The measurement of the geo-neutrino flux with the Borexino detector and its geophysical implications

MINI-ABSTRACT GEO-NEUTRINO DETECTION WITH BOREXINO IMPROVED ANALYSIS — UPDATED SELECTION CUTS

» Charge of the prompt event:

Borexino has measured geo-neutrinos Borexino Experiment et kinetic energy and 2+ with E, = 511 keV.
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» Our planet chemical composition
>

Physical processes in the Earth's depth
» History of the Earth formation

The total Earth's surface heat flux: 47 £2 TW [1],
the radiogenic heat H,,4 = 10-35TW

The main Heat Producing Elements (HPE's): ' L ey MVT

prompt delayed

Cosmogenic vetoes:
complex veto after internal muons: 2s or 1.6 s or 2 ms |[Improved!|
applying 3 m cylindrical veto for one category of internal muons
~ 109 cm—2s—1 after external muons: 2 ms
10-11% exposure loss previously, only 2.2% exposure loss now
<Pee>z0.55 ) . :
| Multiplicity cut: to reject neutrons the veto of 2 ms is applied before and after
No reactors in ltaly - | either the prompt event or the delayed one
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206pp 4 8 + 8e~ + 67, + 51.698 MeV Max Hyaq = Min Hyqg
28pp + 6 + 4e” + 4, + 42.562 MeV Fully radiogenic (FR)

207ph + 7ax + e~ + 40, + 46.402 MeV Geodynamical (GD)
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FINAL MEASUREMENT OF THE GEO-NEUTRINO FLUX GEOPHYSICAL IMPLICATIONS — MANTLE AND RADIOGENIC HEAT GEOPHYSICAL IMPLICATIONS — GEOREACTOR

Background type Signal, events FFL — Far Field Lithosphere, LOC — Local Crust Upper limits on the hypothetical georeactor power (95% C.L.):

ILi background 3.6 = 1.0
Untagged muons 0.023 == 0.007
Fast n's (@ in WT) < 0.013
Fast n's (p in rock) < 1.43
Accidental coincidences 3.846 + 0.017 ’ | LA , LOC

(a,n) in scintillator 0.81 = 0.13 <~» » Three characteristic locations:

(a,n) in buffer < 2.6
(~,n) <0.34 GR1 Core-mantle boundary (d = 2900 km),

Fission in PMTs <0.057 Georeactor power Pgr1 < 0.5 TW

214p: 214 1 1500 2000 2500 3000 3500 o
Bi Po 0.003 == 0.001 Q, [pe] g GR2 In the Earth's center

Total 8.28 = 1.01 d = Rgarth = 6371k
Ep = (1.29 £ 0.05) x 1032 protons - year (a) (PGR2 iartzh.4 TW m),

GR3 Core-mantle boundary (d = 9842 km),
Pgrz < 5.7 TW

Unbinned likelihood fit B Geoneutrinos

Reactor antineutrinos
1 154 golden B Cosmogenic °Li » Georeactor fuel: 235U . 238U ~ 0.76 . 0.23

Dec 2c(?(;l7di—d§;e: 2019 = ganr(ll)ogcclfggiedmes % » Spectra similar to reactor antineutrinos which are constrained
to the expected 97.6 4= 1.7(stat) & 5.2(syst) events
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Updated statistics and improved analysis techniques lead to Relatively well-known lithosphere signal is constrained to

~ 18% precision in Borexino's geo-neutrino measurement 28.8 1= 5.6 events using knowledge of the local crust
Th/U mass ratio (lithosphere) = 3.5

R Ngeo = 52. Gtg‘g(stat)—l_z'?(syst) ev. Th/U mass ratio (mantle) = 3.7

® Th/U ratio fixe 10 4

TR Sgeo = 47.0715 (stat)Jr (syst) TNU Nemantie = 23.77 ;¢ 0(stat)+ (SYSt) ev.
1 TNU = levent / 103 target protons / year Smantle — 21.2__|_gg(5tat)t09(sy5t) TN U
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Head(Th + U + K) = 38.27 20 TW
Lithospheric constribution +

measured mantle heat +
expected 18% from 4OK in mantle

2.40 tension with the Earth’s models

Consistent fit results when - - - that predict the lowest amount of S B
U and Th are fitted as free parameters i ] 500 1000 1500 2000 2500 3000 3500 4000

heat-producing elements inside mantle Q [p.e]
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Convective Urey Ratio:

- - Hyaa— HSS 0.41
evidence of geo-neutrinos T — e = 0.787 5%
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—— No oscillation

—— GR1 (2900 km)
—— GR2 (6371 km)
—— GR3 (9842 km)
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Free parameters: geo- and reactor v signals
(Th/U mass ratio is fixed to 3.9)

Cosmogenic Ui (a,n) and accidentals
constrained using Gaussian pull terms
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Stable results with and without constraining
reactor antineutrinos
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Smantle(U+Th) [TNU]

» The reactor signal is consistent with expectations

MC-based PDFs of prompts for a georeactor
No energy resolution to differentiate between the positions!
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