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CyYGNUS: Feasibility of a nuclear recoil observatory with directional sensitivity to dark
matter and neutrinos

Electron rejection after 25 cm drift
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Energy (keVee) Energy [keV ]
Gas mixture SFe¢ He:SFs He:SFs He:CFy
Gas pressure [Torr] 20 740:20 755:5 740:20
W [eV /ion pair| 35.5 380  35.6 38.0

Transverse diffusion, o7 [pm/y/cm| 116.2 786  78.6  213.0
Longitudinal diffusion, o, [pm/y/cm| 116.2 786  78.6  148.0
Drift velocity [mm/ps] 0.140 0.140 140 2445
Mean avalanche gain 9 x 10° 9x 10° 9 x 10>  10°




CYGNUS paper

Proposal

What to apply to CYGNO
background estimation

Electron rejection
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We seems to be able to
10 discriminate Fe55 from
nuclear recoils...right??
1 llllllllllllllllllllllll
0 2 4 6 8 10 12 14 14

Energy keV_] ]

He:CF4 60:40
1.6 kg/m3
130 um/sqrt(cm)

Notice: from 105 to 103 at 10 keV
Might be pessimistic....or optimistic
since density is 5 times? Opinions?



What about above 15 keV?

From an old (and optimistic!) CYGNUS study
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Can either rescale 108 to 103, or assume a linear dependence from previous plot
Opinions?
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Comparison with other
directional experiments

Spoiler alert: typically, no background events from
environmental radioactivity in neither directional
nor non-directional experiments

Typically, background is only internal (ie. detector material) background



1.5 D charge readout

& DRIFT @ Boulby: background free limit ﬁ?

First result in “DAMA Region” with directional sensitivity”
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All rejected thanks to
fiducialization via
multiple charge carriers
w/ negative ion drift
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zero gamma-like events observed

NOTICE: all background
events from cathode
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Best SD limit with a

directional detector
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54.7 days of data
analyzed

185 events found but as
expected all were
located at 50 cm away
from the detector, i.e. on
the central cathode.

Total: 1.7 kg x days of F



Rate [counts/keV/kg/days]

3D charge readout

NEWAGE @ Kamioka: GEMs+L PIC
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Energy spectrum RUN22

— RUN22 (Low a p-PIC)

——— RUN14 (conventional p-PIC)
| 17 events

above 50 keV
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region : a surface alpha of Low-a
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Skymap in galactic coordinate

Simulation results of Rn and surface alpha BGs
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The 90% C.L. upper limit of SD cross section
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Detection efficiency (Arb. unit)

+ Detection Volume: 31X31X41cm?

+ Gas: CF4 at 0.1atm (50keVee threshold)
== 0.015 kg of CF4

Notice: NO
FIDUCIALIZATION!!!

ROI defined as [50,60] kev 1470 @50-60keV
—> 2 bkg events « Electron detection efficiency

5.9x106 @50-60keV

NOTICE: all background
events from readout

Nuclear detection efficiency:



