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Majorana neutrino and
Neutrino-less double-beta decay (0v3p)

-
B 7€ /
v=v 7? e _

. : : V7 Ve Ve
Majorana neutrino is a key to @
v Tiny neutrino mass . & Vo= Ve’

- See-saw mechanism* NVo5-

e~ Ob

v' Matter/anti-matter asym.
« Leptogenesis™

continuum

{esolution

OVﬂ ﬁ decay Visible Energy
. Only happen if v is majorana ~Summed e- Kinetic energy
* Lepton# violation Requirement for exp.

« O(100-1000) kg isotope
« BG reduction at Qz;4
- Better energy resolution

*M. Gell-Mann, P. Ramond, R. Slansky ('79), T. Yanagida (’79),
R. N. Mohapatra, G. Senjanovic (’80), **M. Fukugita, T. Yanagida ('86) 3



Effective Majorana mass

Convert half life - Allowed region limited by

to effective Majorana mass 1:_ oscillation parameters

(T1O/V2 -1 _ GOV|M0V|2<mBB>2

G : Phase space factor
M :Nuclear matrix element

l
U: PMNS matrix
m;. neutrino mass eigenvalue

(mgg) (V)

Hint for absolute mass scale



Ka m LAN D_Ze n Kamioka Liquid scintillator Anti-Neutrino Detector
Zero-neutrino double-beta decay search
@Kamioka, Gifu, Japan
1000, m underground

|Isotope:136Xe

*Liquid Scintillator = LS « Dissolve into LS (3 w%).
 On/off measurement.
> « Easy to purify.
5“\ 136X N 136B + e~
KamLAND (QOuter) LS = a- €
« 1 kton Q = 2.46 MeV
- U, Th=s 107 g/g Pros of using KamLAND
« Already running, quick start.
- Xe loaded LS (XeLS) - Huge & Scalable
« Xe 745 kg, 3wt% .
. 136Xe 91% Low BG |
s « Active veto with Outer-LS
I NN « Thin(25 um) nylon film vessel

Scintillation photons re (Inner Balloon: IB)
viewed by 1879 PMTs - U, Th O(102) g/g

O energy = 6.9%//E [MeV] (before construction)
* Overtex = 13.7 cm//E [MeV] « JINST 16 P08023 (2021)




Detector upgrades

2011—2015 2019—Now Future
e i e = e e e : V """" = 'T/\\
/// 1 % J \\\\
/A FES=S a8 o A;\
>
g[_v ij:\;';i:f v .o ol IO &€ O 4§ © 9,6 @ .
KamLAND-Zen 400 KamLAND-Zen 800 KamLAND2-Zen
« 380 kgxe « 750 kgye 1000 kgye
« World top limit « Demonstration of « Higher light yield
* (mgg)< 61—165 meV Scalability + Many performance
Phys. Rev. Lett. 117, 082503 (2016) « Cleaner IB upgrades )



IB production

Weld by heat He-leak check

andlnef

Fold and
deliven




IB.installation to KamLAND
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KamLAND-Zen 800

« Onbb search: Phys. Rev. Lett. 130, 051801 (2023)
« Xe spallation products: Phys. Rev. C 107, 054612 (2023)
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Zen800 time flow

- EEEEZEET mm:}
>

« “Failed800” IB production . 1st result data set . +2.5 yr data
- Zen400 IB withdrawal 2019 Feb—2021 May  now being analyzed

“Failed800” IB installation (Livetime 1.4 yr)
« Cleaner IB confirmed
« Leakage detection before

the Xe loading
« “Failed800” IB withdrawal

« /Zen800 IB production

« Zen800 IB installation
« LS purification

« Xe loading
« Phys. run started
(2019 Jan.) . Now

running .



