
We use the high-statistics 2615 keV 208Tl line in
calibration data to establish the detector response to a
monoenergetic deposit (line shape) near the ROI. The data
exhibit a slightly non-Gaussian line shape characterized by
a primary peak and a secondary peak whose mean is lower
in energy by ∼0.3% and whose amplitude is typically ∼5%
of the primary peak. Non-Gaussian low-energy structure
was also observed in Cuoricino [26,27]. The origin of this
structure in CUORE-0 is under investigation. We studied
several line shapes, including double- and triple-Gaussian
models; while the latter perform well at the 208Tl line, we
adopt the double-Gaussian line shape as it is the simplest
that reproduces the detector response over the broadest
energy range.
We parametrize the line shape ρ for each bolometer-

dataset (b, d) as ρb;d ¼ ρðμb;d; σb;d; δb;d; ηb;dÞ. For each
(b, d) pair, μb;d is the mean of the primary peak, δb;d is the
ratio of the means of the secondary and primary peaks, σb;d
is the common Gaussian width of both peaks, and ηb;d is the
fractional intensity of the secondary peak. We estimate
these parameters with a simultaneous, unbinned extended
maximum likelihood (UEML) fit to the 2615 keV 208Tl
calibration line (Fig. 2); the resulting best-fit parameters are
denoted μ̂b;d, σ̂b;d, δ̂b;d, and η̂b;d.
We next repeat this line shape fit on a series of peaks of

known energy between 511 keV and 2615 keV in the
physics data (Fig. 1). For a peak of known energy E,
μb;dðEÞ can vary around the expected calibrated energy via
a single free parameter ΔμðEÞ. To treat energy dependence
of the resolution or possible differences in resolution
between calibration vs the physics data, we vary the σb;d

relative to σ̂b;d via a global scaling parameter ασðEÞ. We fix
the δb;d and ηb;d to the corresponding δ̂b;d and η̂b;d.
The energy residual parameters ΔμðEÞ are plotted in

Fig. 1. A prominent outlier is the peak attributed to 60Co
double-gamma events which reconstructs at 2507.6$
0.7 keV, 1.9$ 0.7 keV higher than expected [28]; a shift
of 0.8$ 0.3 keV was observed in Cuoricino [26]. The
single-escape peak of the 208Tl 2615 keV gamma at
2104 keV also reconstructs higher by 0.84$ 0.22 keV.
Data taken with a 60Co source confirm the double-gamma
events reconstruct at higher energy, in agreement with our
physics data. Simulations show their energy deposit in a
bolometer is less localized than the single-gamma lines
studied; this may be responsible for the observed response.
The double-escape peak of the 208Tl 2615 keV line
(E≃ 1593 keV) reconstructs within 0.13$ 0.30 keV of
the expected value. Since eþe− pairs and 0νββ decays share
similar event topologies we assume the latter would
reconstruct according to the calibrated energy scale.
We estimate the calibration offset atQββ from a parabolic

fit to the physics-peak residuals in Fig. 1, excluding the
60Co double-gamma and 208Tl single-escape lines as out-
liers. We adopt the standard deviation of the parabolic-
fit residuals as a systematic uncertainty. The result is
ΔμðQββÞ ¼ 0.05$ 0.05ðstatÞ $ 0.09ðsystÞ keV.
Similarly, fitting the resolution-scaling parameters with a
linear function we find ασðQββÞ ¼ 1.05$ 0.05. Using this
ασðQββÞ, we estimate from calibration data the FWHM at
Qββ of each bolometer-dataset in the physics data. We
quote the exposure-weighted harmonic mean of these
physics FWHM values, 5.1$ 0.3 keV, as a characteristic
value of the detector resolution in the ROI [23]. The rms of
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FIG. 2 (color online). Bottom: Calibration data near the
2615 keV 208Tl γ-ray line, integrated over all bolometer-datasets.
The solid blue line is the projection of the UEML fit described in
the main text. In addition to the double-Gaussian line shape for
each bolometer-dataset, the fit function includes terms to model a
multiscatter Compton continuum, a ∼30 keV Te x-ray escape
peak, and a continuum background; these components, summed
over all bolometer-datasets, are indicated by the blue dashed lines
(a), (b), (c), and (d), respectively. Top: Normalized residuals of
the data and the best-fit model.
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FIG. 3 (color online). Bottom: The best-fit model from the
UEML fit (solid blue line) overlaid on the spectrum of 0νββ
decay candidates in CUORE-0 (data points); the data are shown
with Gaussian error bars. The peak at ∼2507 keV is attributed to
60Co; the dotted black line shows the continuum background
component of the best-fit model. Top: The normalized residuals
of the best-fit model and the binned data. The vertical dot-dashed
black line indicates the position of Qββ.
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