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Introduction
and
Motivation
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SOLAR NEUTRINOS -> THE STANDARD SOLAR MODEL

Usage of current physics and input parameters with best fit observations
SSM Inputs:

»Photon luminosity L, the solar mass M, the solar radius R,

Requator

the oblateness O, = — 1, and the solar age A,

polar

»Abundances of Elements (Metallicity, High=HZ or Low=LZ)
- Solar Surface Metal-to-Hydrogen Ratio (;)@ (Metal = Elements above He)
SSM Outputs:

»Neutrinos Fluxes (HZ-SSM or LZ-SSM)
»Sound speed profiles - Discrepancy in HZ-SSM and LZ-SSM

Helioseismoloqy (Accustic waves, Sun‘s oscillation):

»Excellent Description of Sun'’s interior structure for > 2 decades

» Consistent with older HZ (1D description) but in tension with newer
LZ (3D description) - SSM should be consistent with both!!!

»A measurement of CNO can unravel this “solar metallicity problem”

Slide 4



HOW IS THE SUN FUELED? - FUSION = SOLAR NEUTRINOS
Production in the Core of the Sun - vs on Earth in ~8 minutes

~ 99 %

Standard Solar Model (SSM)

~1 %

pp chain CNO cycle
pp-v pep-v —
p+p—>2H+e+v, p+e+p—>2H+v, L2C+p—>BN+y g:sgﬂgdm:gn
Y Y + .
99.6% ! 0.4% " mechanism
, LHtp—>rHety NG| §h heavier
%54 2:10°%  hep-v y ctars
*He+*He—>*He+2p | 1 | *He+p—>*Hete +v, PCHpTN+Y
n o 1
PP | 15% 14N+p%150+y 170+p%14N+4He
‘He+*He—’Be+ty |
Be-y 99-87% ; 0.13% ! A
| - Y 150—15N+et+ 17E170+et+
‘Bet+e —’Li+V. ‘Be+p—>8B+y * ]
Y ¥
‘Li+p—2°He | sp.y| *B—*Be’+e*+v. PN+p—>"He+™C | *O+p—>TF+y
pp-Il Y ' A
8 * 4 - - 15 16
Be %|2|| He 99.96% 0.04% N+p—>"0+y
pp-
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METALLICITY: SOLAR NEUTRINOS FLUXES

Species Flux [cm2s1] Flux [cm-2s1] Difference
GS98 (HZ-SSM) AGSS09met (LZ-SSM) (HZ-LZ)HZ %

pp 5.98(1 + 0.006)x10° 6.03(1 + 0.005)x10° —0.8 %
pep 1.44(1 +£ 0.01)x108 1.46(1 + 0.009)x108 —1.4 %
hep 7.98(1 + 0.30)x103 8.25(1 + 0.30)x103 —3.4 %
'Be 4.93(1 4+ 0.06)x10° 4.50(1 + 0.06)x10° 8.9 %

8B 5.46(1 + 0.12)x10° 4.50(1 + 0.12)x10° 17.6 %
13N 2.78(1 + 0.15)x108 2.04(1 + 0.14)x108 26.6 %
150 2.05(1 £ 0.17)x108 1.44(1 4+ 0.16)x108 29.7 %
7F 5.29(1 + 0.20)x10° 3.26(1 + 0.18)x10° 38.3 %
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METALLICITY: SOLAR NEUTRINOS FLUXES

Species Flux [cm2s1] Flux [cm-2s1] Difference
GS98 (HZ-SSM) AGSS09met (LZ-SSM) | (HZ-LZ)/HZ %
pp 5.98(1 + 0.006)x101° | 6.03(1 + 0.005)x102° —0.8 %
pep 1.44(1 + 0.01)x108 1.46(1 + 0.009)x108 —1.4 %
hep 7.98(1 + 0.30)x103 8.25(1 + 0.30)x103 —3.4 %
Be 4.93(1 + 0.06)x10° 4.50(1 + 0.06)x10° 8.9 %
8B 5.46(1 + 0.12)Xx 106 4.50(1 + 0.12)x10° 17.6 %
13N /26.6%
~ CNO-v Flux -
O - HZ and LZ separation is high ( 297 % )
17E ~30% 38.3 %

Mitglied der Helmholtz-Gemeinschaft Slide 7



EXPECTED SOLAR NEUTRINO SPECTRA

pp [£ 0.6%)]

10™° "Be [+ 6%)]

pep [+ 1%]

°B [+ 12%]

Solar neutrino flux [cm™® s71]

hep [+ 30%)]

107 A 10
Neutrino energy [MeV]

=» Difference in endpoint energies and shapes gives possibility
to distinguish them

IJ JULICH
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The Borexino Detector
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HOW TO “DETECT” THE SUN ?

