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Future large-volume neutrino detectors

In Europe: LAGUNA-LBNO

LAr ~ 100 ktons f.m.

LSc™ 50 ktons f.m.
wCh~ 440 ktons f.m.

GLACIER

MEMPHYS

Proposed detector technologies
= Liquid Argon TPC (20+ kt)

= Water Cherenkov (500 kt)

= Liquid Scintillator (50 kt)
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Future large-volume neutrino detectors

In Europe: LAGUNA-LBNO Physics program

LAr ~ 100 ktons f.m.

LSc™ 50 ktons f.m.
wCh~ 440 ktons f.m.

Observation of
astrophysical v oscillations

neutrino sources (hierarchy, dp)
’
= solar fusion = neutrino beams

GLACIER

’ = core-collapse = atmospheric v's
supernovae = pion DAR
>, WE_LENA = dark matter
annihilation v’s Search for

nucleon decay
Geoneutrino

»EMPH\/S observation

Proposed detector technologies
= Liquid Argon TPC (20+ kt)

= Water Cherenkov (500 kt)

= Liquid Scintillator (50 kt)
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Physics program

Observation of

astrophysical oscillations
neutrino sources hierarchy, 8.,)
’

= solar fusion neutrino beams

" core-collapse atmospheric v's
supernovae pion DAR
= dark matter

annihilation v’s Search for

nucleon decay

Geoneutrino
observation

-> core program of

liquid-scintillator detectors
— Low energy threshold
— Low background

Low energy neutrino astronomy in LENA



LENA at the Pyhasalmi mine (F

inland)
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Inner Detector
= h=100m, d=32m
= 70kt of LS

= active vol. 50kt
= 32k 12-PMTs

(encapsulated, cones)

-1440m (4000mwe)

Outer Detector
= 100 kt water

= 2k PMTs

NEW MINE




Observation of astrophysical neutrinos in LENA

Galactic Supernovae

gravitational collapse \é» S
% <E>=15MeV S /9
XX — vV d=10kpc S/
Dark Matter $=1011/cm2s
Annihilation
-
Sun O
H burning
E<18MeV ; -~

$=1019/cm?s

SNv background
all SN for z=5

<E>z%OM§V
Geoneutrinos $=10%/cm?s ’
natural U/Th w
E<3.4MeV '-

$=108/cm?s



Observation of astrophysical neutrinos in LENA

= ~2x10% ev in 6 channels
E,t flavor-resolved signal

= study of core-collapse

= v properties (MH)

= ~10% ve -scatters per day
= CC-13C: ~103 per year

= study of solar interior (2)
" neutrino properties

= [BD: ~10%in 10 yrs
= gverage spectral shape
= fraction of dark SN

= [BD: 10%in 10 yrs
= radiogenic heat at 1%
= U/Th ratio at 5%




Solar neutrino signal in LENA

What can LENA achieve beyond Borexino/SNO(+)? > Three examples
= Search for time modulations in ’Be-v flux
= Low-energy 2B-v‘s for survival probability in vacuum-matter transition region

= CNO-v flux for CNO fusion rate and indirectly solar metallicity



Solar neutrino signal in LENA

What can LENA achieve beyond Borexino/SNO(+)? > Three examples
= Search for time modulations in ’Be-v flux
= Low-energy 2B-v‘s for survival probability in vacuum-matter transition region

= CNO-v flux for CNO fusion rate and indirectly solar metallicity
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Detection of ’Be neutrinos in LENA
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Absolute rate measurement

— statistics won‘t matter

Fiducial volume: 36kt
radius: 12m

Signal rate:

‘Be-v: 1.7x10% /day

Background rates:

210po:  1.8x10°
210Bj:  1.5x10%
85Kr: 1.3x104

... based on latest ’Be
paper by Borexino

[arxiv:1104.1816]

— hard to surpass Borexino in terms of systematics (~3%)

Michael Wurm

(Uni Tubingen)

Low energy neutrino astronomy in LENA

11



Search for time variations in the ’Be flux

Rate modulations of type: N(t) = Ny - (1 + A -sin(t/T + ¢))
- relative measurement: most systematics cancel!

(Possible) causes of periodic modulations of v flux
= Day/Night effect? A = 0.1% predicted by MSW-LMA
= Helioseismic g-modes? present limit by SNO: A < 10% (90%CL)

= Correlations to solar cycle? T = 11 yrs m others?

Michael Wurm  (Uni Tlbingen) Low energy neutrino astronomy in LENA
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Search for time variations in the ’Be flux

Rate modulations of type: N(t) = Ny - (1 + A -sin(t/T + ¢))
- relative measurement: most systematics cancel!

(Possible) causes of periodic modulations of v flux
= Day/Night effect? A = 0.1% predicted by MSW-LMA
= Helioseismic g-modes? present limit by SNO: A < 10% (90%CL)

= Correlations to solar cycle? T = 11 yrs m others?

Lomb-Scargle periodogram

Expected sensitivity in LENA

25 amplitude: 2%
period: 0.1 yrs

20 exposure: 2 yrs

> 90% chance for a 30 discovery
if relative amplitude is @(103)

Lomb-Scargle power

15

= derived by Lomb-Scargle analysis
10

IIIII]IIlII[IIIII]|I

30 threshold = depends on modulation frequency

Mﬂuw and measurement time
0 i} 'W = N el [arXiv:1012.3021]

modulation period (yrs) L




P..(E) in the MSW-LMA transition region
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= current data in agreement with MSW-LMA predictions
= not much data in vacuum-matter transition region

Michael Wurm  (Uni Tlbingen) Low energy neutrino astronomy in LENA



P..(E) in the MSW-LMA transition region
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= current data in agreement with MSW-LMA predictions
= not much data in vacuum-matter transition region

