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What’s about a ~ 50 kt Detector
based on a liquid scintillator?

LENA – Low Energy Neutrino Astronomy

 (~50 kt deep underground detector)

Hanohano

(~10 kt deep ocean detector)



LENA
Detector 
vertical lay out



Neutrino physics with 50 kt
Lena

Solar neutrinos
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Electron Recoil Spectrum in LENA
From solar neutrinos
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Borexino: New Results and Future Prospects, Michael Wurm, TUM E15 6/27





8B neutrinos in LENA
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MSW-
LMA

NO
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Borexino: New Results and Future Prospects, Michael Wurm, TUM E15 8/27

Measurement of metallicity 
of the sun ?



Neutrino solar seismology
M. Wurm et al., Phys. Rev. D83, 032010 (2011),



Surface of the sun
is not quiet,

high sun spot activity



Mt. Wilson Sunspot Group Plots:

Variation of sun spot activity

What happens in the ceter of the sun ?



Modulations in 7Be neutrino flux
  7Be-ν mean rate:
    5400 ev/day

Possible Modulation:

  Keplerian motion:
    7% annual variation

  Day/Night-Effect:
    influence of matter
    on osc. probability
    1% daily variation

  Density/temperature
    variations in the sun
    (e.g. by G-modes)?

365 days of 7Be data

Kepler motion

T=120d, A=2%

MC data points

Borexino: New Results and Future Prospects, Michael Wurm, TUM E15 12/27



Sensitivity for modulations in LENA

99% C.L.99% C.L.

nono
sensitivitysensitivity modulationsmodulations

detectabledetectable

exposure: 18 kt.yrs

Borexino: New Results and Future Prospects, Michael Wurm, TUM E15
M. Wurm et al., Phys. Rev. D83, 032010 (2011),



Galactic Supernova in Lena



Super nova  explosion :
due to high density of material only neutrinos can

escape from the center, they carry 99% of the
energy released in the explosion



Supernova neutrino luminosity (rough sketch)Supernova neutrino luminosity (rough sketch)

Relative size of the different luminosities is not well known: it
depends on uncertainties of the  explosion mechanism and the
equation of state of hot neutron star matter. Info on all
neutrino flavors and energies desired!

T. Janka, MPA









Detailed neutrino signal will be complimentary to
gravitational wave signal for understanding a core

collapse SN explosion

Lena will provide:
            6 independent channels 
For neutrino and antineutrino detection and 
           excellent time information



Neutrinos from remnant Supernovae

          Early star formation rate



LENA: Diffuse SN Background

νe + p -> e+ + n
Delayed coincidence

Spectral information

Event rate depends on

-Supernova type II rates

-Supernova model

Range:  20 to 220 / 10 y

Background: ~ 1 per year

M. Wurm et al., Phys. Rev D 75 (2007) 023007



Geo-Neutrinos : a new probe ofGeo-Neutrinos : a new probe of
EarthEarth’’s interiors interior

• Determine  the radiogenic contribution to terrestrial heat
flow, only half of the energy emission from the earth is
understood

• Test  a fundamental geochemical paradigm about Earh’s
origin: the BBulk SSylicate EEarth

• Test un-orthodox / heretical models of Earth’s interior (K in
the core,  Herndon  giant reactor)

• A new era of applied neutrino physics ?

gianni fiorentini, ferrara univ. @ ν2004

Neutrino flowNeutrino flow

Heat flowHeat flow

Antineutrino detection with inverse ß-decay reaction





 Determination of the U / Th ratio after 5 years, 50 kt of operation in Phyäsalmi,
                            needed for test of geological models



    Proton Decay and LENAProton Decay and LENA

 p    K p    K νν
• This decay mode is favoured in SUSYSUSY theories

• The primary decay particle K is invisible in
Water Cherenkov detectors

• It and the K-decay particles are visible in
scintillation detectors

• Better energy resolution further reduces
background



P  P  −>  −>  KK+ +   νν                event structureevent structure::
                        T (K+) =  105  MeV