The Borexino Detector located at LNGS in Italy

Detection principle:

2212 inward-facing elastic scattering on electrons
PMTs g adalrTiia o NN Technique advantages:
i s high light-yield
p 29 Technique disadvantages:
Nylon Outer Vessel Resss s o QY SAITRE ‘ no directional information
R=55m
Barrier for Rn

from steel, PMTSs etc. Water tank:

R=9m, 2.1 kt of water
© Shielding
Nylon Inner Vessel © Cherenkov muon veto
R=425m o 5 . SUEEEEERE
~ 300 tons of oty ST : . .
liquid scintillator: X s PR e Stainless Steel Sphere:

) ARECLLESY R=6.85m
" v ; Scintillator container
PMTs support

208 Outer Detector PMTs

(PC/PPO solution)

Fiducial volume: l
~100 tons (software cut)

v Hardware Threshold ~ 50 keV
AE 5%
E E[MeV]

v" Ph.Yield ~ 500 p.e./MeV in 2000 PMTs ‘ I

JULICH
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v Position Reconstruction ~10 cm @1MeV
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Sensitivity to CNO cycle
solar neutrinos In
Borexino
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CHALLENGES |I: CORRELATIONS

I A T O N

107 - | PR R g B
= —
Z§ = 101
\(/J -5 : _______ 0 i ; ; — M ]
g‘ 0 = al | pep =
[©) — —
pd i | : .
1 0*6 .- 0 7091 ) ] ) | g
20| cho

10| [ ; [
107 g °.0,98 % -0,96 ‘Tﬁ T
0 10 20 30 0 2 4 0 10 20
|

1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 100 200 300 400 500 600 700
N,,, Number of PMT hits in a cluster

« Shown here: recoiled e~ spectra for CNO-v, pep-v, and 219Bi
B~ decay electrons

« High Spectral Correlation with 2'°Bi and solar pep neutrino
signal
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CHALLENGES |: SOLUTIONS

»p+e +p->d+v.,andp+p—>d+e’ +v, maximal correlated
(same matrix element in nuclear physics)

» &, /P, robust prediction without latest data > o(pep) ~ 10%
» Global Analysis on all Solar-v experiments applying luminosity
constraint 2 a(pep) ~ 1.4% (Here, 1% CNO contribution negligible)

Lifetimes 32y 7.23 d 199.1 d

Bi-Po-Tagging (Unsupported Po, Migration Po, Supported Po):
In secular equilibrium Rate( 210Bi, ) = Rate(210Po,a) (Supported Po)

210pg identification:

Monoenergetic Decay (“Gaussian®) + a-decay in Borexino < Event-by-
Event Pulse Shape Discrimination = Multilayer Perceptron (MLP variable)



CHALLENGES II: "C
RECIPE-> THREEFOLD COINCIDENCE (TFC)

=>» We have recipe for that

Muon interactions with 2C (~ 4000 muons per day)

1 2 3
|,l+'2C—*n+"C+|J

236| us
29.4 |min
HC—HIIB + e* + Vg

— n+p — D +Y (2.2 MeV)

/.I

TFC Algorithm

> Calculate for each event the probability to be ""C (using a Likelihood)
» Divide Total Exposure in TFC-subtracted and TFC-tagged spectra
(also called "'C depleted and ""C enriched spectra, respectively)

JULICH
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PSEUDO DATASETS

* Fiducial Volume Cut: R<2.8m,-1.8 m<z<2.2m)
« Exposure: 1000 days x 71.3 tonnes
« 1C depleted spectrum (TFC)

S ;
E Spectral Fit on Energy
S
‘; v(pep)
o
2 External background
P v(CNO) ''C
§ 1'-----Lh-- = "\ _"___._..-"'--208T|
- o Mk o BT
500 1 OOO 1 500 2000 2500
E keV
= Two Methods: Counting vs. Fit neray (keV)

@) JULICH
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COUNTING ANALYSIS |

Counting Analysis: Count the number of events in a region of
interest (ROI), dominated by 2'°Bi, CNO, and pep

ROI __ a7ROI ROI ROI ROI
Ntotal — NBi + NCNO + Npep + Nothers

Region of Interest (ROI)
for Counting Analysis

v(pep)

