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Muon Flux in Underground Laboratories
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SNO+
DETECTOR

Multi-purpose neutrino experiment with the

primary goal to search for the neutrinoless
double-beta decay of 130Te. by ermmegrrraesll |
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SNO+
DETECTOR
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@ Three target’s materials:
» 905 t of ultra-pure water (2017-2019);
» ~780 t of high purity liquid scintillator +
2.2 g/L PPO +bisMSB (2022-2024);
» 3.9 t natTe-Joaded scintillator (2024 -).

Acrylic Vessel (AV)
12 m diam., 5 cm thick

Light water (H2O) shielding
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DETECTOR
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Acrylic Vessel (AV)
12 m diam., 5 cm thick

@ Several background reduction layers:
» 7 kt of high-purity water shield;
» N2 Cover Gas blanket across the entire
detector;
» Radon-impermeable plastic covering the
cavity walls.

Light water (H2O) shielding
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SNO+
DETECTOR

@ Material purification:
» 4 purification plants UG for water,
scintillator and Te;
» Possibility to recirculate and repurify
water and scintillator;
» Extensive QA campaigns before, during
and after filling/loading.

TeA purification plant
§ LIP Seminar, 14 Dec. ‘23



SNO+ PHYSICS |
(WATER, LS, TELS) S N -l

0/1 = not doable/doable in
water, LS, TelS phase

B — _ — .

| @ {“ Neutrinoless  § /_ @ _ Solar neutrinos (1,1,1)
N double-beta  } 2 ~

' I

decay of 130Te

' l

0,0,1
Reactor anti-neutrinos
7 -'—'
VN (1,1,1)

Geo anti-neutrinos
(0,1,1)

Supernovae
Rare decays and e
Interactions neutrinos
. (1,1,1)

(1,1,1)

Valentina Lozza, LIP Lisboa / LIP Seminar, 14 Dec. ‘23



TOWARDS THE
SCINTILLATOR PHASE

3
\ 7

Valentina Lozza, LIP Lisboa 8 LIP Seminar, 14 Dec. ‘23



i

~

/
I' SNO+
= WATER
P

2018 2019

October 2018 - June 2019

May - December 2017 (~185 gold physics days) Additional Cover gas
(~115 gold physics days) Second SNO+ water phase € shielding to reduce Rn
First SNO+ water phase Phys.Rev.D 105, 112012 Ingresses in water

Phys.Rev.D 99, 032008

Major Outcomes
+ Nucleon decay modes into invisible channels

Decay Mode|Partial Lifetime Limit |Existing Limits
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SNO+
WATER

2019

October 2018 - June 2019

May - December 2017 (~185 gold physics days) A.ddit.ional Cover gas
(~115 gold physics days) Second SNO+ water phase € shielding to reduce Rn
First SNO+ water phase In preparaﬁon Ingresses in water

Phys.Rev.D 99, 012012
Major Outcomes

+ Solar neutrinos
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WATER

2019 I

October 2018 - June 2019 N
May - December 2017 (~185 gold physics days) Additional Cover gas

(~115 gold physics days) Second SNO+ water phase € shieldingto .reducte Rn
First SNO+ water phase NBFESSEs I Watet

P
=<

[~

Major Outcomes

. * Reactor anti-neutrinos
= .0 p \\:% + Efficiency for triggering on a neutron: (49.08 + 0.39)% at
center Phys.Rev.C 102, 0714002

Inverse Beta Decay (I1BD)
reaction
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2019 I

October 2018 - June 2019 N
May - December 2017 (~185 gold physics days) Additional Cover gas

(~115 gold physics days) Second SNO+ water phase € shieldingto .reducte Rn
First SNO+ water phase NBFESSEs I Watet

P
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Major Outcomes

<+ Reactor anti-neutrinos

%
" « I‘ .l;}.\\:\\\_ asl _
// NN + First measurement of reactor anti-neutrinos using pure
Gvccnaai/‘/// of Lake Hufg \ it Water PhyS.ReV.Lett 130, 091801

PRL Editor’s Choice
APS Physics Magazine Highlight

/ Ann Arbor / /
’ ‘ / y Erie

Chicago Palisades 3‘3 /
I EI'HE }n‘nl Cleveland

Davis Besse
Fort Wayne

Flux ~ 20% of KamLAND, but baseline between reactors
and SNO+ gives a unique spectral shape distortion
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<+ Reactor anti-neutrinos
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SNO+

EXTERNAL BACKGROUNDS

Input for future phases
+ Gammas from 232Th and 238U from detector components such as the acrylic vessel, the support

ropes, the PMTs.

