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Low Energy Excess (LEE) problem
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• Excess up to a factor ~5 has been observed in
energy < 600 eV

• Preserved with diff working conditions
• Has the basic symptoms of the LEE

• Does not decay with time

• Not compatible with negative triggers
• Question: Shared or Singles?
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Energy Spectrum

 Flat background: (68±4) kdru 

(simulated 61±3 kdru)

 In <600 eV measured rise up to a 
factor ~5

 Spectra compable between the 
two triggering pixels!

 Rise not compable with 
negave triggers (noise false 
posives)

 Has the basic symptoms of the 
LEE 
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Aboveground measurement with mild shield

BKG reduced
from ~2×10! dru

to ~6×10" dru



Singles in BULLKID
At higher energies:
• Singles visible at ~2keV and above
• Could be direct KID hits due to high metalized
area (Al absorbs well 100 eV photons)

• Could it be that the excess is due to Singles
(under investigation)?
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Singles observed in BULLKID

BULLKID architecture cannot 
disnguish Shared/Singles at 
threshold (small phonon leakage).

At higher energies:

 Singles visible at ~2keV and 
above

 Could be direct KID hits due 
to high metalized area (Al 
absorbs well 100 eV photons)

 Could it be that the rise is due 
to Singles (under 
invesgaon)?
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LED Background Preliminary

Phonon leakage
• 50% of the phonons in
central die hits

• ~10% in each “+” die
• ~5% in each “x” die
• the rest in outer dice



Datataking
• BULLKID architecture cannot distinguish Shared/Singles at threshold (small phonon leakage)
• Look for single events with high-energy, investigate the pulse shape difference
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• 15 KIDs (2 triggering + 13 as veto)
• Run time: 19 Apr 22:00 → 5 May 8:00, 2025
• Live time per cluster: 290 hours

• Events variable for veto selection:

• Low !! expected for Singles
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light on the central die



DataFrame
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• Main dice:
T0_Veto -8.299e-01 
P0_CPCA_Amplitude[mrad] -9.078e-02 
P0_Channel 4.900e+01
P0_leakage -4.130e+01
psip0_Veto -4.225e+00

For 13 neighbors + ch 47:

29 + 14*5 = 99

After preliminary analysis cut



Basic cut
• Remove events with abnormal pulse shape
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def CleanCut_HE(df,ch):
return ((df['IsSignal']==1)

& CH(df,ch) 
& (df['CPBaseline[mrad]']>CP_bllow[ch])
& (df['CPBaseline[mrad]']<CP_blup[ch])
& (df['CPBaseline[RMS]']<1000)
& (np.abs(df["CPBaselineSlope[RMS/Window]"]) < 25)
& (np.abs(df['CPRightLeftBaselineInRMS'])<5)
& (df['CPOF_Chi2’]<2.5)
& (df['CPOF_ChiRight']<15)
& (df['CPOF_ChiRight']>-15)
& (df['CPOF_ChiLeft']<4)
& (df['CPOF_ChiLeft']>-4)
& (df['CPRiseTime[ms]']<0.15)
& (df['CPRiseTime[ms]']>0.04)
& (df['CPDecayTime[ms]']<2.9)
& (df['CPDecayTime[ms]']>0.8)
& (df['Time[s]']>60)
& (~df['Run'].isin(skip))
)

CP_blup['47'] = 210
CP_blup['49'] = 145
CP_bllow['47'] = 180
CP_bllow['49'] = 110

Cuts applied



Veto cut

• Selection based on !!, low !! expected for Singles
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Fig. 3 Top: χ2
R as a function of energy in the main KID on all events

(black) and on LED pulses (red colorscale). Events with χ2
L ,R < 3 are

kept; middle: ψ1, calculated from the amplitude of side 36 in Fig. 1,
as a function of the energy in the main KID, after applying the cut on
χ2
L ,R . Events with |ψ1| < 2 are kept (same color coding of top panel);

bottom: Trigger efficiency (gray), χ2
L ,R and ψ1,...,8 cuts efficiency (blue)

and total efficiency (red) computed on LED pulses. The region above
1.2 keV is excluded from the analysis (see discussion in the text)

where σ0 (σ0,n) is the noise standard deviation of the main
(nth) KID. This variable follows a standard normal distri-
bution for events in the central die while its mean will be
greater than zero for events in other dice (see the distribu-
tion of ψ1, calculated from KID 36, for all events and for
LED events in Fig. 3, middle). We choose to apply a cut
|ψ1,...,8| < 2.0 which, from the combination of the 8 distri-
butions, is expected to keep the 69% of the signal, not taking
account correlations or nonlinearities (sample signals on the
nine KIDs before and after the application of cuts are reported
in Appendix B for the interested reader).