<r

External background
11C

Counts / (day x 100 t x keV)

1000 1500 2000 250

Energy (keV) L | c H

Slide 16 w’ Forschungszentrum




COUNTING ANALYSIS |
» Number of events in ROl (~0.8..1.0 MeV) is:

Ninodel = ExN
k=Bi,CNO,pep,others

» Here, the efficiency of each species is important:

1.0 MeV
£, = j PDF, (E) dE
0.8 MeV » Other species
efficiencies
are less than
CNO-v 7.37 1.5%
pep-v 15.98
210B; 4 55 > Robust
e 401 against

systematics

Mitglied der Helmholtz-Gemeinschaft Slide 17



MULTIVARIATE FITTING - ENERGY+RADIAL

+ > Lify(0) = L3y (0) Liag (6)Lragicr(6)
(complementary 2D poisson with fit in Energy = TFC subtracted
+ TFC tagged fit + Radial fit)

« Constraints on pep and 2'°Bi are considered as gaussian or
semi-gaussian (=upper limit) pull terms

- Upper Limit only only applied on 2'9Bi

E) 10" — Uniform
x s' —— Ext ckground
= ; —— Total
8 i 102 °
X v(pep) B
X107 2
S 810°
2 External background x
£1072 g
C 10 E
> =
8 £ H
10_3 ....... 010_55
1074 10 N
. e e . T N I T B R
500 1000 1500 2000 2500 5 o5 " s 5 S5 s
Energy (keV) R [m]
@) JULICH
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INJECTED RATES FOR TOY MC STUDY

Exposure 1000 days times 71.3 tonnes
Injected Rates for HZ- and LZ-SSM predictions

Component Injected Rates HZ | Injected Rates LZ
[cpd/100t] [cpd/100t]

CNO-v 4.92 3.52
pep-v 2.74 2.78 -> Constrained
Be-v 47 .9 43.7
210Bj 10 10 -> Constrained
1C 28 28
Ext. 0K 1 1
Ext. 208T] 9) S
Ext. 214Bi 4 4

8SKr 12 12 -
q
210Pg 50 50 J ?’ql'gqum



ot o or o%ut (cpd/100 t)

ot o or o%unt (cpd/100 t)

3

2.5

2

1.5

1

0.5

CNO PRECISION: COUNTING VS. FIT

> 219Bi and pep rates - symmetric gaussian pull term

B L L S A I
- —028 de/100t z
I R N oy
: e
E """" “‘ Cnlountm. anal S1s E
R ST L I S S St £ ana’ Y ................ -
n : [ ] Multlvanate F1t .
R R P R | .................. Jroeeeeees I... .... e —

198 constraint accuracy (cpd/100 t)

= 0 04 de/100 t

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

- 3. 52 cpd/100t LZ- SSM | °

IIIIIIIIIIIIIIIIIIIII‘IIII

I \ ................... n ................................... ‘ ................. | ..................................
o e ® Countlng analyS1s
- S o |

0 0.5 1 1.5 2 2.5 3 3.5 4

219Bj constraint accuracy (cpd/100 t)

> pep @ ~10%
precision

> pep @ ~1.4%
precision

Multivariate Fit

has overall better

performance if 21°Bi

precision is getting
slide 20 Weaker



SENSITIVITY STUDIES I: DISCOVERY POTENTIAL

I Fit Pseudo Datasets w/ CNO injected and w/o CNO injected twice:
1. CNO leaving free and 2. CNO fixed to 0

. Define test statistics q(8) = —2x log X2-Sx0=/7¢¢)

L(CNO=0)
(log-likelihood-ratio on each dataset)
ll. Evaluate p-value: p = fqoo df(q|no CNO injected) dq

(@meq: Median of q)

Asymptotic Limit Case: f(q|u) = (1 - P (f)) 6(q) + \/—EXP( : (\/ﬁ - %)2)