SNQ

+ An early measurement during the water phase allows to use a directional cut (u.R) and separate
the various components
» With the exception of potential Rn ingresses in the water shield, these background sources are not
expected to change towards SNO+ phases

Box . Cuts
AV 5.90m < Ray < 5.7 m
U- [{AL' > 0.4
External Water 6.3m < R < 6.8 m
U-R>04
PMT 1.6 < R* < 2.0
U-R<—-08
Internal Water Riy <4.7Tm
ate
Background , G :
(Fraction of Nominal)
AV+Ropes 0.21 + 0.00977:5

External Water

040,003

PMT

1.48 0002 5
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SNO+ |
EXTERNAL BACKGROUNDS S N@

Input for future phases

+ Gammas from 232Th and 238U from detector components such as the acrylic vessel, the support
ropes, the PMTs.

+ An early measurement during the water phase allows to use a directional cut (u.R) and separate
the various components

» With the exception of potential Rn ingresses in the water shield, these background sources are not
expected to change towards SNO+ phases

—— AV+Ropes —— External Water
PMT — Internal Water
Box Cuts e 1 ¥ Sk e ek kRt
AV 5.9 m < Ray < 5.7Tm O 08 E: £ 10°
U-Ray > 0.4
External Water 6.3m < R <6.8m 0.6 %
U-R>04 04 i
PMT 1.6 < R? < 2.0 T
U-R<-038 02 k1 1 10°
Internal Water Riy <4.7Tm 1 . ) i ]
04 smaller than with nominal (ex-situ)
02 B values
Rate R
Background . : 04 2l 10
(Fraction of Nominal)
61 -0.6
AV+Ropes 0.21 + 0.00970:52
T -0.8
External Water 044-10.003" - ol
- -1% - e P i-ri L 1
+1.60 0 02 04 06 038 1 1.2 14 1.6 1.8 2
PMT 1.48 j: 0.002_06() R3/R3AV
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SNO+

2019 2020 2021 I
T April - October 2020
(92 gold physics days)
Filling the detector Bonus phase: half-filled
with liquid scintillator detector with scintillator
JINST 16 P05009 0.6 g/L PPO
p P * PETRESA CANADA
& Linear Alkylbenzene
@cir () Hrerosen
- + Developed by SNO+
N + From water Cherenkov detector

' to scintillator detector!
+ Allows isotopic loading

PPO
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SNO+
SCINTILLATOR

2019 2020 2021 I

T April - October 2020
(92 gold physics days)
Filling the detector Bonus phase: half-filled
with liquid scintillator detector with scintillator
JINST 16 P05009 0.6 g/L PPO
1.2 I I I I I I I I
1ok . 1808x630phoonymey  F L I L
0.8 t -
3 0 * .
= |
= i
=
»GJ) 0'6__ —— Two-exponential fit 7
Z ¢ LAB+PPO
%‘ - { Deployed SNO+ Scintillator -
2% 0.4 ¢  External Measurements of LAB + PPO =
0.2+ _
| SNO+ Preliminary
OO'....I....I....I....I....I....I....I....I
~70.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

PPO Concentration (g/L)
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2019 2020 2021

[
T April - October 2020
(92 gold physics days)
Filling the detector Bonus phase: half-filled
with liquid scintillator detector with scintillator
JINST 16 P05009 0.6 g/L PPO

Major Outcomes
+ Solar neutrinos with 11.2 kt-day during partial fill = PoS-PANIC2021-274
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SNO+
PARTIAL-FILL

2019 2020 2021

[
T April - October 2020
(92 gold physics days)
Filling the detector Bonus phase: half-filled
with liquid scintillator detector with scintillator
JINST 16 P05009 0.6 g/L PPO

Major Outcomes
+ Solar neutrinos with 11.2 kt-day during partial fill = PoS-PANIC2021-274
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SNO+
PARTIAL-FILL