                τ  (Κ+)  =  12.8 nsec

KK++  −>  µ−>  µ++ ν ν       (   (63.5 %)          K63.5 %)          K++  −>  π−>  π+ +  π π00   (21.2 %)   (21.2 %)

    T (µ+)  =  152  MeV           T (π+) =   108 MeV      
       electromagnetic shower

                                 E =  135  MeV

µµ+  +  −>  −>  ee++  ν ν  (τ = 2.2 µν ν  (τ = 2.2 µs)       s)       ππ++ −>  µ −>  µ++ ν ν    (Τ =  4 MeV)

       µµ+  +  −>  −>  ee++  ν ν  (τ = 2.2 µν ν  (τ = 2.2 µs)s)



••3 - 3 - fold coincidence fold coincidence !!

••the first the first 2 2 events are monoenergetic events are monoenergetic !!

••useuse time- and  time- and position correlation position correlation !!

HowHow good  good can onecan one separate  separate thethe

first two eventsfirst two events ? ?

........results results of a of a first first Monte-Carlo Monte-Carlo calculationcalculation



K

µ

time (nsec)

K

µ

P  decay into   K  and  ν

Signal in   LENA



Background

 Rejection:

• monoenergetic K- and µ-
signal!

• position correlation

• pulse-shape analysis
  (after correction on

    reconstructed position)





What can a scintillation
detector tell about neutrino

oscillation?

Teta 13
CP violation



New measurement of mixing angle teta 13



Neutrino source on top of Lena

Short baseline neutrino
oscillations

in Lena



Coherence condition to be checked ?

J. D. Vergados and Y. N. Novikov, Nucl. Phys.
B839, 1 (2010), arXiv:1006.3862



Sensitivity to teta 13



Sensitivity to Teta 14



Lena with neutrino source from “DAR”
Neutrino Decay At Rest:

arXiv;1105.4984v1

P- accelerator with: E(p) = 800 MeV









Long baseline neutrino
physics

Cern- Phyhäsalmi
2300 km



Particle and track identification
in a scintillator

• With ∆T < 2 ns
• Sufficient light det efficiency
 ( 10% photocathode coverage )

Good tracking and particle id possible
@ E (v) ~ 4 GeV



Tracking in a scintillator detector?

HE particles create along their track a light
front very similar to a Cherenkov cone.

Single track reconstruction based on:
 Arrival times of 1st photons at PMTs
 Number of photons per PMT

Sensitive to particle types due to
the ratio of track length to visible energy.

Angular resolution of a few degrees,
in principal very accurate energy resolution.

Work under progress for LENA and 
scintillator LBNE option for DUSEL
  -- J. Learned, N. Tolich ...

Monte-
Carlo-study



CNGS neutrino
induced muons in
BOREXINO

CERN
770km

Direction from CERN

(azimuth = 0 degree)

real Data – no Monte-Carlo !

BOREXINO is NOT optimized
for tracking !

Water Cherenkov

Scintillator



Time distribution for first photon detection
                        (0-100 ns)

In Lena 
Light detection 



Charge detection Time detection





Signal shape analysis, time profile at the
surface of the cylinder

Single pion production with v energy of 3 GeV



event reconstruction

electron

Proton

pion

Neutrino 3 GeV
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Juha Peltoniemi 2010



2300 km baseline neutrino beam E(v) 3GeV
white band beam standard technology



Big future for low energy neutrino
physics.