Example Test Statistics Distributions for Z=4c

» Blue Distribution:
f(q|ln) < CNO injected

» Red Distribution:
f(q]0) < No CNO injected

IJ JULICH

Forschungszentrum

Seite 21




SENSITIVITY STUDIES II: DISCOVERY POTENTIAL
Using an exposure of 1000 days times 71.3 tonnes

g [ [ [ [ [ [ [ [ 10 . . .
S 10" [Splars: HZ-SSM injected - » Counting Analysis in ROI
o o
= s .. :
%10'2‘ . 1 » HZ-SSM Multivariate fit
=l : 30| =» done with 219B;
symmetric Gaussian
10~ ! 1 constraint
____________________________________________ Q40
10 P 1 » HZ-SSM Multivariate fit
ool 1 (Bilimit)
|___0___HZ SSM Counting analysis _________________ D ______ 50 -> 21OBi Semi'GaUSSian
1071 * HZ SSM Multivariate fit (Bi limit) | Constraint
4 HZ SSM Multivariate fit *
| | | | | | | |
PUBSCEIN SN S SN AN > 210Bj constraint: for
(b@”o&l%”o&l%&"’l@&"g JOF o o oF sensitivity precision is
J J J ; N* NS % ) % .
1 W 6 S 6T Important rather than

Mitglied der Helmholtz-Gemeinschaft
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SENSITIVITY STUDIES II: DISCOVERY POTENTIAL
Using an exposure of 1000 days times 71.3 tonnes

g I I I I I I [ [ 10 . . .
S 10" [Splars: HZ-SSM injected - » Counting Analysis in ROI
o o
= : .. :
%10'2‘ . 1 > HZ-SSM Multivariate fit
el : 3ol  =» done with 279B;
symmetric Gaussian
10-4|- y 1 constraint
____________________________________________ [ I 4o
10°°r P 1 » HZ-SSM Multivariate fit
ol 50 | (Bilimit)
|___0___HZSSM Counting analysis ______________ D ______ °0 -> 21OBi Semi-Gaussian
1071 # HZ SSM Multivariate fit (Bi limit) | constraint
4 HZ SSM Multivariate fit *
| | | | | | | |
PSS NN BN N S > 210Bj constraint: for
o8 oF o o o oF o o sensitivity precision is

& o o f f & © © Borexino important rather than

Mitglied der Helmholtz-Gemeinschaft Central Value



CNO CYCLE 80-90 YEARS AFTER BETHE AND WEIZSACKER

Alessandra Re's
e e e o™ talk —A successful
strategy for the

Article | Published: 25 November 2020

Experimental evidence of neutrinos producedin the C N O m e a S u re m e nt

CNO fusion cycle in the Sun

Theinternational journal of science /26 November 2020 nature

The Borexino Collaboration

Nature 587, 577-582(2020) | Cite this article
191 Altmetric | Metrics

Alex Goettel's

For most of their existence, stars are fuelled by the fusion of hydrogen into helium. Fusion

L]
proceeds via two processes that are well understood theoretically: the proton-proton (pp) I k D t I
chain and the carbon-nitrogen-oxygen (CNO) cycle1'24 Neutrinos that are emitted along ta - a a a n a yS I S
such fusion processes in the solar core are the only direct probe of the deep interior of the
Sun. A complete spectroscopic study of neutrinos from the pp chain, which produces about

L ]
99 per cent of the solar energy, has been performed previouslys; however, there has been no Of a I OW_ I O fl e I d fo r

reported experimental evidence of the CNO cycle. Here we report the direct observation,
with a high statistical significance, of neutrinos produced in the CNO cycle in the Sun. This

L]
experimental evidence was obtained using the highly radiopure, large-volume, liquid- t h C N O d
scintillator detector of Borexino, an experiment located at the underground Laboratori e I S CO V e ry
Nazionali del Gran Sasso in Italy. The main experimental challenge was to identify the excess

signal—only a few counts per day above the background per 100 tonnes of target—that is

attributed to interactions of the CNO neutrinos. Advances in the thermal stabilization of the

detector over the last five years enabled us to develop a method to constrain the rate of
bismuth-210 contaminating the scintillator. In the CNO cycle, the fusion of hydrogen is

catalysed by carbon, nitrogen and oxygen, and so its ratg ji D 7 alla ‘

neutrinos—depends directly on the abundance of, i a V I e a S I I CO S

result therefore paves the way towards a direc| g

CNO neutrinos. Our findings quantify the re

be of the order of 1 per cent; however, in ta I k — H O W t h e C N O

energy production. This work provides ¢

for the stellar conversion of hydrogen in| . .
L4 neutrinos detection

can unravel the

Gianpaolo Bellini‘s Plenary Talk — solar metallicity
Neutrino, Solar, and Star Physics with problem

Borexino (Tuesday 23/02/2021, 2pm) _ %I/Io?)z }ggk; Friday

ey [ | P
Neutrinodetector secuires evidence
ofthe Sun’s secondary fusioncycle

How celand Research afd invest The effeet of noise
subdued COVID-19 in contraceptivesthat - - and light pollution on
with science meetwomen'sneeds ~ USbird populations 9 FUNCBUGSLES