2019 2020 2021

[
T April - October 2020
(92 gold physics days)
Filling the detector Bonus phase: half-filled
with liquid scintillator detector with scintillator
JINST 16 P05009 0.6 g/L PPO

Major Outcomes

+ Preparation for the double-beta decay phase: target-out measurement

—
o)

E - _+_ Data Background Expected Counts in Partial Fill ROI
2 SNO+ Preliminary Internal Water 1 8
£ s —| [ 1otemal Water ¥PFA Tube 7BiPo 3.9
%’ _ Partial Fill (365 T) i - PEA Tube 2“BiPo Externals 2.5
2 il 4 mEV ] (cr, m) 0
2k - - (at, m) Th Chain (Scint) 0.1
N ] Th ehain (Sei U Chain (Scint) 0.3
L ] I ctain Scind B VES 05
i - U chain (Scint) Total Backgrounds 8.0
2 Externals
B B ves * tube used to remove water from the detector
TR 27 feconameted Enney (MeV) not relevant for the full fill phase

Reconstructed Energy (MeV)

~69 gold physics days
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SNO+
PARTIAL-FILL

2019 2020 2021

[
T April - October 2020
(92 gold physics days)
Filling the detector Bonus phase: half-filled
with liquid scintillator detector with scintillator
JINST 16 P05009 0.6 g/L PPO

Major Outcomes

+ Preparation for the double-beta decay phase: target-out measurement
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Major Outcomes

2019

SNO+

2021

2020

INTER-PHASES

April - October 2020
(92 gold physics days)
Bonus phase: half-filled
detector with scintillator

April - June 2021
Bonus phase: full-
filled detector with

scintillator

0.6 g/L PPO

https://arxiv.org/abs/2309.06341

0.6 g/L PPO

+ Investigation of mitigation strategies for solar neutrinos: Directionality of 8B

+ Very promising results for the 0.6 g/L PPO scintillator:
» Determined by fitting prompt timing profiles to combined Cherenkov-scintillation 2D PDFs

Valentina Lozza, LIP Lisboa
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2019 2020 2021 2022 2023
| ﬁ

April - October 2020 April - June 2021
(92 gold physics days) Bonus phase: full-
Bonus phase: half-filled filled detector with
detector with scintillator scintillator
0.6 g/L PPO 0.6 g/L PPO

https://arxiv.org/abs/2309.06341
Major Outcomes
+ Investigation of mitigation strategies for solar neutrinos: Directionality of 8B
+Very promising results for the 0.6 g/L PPO scintillator:
» Determined by fitting prompt timing profiles to combined Cherenkov-scintillation 2D PDFs
» Event-by-event direction reconstruction compared to Borexino Correlated and Integrated Directionality
» first time in liquid scintillation experiment

— 10
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2 °f  — Data 8B-neutrinos
O 8F
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6 F
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SNO+ Preliminary

’F Partial Fill Phase (365 t)
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SNO+
FULL-FILL

2019 2020 2021 2022 2023
L | ﬁ

April 2022 - March 2023
Full fill detector with

I scintillator
~ 2.2 g/L PPO

1.2

~780 t LAB+PPO 10 -
o9

Linear Alkvlbenzene

$

0.8

— Two-exponential fit

Relative Light Yield
e
(@)}
|
I

¢ LAB+PPO
L { Deployed SNO+ Scintillator
0.4

¢  External Measurements of LAB + PPO -

R SNO+ Preliminary

0 O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
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PPO Concentration (g/L)
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Major Outcomes
+ Preparation for the double-beta decay phase: background and target-out measurement

238U via 214BiPo

|214Bj
0.021% a-decay  :Tia=199min%  >99% B-decay
Q-value = 5.62 MeV %, Q-value = 3.27 MeV
210' ‘21‘4 \ Coincidence analysis in space
1l Lo and time
T,=13min  T,=1643ps
B-decay i . a-decay
Q-value = 5.48 MeV™ : Q-value =7.83 MeV
) \J
210p}
T, =222yr
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SNO+
BACKGROUNDS
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Major Outcomes
+ Preparation for the double-beta decay phase: background and target-out measurement

