] :

T2 = (2.95+ 0.16) x 10* yr

» More stringent limits have been set on a decays of naturally
occurring Hf isotopes.

Isotope | E, (keV) l.a.(%)* | Ty,,(yr) at90% C.L.
176Hf  2203.3(1.5)  5.26(7) > 2.3x101°
77Hf  2195.3(1.4) | 18.60(9) > 8.2x10%°
178Hf | 2037.9(1.4) 27.28(7) > 2.5%x102°
179Hf 1767.6(1.4) | 13.62(2) > 7.5x10%°
180Hf  1258.7(1.4) 35.08(16) > 1.5%x102%°

* Natural isotopic abundances were adopted and confirmed by ICP-MS.




