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DM searches overview & context
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NaI based experiments to test DAMA claim: 
COSINE-100

4
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NaI based experiments to test DAMA claim: 
COSINE-100
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Small mass detectors with 
light nuclei
0.1-1 kg enough to explore 
uncharted territories
104-105 rejection @ 10 keV 
Trend to reduce module mass 
& background discrimination 
to reach lower threshold

66

DM searches overview & context
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Low-mass dedicated 
experiments: bolometers
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Low-mass dedicated experiments: bolometers
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CaWO4 crystals + TES NaI crystals + TES

CDMS EDELWEISS

x

Ge, Si semiconductor + TES Ge semiconductor + NTD

Heat + 
Scintillation

Heat + 
Ionisation

CRESST COSINUS
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The Low Energy Excess (LEE) since 2022

The LEE, if not 
experimentally 

solved, could kill 
the bolometric 

approach



E. Baracchini - Directional Dark Matter Searches -CYGNO Collaboration Meeting 20th December 2022 10

The Low Energy Excess (LEE) as of today

As of today, not 
univocal explanation yet

New campaing 
measurements planned 
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Low-mass dedicated 
experiments: SPC
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News-G experiment

12



E. Baracchini - Directional Dark Matter Searches -CYGNO Collaboration Meeting 20th December 2022

ER/NR discrimination in News-G
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News-G SD proton SD latest result vs CYGNO-04 last 
year back-of-the-envelope sensitivity

Take away messages: 
• News-G and CYGNO explore two different WIMP masse ROIs 
• News-G is not directional and has limited ER/NR discrimination
• Hence, News-G and CYGNO are not competitors
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Ton scale detector with heavy nuclei

103 (LXe) - 107-10 (LAr) rejection

Eventually, will be dominated by neutral 
backgrounds from CEvNS, aka the 
Neutrino Fog

From solar neutrinos (mainly 8B) at 
<10 GeV
From DSN & atmospheric neutrinos 
fat >10 GeV

1515

DM searches overview & context
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The Neutrino Fog: a recap
Discovery limit as function of the 
observed N neutrino background 
events and uncertainty δΦ on 
neutrino fluxes

Background free

Poissonian background subtraction

Purely dominated by systematics

Reducing the sensivity of an experiment by a factor 
x requires an increas in the exposure by at least xn

n is defined so that n = 2 under 
normal Poissonian subtraction, 
and n > 2 when there is saturation 

The value of the cross section σ at 
which n crosses 2 is defined as the 
neutrino floor. 

D. S. Akerib et al., 2022 Snowmass Summer Study, arXiv:2203.08084 C. A. J. O’Hare, Phys. Rev. Lett. 127 (2021) 25, 251802
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Discovery limit as function of the 
observed N neutrino background 
events and uncertainty δΦ on 
neutrino fluxes

Background free

Poissonian background subtraction

Purely dominated by systematics

D. S. Akerib et al., 2022 Snowmass Summer Study, arXiv:2203.08084

Reducing the sensivity of an experiment by a factor 
x requires an increas in the exposure by at least xn

n is defined so that n = 2 under 
normal Poissonian subtraction, 
and n > 2 when there is saturation. 

The value of the cross section σ at 
which n crosses 2 is defined as the 
neutrino floor. 

C. A. J. O’Hare, Phys. Rev. Lett. 127 (2021) 25, 251802

Exposure in ton-years required to reach the n = 2 
(systematic limited) spin-independent neutrino fog 

level as a function of the DM mass for various targets

The return on investment becomes no more favourable

17

The Neutrino Fog: a recap
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The Neutrino Fog: here we are
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arXiv:2408.02877 arXiv:2407.10892XenonNT Panda-X
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A provocative question:

19

where is the positive proof that these are not 6 GeV WIMPs?

(that neither XenonNT nor PandaX speakers at 2 conferences were able to answer…)



E. Baracchini - Directional Dark Matter Searches -CYGNO Collaboration Meeting 20th December 2022

….a provocative 
answer….

20
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…self-citing my usual old closing slide.. 

