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(a) Energy spectra of measurements with units of total energy deposition. The apparent peaks in the
CRESST (SuperCDMS CPD) data at 30 eV (20 eV) are caused by the trigger threshold and discussed in the
main text.

(b) Energy spectra of measurements with units of electron equivalent energy deposition. Note that this
energy scale can only be approximated for SuperCDMS HVeV data (see Sec. 2.1.5).

Figure 20: (a, b) (left, large) Energy spectra of excess observations from the individual
experiments . In all energy spectra, the rise at low energies is visible. (right, small)
Zoom into the excess region of the spectrum [15].

measurements among the collaborations joining the EXCESS workshop. In this paper, we sum-
marized 13 individual measurements performed within 10 collaborations, as presented during
the workshop in June 2021. We attempt to provide an objective view on the observed data and
comprehensively compare the properties of the different measurements. Interpretations and con-
clusions are left to the readers and will furthermore be the topic of a follow-up event planned for
February 2022 [96]. Additionally, a satellite workshop in the course of the Identification of Dark
Matter (IDM) 2022 conference is planned. To uncover the origins of the observed excess signals,
the community encourages the continuing exchange and discussion of ideas and data, and invites
everyone to join the upcoming events planned within this initiative.
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(a) Energy spectra of measurements with units of total energy deposition. The apparent peaks in the
CRESST (SuperCDMS CPD) data at 30 eV (20 eV) are caused by the trigger threshold and discussed in the
main text.

0.1 0.2 0.3 0.4 0.5
Electron equivalent energy deposition (keV)

102

104

106

108

1010

1012

Ev
ent

 Ra
te (

Co
unt

s / 
kg 

/ d
ay 

/ k
eV

ee)

DAMIC
EDELWEISS RED30
SENSEI
Skipper-CCD
SuperCDMS HVeV Run 1
SuperCDMS HVeV Run 2

0.02 0.04 0.06 0.08

103

106

109

1012

(b) Energy spectra of measurements with units of electron equivalent energy deposition. Note that this
energy scale can only be approximated for SuperCDMS HVeV data (see Sec. 2.1.5).

Figure 20: (a, b) (left, large) Energy spectra of excess observations from the individual
experiments . In all energy spectra, the rise at low energies is visible. (right, small)
Zoom into the excess region of the spectrum [15].

measurements among the collaborations joining the EXCESS workshop. In this paper, we sum-
marized 13 individual measurements performed within 10 collaborations, as presented during
the workshop in June 2021. We attempt to provide an objective view on the observed data and
comprehensively compare the properties of the different measurements. Interpretations and con-
clusions are left to the readers and will furthermore be the topic of a follow-up event planned for
February 2022 [96]. Additionally, a satellite workshop in the course of the Identification of Dark
Matter (IDM) 2022 conference is planned. To uncover the origins of the observed excess signals,
the community encourages the continuing exchange and discussion of ideas and data, and invites
everyone to join the upcoming events planned within this initiative.
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What causes 
the EXCESS?
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CRESST (SuperCDMS CPD) data at 30 eV (20 eV) are caused by the trigger threshold and discussed in the
main text.
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energy scale can only be approximated for SuperCDMS HVeV data (see Sec. 2.1.5).

Figure 20: (a, b) (left, large) Energy spectra of excess observations from the individual
experiments . In all energy spectra, the rise at low energies is visible. (right, small)
Zoom into the excess region of the spectrum [15].

measurements among the collaborations joining the EXCESS workshop. In this paper, we sum-
marized 13 individual measurements performed within 10 collaborations, as presented during
the workshop in June 2021. We attempt to provide an objective view on the observed data and
comprehensively compare the properties of the different measurements. Interpretations and con-
clusions are left to the readers and will furthermore be the topic of a follow-up event planned for
February 2022 [96]. Additionally, a satellite workshop in the course of the Identification of Dark
Matter (IDM) 2022 conference is planned. To uncover the origins of the observed excess signals,
the community encourages the continuing exchange and discussion of ideas and data, and invites
everyone to join the upcoming events planned within this initiative.
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Implications

dN/dE

1 keV

Dark Matter and 
CEνNS signal similar 
to Excess background

CEνNS Cross Section

J. Daughhetee | BNL Physics Seminar | May 19, 2020

• Combine best fit CEvNS counts with flux, 
fid. volume, efficiency uncertainties.

• Obtain flux-averaged cross section:

stat dominated
38
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Coherence in quantum circuits

ARTICLES NATURE PHYSICS

initial impact, the spread of errors through the qubit grid and the 
eventual recovery to equilibrium. Therefore, a large array of qubits 
operated at rapid cycle times is required to illuminate the individual 
events and diagnose their impact on practical error correction.