The trigger and cut efficiencies are evaluated on the LED
scan at energies of 140, 160, 210, 260, 550, 1100 and 2200

eV (Fig. 3, bottom). The trigger shows a plateau efficiency of
83%, with a sharp cutoff while approaching the selected 4σ0
threshold of 110 eV. The efficiency of analysis cuts slightly
decreases from threshold to higher energies because of non-
linearities of the response of the KIDs. The combination of
trigger and analysis efficiencies result in a constant efficiency
of (32 ± 2) % from threshold up to ∼1.2 keV. We restrict
the analysis to this region of the energy spectrum. Higher
energies in any case would not be of interest for searches of
light Dark Matter and of CEνNS at nuclear reactors.

Figure 4 (top) shows the energy spectrum without cuts,
after the application of the pulse shape cuts and after the veto.
The pulse shape cut reduces the event rate by more than two
orders of magnitude in the middle of the spectrum, but is
less effective at low energies. The additional application of
the veto cut further reduces the rate while approaching the
threshold.

Figure 4 (bottom) shows the resulting spectral density after
including exposure and efficiencies. The high counting rate
above the trigger threshold is interpreted as due to noise false
positives, as indicated by the energy spectrum of the reverse
triggered data, which was derived following the same analy-
sis procedure of standard data (see Appendix C for details).
Since the reverse triggered data were acquired one day after
the end of the data acquisition, the noise σ0 was not exactly
the same, instead being consistently 10% larger. This caused
an increase of the rate with respect to the normal data stream
acquired before.

By restricting the analysis from an analysis threshold of
160 eV (corresponding to 6σ0) to 1.2 keV, the spectrum is
flat at a level of (2.0 ± 0.1) × 106 counts/keV kg days (see
the fit with a constant and the residuals in Fig. 4, bottom).
The uncertainty on the energy scale end on the cut and trigger
efficiencies contribute a systematic error amounting to 0.2×
106 counts/keV kg days.

One may observe that the counting rate before cuts is sev-
eral orders of magnitude higher than after cuts, which appears
unnatural. This is a consequence of the central die being sen-
sitive also to the leakage signal from interactions in the rest
of the wafer, increasing the counting rate. Interactions hap-
pening anywhere in the wafer are seen as ‘quenched’ by a
KID sensor and populate the lower energies of its spectrum
increasing the spectral density. This “background amplifica-
tion” at lower energies however does not represent a problem
as long as leaking phonons can be efficiently tagged as shown
in this work.

4 Conclusion and perspectives

We presented 39 h of continuous operation in a surface lab of
the BULLKID array of cryogenic detectors and we measured
the ambient background at energies below 1.2 keV. Results

123

LED pulses

• Roughly fitting to Gaussian + linear Model

• Set reasonable cut ranges for all neighbors

D. Delicato et al, Eur. Phys. J. C (2024) 84 :353



Single event found
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Compare with APs Compare with one Shared

Difference on the raw amplitude height for same energy events



Single event found
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Compare with APs Compare with one Shared



Single event found
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Compare with APs Compare with one Shared



Single event found
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Compare with APs Compare with one Shared



Difference on pulse shapes
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• Compared to the rise time and decay time of shared events in 5-20 keV
• Singles show decay times shorter by more than 5 sigma
• Shared events with same energy as Singles show less than 1 sigma discrepancy on decay time

ch47

Shared Singles

5-20 keV run =
832358

run =
831888

run =
831708 Delta/sigma

mean sigma ev = 23366 ev = 73201 ev = 31588
RT 0.083 0.003 0.075 0.074 0.082 2.566 2.938 0.210
DT 2.133 0.084 1.640 1.340 1.240 5.833 9.385 10.569

ch49
Shared Singles
5-20 keV run = 831938

Delta/sigmamean sigma ev = 4261
RT 0.083 0.003 0.075 2.589
DT 2.129 0.079 1.640 6.171



Summary

• Just started the single events searching

• 4 singles have been observed till now (low statistics)

• Further work needed to investigate the rise
• Analyze more datasets,
• Look into the pulse shape in low energy range (< 600 eV)
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Energy Spectrum

 Flat background: (68±4) kdru 

(simulated 61±3 kdru)

 In <600 eV measured rise up to a 
factor ~5

 Spectra compable between the 
two triggering pixels!

 Rise not compable with 
negave triggers (noise false 
posives)

 Has the basic symptoms of the 
LEE 
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Backup slides

2026/1/16 BULLKID-DM analysis 13

D. Delicato et al, Eur. Phys. J. C (2024) 84 :353

• Not able to state whether there is LEE

• Operation aboveground
• Absence of shields against ambient

radioactivity

Previous measurement without shields



Basic cuts
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