
EXCESS workshop 2021
Seeding a common effort to understand the observed excess 

signals in the sub-keV region

Margarita Kaznacheeva
On behalf of the EXCESS 2021 workshop organizers: A. Fuss1,2, M. Kaznacheeva3, F. Reindl1,2, F. Wagner1

1 Institute of High Energy Physics of the Austrian Academy of Sciences 
2Institute of Atomic and Subatomic Physics, Vienna University of Technology

3Physik-Department and ORIGINS Excellence Cluster, Technical University of Munich



From idea to a white paper and beyond

• Motivation for the EXCESS initiative

• EXCESS 2021 workshop – main outcomes

• White paper

• What’s next?
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Previously…
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Phys. Rev. D 102, 091101(R)

SuperCDMS-HVeV

Phys. Rev. Lett. 125, 141301

EDELWEISS

EPJ C, 77(9):637, 2017 

NUCLEUS

Phys. Rev. D 96, 022009



Step 1: state the problem 

• Unexplained sharply rising event rates below a few hundred eV 
are observed in multiple experiments with various technologies, 
different materials, above and below ground.

• This excess over the expected known backgrounds is the main
limitation for further sensitivity improvement of low-threshold 
experiments (Dark Matter searches, CEvNS detection).

• The community has a shared challenge.
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Step 2: collect the facts 
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1. Share the observations together with 
details about the measurement 
conditions, detector setups, measured 
spectra

2. Start a scientific discussion within the 
community

Bring together the experts from the 
experiments where the excesses are 
observed 



EXCESS workshop 2021
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📅 15-16 June 2021

13 talks by 10 collaborations: 
CONNIE 
CRESST
DAMIC
EDELWEISS
MINER
NEWS-G
NUCLEUS
RICOCHET
SENSEI
SuperCDMS

Chairs:
Alexander Fuss (CRESST)
Felix Wagner (CRESST)
Florian Reindl (CRESST)
Margarita Kaznacheeva (CRESST)

Advisory Board:
Belina von Krosigk
(SuperCDMS)
Dan Baxter (DAMIC)
Federica Petricca (CRESST)
Guillaume Giroux (NEWS-G)
Guillermo Fernandez Moroni 
(CONNIE/Skipper-CCD)
Jules Gascon (EDELWEISS)
Julien Billard (RICOCHET)

Kostas Nikolopoulos (NEWS-G)
Marie-Cecile Piro (PhyStat DM)
Noah Kurinsky (SuperCDMS)
Raimund Strauss (NUCLEUS)
Rouven Essig (SENSEI)
Rupak Mahapatra (MINER)
Vasile Ghete (NUCLEUS)

Presentations tailored 
to the observed excess 
signals are available at
https://indico.cern.ch/e/cryoexcess 

https://indico.cern.ch/e/cryoexcess


Data is publicly available!
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https://github.com/fewagner/excess

Data required to reproduce the energy 
spectra measured by 

various experiments is 
publicly accessible.



Online visualization tool
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Instruction how to use the online visualization tool: 
https://indico.cern.ch/event/1013203/attachments/2264385/3847018/how_to_plot_excess.pdf

A simple and fast way to plot and compare low-energy spectra: https://github.com/fewagner/excess

https://indico.cern.ch/event/1013203/attachments/2264385/3847018/how_to_plot_excess.pdf


EXCESS workshop 2021

Launch of a discussion withing the community
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EXCESS workshop was 
mentioned at Kashiwa 

Dark Matter symposium, 
2021TAUP and 

Magnificent CEvNS!

Cited or mentioned in:

Phys. Rev. X 12, 011009

arXiv:2202.03436

arXiv:2112.14495

arXiv:2107.00168



Step 3: raise further awareness

• Detailed description of the observed low energy spectra together with the 
spectra comparison are presented in the collaborative white paper –
available on arXiv now.
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https://arxiv.org/abs/2202.05097



EXCESS 2021: White paper’s structure
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• Introduction to the problem

• Brief description of the common 
experimental techniques and global 
terminology

• Detailed descriptions of the measurements, 
detector setups, and observed low-energy 
spectra

• Short discussions on the considered origins 
and planned tests

• Comparison of the presented energy spectra

• Summary and further plans



Comparison of the measured energy spectra
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total energy deposition

electron equivalent energy
(NTL amplification + CCD detectors)

The measurements are separated into two groups 
according to their energy units:

1. Total energy deposition (no assumption on the
interaction type - NR or ER) 
- phonon detectors

2. Electron equivalent energy deposition
(assuming all incoming particles scattered off 
electrons in the detector material)
- Phonon detectors with NTL amplification
- CCD detectors

All spectra are scaled to count/keV/kg/day 



Comparison of the measured energy spectra
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Key properties of the measurements
total energy deposition

electron equivalent energy
(NTL amplification + CCD detectors)



Group 1: particle origin 

• Cherenkov interactions

• transition radiation 

• luminescence

• surface backgrounds

• neutrons 

Considered origins of the excess
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Given the strongly varying rates and shapes of the excess signals, having a 
single common origin for all observed signals is unlikely. 

Group 2: detector origin

• intrinsic stress of the target crystals

• stress induced by detector holders

• microfractures

• cracks in the glue attached to the 

target



EXCESS way forward

• Step 1: State the problem ✅

• Step 2: Collect the facts ✅

• Step 3: Raise awareness ✅

• Step 4: Collect more ideas about the origin

• Step 5: Test ideas
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