A \T

238U via 214BiPo

271 Wﬂ} BiP0214 |FV =4m
B S =H
0.021% o-decay T, =199 min,  >99% B-decay é 5
Q-value = 5.62 MeV %, Q-value =3.27MeV 3 ‘
Y 1 T
2107 ‘ 214Pg \ P 1 I
O (e
T,,= 1.3 min T,,= 1643 us %, : ‘|‘ E
K . E ol B s
B-decay \ : o-decay E 1 SNO+ Prelimi
: 51 - T reliminary
Q-value = 5.48 MeV™, *Q-Value =7.83 MeV 2 | M
0 T ' :'” T T T T
0 v 2 3 4 5
21 OPb - Reconstructed Energy (MeV)
T,=222yr -
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SNO+
BACKGROUNDS
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Major Outcomes

A \T

+ Preparation for the double-beta decay phase: background and target-out measurement

238U via 214BiPo

27" ‘T} BiP0214 | FV =4m
[2Bi T ==
0.021% a-decay  :Ti=199min, >99% B-decay 7. ‘ ’ ) g
Q-value = 5.62 MeV 5, Q-value = 3.27 MeV % | \
v X = | s
2107 ‘ 24P \ S 5 ‘! II‘ : :
O : ;
T,,= 13 min T,,= 1643 ps 3, . ‘J l’ : :
“ : % | l : :
p-decay K  o-decay E 1 - R : SNO+ Preliminary
Q-value = 5.48 MeV™ : Q-value =7.83 MeV = Hr’ ‘1] M
‘ v 0 T l ;' T T 5 T T
0 1 2 4 5
21 OPb . Reconstructed Energy (MeV)
T, =222yr

2. Bi En. window
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SNO+
BACKGROUNDS
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Major Outcomes
+ Preparation for the double-beta decay phase: background and target-out measurement

A \T

350 7 X Ae® +B FV=4m
238 via 21 4BiPO 300 - H”Hlﬂ SNO+ Preliminary
E qu Fit Result:
» 250 - ﬂj A=353.6 +28
3 B=00=*16
14D - 65 200 1 W\W‘ T = (1.710e+05 + 3.3e+03) / In(2) ns
Bi1 : 4]
P -, 0 9150 g 3. At
0.021% a-decay :Tl/2 =19.9 min N >99% B-decay g 100 ] ﬂwJL
Q-value = 5.62 MeV s, Q-value = 3.27 MeV O "
1 N Ll"ﬂ‘L,ﬂ
| 4 50 -

210 ‘ 214p \ L | gy
800 0 1000.0

] 0.0 200.0 400.0 600.0
T,,=13 min T,,=164.3 us : Bi214-P0214 At (U s)
B-decay 5 . o-decay V—4m
Q-value = 5.48 MeV E Q-value = 7.83 MeV _0.0025 1 L N
v M SNO+ Preliminary
g
E 0.0020 -
“"Pb i 4. AR
T,=222yr 20.0015 -
3 :
O ;
0.0010 -
2 0.0005 - i mean path
: gammas L
0.0000 —— — : ; : .

| | 0 200 400 600 800 1000
Valentina Lozza, LIP Lisboa ‘ Bi214-P0214 AR (mm) , 23
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Major Outcomes

A \T

sackerounos  SNQ

+ Preparation for the double-beta decay phase: background and target-out measurement

238U via 214BiPo

2R 10-14 5 Initial 222Rn decay - FV=idm
; \ 2 | =384 2 g/L PPO
0.021% (x-decay 'T,,=19.9 min“‘ >99% B—decay %D g
Q-value = 5.62 MeV : s, Q-value=3.27MeV 2 1075 '
“ % : i
ZIO'T 1 21 4PO § Lo-16 | ]H{[ ‘ [{EH{]]; H{}Hﬁ{‘ ﬁ{{ {{ l( M {‘ ﬁ{}’
. BELN 510 (A | WA
T,=13 I{nn T,,= 1643 ps 5 ‘ [ {H k” Hm
B-decay . a-decay 10-17 _ SNO+ Preliminary ’|
Q-value = 5.48 MeV " » 6Q-Value =7.83 MeV | | l |
L L L L 2 2 L L
210p} U“cﬁ x\(‘(’ﬂ x\(’(‘ s x\Q%\(L “09\’1» x\@ﬂ x\\\ﬂ x\\qﬂ
T, =222yr

238U = (5.3+0.1)10-17 g/g

Below DBD-phase
requirements!
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Major Outcomes