Problem of Zen400

Comparison btw. Zen400 2nd phase data
and 214B|(MC) vertex distribution Rl in/on film

-
(10 12g/gfum) (10 1Zg/gfllm)

L (a)23<E<27MeV
Areund 136Xe Q-value

Simulated 2'“Bi Event Rate (Events/Bin)

£ oo o S Zen 400 15t PLET 79+-3

» Zen 400 an 46.1+-4 336+-2

Pum
10 Mp fa
5 l/LII“e
. p - , == 1
o 1 2 3 4
X24+Y? (m?)

PRL 117, 082503 (2016) o [lB WES contaminated!

* Fiducial volume ratio at
2"d phase ~43%" (150 kgy,)

*S. Matsuda, Tohoku univ., Ph. D thesis (20186).
Whole volume was binned and simultaneously
analyzed at final result of 2" phase.



Cleaner IB production

here at Zen400)

Change again {—. == =+ )
- In change-room

gy 0 wHe

In clean room

+Wash hands
R
nfrequently

_ Stiits go to laundry
Aafiter oneztimesl

laundry
twice a dau

M Coveningkfilm
7

lCut'with‘covers.
Strip_edge_when_welding.

Misc.
« C(Clean clean-room

« C(Clean tools
« More neutralizers

o-'.omab'o
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1B background reduction

Zen4OO (530 days) Zen8OO (520 days)

(a)23<E<27MeV

@

10

Simulated 2?'“Bi Event Rate (Events/Bin)
Simulated 2'“Bi Event Rate (Events/Bin)

LY |. 1 [y e T (TN i 'l 1 .J . hd hd . ° '.." \° 3. % o Loo,”
0 1 2 3 2 s or s 4 6
X2 +Y2 X“4+Y* (m®)

_ Zen400 Zen800
238U (1028 /8¢im) 46 £ 4 3+1
232Th (1028 /ggim) 33642 38 +2 » x10 BG reduction

AR U Z>0&&R<12m R<1.57m EXZ SenBSCI;clve volume
Z<0&&R<1.0m ower core

~150 kgy. ~380 kgy.




Cosmic-ray muon spallation products

*muon rate: 0.3 Hz per KamLAND
Spallation products in XelLS

< 140

(FLUKA simulation)

1203
1003
803
of
403

20}

Carbon spallation
« Short lives (T < 30 s, excl. '1C)
« Sufficient reduction by:

3-fold coincidence
(u, neutron, the decay)
Correlation with u (track & charge)

« 137Xe (T = 5.5 min) from 136Xe + n
« Cross section measured by Zen800:
236 = 145 mb in consistent with
prior researches
« 75% vetoed by 3-fold coinc.

- Long-lived (LL) isotopes
« T ~0O(hours)
« Dominant Onbb BG after all cuts

e = o

BG isotope(s)

(&

15




Long-lived spallation products

Events/(MeV- kton day)

« Main contributions from 30+ isotopes

Energy spectrum of LL isotopes

10?

10

(some domlnant ones selected)

T T TTTTI] —F—FTTTII] |-l—l-'lllllll T

—Total — I

130
I . 1241

_1221 _1ISSb

711911’1 _88Y

Visible Energy (MeV)

« Many decay in 8+ mode

« Rate in ROI: 2.6 events/day/ktony, s

Accompanied by many neutrons
at the spallation

Effective Number of Neutrons

Z Pspallation (dR;)
ff —
e Pspallatlon(dR ) + Pacc1denta1(dR )

where dR distance btw. a neutron and the isotope

Likelihood (Ngts, dRpearest, dT) cut
« (42.0 = 8.8)% rejection efficiency
« 8.6% Onbb signal sacrifice

16



Confirmation of the existence

Time diff. from muons (N.¢ = 6)

10

5 - —+}— Data
= Total
Q -------- Xe spallation
o —mmm Accidental
&5 1L 1 +
1ly T T
: -LLL'—I—._L
B B s
107 T
: 11 I | I I 1111 I 11 :-1-.‘-—] 1 I 111 I | I I 111 I 111 I I |
0O 02 04 06 O. 1 12 14 16 18 2
[day] AT