= alternative course of P, (E) > NSI? light sterile v's (m =0.1eV) ?
[e.q. Friedland et al. (2004); Holanda, Smirnov - arXiv:1012.5627]
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Are there hints from current éB-v analyses?
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- see the poster by
Richard Bonventre



Detection of 8B-v’s in LENA: ve-scattering

Rates in 43kt (HE)
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" u-based veto for cosmogenic *C,1°C,'1Be = threshold at 2.2 MeV
= external y bg (2°2Tl): <1 d! in LE fiducial volume (R=9m, m=19kt)
= 208T| in LS counted by 212Bi/Po‘s and statistically subtracted
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LENA's sensitivity for the spectral up-turn

survival probability P (E) recoil spectrum after 5 yrs
£ *oF ee 3 F. ;
3 - MSW-LMA o HE region (43kt) + data
fat(031) | it ot (031)
§0.45§— E, 6000:_
. . recoil spectrum
Generic anaIySIs: (R. Méllenberg, TUM) g ol LE region (19kt)
flat P,, vs. MSW-LMA 5 o
= no effect at high recoil energies ﬁ wE
" main sensitivity in s
low-energy region (2-3.5MeV) Z:::
- discrimination of the models o
at 50 level after 3-5 yrs ToB BB B e el
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CNO fusion rate and solar metallicity

= subdominant in the Sun (<2%)

= |[arge rate uncertainty from SSM
and nuclear physics (~16%)

= Best direct limit on v flux by
Borexino: e, ,<1.5@xg), (95%CL)

Michael Wurm  (Uni Tlbingen) Low energy neutrino astronomy in LENA
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CNO fusion rate and solar metallicity

12C
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= subdominant in the Sun (<2%)

= |[arge rate uncertainty from SSM
and nuclear physics (~16%)

= Best direct limit on v flux by
Borexino: e, ,<1.5@xg), (95%CL)

fBe

What fo learn from a
CNO flux measurement?

= CNO fusion dominant in
heavier/older stars

= CNO rate very sensitive
on solar metallicity Z

- high vs. low Z: A¢p ~ 35%

SSM SHP11 (=10o):

smemacsis)  SSM predictions

® LOW-Met (AGSS09)

1 & _\\ of 'Be/2B v flux
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1.0 ( f Y I‘. ¥ .« .
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09 v | vs.
L
\\ =)
0.8 \ . / A]lnwe:.'l);:gion:’ data from
Soimer | SNO & Borexino
[C199.73% CL.
07
07 08 09 10 11 12
fBo
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Improved sensitivity to CNO/pep-v‘s?

— Total——Kr85

—— Be7 —BIi210
——gamma
—Cl11

—B8 ——C10

Event rate, per d*30kt*10keV

{1 e

Event rates in 30kt

" pepVv's 3.4x107% /day
= CNOvV's 1.6x10?

= 11C 5.6x103

n 210B;j 1.5x104

Hrltnta i o dn derhob dad .I,t..: Ny
2 22 24 26 28
Visible energy, MeV

sl

Can LENA do better than
Borexino and SNO+?

= Larger target mass (30kt)
—> greater statistics

= Improved self-shielding from
external y-rays

= Greater rock overburden
- reduced 1C background

(¢p.,Py = 1/4 ¢u,LNGS)

Michael Wurm  (Uni Tlbingen) Low energy neutrino astronomy in LENA 21



Improved sensitivity to CNO/pep-v‘s?
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Event rate, per d*30kt*10keV

{1 e

Event rates in 30kt
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= CNOvV's 1.6x10?
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Background reduction cuts
= 3-fold coincidence veto for 1C
— reduction by factor ~10

Can LENA do better than
Borexino and SNO+?

= Larger target mass (30kt)
—> greater statistics

= Improved self-shielding from
external y-rays

= Greater rock overburden
- reduced 1C background

(¢p.,Py = 1/4 ¢u,LNGS)
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Conclusions

A liguid-scintillator detector on the scale of
50 kt will be a multipurpose v observatory:
= astrophysical neutrinos
= neutrino oscillation physics

" nucleon decay search

Beyond the results of Borexino, SK & SNO(+),
solar neutrino observation in LENA will reveal
new insights by searching for ...

» flux modulations in ’Be neutrino flux

= neutrinos from the CNO cycle

= the spectral up-turn at low 8B v energies

Michael Wurm  (Uni TUbingen) Low energy neutrino astronomy in LENA
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The next-generation liquid-scintillator neutrino observatory LENA
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Search for time variations in the ’Be flux

Rate modulations of type: N(t) = Ny - (1 + A -sin(t/T + ¢))
- relative measurement: most systematics cancel!

Lomb-Scargle analysis: Power P of a modulation with period T

b1 ([z:‘luz cos (2r257£)]" [Si, I (t) — No)sin (272 o)r)

2 P — - ’
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Sample periodigrams: White noise vs. modulation with 2% amplitude (2 years)
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Detection of 2B-v’s in LENA: 13C(v_,e)'3N

= Event rate: 425 per year

B8 rate: 425 counts/(y*30.1 kt)

_.
A

2

= delayed coincidence with
N re-decay (T,,,=862s)
—> substantial bg reduction

Accidental background

-
o

Event rate, per y*30.1 kt*10keV

0 " accidental background

t0: dominates signal for E,<5MeV
10° ? 5 years measuring time
10—4_ ! ‘L L (IS L é L 1|0 L 1|2 L 1'4 ; Simulated data

Neutrino energy, MeV MSW-LMA solution

0.44 —— P_ee=const

0.42

0.4
0.38f
0.36

= LE region sensitive to P_(E)

Electron neutrino surviva

» Statistics not sufficient o
to reach high significance 032

0.3

for discrimination 028

0.26
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Neutrino energy, MeV
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