21

present!
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Looking for DM is a search hampered by many false 
promises both at high and low masses

22

i.e. many things can look like a signal if you don’t know where they are coming from

Direction is the only way
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Where does the CYGNO/
INITIUM project stand in this 
picture within the context of  

directional DM searches?
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Directional DM search experiments: 
exposure comparison

Exposure Exposure for 
SD searches

Energy 
threshold Reference

DRIFT II-d 3.5 kg days 0.96 kg days 20 keVee
Astropart. Phys. 
91 (2017) 65-74

NEWAGE 3b 3.2 kg days 3.2 kg days 50 keVee
PTEP 2023 (2023), 

10 113F01

LIME Run4 2.6 kg days 2.0 kg days 1 keVee
My rough back-
of-the-envelope 

evaluation

CYGNO-04 
(1 year) 203 kg days 190 kg days 1-0.5 keVee

My rough back-
of-the-envelope 

evaluation

DRIFT and NEWAGE data reported for the latest and most 
sensitive limits published, no MIMAC undeground limit exists

will show us how LIME data taking campaign, while not aimed originally at setting 
any DM limit, can actually be competitive with other directional DM experiments limits
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Directional DM search experiment:  
NID operation panorama

25

will provide experimental evidences of potentialities for improved directionality with 
NID operation beyond expectations
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Where does the CYGNO/
INITIUM project stand in the  
wider context of rare events 

search experiments?
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One, no one, one hundred thousand ;) 
physics cases for CYGNO/INITUM!

Directionality  
“a tool for all seasons”

N = volume in m3 
assuming 1 atm operation

S. Vahsen et al., Ann. Rev. 
Nucl. Part. Sci. 71 (2021) 

189-224

27

“HypeX: High Yield 
Polarimentry 

Experiment in X-rays”

“FINEM: Full Imaging 
of Nuclear recoil for 
Experimental Migdal 

measurement”

LIME Run5

CYGNO/INTIUM 
synergic projects
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Solar neutrinos spectroscopy through elastic scattering on 
electrons in CYGNUS: promoting background to signal

C. A. J. O’Hare et al., 2022 
Snowmass Summer Study, 

arXiv:2203.05914

C. Lisotti, …, E. Baracchini, …
S. Torelli,  Eur. Phys. J. C 84 

(2024) 10, 1021
Original idea by 

Seguinot et al (1992)

Expected number of electron recoil events 
as a function of the cosine of the angle 

away from the Sun (He:CF4 60:40 1000 m3)

Neutrino energy reconstruction accuracy 
as a function of electron recoil energy 

and angular resolutions

Energy thresholds of solar 
neutrino detection techniques

28

CYGNO approach 
used as benchmark 

also for CYGNUS

See S. Torelli talk
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Finally, a realistic feasibility study for CYGNO-30

29

will show us how CYGNO-30 could provide the first directional solar neutrino 
spectroscopy measurement, testing the neutrino pp energy spectrum down to 

55 keV for the first time ever (N.B. Borexino threshold 300 keV)

..effectively opening the doors for a CYGNUS-1000 solar neutrino experiment that might be able to precisely measure 
all solar neutrinos components up to the CNO cycle through electron elastic and CvNeS scattering simultaneously
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Many thanks to you all for your contribution to the success 
of the CYGNO/INITIUM and all its synergic projects!
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Backup slides

31
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Nuetrino fog for various targets

32

C. A. J. O’Hare, Phys. Rev. Lett. 127 (2021) 25, 251802
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Not only WIMP Dark Matter: potentialities for 
discovery of MeV DM from SN with directionality
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The importance of HT

34

Required number of detected He and F recoils to exclude solar 
neutrinos at 90% C.L. vs angular resolution and head-tail efficiency

DM mass 10 GeV, 1 keV 
threshold, He:SF6 755:5 
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Solar neutrino spectroscopy with gaseous TPCs

35
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EXCESS studies
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The need to penetrate the fog
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Dark sector models SI

Visible sector models SI Visible sector models SD

D. S. Akerib et al., 2022 
Snowmass Summer 

Study, arXiv:2203.08084
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How to see through the neutrino fog?

38

DM and solar neutrinos event rate as 
a function of some angle ϕ on a two-

dimensional readout plane at 12 h 
time distance or 180o of longitude

S. Vahsen et al., Ann. Rev. Nucl. Part. Sci. 71 (2021) 189-224