SNO \
BACK(I:RO-IL-JNDS S N(; |

+ Preparation for the double-beta decay phase: background and target-out measurement

232Th via 212BiPo

1015 -
{ FV=4m
| 2.2 g/L PPO
36% a-decay =60.6 min*,  64% B-decay & '
Q-value = 6.21 MeV ‘Q-Value =225MeV &
v ‘ ’g 10—16 .
208T1 ‘ 212PO \ g ] ]
T,,=3.1 min T,,=0.299 ps g
B-decay 5 : a-decay U o
Q-value = 5.00 MeV*, i Q-value = 8.95 MeV | SNO* Preliminary
v 10—17
208Pb June July August  September October November

Months 2022

232Th = (5.7+0.3)10-'7 g/g

Below DBD-phase
requirements!
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Why?

+ Tension between the two types of experiments that have measured Am2;;
» KamLAND = Am3; = 7.53701% x 107° eV~ 10- | .
» Solar = Am3, = 4.8T58 x 107° eV? : |

21 —0:0 — KamLAND /\Combined
+ Another reactor anti-neutrinos oscillation measurement

would help

De | 90, 99%c.L.

02 03 04
sin2912

de Salas, et. al.
J. High Energy Phys. 2021, 71 (2021)
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Major Outcomes

+ Expect ~100 reactor anti-neutrino interactions per year
»~60% of reactor anti-neutrino flux comes from 3 Canadian reactors
» characteristic structure of the oscillated spectrum

S
= ]
;_‘) 45 Reactor-v (Unoscillated) '
" > 4 Reactor-V (Am3, = 7.5x10” eV?) :
L e g Reactor-v (Am2, = 4.8x10” eV?) 3
/ & ! 3.5 .
n . .\ K delayed -+ _. ’b — . ]
®o ~200 s ) % 3 SNO+ Preliminary ;
s J v £ 780t,22 g/L PPO 3
7 ’ o Q 8 25 9 Ll o
p *. ~few ns 8
é 1.5
\
Y 511 keV)« - -~ @ --->7 (511 keV) A
€
0.5
Inverse Beta Decay (IBD) 05 > 3 n 5 G - 3
reaction Prompt Reconstructed Energy (MeV)

Valentina Lozza, LIP Lisboa 33 LIP Seminar, 14 Dec. ‘23



Afll:ll-(l)A-l:N S N(—l

utcomes

+ Major source of alphas is 210Po
+Highly reduced (~3x) 219Po background from partial fill to the 2.2 g/L full fill phase
“proton recoil:

S
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: . N@+22MeVy: { » prompt signal
4.4 MeV o - delayed signal
+ +4.4 MeV y: ---
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utcomes

+ Major source of alphas is 210Po
+Highly reduced (~3x) 219Po background from partial fill to the 2.2 g/L full fill phase

p - L} - - = = | = v = = | | = = v = | | v = = = L v = = v | = v = = | = = = = | |

s i

O - _

z Sk AL Signal + Background (Am%1 =7.5x10 eV?) KamLAND

> Signal + Background (AmZ, = 4.8x10” eV?) 7 Solar

O -

> | mmmmmmeees Reactor-v (Am%1 = 75x10° eV?) KamlAND

; 6 i 2 I e Reactor-V (Anlgl —48x10° CV2) Solar

2 5E -

c . : . . .

2 - SNO+ Preliminary Distinguishable features under
% E. 780 t, 2.2 g/L PPO different oscillation scenarios
g 3 :

> N

e sl >
A 2P g

| ir' A -l-.-- _'_'_
I-'._"l '“'.ﬁ-_'_:-’-'-
O - 2 o o 1 - o o - 1 o - 2 o | | o o - o 1 o o - - :a_ o
1 2 3 5 6 7 8

4
Prompt Reconstructed Energy (MeV)
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SNO+
CLASSIFIERS

+ Classifiers are being developed to separate signal from background
» Good outcome in the partial fill phase

Prompt events below 3.5 MeV in partial fill geometry

IIIIIIIIIIlllIIIIIIIIIIIII]IIIIIIIIIII

0.6 g/L PPO
Partial fill

o
a
o

— Reactor IBD MC

Probability

o
-
N

— B3C(a,n)'*0 MC

SNO+ Preliminary

o
-

IIIIIIIlIIIlIIIlIIIlI

0.08

0.06

0.04

0.02

1 1 | I 1 I_F!—’—h L I | I I | I |

-15 -10 -5 0 5 10 15
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N
o

A log(
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Why?