Coronavirus Family planning Environment | |

| | mﬂ >




SUMMARY — CONCLUSIONS - OUTLOOK

v'It has been proven through the sensitivity studies that Borexino

has sensitivity to CNO cycle solar neutrinos

v'50 are clearly reached when constraining the pep-V rate to 0.04
cpd/ 100t precision and 2'%Bi to 1 cpd/ 100t precision

— This case is comparable to the observation on data

v'There is 30 sensitivity to CNO without 2!YBi constraint when

doubling the statistics (while keeping the pep constraint)

@) JULICH
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volume 80 - number 11 - november- 2020

C

@ T ey . . .
Particles and Fields GraZIe In ﬁnlte

Thanks a lot

Questions?

IJ JULICH

Springer
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Discussion
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Backup

IJ JULICH
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BOREXINO RESULTS OVERVIEW

"Be, pep, °B Improved Measurement of |
Geo-Nu pep Discovery (50)
7 »
2007 Calibrations 2010 2012 Be seasonal modulation 2016 2020+

Bx Phase | Bx Phase Il Bx Phase llI

Scintillator Improved Thermal_stability
Purification CNO analysis
_ _ Improved _ Comprehensive measurement of pp-chain
Final results of Borexino Radiopurity: Seasonal modulation of solar neutrinos (Nature 562, 505—
Phase-| on low-energy 85K ~ 4.6 the "Be solar neutrino 510 (2018))
solar neutrino 210B; ~ 2' 3 rate in Borexino
spectroscopy (Phys. Rev. =2 (Astroparticle Phys. Vol. Comprehensive geoneutrino analysis with
D 89, 112007 (2014)) 92, 21-29 (2017)) Borexino (Phys. Rev. D 101, 012009 (2020))
Measuremnt of the solar ~ Measurement of geo- Simultaneous Precision Search for low-energy neutrinos from
8B neutrino rate with a neutrinos from 1353 days  gpectroscopy of pp, 7Be, astrophysical sources with Borexino
liquid scintillator target of Borexino (Phys. Let. B 5nd pep Solar Neutrinos (Astropart. Phys. Vol. 125, Feb. 2021,
and 3 MeV energy 722 295-300 (2013)) with Borexino Phase-l| 102509)
threshold in the Borexino . (arXiv:1707.09279v2
detector (Phys. Rev. D Neutrinos from the (2017)) - Phys. Rev. Constraints on flavor-diagonal non-standard
82, 033006 (2010)) ]PJ'SriT)an%ggézg'ﬁ] r(t)r:(;nSun D 100, 082004 (2019) neutrino Interactions from Borexino Phase-I
JHEP 2020, 38 (2020
(Nature 512, 383-386 Improved measurement ( ( )
(2014) of °B solar neutrinos with  |Experimental evidence of neutrinos
Spectroscopy of ;;(%gtszrgf Borexino produced in the CNO fusion cycle in
geoneutrinos from 2056 (5rxiy:1709.00756v1 the Sun (Nature 587, 577-582 (2020))
days of Borexino Data  (2017)) > Phys. Rev.
(Phys. Rev. D 92, D 101, 062001 (2020) Sensitivity to neutrinos from the solar
031101® (2015))

CNO cycle in Borexino (Eur. Phys. J.
C 80, 1091 (2020))
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BISMUTH-210 FROM POLONIUM-210

» Two components: 21%Po in sec. Equilibrium with 21%Bi in the FV (supported
Po) and 2'%Po from the 2'%Pb in inner vessel leaking inside the active liquid
(via diffusion or convection) (unsupported Po)

Minimum 2'9Po Rate < Upper Limit of 2'°Bi Rate :
R(Po,,;,) = R(Bi) + R(PoY) = R(BIi)

» |dentification of the low polonium field (LPoF)
20 tonnes Eenes EMLp €fficiency Energy and MLP (as)

4 Rg beta rate after a selection
d2R (Pomin)
d(p?)dz

[R (Pomin) EEneEMLP + RB]

2 2
p* | (2 —20)
X(l—FE‘I— 72 )

— ‘JJULICH
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BISMUTH-210 FROM POLONIUM-210

Minimum 2°Po Rate < Upper Limit of 219Bi Rate :
R(Popm;in) = R(Bi) + R(PoY) = R(Bi)

corrected Po-210 rate [cpd/100t]