“Accidental-only” rejected at 4.8 o level

sz

—_—
=

S = D W A N O o O

Rate scan from Onbb search

g_ .................................. VU RSOSSNSO UVSVUTURUVUTTURRTURTUTTY SUTTRTTY VSR 'I
- \‘ ----- KLZ 400 phase2 !
= ! - - - KLZ 800 B
;— —— Combined )
gl sl e ) A TR BRI |

1 2 3 4 5 6 7

Xe spallation rate (kt d)*
« Rate in ROI:
3.5 £ 0.6 /day/ktonye s

[ ]

Consistent with FLUKA prediction
(26 + 0.2 /day/ktOnXeLs)

17



Ov 2B analysis

Event selection

PSRRI R

Events/0.05MeV
=

—
=}
~

15
Evis [MeV]

2019 Feb. 5—2021 May 8 (823 days)
R<25m
\J
Rnveto & R< 1.57 m
\J
Short-lived spallation cut
\J \J
LL-tagged
49.3 days

Multi dimensional simultaneous fitting

Energy: 86 bins
Volume: 40 bins (Radius 20 x U/L)

Time: 3 bins (for PMTs’ condition etc.)
LL tagged or not: 2 bins

18



Best-fit energy spectra (r < 1.57 m)

Singles LL-tagged

“(a) Singles Data Total 136Xe Oupp (90% C.L. U.L.) (b) Long-lived Total 136Xe Oupp (90% C.L. U.L.)
"""" Total (Ovpp U.L.) —-— Carbon spallation + '3"Xe Data ~++-++ Total (Oupp U.L.) —-— Carbon spallation + 13" Xe
> 104 ' 136Xe 208 Xenon spallation products > 104 136Xe 20p Xenon spallation products
L = Internal RI L Internal RI
= -~ JB/External RT > ~~~- IB/External RI
v = L'—._ - Solar neutrino ES+CC PR = Solar neutrino ES+CC
S 1020 AN $Urle S 1020, 507 T + D
Q E_ A I'_ ol 1A Q E_L'l..-' ' ata
= i r! h ! E i rl"‘._ i
O D N i AR E T omyTy &
H 100 : '_|-'—-._,..-""'- s : ' - 1t H 100 B F ] . T T
= ]LI_I JJJ_r L g ill —L‘-""‘--._,_‘_ 1o, ;;j_lj‘-ur
Sariiie NN ol IR .-"—'I""‘v---.a__‘-:-‘-‘\l‘\r""‘-v-._ il E.:I R B
| 4 |
Visible Energy (MeV) Visible Energy (MeV)

- Ov BB
« Best-fit; O event

« Upper limit: < 7.9 events (90% C.L.)
« Dominant BG: Zv B 5 & LL spallation products



Limits on Ov B B half-life

~ ., 10 5 : : : i
S e e '+ Re-analyzed Zen400 data with
8E §ZEiggPhase2+Zen800 updated CUtS and BG mOdeIS
T KamLAND-Zen al% combined
6 | | + Ov B B half-life limits (90% C.L.)
°F « Zen400: > 0.9 x 1026 yr
. wue] + Zen800:>2.0 x 1026 yr
e o - Combined: > 2.3 x 1026 yr
130N e S R
e St e oo . 1« Twice better results by Zen800
0 0.5 1 1.5 2 2.5 3

Half-life [10*° year]



Limit on effective Majorana mass

(\
S
oo

[E—
()
e

)
oe

Effective Majorana mass (mgp) (meV)

100 |

. KamLAND-Zen upper limits

I Te
| Ge
 Xe

1 @ () 0
]

e

i \L Predictions

0 i rnnnocd Lol Ly
10° 10! 102

Lightest neutrino mass (meV)

(Tlo/v2 -1 — GOV|M0V|2<mBB>2

G : Phase space factor
M :Nuclear matrix element

World leading limit:

