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Overview & Context

Ton scale detector with heavy nuclei
103 (LXe) - 107-10 (LAr) rejection
Can go to MWIMP <10 GeV only 
completely giving up background 
discrimination (S2 only analyses)
Eventually, will be dominated by neutral 
background also at high masses
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The “third way”: directional tracking 
detectors for both SI and SD 

8
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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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CRESST and the intrinsic background problem
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…but interpreted as real DM signal at that 
time, hence contourns in the limit plot!

CRESST-II

more on this later (see LEE)
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CRESST and the intrinsic background problem
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…but interpreted as real DM signal at that 
time, hence contourns in the limit plot!

CRESST-II

but 4 out of 5 detector exeeced also 
the expected background! Only 

detector A used for setting limit…..

CRESST-III

more on this later (see LEE)
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COSINUS (not yet quantified) 
background discrimination
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….but actual discrimination 
capabilities not quantified yet

COSINUS WIMP mass goal are the 
DAMA regions, that are largely 

accessible to CYGNO-04! (see later)
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SuperCDMS detectors concept
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SuperCDMS detectors concept

hence, HV detectors need to 
strongly rely on the intrinsic 

background minimisation
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SuperCDMS iZIP background discrimination
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2 x 10-5 @ 10 keV with 63% fiducial volume

…but SuperCDMS adventure started 24 years ago
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…but, a new emerging feature common to many experiments
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The low energy excess (LEE) …here presented for CRESST only as example,
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The EXCESS initiative in 2022
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EXCESS preliminary findings

..but not yet demonstrated nor 
suceeded……
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EXCESS conclusive slide @ TAUP2023

Wish

Reality
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Take away message: if not 
solved, LEE could kill the 

bolometric approach at very 
low energies

21
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Large noble liquid detector analysis for < 10 GeV WIMP 
masses

22
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Large noble liquid detector analysis for < 10 GeV WIMP 
masses: S2 only analysis



E. Baracchini - Directional Dark Matter Searches -CYGNO Collaboration Meeting 20th December 2022 24

No Z coordinate 
No PSD 

No S1/S2 

No vetoes 
only X-Y

Large noble liquid detector analysis for < 10 GeV WIMP 
masses: S2 only analysis

Cut on S2 time width (related to diffusion, 
i.e. Z distance) rejects part of e.m. 

background from cathode wires
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Take away message: S2 only analyses 
heavily raises the requirement for 
detector material radiopurity and  

for capability to precisely predict the 
expected background, further 

hampering the possibility to positively 
identify a DM signal with these 
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Large noble liquid detector analysis for < 10 GeV WIMP 
masses: S2 only Migdal analysis

How to “artificially” lower the WIMP mass reach of a DM 
experiment by exploiting the Migdal effect

1) the DM interaction produces a simultaneous ER + NR from the same vertex;
2) NR are quenched w.r.t. ER
3) Hence, for a given energy threshold the Migdal-induced ER might be above threshold 
while the Migdal-induced NR might be below
4) An isolated ER signature is interpreted as a Migdal induced ER + NR event where the 
NR was not detectable, effectively lowering the threshold on NR
5) Since ER is the signature, ER/NR discrimination is given up to further lower the 
threshold (i.e. S2-only analysis)
6) The limit on DM search is evaluated assuming the Migdal effect as calculated from 
theory (often with simplistic assumptions)
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….but Migdal effect has 
never been 

experimentallly 
measured!