2017 2018 2019
Time

Two methods: Binning 1 or 2 months

1) Cubic Spline Fit 2) Paraboloidal Fit IJ JULICH
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BISMUTH-210 HOMOGENEITY

Question: 2'%Bi in 20 tonnes. But FV is 71.3 tonnes. So, is the
210Bi rate homogenous? = Compare the angular and radial
distribution of events with homogeneous distribution

Angular Radial

S
N

Mollweide Projection —— White Noise

8 N
70+ -
- ig g 40t
60 . Data -§ - T
= 38
50 9 .
2 ‘ = 36 | =
= 40r —— o,
+ 0 5 10 15 20 © B
s 30l B Events ‘ 34 :_
| 20 C.L. band
20t . 32—

. | —— 15 C.L. band iOSZ de/1 OOt

30 B —e— Data

+0.59 cpd/100t e e AT L

a1 e s 1 1 1 285102 03 04 05 08 07 08 08 1
Volume fraction

(QM) I%C, vs. | Radial fraction r/2.5m

‘ o0
Answer: YES! Seite 32 J :!rguln-gslzgﬂ



BISMUTH-210 UPPER LIMIT + SYSTEMATICS
What do we get?

. . hom. hom. leak
R (Pomin) O fit Omass Obin Uangular Oradial 05 Otot

11.5 0.88 | 0.36 | 0.31 0.9 0.52 0.30 | 1.30

* oy;;. paraboloidal/spline fit uncertainty

* 0,4ss. LPOF mass uncertainty
* 0pin. Uncertainty due to data binning (10 — 30 cm)

* Opatiar and o7 see previous slide
leak.. :
* oz ! Rg uncertainty (8 leakage)

* 0:,¢. add all these uncertainties in quadrature = total



SPECTRAL FIT
Multivariate Fit: £, (6) = £175(6) L5 (6) Lraaiai(6)

: ¢ 2 T
g bt g o || § o THt b
WIM h'WWMH WI""WW',"MmW,WWW v |W|| Wik M“WW Nl ! i it Wm WM M SN S

Fit Conditions:

Monte Carlo Fit

Fit Range: 320 to 2640 keV

Rpep = (2.74 £ 0.04) cpd/100t > symmetric gaussian penalty

Rp; < (11.5 £ 1.3) ¢cpd/100t upper limit ! IJ JULICH
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8007

600

4007

2007

0

Room for
CNO

Others

(780,885 keV 0 2 4 6 8 10 12
Events in the ROI

CNO MEASUREMENT - FIT

Counting Analysis = Pick Ene. window where FOM is maximal

qdata
/ 30 05

>
*
b e e e i —————

Fit w/o Systematics | 0.06

—— Fit w/ Systematics

HZ-SSM 68% C.1.
LZ-SSM 68% C.I.

Borexino 68% C.I.
[ Counting Analysis 10.04

—

10.05

10.03
10.02

240.01

CNO-v Rate [cpd/100t]

dceno = (7.0730)%x108 cm2s
< 5.10 from profiling w/ systematics

Seite 35

Counting PDF



DISCOVERY POTENTIAL = TOY MC APPROACH

Inject all systematics in a toy study based on non-linearity of the energy scale
(0.4%), spatial non-uniformity z-axis (0.28%), light yield (0.32%), "'C peak
position, other 219Bi spectral shapes (18%) (area of 219Bi is constrained by the

upper limit)

10

Fraction

1
107!
1072
107
107
107
10°°

1077

» Gray function 13.8 million simulations
> Integral of gray from 30.05 to infinity gives 9

0

10

20

|| Expected @ 7.2 cpd/100t

|| stat+sys
[ ] stat

data

the p-value: 50 at 99% C.L.

Seite 36

* Create pseudo datasets

w/ CNO (H,) injected
and w/o CNO injected
(Ho)

Fit both datasets
leaving CNO free

11’10,1 CNO:fT'ee and CNO
fixed to zero Iny 4 CNO—
Evaluate Test Statistics:
1n0,1 CNO:fTee

ln(),l CNO=0

q=—2In

JULICH

Forschungszentrum



SENSITIVITY HZ-SSM VS. LZ-SSM
Using an exposure of 1000 days times 71.3 tonnes

g 10 Q 10
r— -1 _ — -1 _
? 10 o o ? 10
a oo 8o 20 a . 20
C - O
% 10 2 ] ° o ] E 10—2 | | _
O ® © 2
o " n O le) 30 o ;
S 10-3F f = & - 30
' * 10781 1 -
10741 ¥ — ¥
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