*ga~1.27 assumed

Entering 10 region with some NMEs

21



Expected improvements in Zen800

BG summary in ROI KamNet’s PID Performance
(8) 2v B B 12.0 NEESEEE
(b) LL spallation 12.5 fos 2 |
: | . BB
(c) IB 3.0 oa g
. PID with Machine Learning: (b), (c) _// |
- Ov B B(point-like) vs r BGs (spread) AR T T ’

« KamNET: Phys. Rev. C 107, 014323 (2023) u—n time difference (current electronics)
« already achieved 27% veto eff.
while keeping 90% signal eff.

Events(/10us)

- Electronics upgrade (MoGURAZ2): (b)

« |Improve the neutron detection efficiency :
after muons : L

10°

0 100 200 300 400 500 600 700 800 900 1000
AT(us)



KamLANDZ2-Zen

« 1/100 2v B B reduction
by higher light yield
« x5 L.Y. to be achieved by:

« Light collecting mirror: x1.8

« High Q.E. PMT: x1.9
« New LS: x1.4
O energy 8t Q-value = 2%

« New electronics (MoGURA2)

« Improve the neutron detection
efficiency after muons

» Target (mgg) ~20 meV (5 yr)

Ongoing R&D

KamLAND?2 protot

50 m3 tank

ype

Options

inside view

s “'\__:‘ W
‘If WL~

Sets of PMT and mirror

(" Scintillating IB:
100% fiducial vol.

214Bj rejection
by a tagging

Imaging device

//

|{‘E‘

——

T
L Rarticle D
L by fMaging 4
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V. +!35Xe > e +136Cgs*

“Observation of low-lying isomeric states in Cs-136
S.J. Haselschwardt et a/, arXiv:2301.11893

V e
e 1+ state
T 590 keV
Y ’S|
" 140 keV (90 ns)

_174 keV (157 ns)

90 keVI] 36Cs g.S.
136Xe

« Taggable with delayed coincidence (BG free?)
« E,.reconstruction (detecte- & all r’s)
« Usable for solar-v measurements
(and DM search)

« (Case for KamLAND-Zen

« Accidental BG: 2nbb + '4C

« Correlated BG: 212Bi—Po (from IB)

« now being studied

(KamLAND-Zen MC)
'Be solar-v (860 keV) event

w [ |1stT,+3E, MC
£ 20 |= T,=E,— (590 +90) keV
¢ [ [+ XE,=590-140 keV
O |
S 151
O B
Q -
D10
O B
)
8 B
o 5:_
O_++

0 100 200
TOF-subtracted photon hit time [ns]

’Be solar-v expected rate:
5.9 th/(tOnxe_136 * yr)

25



Summary
e Results from KamLAND-Zen

« (136Xe + n = 137Xe + 7r) cross section: 236 £ 145 mb

« Confirmation of Xe spallation products in 2 ways

« Time correlation: 4.8 o level
« Ov B B search fitting: 3.5 + 0.6 /day/ktonyg, s (in ROI)

« 136Xe Ov B B half-life > 2.3 x 1025 yr (90% C.L.)
» (mgg) < 36—156 meV (90% C.L.) (Entering IO region!!)

« R&D’s for improvement of current KamLAND-Zen 800
and future upgrade KamLAND?2-Zen are ongoing.

Publications
« Onbb search: Phys. Rev. Lett. 130, 051801 (2023)
« Xe spallation products: Phys. Rev. C 107, 054612 (2023)
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slide by H. Ozaki

Xn concantration in return LS (wtN)

Xenon-loaded LS installation - S 3w

: 1stcycle  2nd cycle

. < = —> <
% 20 40 80
crouated LS voumedm?]
0
m: : T o -
wo| 1st C')’CIC //-"""' o
2 s ».
§ e o e P R
4(!)’_ //r L >
R 3mf- I,/ : 2nd cycle
L
|(|)§—-...-"' InSfa"ed 74543 kg Xe !l
O S T T T TR R R
Circulated LS(mS

