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Experimental setup: 
Ø4 CHC, total mass = 57.52 g
ØEncapsulated with silicone 

elastomer and coupled to 
Hamamatsu PMTs

ØOFHC Cu (15 cm), low-radioactivity 
Pb (20 cm), polyethylene (5 cm), 
PFTE box flushed with high-purity N₂ 
to suppress radon

ØOperated at Laboratori Nazionali
del Gran Sasso (LNGS), Italy

Ø 80 µs time window at room 
temperature

ØTotal live time: 85.23 d 

ü A precise measurement of the 174Hf 𝛼	decay half-life was obtained 
with 4 CHC, yielding a final combined value of:
        𝐓𝟏/𝟐 = (𝟐. 𝟗𝟓 ± 𝟎. 𝟏𝟔)	×	𝟏𝟎¹⁶ 𝐲𝐫

ü The result improves the precision of 174Hf 𝛼	decay half-life and 
contributes to resolving the long-standing discrepancy between 
earlier experimental results and theoretical predictions

ü New experimental limits on naturally occurring Hf isotopes were set.
ü The first limit on the 180Hf 𝛼 decay was obtained:	𝐓𝟏/𝟐	> 𝟏. 𝟓×𝟏𝟎𝟐𝟎yr
ü CHC are promising detectors for rare 𝜶 decay searches thanks to 

their high Hf mass fraction, good scintillating performance and strong 
PSD

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

Ø Quality of discrimination:
FOM =
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Ø Efficiency of the pulse 
shape discrimination (PSD) 
cut is 99.7%.
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Ø More stringent limits have been set on 𝛼 decays of naturally 
occurring Hf isotopes. 

This work: 
𝐓𝟏/𝟐($%&𝐇𝐟 →$%' 𝐘𝐛 𝐠. 𝐬) =

[𝟐. 𝟗𝟓(𝟎.𝟏𝟒,𝟎.𝟏𝟓 𝒔𝒕𝒂𝒕 ±
𝟎. 𝟎𝟗 𝐬𝐲𝐬 ] × 𝟏𝟎¹⁶ 𝐲𝐫

Isotope 𝐄!	(𝐤𝐞𝐕) I.a.(%)* 𝐓𝟏/𝟐 𝐲𝐫 at 90% C.L. 
176Hf 2203.3(1.5) 5.26(7) > 2.3×10&'
177Hf 2195.3(1.4) 18.60(9) > 8.2×10&'
178Hf 2037.9(1.4) 27.28(7) > 2.5×10()
179Hf 1767.6(1.4) 13.62(2) > 7.5×10&'
180Hf 1258.7(1.4) 35.08(16) > 1.5×10()

1. CHC crystal scintillators for rare 𝜶 decay 
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2. Detector performance

3. Results

4. Conclusions and outlook

Historical motivation: a long-standing, order-of-magnitude 
discrepancy existed between the early experimental 174Hf 

half-life and theoretical predictions remained unresolved for 
decades.

Transition Level of the 
daughter nucleus 

Early
experimental
𝐓𝟏/𝟐 𝐲𝐫

Theoretical 
predictions of 
𝐓𝟏/𝟐 𝐲𝐫

174Hf→170Yb 0+, 0 keV 
g.s. → g.s.

2.0(4)×10$.
[T.P. Kohman, Phys. 

Rev. 121, 1758 
(1961)]

3.0	to	7.0 ×10$/

Ø Cs₂HfCl₆ (CHC) crystal scintillators were first 
proposed as radiation detectors in 2015 showing 
promising scintillation properties.

Ø «Source = detector» approach: Hf is an intrinsic 
constituent of CHC (~27 wt%), enabling a high 
detection efficiency. 

DAMA/CRYS setup 

Ø Periodic energy calibration 
with ⁶⁰Co, ¹³³Ba, ¹³⁷Cs and 
²²⁸Th sources.

Ø Stable and linear response 
from 81 keV to 2615 keV 
over the full data-taking 
period.
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Figure 4.Mean time →t〉 versus energy for data accumulated over 85.23 d using four CHC crystal scintillators (see text). The blue
and red lines represent 3-sigma intervals (which contains 99.7% of events) for the →t〉 values of β(γ) and α particles, respectively.
For the CHC-HP-1 and CHC-HP-2, the red fit is not shown due to the limited statistics of α events, which does not allow a reli-
able determination of the corresponding interval. However, even in these cases the clear separation of PSD allows easy selection
of the α events. (Inset) Distribution of →t〉 for the data in the energy range of (0.5–3.0) MeV.