27

See M. D’Astolfo talk for details 
on our efforts towards this goal
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Migdal effect measurement excursus
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NOTE: Migdal effect is independent from DM existence: i.e. you can induce it with any 
neutral particle having elastic scatter with nuclei (i.e. fast neutrons) 
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Current status of Migdal searches: test with LXe
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No signal observed at the expected rate: possible explanation from Xe physics 
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Current status of Migdal searches: test with LXe
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No signal observed at the expected rate: possible explanation from Xe physics 
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Current status of Migdal searches: the Migdal experiment

10 x 10 x 3 cm3

Orca Quest + PMT + ITO strips readout 
Dedicated D-D (109 n/s) and D-T (1010 n/s) 

neutron gun  
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A Migdal like event in the Migdal experiment
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i.e. this is not Migdal, is 
accidental pile-up

Extremely encouraging first science run
(project exclusively dedicated to Migdal measurement)
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Take away message: until Migdal 
effect is effectively measured in 
the actual target material, limits 
exploiting Migdal effect can not 

be trusted at 100%
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Looking for DM is a search hampered by many false 
promises both at high and low masses

34

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 CYGNO 
stand in this picture?

35
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PHASE 1 back of the envelope final 
background estimation

Preliminary CYGNO-04 background evaluation through scaling from CYGNO-1 full simulation

Internal NR background

Total external background

Internal ER background

Assume entire NR background 
rejected with fiducial cuts
Assume ER rate in [20-30] 2.5 x 105 
events/year
Roughly evaluate the ER rate per 
keV and roughly apply RFC 
rejection from Atul studies
±7000 background events/year in 
the full energy range (internal + 
external) after rejection
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CYGNO-04 physics reach
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THIS IS NOT the goal of CYGNO-04, but as nice byproduct we have the potentialities of:
put the best directional limit on SD improving on several order of magnitude w.r.t. other 
directional experiments
put the first directional limit on SI, probing the DAMA region (also for SD)

constant 30o angular resolution assumed with full head tail capability: optimistic 
at low energies/WIMP masses) pessimistic at high energy/WIMP masses

Rough evaluation of background 
after rejection consistent with our of 
our sensitivity evaluation hypothesis

CYGNO-04 x 1 year is only a factor 2.5 
less than limits in the plots, that results 

barely perceptible in a log-log plot
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CYGNO-30 vs bolometers & S2 analyses
Note: in this case, rough evaluation of background after rejection consistent 
with our of our sensitivity evaluation hypothesis after assuming capability of 

reducing internal backgrounds of about a factor 50-100 w.r.t. CYGNO-04
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?
?

SuperCDMS Si iZip with 10-5 
rejection @ 10 keV

CYGNO-30 vs bolometers & S2 analyses
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CYGNO-30 vs Migdal
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CYGNO 30 m3 3 year 10000 
bkg events 0.5 keV threshold 

with He:CF4:iC4H10
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CYGNO-30 SD reach
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PICO has 10-10 
discimination at 3 keV

PICO is a threshold detector, i.e. no event energy measurement (only lower limit): if a DM-like signal event is 
observed, no possibility of constraining DM mass vs coupling 
Improvement of 6-7 order of magnitude with respect to current directional limits
With Hydrogen doping, unique capability to extend sensitivity to a WIMP mass region not explored by any 
other experiment.
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Many thanks to you all for your contribution to 
the success of the CYGNO project

I told you since the start it was biased ;)
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Backup slides

43
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Comparison of “neutrino floors”
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C. A. J. O’Hare, Phys. Rev. Lett. 127 (2021) 25, 251802
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CRESST data from det A

45
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Nuetrino fog for various targets
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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
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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

49
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SuperCDMS expected sensitivity

…..to my knowledge, 
not yet demonstrated

X 2022?
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News-G
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…even with achinos, field lines on 
sphere north emisphere very weird

only surface event discrimination 
via diffusion, no ER/NR

Aim at maximal radiopurity
(…the bigger you go, the more 

radiocontaminants you discover…..)
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News-G latest results

52

SNOGLOBE (140 cm diameter) now 
taking data at SNOLAB with Ne+CH4

NOTE: pure CH4 operation at >= 
1 bar are dangerous…..
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EXCESS studies
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From neutrino floor to neutrino fog
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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



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

From neutrino floor to neutrino fog
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Discovery limit as function of the 
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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
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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?
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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