Monitored by Bi-Po from Rn

LS w/o Xe

Controlled XeL.S densi .7774 g/l and i SRR STtis
temperature ~10.5 °C. 12 load cell values (MIB weights) were monitored so as

amLS: 0.77728 ¢/1. 12.0°C not to stress the mini-balloon.
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Inner Balloon: IB

Pattern of inner balloon film String and belt

Corrugated o _
tube A ) A '1 A
) £ Stra|ght : 1 Gore
«— Strings S tube | x24
£ - . . Q "
£ " String guide ‘0 x 1 i c
0 : [ 1] £
> | Nylon belt \ H 2
\ yion be «—> R <
$ i 380 mm |
Straight tube - [
i | |
il IS | I~ e
£ Cone n OE., B T CE, ~
o E| ' Cone & | | 2
g. o) 6 © ﬁ_>< ©
0 S| % 503
Sphere made /A mm
by 24 gores IV
v 292 mm | |
£ \ ||
€ sy | | |
S Polar cap " Polar cap \ |
s and harness x 1 \/ L
> > «— -

3,840 mm
(*realized 3,800 mm)

Most of parts were heat-welded

see JINST 16 P08023 (2021) for more details



neutron candidates

Events/bin

|III|III|III|III|III|II

EEI|III|III|I
——
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107!

1072

1073

1074

long-lived
(136Xe spallation)

- short-lived

{12C spallation m!

Nneutron

III

kil

|h|’u|‘ I il 1l
60

[. Shimizu
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Events/100s

107!

1072

1073

W

S
X
D

—

il

Data

Total

37y

Xe spallation
10

208y

204p4

2vpp

S —

T

200

400 600 800

1000 1200 1400 1600 1800

AT(s)

Events/0.1MeV

10?

Total

137
Xe

Xe spallation
106
208

214p:
Bi

—4— Data
— 2vPp

)

1

1
Ll

—l | | | |

B

4 45

5

Visible energy(MeV)



TABLE IX. Simulated production rate of dominant isotopes
in 2.35< F <2.70MeV in Xe-LS.

(kton day)~*

T1/2 (8) Q (MeV) ROI  Total
8BY 9.212x 105 3.62 (EC/BT~)| 0.110 0.136
0mlzy  8.092 x 1071 2.31 (IT) 0.012 0.093
90N 5.256 x 10*  6.11 (EC/BT~)| 0.024 0.095
9T 3.698 x 10°  2.97 (EC/BT~)| 0.012 0.059
9Rh 5.232 x 102 5.06 (EC/B%v)| 0.011 0.076
100Rh 7.488 x 10*  3.63 (EC/BTv)| 0.088 0.234
104Ag 4.152 x 103 4.28 (EC/B*~)| 0.012 0.160
104mlAe 2010 x 103 4.28 (EC/B1y)| 0.018 0.111
107In 1.944 x 10> 3.43 (EC/Bty)| 0.019 0.135
1081 3.480 x 103 5.16 (EC/BT~)| 0.089 0.194
HOo1p 1.771 x 10*  3.89 (EC/B%v)| 0.053 0.236
HOmlTy 4146 x 103 3.89 (EC/B1y)| 0.066 0.351
1098 1.080 x 10*  3.85(EC/BTv)| 0.027 0.122
113G 4.002 x 102 3.92 (EC/B* )| 0.036 0.231
114G, 2.094 x 10> 5.88(EC/BTy)| 0.020 0.297
158 1.926 x 103 3.03 (EC/BTv)| 0.031 0.839
116G 9.480 x 102 4.71 (EC/BT~)| 0.071 0.939
118G 2.160 x 102> 3.66 (EC/BT~)| 0.165 1.288
1243 5.201 x 105 2.90 (EC/B~~)| 0.016 0.054
15 Te 3.480 x 102 4.64 (EC/BT~)| 0.012 0.124
U7 Te 3.720 x 103 3.54 (EC/BT~)| 0.052 0.594
1197 1.146 x 10> 3.51 (EC/B*v)| 0.053 0.533
120 4.896 x 103 5.62 (EC/BT~)| 0.091 0.953
1221 2.178 x 102 4.23 (EC/BT~)| 0.289 1.965
| 3.608 x 10°  3.16 (EC/BT~)| 0.190 1.654
1307 4.450 x 104+ 2.95(87v) | 0.195 1.188
1321 8.262 x 103 3.58(B7y) | 0.148 0.427
1341 3.150x 103 4.18(B~~) | 0.043 0.183
121Xe 2.406 x 103 3.75(EC/BT~)| 0.100 0.540
125Cs 2.802 x 10®  3.09 (EC/BTy)| 0.012 0.266
126Cs 9.840 x 10*  4.82 (EC/BTv)| 0.011 0.080
128Cs 2.196 x 102 3.93 (EC/BT~)| 0.031 0.229