Here, we directly measure the occurrence of high-energy events 
in a large-scale working device in the form of a Google Sycamore 
processor and provide insights into the microscopic dynamics of 
these events. We show that high-energy events produce discrete 
bursts of errors that affect an entire qubit patch on the processor, 
effectively lasting for thousands of error correction cycles. Using 
fine time-resolved measurements, we show that events are initially 
localized but spread over the chip, providing strong evidence for a 
high-energy impact. Finally, we introduce a method to monitor the 
energy coherence time T1 during an event and find it to be severely 
suppressed across all qubits, a clear signature of quasiparticle poi-
soning throughout the chip.

Results
Rapid repetitive correlated sampling. To measure these events 
in detail, one must rapidly identify correlated errors in large qubit 
arrays. We use a subset of a Google Sycamore processor16, as indi-
cated in Fig. 1b. The qubit chip consists of an array of flux-tunable 
superconducting transmon qubits17,18 with tunable couplers19–21. 
Qubit operating frequencies are chosen algorithmically22 between 
6 and 7 GHz, with resulting T1 values around 15 μs. Each qubit fea-
tures a readout resonator to allow dispersive readout. We turn off the 
coupling between neighbouring pairs of qubits. We operated only a 
subset of the device, choosing NQ = 26 qubits which could be oper-
ated in parallel with high fidelity. Each qubit lies around 1 mm from 

its nearest neighbours on a qubit chip measuring 10 mm × 10 mm,  
which is attached to a larger carrier chip measuring 20 mm × 24 mm  
using indium bump bonds23.

We introduce a method that rapidly and simultaneously mea-
sures qubit states to identify correlated errors, which we call rapid 
repetitive correlated sampling (RReCS). As indicated in Fig. 1c, all 
qubits are prepared in |1⟩, allowed to idle for a short sampling time 
(1 μs) and then measured simultaneously. This cycle is repeated at 
rapid regular intervals (100 μs) for extended periods of time, with 
any measurements where the qubit state has decayed to |0⟩ being 
recorded as an error. Finite T1 and readout fidelities will produce 
errors that are independent between qubits, resulting in a low back-
ground error rate. With this technique, the quantum processor 
becomes a time-resolved detector for events that affect large num-
bers of qubits.

A time slice from an RReCS experiment is shown in Fig. 1d. It 
features a distinct peak where the total number of errors jumps from 
a baseline of ~4 simultaneous errors up to ~24 errors. This event has 
effectively saturated the qubit patch, with all qubits experiencing a 
high probability of reporting an error, indicating total failure of the 
coherence on the chip. The peak features an exponential decay back 
to the baseline error rate with a time constant around 25 ms, which 
is much larger than the typical QEC round time of 1 μs24,25. The 
presence of such a long time period of elevated error rates would be 
unacceptable for any attempt at logical state preservation using QEC.

One signature of quasiparticle poisoning is an asymmetry 
between decay and excitation errors. Quasiparticles rapidly scat-
ter and cool to energies near the superconducting gap Δ, where 
they become unable to excite the qubit state from |0⟩ → |1⟩, which 
requires energy Δ + E01, where E01 is the energy difference between 
|0⟩ and |1⟩. However, quasiparticles maintain the ability to absorb 
the qubit energy and cause a decay error |1⟩ → |0⟩. This asymmetry 
is distinct from photon-assisted tunnelling, which produces nearly 
symmetric errors26. As a test, we run the RReCS experiments for 
excitation errors, initializing |0⟩ and recording excitation to |1⟩ as 
an error. We do not find any correlated error peaks, indicating that 
events are produced by a highly asymmetric decay error mechanism, 
which is compatible with quasiparticle poisoning across the chip. 
Further detail on these experiments is included in Supplementary 
Section II.

Timing of events and independent background error. To under-
stand the arrival rate and uniformity of impact events, we now 
deploy RReCS experiments for long time periods to gather large 
numbers of events. We acquire 100 back-to-back datasets of 60 s 
each, and apply a matched filter to isolate events over the back-
ground independent error rate. Details on this filtering are included 
in Supplementary Section III. Four sequential datasets are shown 
in Fig. 2, selected to include one dataset without any events pres-
ent. In Fig. 2a, the raw time-series data illustrate the background 
error rate, but the filtered data display low noise and clearly identify 
events even at scales lower than the background noise level. Figure 
2b shows corresponding histograms over the number of simultane-
ous errors, where the black lines indicate the expected background 
distribution of independent errors.