+ Expect ~25 geo anti-neutrino interactions per year
+ SNO+ will make first measurement of geo anti-neutrinos in North America

» Constrain geological models

Crustal geoneutrino signal

Sramek, McDonough, Learned
Adv. High Energy Phys. 2012 (2012) 235686
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+ Preliminary study in SNO+ within a 5.7 m Fiducial Volume
» Finalising optics and classifiers

+ Sensitivity similar to KamlLand (+0.18 10-> eV2) expected within few years
» not affected by Te loading

/([

Major Outcomes

> —————————— T
Q14 -
E [ SNO+ Preliminary b— Data I
S 12 780 t,2.2 o/L PPO — Total MC Prediction -
é [ — Reactor-v
= 10 % -
O L -
S o :
8 ;|J‘J-L|-‘ — Geo-V j

— Accidental ]
———— ]

J_rr'— : Reactor IBD oscillated using:
- + Am2y1 = 7.53x105 eV2
] +sin2(012) = 0.307

> 3 4 5 6
Prompt Reconstructed Energy (MeV)
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Major Outcomes

+ Preliminary study in SNO+ within 80.9 days of data
» Expected to double the statistics
+ Major background for high energy neutrinos is 208T| (232Th-chain).
» Multi-site analysis under development for signal/background discrimination

N ..
2g /L PPO SNO+ Preliminary
102 P —+ Data
: 5.0mFV [ 1 External
- Bayesian 10 Credible Interval:
[ 1 Internal #*?Th-chain |
_ ot 7 Internal **U-chain | 6,5 = 36. 404_”?8
W i 1 Oscillated B :
E + [ Sum - .
= | Current global fit value by
2 107 f _—ﬂ ] NuFit 5.2 [3]:
g L?: 3 +0.75°
|
Results statistically-limited.
10-2 :_
4 % s 10 1
Energy [MeV]
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OVBB S N@

Beta decay Double Neutrinoless double
beta decay beta decay

Quick overview:

e-

ntineutrino Antineutrinos
Energetically Only happens if
forbidden neutrinos are Majorana

Happens in ~35 isotopes
Decay scale is of the order of
1020 yrs
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Quick overview:

Neutrinoless double
beta decay

,e”
%

lllllllllllllll

‘.
lllllllllllll

Valentina Lozza, LIP Lisboa

OvVvBB
THEORY

SNQ

Nuclear Matrix Element, depenols
on the nuclear Level distribution
of the initial and final state
Largest theoretical uncertainty

U
2]
---------------

Half-life of Effective Majorana neutrino mass
the decay Depends on My, Mo, M- and the

mixing angles

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

2/((13—|—(5)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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Quick overview:

A \T

EXP(::\l;?l\?ENT S N(—l

Count the number of events at the

A
2v[30 egion QQ-value of the reaction
f LEhin th
4(2 nterest VM/aSS,WL L TNE
= frducial volume
>
- Ovppo
/\ > "..l":
Energy OFY. Background tnoex

events/Rev/Rg/Yr
SNO+ (expected) = 2.9¢-4

GERDA = 5.4¢-4

CUORE = 1.5¢-2
KamLAND-Zen = 1.3¢e-4

To improve the current sensitivity by a factor 2,
it is necessary an experimental improvement of
a factor 16

Y

Large mass
High radiopurity
Good energy resolution
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Are neutrinos their own antiparticles?

Is lepton number is violated?
What is the absolute value of the mass of neutrinos?

Why the Universe contains more matter than antimatter?

