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Neutrinos: Solar Neutrinos

 Homestake 1960: Only about
one third neutrinos actually
showed up in detectors.
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 Nuclear fusion in the Sun

 About 100 billion solar
neutrinos pass through your
thumbnail every second.

 The Borexino Experiment:
the sun releases the same

amount of energy today as it
Natalia Tapia Arellano — NUFACT 2022 did 100,000 years ago.


http://borex.lngs.infn.it/

Solar Standard Model

e Fundamental tool to
study Solar activity

* Discrepancy in results
from Sun’s Metallicity
(anything beyond helium)

* |nconsistency between
photosphere
abundances AGSS09
and helioseismic data
in GS98 sensitive to
interior composition.

e Standing paradox in
Solar physics

Credit: NASA, Fermilab



Paleo Detectors

e Alternative to conventional Detectors

(Solid state track detectors, SSTD)

e DM Searches

* |Instead of a large target mass experiment
P $s
£ls

S. Baum, A. K. Drukier, K. Freese, M. Gorski, P. Stengel, T. D. P. Edwards, B. J. Kavanagh, C. Weniger



EXposure

For Paleo Detectors:

e 1 Gyr old sample and O(10) mg
of sample

e £=0.01 kg Myr

For Conventional Detectors

e 10yrand 10° kg target mass

[Xenon 1T: QM, 2020]



Track length Estimate and rates

 Track length for recoiling nucleus with Energy £y

Ex dE -
xp(ER) = J dE (E(E ))
0 T

* The differential cross section for coherent neutrino nucleus scattering

do Gy mrEg \
E(E E,) = ym QWmT<1 — 2B F<(ER)

e Differential recoil spectrum per unit target mass induced by neutrinos

dR 1 J’ do do,
— ) =— dE, :
dEg ) mrlgw — dER dE,
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Track length Estimate

 Track length for recoiling nucleus with Energy Ep

E,: 0.1-100 keV Ee /g \-!
E,) = dEE| —(E
E, ~1MeV xr(ER) {0 (de( ))

[SRIM (The Stopping and Range of lons in Matter) code]
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Track length Estimate

» Differential recoil spectrum per unit target mass induced by neutrinos

< dR > | " do dO,
— ) =— dE, :
dEp r My g dEp dE,
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Neutrino Flux
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Metallicity models

Metallicity Models: 8B - 724

* 8B Neutrinos strong

dependence on
Solar Core T°

« MESA (Modules for
Experiments Iin
Stellar Astrophysics)
code version r12115

e //X =0.0229 for GS

o //X=0.0181 for % 3
AGSS star age

[Farag et al. 2020]
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Time evolution of neutrinos
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Sinjarite

Marine Evaporite
Materials

 We adopt Uranium
concentrations of
0.01 parts per billion
for MEs

dR/dx [1/nm/kg/Myr]

Sinjarite
Halite

NaCl

— 8B
---- Full flux
Atmospheric

Neutrons

dR/dx [1/nm/kg/Myr]
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UBR: arise from earth’s
mantle

Mn**SiO;(OH) - H,O

dR/dx [1/nm/kg]
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Results

Different Scenarios

Neutron
8B GS

* We examined in details
the track length range
of 15-30 nm

* \We use a sample mass
of 0.1 kg

200 400 600 800 1000
Time ago [Myr]

e Time window of time
variation: 200 Myr and
500 Myr
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Sinjarite 0.1 [kg|: 15-30 [nm]

Neutron
4 3B GS
4 8B AGSS

400 600 800 1000
Time ago [Myr]

Rock dating

 Upto 1 Gyr with
10% uncertainty
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Track measure
resolution:

 Small angle X-ray
scattering can achieve
15 nm three
dimensional spatial
resolution
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Sinjarite 0.1 kg|: 15-30 [nm] Meta”|C|ty SenSitiVity

Neutron

8B GS

B AG o« GS98 1Gyr:
(1.63 £ 0.05) x 10°

« AGSS09 1Gyr:
(1.52 £ 0.05) x 10°

500 1000 1500 2000 2500
Time ago [My1] Sinjarite 0.1 [kg]: 10-30 [nm]

Neutron
8B GS
B AGSS

Background in a
10% uncertainty
case

(~5)x10°
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Summary

e Paleo Detectors are a complement to Direct Detection
Experiments

e Competitive exposure
* Tracks!
 Metallicity models and 8B

e Solar Standard Model and Solar abundance problem

Natalia Tapia Arellano — NUFACT 2022



Summary

* \We have studied rocks up to 2.5 Gyr finding that up to 1.5
Gyr the samples show good signal to background ratio

 Backgrounds: Neutron, radioactive material.

e Up to 10% uncertainty in background allows
differentiation of metallicity models.

e Sinjarite would be the optimal material

 Probe Solar neutrinos and SSM
Natalia Tapia Arellano — NUFACT 2022



Thank youl!






Back up
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Neutron
8B GS
4 3B AGSS

1000 1500 2000 2500
Time ago [Myr]

Sinjarite 15-30 [nm]

4 38BGS
4 8B AGSS

500 1000 1500 2000 2500
Time ago [Myr]




Sinjarite
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Including hydrogen

Sinjarite 0.1 [kg|: 15-20 [nm]

Neutron
4 38BGS
4 8B AGSS

200 400 600 800 —
Time ago [Myt] Sinjarite 8B-GS

Total rate

0 to 200 Myr ago
400 to 200 Myr ago
600 to 400 Myr ago
800 to 600 Myr ago
1000 to 800 Myr ago

Neutrons
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TABLEI. Observed solar neutnno fluxes at Earth, predicted by
MESA and measured, in units of cm™*s~!, with the following
scales: 10' (pp), 10 (7Be), 10° (B), and 10® (CNO). Mea-
surements are from Ref. [39] as summanzed in Refs. [34,37,38]
and updated by BOREXINO’s measurement of the CNO

flux [40].

Channel GS AGSS Measurement

5.98 6.01 6.05(1F3%%

4.95 4.71 4.82(179:92)
5.09 4.62 5.00(1 £ 0.03)

5.12 3.92 7.0(170:53)




SOLAR NEUTRINOS
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[Giunti & Kim]