We include a simple independent error model, where we assume 
perfect initialization, followed by population decay with an inde-
pendently measured T1 time over the 1 μs sampling time, and 
finally account for separately measured finite readout fidelities. 
In the absence of events, we note a strong correspondence of the 
background error distribution to this simple model, as illustrated 
in Fig. 2b(II). In the presence of events, we note a distinct excess of 
high numbers of simultaneous errors, well above what is reasonable 
for uncorrelated error sources. This indicates that the baseline per-
formance of the experiment is well understood and that the peaks 
represent anomalous correlated error events.
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Fig. 1 | Rapid repetitive correlated sampling. a, High-energy radiation 
impinging on the device induces pair-breaking phonons which spread 
through the substrate. In superconducting structures, these phonons create 
quasiparticles, which cause qubit energy decay as they tunnel across the 
Josephson junction. b, We use a 26-qubit subset (dark green) of a Google 
Sycamore processor. The qubit chip is attached to a larger carrier chip 
using indium bump bonds. c, The RReCS experiment consists of repeated 
cycles of preparation, idling and measurement. The idling time of 1 μs 
sets the sensitivity to decay errors. The interval between the start of each 
cycle is 100 μs. d, A time slice of a 30-seconds-long dataset, showing a 
correlated error event. The number of simultaneous qubit decay errors 
jumps from baseline ~4 up to ~24, effectively saturating the chip. The 
number of errors returns to baseline with an exponential time constant 
of ~25 ms. We do not find any correlated error events when preparing the 
qubits in |0⟩.
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Implications on energy threshold
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Two-fold consequence: events below threshold add extra noise, extra noise raises the threshold 
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We do spotted something Concurrent readout points to sensors
The DoubleTES -  PerformanceAl2O3

• Events after the quality and pulse shape cuts

Francesca Pucci  - MPP                                                                                                                                                                                                                                                                                                               Excess Workshop21
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Additional structure with 
an asymmetric energy 
between the two TES  
not yet understood

Above 50eV the  
majority of the events  

at threshold belongs to  
the absorber events band

The DoubleTES - Measurements
 

‣ Two measurements in  
September and November 2022 

‣ Above ground, wet cryostat 

‣ Two insulated heaters for 
independent stabilisation 

‣ Gravity-assisted holding scheme

CaWO4  

‣ Measurement in April 2023 

‣ Above ground, wet cryostat 

‣ Two insulated heaters for 
independent stabilisation 

‣ Gravity-assisted holding scheme

Diamond  

‣ Measurement  
in June 2023 

‣ Above ground, dry cryostat 

‣ One heater only 

‣ Detector held with  balls 
and brass clamps 

Al2O3

Al2O3

Francesca Pucci  - MPP                                                                                                                                                                                                                                                                                                               Excess Workshop4

20 × 20 × 10 mm3 7 × 7 × 2 mm3 5 × 5 × 7.5 mm3Observations

I LEE present in all detectors
I No significant impact on the presence of

the LEE by detector modifications
I LEE events have same pulse shape as

particle recoil events
I Exponential decay of rate
I Increased rate after warm-up to 60 K
I Faster decay after warm-up to 60 K
I No e�ect of warm-up to 600 mK and

200 mK
Latest observations on the low energy excess in CRESST-III

doi: 10.21468/SciPostPhysProc.12.013

Dominik Fuchs The LEE in CRESST August 26, 2023 10

Time dependency rules out particles?

4

Limitation in both cases: “Heat-only events”

n LV: despite large EDELWEISS-III large 
target mass (20 kg Ge) and excellent 
ER/NR separation, results limited by   
large HO population

n HV: despite s =0.53 e- resolution on   
33g @ 78V, results also limited by HO 

n HO nature confirmed by absence           
of NTL boost from 15V to 78V 

August 26th, 2023 EDELWEISS + RICOCHET EXCESS suppression

RED30 events 
not affected by 
NTL boost 
15V ➔ 78V

What generates heat-only 
events?

CRESST

NUCLEUS

EDELWEISS
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Multiple origin?
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(a) Energy spectra of measurements with units of total energy deposition. The apparent peaks in the
CRESST (SuperCDMS CPD) data at 30 eV (20 eV) are caused by the trigger threshold and discussed in the
main text.

(b) Energy spectra of measurements with units of electron equivalent energy deposition. Note that this
energy scale can only be approximated for SuperCDMS HVeV data (see Sec. 2.1.5).

Figure 20: (a, b) (left, large) Energy spectra of excess observations from the individual
experiments . In all energy spectra, the rise at low energies is visible. (right, small)
Zoom into the excess region of the spectrum [15].

measurements among the collaborations joining the EXCESS workshop. In this paper, we sum-
marized 13 individual measurements performed within 10 collaborations, as presented during
the workshop in June 2021. We attempt to provide an objective view on the observed data and
comprehensively compare the properties of the different measurements. Interpretations and con-
clusions are left to the readers and will furthermore be the topic of a follow-up event planned for
February 2022 [96]. Additionally, a satellite workshop in the course of the Identification of Dark
Matter (IDM) 2022 conference is planned. To uncover the origins of the observed excess signals,
the community encourages the continuing exchange and discussion of ideas and data, and invites
everyone to join the upcoming events planned within this initiative.
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Do our data match the background models above the main excess?

CCDs - DAMIC at SNOLAB

Now verified with Skipper CCDs at >5σ, a bulk, spatially-uniform, 
temporally-constant excess of ~8 cts/kg-day below 200 eVee (<1.5 keVnr).

19see M. Traina’s talk @EXCESS23TAUP or in Parallel 7B earlier today

DAMIC-M Data / MC comparison
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Today’s workshop: evening
https://maps.app.goo.gl/93ooiFnnV6FYYejQ9Bar “Casa Dante”, Piazza Dante, 8 

Meet you there at 19:00

Reference person: Laura
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