Table 5.1: Summary of the deadtime

Event selection

Deadtime ratio [%]

Spallation veto 14.64
MoGURA neutron veto 4.91
137X e veto 1.33
Shower veto 7.37
12B veto 3.11
Xe spallation veto 8.956
Detector deadtime veto 0.47
(post PPS, after muons and missing waveforms) '
Hardware related 0.0078
Delayed coincidence Rn veto 0.0013
Delayed coincidence Reactor veto 0.0010
Total 29.52

A. Takeuchi, Ph.D thesis
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Observation of low-lying isomeric states in 3°Cs: a new avenue for dark matter and
solar neutrino detection in xenon detectors

S.J. Haselschwardt,!’® B.G. Lenardo,?:? T. Daniels,® S.W. Finch,*
F.Q.L. Friesen,* C.R. Howell,> C.R. Malone,* ¢ E. Mancil,* and W. Tornow*

! Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA
2SLAC National Accelerator Laboratory, 2575 Sand Hill Rd, Menlo Park, CA 94025, USA
3 Department of Physics and Physical Oceanography,
University of North Carolina at Wilmington, Wilmington, NC 28403, USA
 Department of Physics, Duke University, and Triangle Universities Nuclear Laboratory (TUNL), Durham, NC 27708, USA
(Dated: January 30, 2023)

We report on new measurements establishing the existence of low-lying isomeric states in **°Cs
using 7 rays produced in **Xe(p,n)'?°Cs reactions. Two states with O(100) ns lifetimes are placed
in the decay sequence of the '*°Cs levels that are populated in charged-current interactions of
solar neutrinos and fermionic dark matter with *°Xe. Xenon-based experiments can therefore
exploit a delayed-coincidence tag of these interactions, greatly suppressing backgrounds to enable
spectroscopic studies of solar neutrinos and dark matter.

arXiv:2301.11893



V. .+136Xe > 136Cs* + e-

Ve

Ref 1+ state
er. \ 590 keV
« PRC 89, 055501 (2014)
- PRD 102, 072009 (2020) r's
. . 90 keVl 35~ = 2.5 MeV
1* has the highest cross section. 136X e CSW]‘; _ 13 de
5+ (g.s.) is highly suppressed.
13688

Solar nue rates [evt/tonye136/Yr]
. 7Be: 59 (Mainly) “Be solar nu origin
« CNO: 07 136Cs(g.s.)>13%Ba
°*  pep. 0.57 e D OpBUL) - Z::;:Vsﬂ::;f;;}:)
. 8B O 3 5 E 104 wq:ijj — B6XE208p ; if::::alsl;:lllation products

v _}T ..... . T e meing s
136Cs(g.s.)>'36Ba = 'ﬁm e
is in Onbb analysis oy R

T .7.#7;?.‘.}’~E'.'--|-~-...qj?“.“r--,._, i
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Visible Energy (MeV)