147Sm α decay, and a residual smooth background, partly due to degraded α particles. The analysis
strategy exploits the small separation between the two α peaks: the unquenched α energies are EHf

α =
2437.6 keV for the 174Hf decay and ESmα = 2249.9 keV for the 147Sm decay, respectively. Consequently,
the approach requires a simultaneous modeling of both α contributions. First, the 174Hf peak was fit-
ted independently to determine its centroid position (µHf), energy resolution (εHf), and corresponding
quenching factor (QF). The QF characterizes the response of the scintillator to heavily ionizing particles.
It is defined as the ratio between the light output produced by a heavy ionizing particle and that pro-
duced by an electron depositing the same energy in the scintillator. The QF is an experimental property
of the detector and depends strongly on several factors, including the crystal quality and geometry, the
light-collection efficiency, and the measurement conditions. For CHC crystals, the QF has been mea-
sured under different experimental conditions in [17, 19]. In the energy region relevant to this work,
values between 0.33 and 0.35 have been reported [17, 19]. The present measurements are consistent with
this expectation, yielding values of 0.331, 0.346, 0.338, and 0.342 for the four crystals, respectively. The
energy resolution and QF obtained for 174Hf were then assumed to be the same for the 147Sm α transi-
tion, based on the close α energies of the two decays. Under this assumption, the expected position of

the 147Sm α peak in the electron-equivalent energy scale was fixed accordingly: µSm = µHf · ESmα
EHf
α
= µHf · k,

where k= 0.923.
A combined fit of the 147Sm and 174Hf α peaks was then performed within a region of interest,

defined separately for each crystal. The fit used the sum of two Gaussian functions, G(x|µ,ε), and a
constant to model the residual background. The fitting function is given by:

f(x) = AHf G(x|µHf,εHf)+ASm G(x|kµHf,εHf)+ b0. (3)

In this fit, the free parameters are AHf(Sm), the areas of the peaks corresponding to Hf (Sm), and b0, a
constant representing the flat background contribution. For the CHC-HP-2 detector, which exhibits a
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Ø A simultaneous model of the 
174Hf (𝐸% = 2437.6 keV) and 
147Sm (𝐸% = 2249.9 keV) 
𝛼 peaks is required because 
the two 𝛼 energies are close 
after quenching in the 
scintillator.

Ø 𝑄𝐹% = 0.331	 − 0.346

Ø Fit model: 174Hf + 
147Sm + const 
background

Ø  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] :
𝐓𝟏/𝟐 = (𝟐. 𝟗𝟓 ± 𝟎. 𝟏𝟔)	×	𝟏𝟎¹⁶ 𝐲𝐫

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

FOM = 5.7 FOM = 6.1

FOM = 5.5 FOM = 4.5 
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Figure 2. Dependence of the FWHM on the energy for the four CHC detectors in the region of interest for the study of the α
decays of natural Hf isotopes. Experimental points were fitted by the functions given in the text.

p0 = 1.9(4) keV, p1 = 0.11(1) for CHC-HP-1, and p0 = 13.0(4) keV, p1 = 0.031(4) for the CHC-HP-2.
For CHC-LP-2, the energy resolution shows a distinct dependence on energy and was parameterized as:

FWHM =
√

p0 · E2γ + p1 · Eγ , with p0 = 0.001 08(8) and p1 = 0.95(4) keV. The dependence of FWHM

on the energy for the four CHC detectors in the region of interest for the study of the α decays of nat-
ural Hf isotopes is reported in figure 2. For example, the energy resolution (FWHM/E) at the 662 keV
ε line from the 137Cs source is 64 keV (9.6%) for CHC-LP-1, 33 keV (5.0%) for CHC-LP-2 and CHC-
HP-2, and 75 keV (11.3%) for CHC-HP-1. In the CHC-HP-2 detector, a characteristic splitting of the
scintillation signal into two closely spaced components was observed, resulting in double peaks in the
energy spectrum. This effect is attributed to a macroscopic crystal defect (a propagated crack along the
cleavage plane spanning approximately 15% of the crystal cross-section at mid-height), which has been
properly accounted for in the analyses presented in this work.

The stability of the detector response throughout the data taking period was assessed by monitoring
the positions of the α and ε peaks in the recorded spectra. In particular, the time stability of the energy
scale was monitored by the position of the 609 keV ε line of 214Bi. For each crystal, the data set was
divided into ten subsets of about eight days of live time. For all crystals, the ten centroids are consistent
with a constant value, with χ2/ndf ranging from 4.1/9 to 14.1/9 (p-values from 0.12 to 0.90). The rela-
tive spread of the peak position, quantified as the weighted RMS of the per-subset deviations from the
mean, is 0.78%, 0.79%, 1.4%, and 1.3% for the four detectors, respectively; they are compatible with the
statistical fluctuations expected from the limited statistics of each subset. No significant systematic excess
is observed. A linear fit of the relative residuals as a function of time yields slopes consistent with zero
within about 2σ for all crystals (largest significance → 1.9σ). We therefore conclude that the position of
the 609 keV peak, and hence the energy scale, is stable over the data-taking period at the per cent level,
with no evidence of significant gain drift. These results demonstrate the excellent stability of the detector
response over the entire measurement period.

2.4. PSD between β(γ) andα particles
The PSD technique, which exploits the different scintillation decay times of α and β(ε) events, was
employed to distinguish between these types of particles. The α events originate from α emitting
nuclides belonging to the 232Th, 238U, and 235U decay chains, present as internal radioactive contami-
nants in the CHC detectors. Typical averaged pulse shapes for α and β(ε) events are shown in figure 3.
To characterize the time profile of each event, the scintillation pulse mean time was calculated (see, e.g.
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FWHM/E = 9.6% @ 
662 keV of 137Cs

FWHM/E = 5% @ 
662 keV of 137Cs

FWHM/E = 11.3% @ 
662 keV of 137Cs

FWHM/E = 5% @ 
662 keV of 137Cs