Results have impact across research areas

g

* Neutrino physics
| Standard Model of particle physics |
| Cosmology é
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STATE OF THE ART

Isotope mass (m,

1SO

GERDA CUORE  KamLAND-Zen
PRL 125 Nature 604 PRL 130 [mol]

(2020) (2022) (2023) 10 1% 10° 10° |
GERDA-II

,\ S ’ : MJD 75Ge
A : CUORE
GERDA I e

LEGEND-200 detectors
iInverted mass ordering

semiconductor

1 llllllll

LEGEND-1000
EXO-200
nEXO
NEXT-100
NEXT-HD
PandaX-lll
LZ-nat 136y @

LZ-enr
DARWIN
KLZ-400
KLZ-800
KL2Z

SNO+
SNO+I 130T

P I A, CUORE
10104 10~ 102 10! " CUPID-0 cryogenic
My [€V] CUPID-Mo calorimeters

CROSS 'Mo | (bolometers)
CUPID

Amore-l|

lllll

&

gas/liquid TPCs

1072

normal mass
ordering

|

liquid
scintillators

107

LI lllllll

Katrin sensitivity

M. Agostini, Neutrinoless S Decay - Status & Prospects
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% - +48Ca
E L
& [ .
S5 isong Major Advantages of Te
- + No need for enrichment
3l 82Se p» 100Mo
i » 116Cd + Long 2vBE half-life (7.9x1020 yrs)
251 e + High Q-value of 2.5 MeV
B :_ «76Ge_110Pd

Natural Abundance (%)

Major Advantages of SNO+
+ Large size allows rejection of external backgrounds
+ Fast timing allows rejection of U and Th chain background (+ alpha,n)
+ High light yield for good resolution = targeting 460 PMT hits/MeV
+ Target-out measurements before and while adding Te
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2019 2020 2021 2022 2023 2024
L —

July 2023
Started to add
bisMSB to the

detector

E e Shor Py
~ 4000 SR I Tracking 210Po decays
12" % BisMSB added at the bottom of the
2000 === 1 —o detector (0.5 kg) and started to mix
N = == _ =10 + Clear improvement (~1.5x) in light
; output
-2000 °
4
-4000 =
2
~6000 80. . .100. . .120. . .1;10. . .16I0. . .18IO. .2(I)0
PMT Hits
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TELS SNQ
2019 2020 2021 2022 2023 2024 .

Early 2024T

Test batch (~200 kg) of the
TeA purification plant

3.9 tofTe

+ Important milestone:

» First full-scale tests of SNO+ Te purification and
loading systems

» Samples will be collected for off-site ICP-MS analysis
(U/Th)
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TELS SNQ
2019 2020 2021 2022 2023 2024 .

Early 2024 T

Test batch (~200 kg)
- W of the TeA

purification plant

" CIDH - on From 2024
o 1 . - Start to add TelS
3.9 tofTe HO(CIDH‘OH v3 A cocktail components
H,0
;@Qi
5 > HO.._l o
o y Te" From 2025
HO(CI)FTOH Start count with Te
-
5 @ 0
:,..IJe..mO
' 0" | ‘oj\‘
\./\/O
+6 H,0
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FV=3.3m mmm ovpp (100 mev) i g
m— 2vBp B v ES

~INA

‘ V-“

o
e}

Counts/5y/20keV bin '”! _’!
A \T

N
%)

3 . (o)
I U chain

30 [ Th chain
[ External

B ‘B VE

(o, n)

[\
()

[S—
%)

External vy

—_
=

7 Internal U chain
Internal Th chain

%.2 23 24 25 2.6 2.7 2.8 29 3

Reconstructed Energy (MeV) Events in the Region Of Interest

= 10 . .
£ owpammen, e + Fiducial Volume
| 9.47 events/yr (at nominal
g - Externals, full MC
S ok backgrounds)
g - Analytic single Compton
N

i Usual FV

10 =
f f/
....I...—|_|.||.I....I..1.I1.||I||.|I|.||
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MITIGATION STRATEGIES

| Eosmogenic + solar-v induced:
% 60Co, 110mAg, 88Y, 22N, 130) Background breakdown

* mitigation: purification + “cool-down” UG in OVBP ROI
* First Te UG since 2015
* multi-site classifier

"~smogenic 88 v ES

Internal U chain
Internal Th chain

TeA cooling UG since 2015
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Cosmogenic + solar-v induced: Background breakdown
| % 60Co, 110mAg, 88Y, 22Na. 130] in OV ROI
| * mitigation: purification + “cool-down” UG 0 BB O

* First Te UG since 2015
* multi-site classifier

Cosmogenic

2vpp

B v ES

8B solar neutrinos:
~ * constrained by SNO/SK data

(at, n) * Directionality?