“Observation of low-lying isometric states in 136Cs”
arxiv:2301.11893

« O(100 ns) states were observed

« >314>74->9.s
(Mode3: 27%, 157 ns)

very recently (Jan. 30th). 6 15:557 5529 keV
« 590->140 i%_ o 8 %Aﬁ 517.9
+ 27499 5
(Model: 58%, 90+157 ns)  e———— 7”7182 it
« 2105>g.s & @) : i i 898 3136
(Mode2: 14%, 90 ns) s I
. 590->422 — = i

157

« 7/00r 140 keV r’s
« Less than KamLAND’s trigger threshold
 More than dark hits
« Multi-pulses in an event window (~200 ns) can be tagged!!



How the signal looks like?
(‘Be solar v 860 keV example)

¢ E]st = Ee—kinetic + Er’s
= (860 - 90.2 - 590) + 450 keV
= 630 keV (~550 keV in Evis)

Model: 58% ﬁ Ons  160ns

« 2nd: 67 keV (90 ns) \ /\7 keV [\14 keV
« 3rd: 74 keV (160 ns) >

Mode2: 14% / 20 ns,

. 2nd: (35+105) keV (90 ns) \ k\m oy
Mode3: 27% (E;.+= 67 keV) : 160 ns

. 2nd: 74 keV (160 ns) \ 174 kev

« 7Y’sin Evis
« 67, 74 keV> ~b0 keV ~12 hits
° '| 40 keVQ ~'| OO kev ~24 hltS *Energies in following slides will be Evis.




Input parameters

« Solar neutrino fluxes
« Model: BP16GS98 (so called “highZ”)
https://arxiv.org/abs/1611.09867

« CNO
« N-13:2.78e8 /cm”2/s
« O-15: 2.05e8 /cm”™2/s

« F-17: 5.29e6 /cm*2/s - Cross section
« Be-7:4.93e9 /cm”™2/s « https://arxiv.org/abs/2009.00535
- pep: 1.44e8 /cm”2/s « 1+ (590 keV + 850 keV)

10—43 _

« Oscillation — /
« Day-time (osc. in the Sun only) 510 /

« dm”2_21 = 7.51e-5 eV"*2

10_46_; 5/2::gs .
« sin?*2(06_12) = 0.306 P mes) | = e
. J— 1047 3 1+,850 keV —— 3/2+,373 keV
° SlnAZ( 6 1 3) = 0.0219 0.0 05 1.0 15 20 25 3.0 35 40 45 50
E, (MeV)

*Neutrino2020 SK result 40


https://arxiv.org/abs/1611.09867
https://arxiv.org/abs/2009.00535

Event rate (wo resolution)
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CNO: 0.917 /yr/ton
Be-7: 5.87 /yr/ton
pep: 0.792 /yr/ton



Event rate (sigma = 1%/sqrt(E [MeV))

-yr-0.1 MeV)

Xe136

evt / (ton

-yr-0.1 MeV)

Xe136

evt / (ton

0.3

o
()

©
—

Log
i —Be
—pep
T —ONO
S S ‘ 13
::::: .‘ N
3 : 150
_ 17F
3 ' g
1 1.5 2
visible energy =E_- Q [MeV]
Linear

—'Be
- —pep

—CNO
~ 18N
i /‘\(_ %0
— ] 17
P o S -
e J \ —'B
oy I { L\

1 1.
visible energy = E

2
- Q [MeV]

CNO usable range and rates

[0.50, 0.73] MeV: 0.090 /yr/ton
[0.81, 1.31] MeV: 0.553 /yr/ton
[1.39, 1.80] MeV: 0.152 /yr/ton
usable total: 0.800 /yr/ton (87%)

175 — 150

0'8.00 0.05 010 015 020 025 0.30

CNO-cycle neutrinos

17F

T/R@

arxiv:2209.14832

Ultimately we can measure
N-13 and O-15 separately?

Their production position
dist. are different.



