\BI= R@

Detecting Solar
Neutrinos with

Directional Gas TPCs

Chiara Lisotti on behalf of the CYGNUS-0Oz collaboration

. Australian
&= National
2 University

W THE UNIVERSITY  |%#( THE UNIVERSITY OF

#ADELAIDE  n\:




Dark Matter

In our Universe, thereis

d

Vi

oout 5 times more Dark

Matter than there is

sible matter!

Dark
| natter

27%

.

Visible
matter

poark:. -
. -energy .

.Photo by NASA's Goddard Space Flight Center



Dark Matter

In our Universe, there is

d

V

1b

oout 5 times more Dark

Matter than there is

sible matter!

5 .
a i o
.. L
.
.
.t e
- 'I
L] ewf
A
My, .

Veloaty
(km s 1)

 Observations . - o
. from starlight . =_=———

n g
. .

Observatlons from
21 crn hydrogen

e i '-: Expected from’
. B the VISIblE dlsk

| — ::__-..‘ -_._._ .. ok

r .
ot . o — o I wh
" i » : . " % o, —— —
- 1 M, ¥ L e :
7 - o :
. ) .5 . 5
4 j A - ]
. 5 . ey
: i s w *
v . k.
T X
» Ao TR
. . A it
i
. .

- - ' :

i 30 ooo 40 000

Photo by M. De Leo



Direct Detection

Gradient of discovery limit, n = —(dIn¢/dInN) !
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Direction of origin!
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Directional Signature

Fluorine recoils [8-50 keV,] September 6
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Gas Time Projection Chamber

CYGNUS-10 m3 module

Recoils caused by WIMPs or neutrinos
generate an ionisation track in the gas
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Gas Time Projection Chamber

CYGNUS-10 m3 module

Recoils caused by WIMPs or neutrinos
generate an ionisation track in the gas

This is transported to the readout plane by
an electric field, where a 2D projection is
formed

The full 3D information is obtained by
taking time of arrival into account
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Gas Time Projection Chamber

CYGNUS-10 m3 module

Recoils caused by WIMPs or neutrinos
generate an ionisation track in the gas

This is transported to the readout plane by
an electric field, where a 2D projection is
formed

The full 3D information is obtained by
taking time of arrival into account
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Expected Sensitivity
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CYGNUS_N ]fllﬁ X 0O Vrs - Background-free operation down to 0.25 keV,
Improve upon WIMP limits for <2 GeV

CYGNUS-10 m3

Background-free operation down to 0.5 keV,
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~1 Solar neutrino per year
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Sensitive to reactor neutrinos
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Best SI limits across all masses

Detect core-collapse supernova at 8 kpc
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The Sunis a
constant source

of neutrinos ,
Solar neutrinos

High-Z B16-GS598
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CNO (EC)

Paper in prep.
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What about Neutrinos?

Electron recoils

He:SF6
740:20 Torr
1000 m>x 5 years

Could neutrinos 5B
be the object of
the experiment,
rather than just a
background?
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What about Neutrinos?
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Solar Neutrino-Electron Scattering
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cxXpected Results

2AIn £ = 6.18 contours: 1000 m> x 5 years
Nondirectional He:SFg at 740:20 Torr

Low performance Background rate = 10 x R,y
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O'Hare et al. [2203.05914]
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Conclusions

The proposed CYGNUS experiment aims to use directionality to reach
beyond the neutrino fog

The same experiment could be used to study the neutrino background itself!

In this case, directionality would make it possible to measure and distinguish
between the different solar neutrino fluxes
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