External vy

Internal U chain
Internal Th chain
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MITIGATION STRATEGIES
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‘Cosmogenic + solar-v induced: Background breakdown
. % 60Co, 110mAg, 88Y, 22Na, 130]

* First Te UG since 2015

| in OV ROI
~* mitigation: purification + “cool-down” UG Bﬁ
* multi-site classifier

Cosmogenic

2vpp

B v ES

8B solar neutrinos:

. * constrained by SNO/SK data
* Directionality?

(o, n)

External vy

Internal U chain
Internal Th chain

LAB components below requirements for the TeLS phase

Constantly monitoring the contribution from the scintillator before
and while adding Te
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MITIGATION STRATEGIES

NQ

Cosmogemc + solar-v induced: Background breakdown
J * 60Co, 110mAg 88Y, 22Na. 130] in OV ROI
| * mitigation: purification + “cool-down” UG 0 Bﬁ O

* First Te UG since 2015
* multi-site classifier

Cosmogenic

2vpp

8B solar neutrinos:

- x constrained by SNO/SK data
* Directionality?

(o, n)

External vy

External gammas:

*from AV, ropes, water, PMTs, mainly 208T] |
~ *Measured in water phase, below nominal values IR eduirements for the
* Fiducialization to minimize the leak in ROI

Internal U chain

Constantly monitoring the contribution from the
— scintillator before adding Te
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MITIGATION STRATEGIES S N

Cosmogemc + solar-v induced: Background breakdown
;I * 60Co, 110mAg 88Y, 22Na. 130] in OVBB ROI

* mitigation: purification + “cool-down” UG
* First Te UG since 2015
* multi-site classifier

Cosmogenic

2vpp

8B solar neutrinos:
. * constrained by SNO/SK data
* Directionality?

(a,n):

~ *alpha-capture on 13C (180)

* Measure the contribution from LS
components before Te loading

* delayed coincidence tagging

Internal U chain
al Th chain

LAB components below requirements for the
TeLS phase
— | - Constantly monitoring the contribution from the
External gammas: scintillator before adding Te
* from AV, ropes, water, PMTs, mainly 208T| |
* Measured in water phase, below nominal
* Fiducialization to minimize the leak in ROI |
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See Post
Cosmogemc + solar-v induced: Background breakdown . Kroupova
;I * 60Co, 110mAg 88Y, 22Na, 130] ) in OVBB ROI Event Reconstruction in the SNO+ Experiment
* mitigation: purification + “cool-down” UG

* First Te UG since 2015
* multi-site classifier

Cosmogenic

(a,n):

* alpha-capture on 13C/180 2vpp
* Measure the contribution from LS
components before Te loading
* delayed coincidence tagging (o, n)

8B solar neutrinos:

- x constrained by SNO/SK data
* Directionality?

External vy

External gammas:
* from AV, ropes, water, PMTs

* Measured in water phase, below expectation Internal Th chain
| * Flduc1al|zat|on to minimize the leak in ROI

Internal U chain

LAB components below target for the TelLS phase

Constantly monitoring the contribution from the
scintillator before adding Te

Optimised
F\E) and ROI T1/2 [yr] | mowee [MmeV]

0.5% Te, 3 yr | 2x1026 37 -89
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ill SUMMARY S N(_l

» SNO+ has successfully completed its scintillator loading and is taking data with

2.2 g/L PPO as of April 2022

» Initial measurements show radioactive backgrounds at or below the targeted values

» Many exciting physics publications are expected in the very near future!

Valentina Lozza, LIP Lisboa 58 LIP Seminar, 14 Dec. ‘23



SNOLAB
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University of Alberta
Queen’s University
Laurentian University

LIP Coimbra
LIP Lisboa

UNAM

Boston University

BNL Oxford University
University of California Berkeley Kings College London
LBNL University of Liverpool Shandong University

University of Chicago
University of Pennsylvania
UC Davis
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@ Increasing the amount of isotope

increases the signal

» 8B-nu solar background (main) remains
the same

» Improved loading scheme maintains
acceptable light yield despite increased
absorption

» Samples with several % loading have
been stable on timescales of years.

» Incremental cost ~$2M / tonne Te

Valentina Lozza, LIP Lisboa
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X original loading scheme
09 | O O improved loading
. O O @ improved loading
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