 An new European large
infrastructure for particle

astrophysics at low energies:
search for proton decay, low
energy neutrino physics and

neutrino astronomy  
Franz v. Feilitzsch TUM

                         LAGUNA:
Large Apparatus for Grand Unification and Neutrino Astrophysics

Lena site investigation within 



New large Underground DetectorsNew large Underground Detectors

TRE

MEMPHYS Liquid Scintillator (→ 50 kton)

100m

30m

LENA

Liquid Argon (≈10→100 kton)

70m

20m

GLACIER
List of people: J. Aystö, A. Badertscher, A. de Bellefon, L.
Bezrukov, J. Bouchez, A. Bueno, J. Busto, JE. Campagne, C.
Cavata, R. Chandrasekharan, S.Davidson, J. Dumarchez, T.
Enqvist, A. Ereditato, F. von Feilitzsch, S. Gninenko, M.
Göger-Neff, C. Hagner, K. Hochmuth, S.Katsanevas, L.
Kaufmann, J. Kisiel, T. Lachenmaier, M. Laffranchi, M.
Lindner, J. Lozano, A. Meregaglia, M. Messina, M. Mezzetto,
L. Mosca, S. Navas, L.Oberauer, P. Otyougova, T. Patzak, J.
Peltoniemi, W. Potzel, G. Raffelt, A. Rubbia, N. Spooner, A.
Tonazzo, T.M. Undagoitia, C. Volpe, M. Wurm, A. Zalewska,
R. Zimmermann



LAGUNA
DETECTOR LOCATIONS

COLLABORATING INSTITUTES
APC, Paris,  FranceFrance
CEA, Saclay,  FranceFrance
CPPM, IN2P3-CBRS, Marseille,  FranceFrance
CUPP, Pyhäsalmi,  FinlandFinland
ETHZ, Zürich,  SwitzerlandSwitzerland
Institute for Nuclear Research, Moscow,  RussiaRussia
IPNO, Orsay,  FranceFrance
LAL, IN2P3-CNRS, Orsay,  FranceFrance
LPNHE, IN2P3-CNRS, Paris,  FranceFrance
MPI-K Heidelberg,  GermanyGermany
Max Planck für Physik, München,  GermanyGermany
Technische Universität München,  GermanyGermany
Universidad de Granada, Spain Spain
Universität Hamburg,  GermanyGermany
University of Bern,  SwitzerlandSwitzerland
University of Helsinki,  FinlandFinland
University of Jyväskylä,  FinlandFinland
University of Oulu,  FinlandFinland
University of Silesia, Katowice,  PolandPoland
University of Sheffield,  UKUK

Rrumania

Institute of Physics and Nuclear Engineering, Bucharest IFIN-HH Romania

Bukarest





New EU-design study
approved

Laguna LBNO
For long baseline neutrino beam

and detector design
4.9 M€

For the 3 detectors
H2O, Ar(L), Scintillator



Lena in 
Phyäsalmi laboratory 
at 1400 m depth



Tank design study

4 options studied



TANK SURROUNDINGS

Drainage holes in case of
water filled joints from

spherical tunnel

Polyurethane membrane
on shotcrete lining

(like SNOLAB)

Tank foundation,
anchored against

buoyancy



LIQUIDS & PURITY REQUIREMENTS

Linear Alkylbenzene (LAB), 
CAS 67774-74-7

density of LAB is ρ = 860 kg/m3. 

Radio purity limits from materials within vicinity of the scintillator oil.
Symbol Name Mass limit Radioactivity limit Conversion
238U or 226Ra Uranium 1E-9 g/g 0.50 Bq/kg 0.12 Bq/kg
232Th Thorium 1E-9 g/g 0.20 Bq/kg 0.04 Bq/kg
40K Kalium 1E-5 g/g 0.03 Bq/kg 0.31 Bq/kg



ALT. 1: CONVENTIONAL STEEL
TANK

Conventional Steel Tank
+ well known (e.g. submarine
skeleton hulls, vacuum tanks etc.)

+ straightforward to build

+ robust

- expensive (intensive use of
stainless steel alloys)

- single passive layer defense
against leak (risk of progressive
failure)

- a lot of structural elements and on
site connections



ALT. 2: SANDWICH STEEL TANK
Sandwich Steel Tank
+ cost effective

+ room for installation (e.g. cooling
pipes)

+ fast to install

+ high quality control potential

+ mechanized laser welding potential
(quick and reliable)

- high amount of welded connections on
site

- little used solution in tanks (widely
used for walls and roofs)

- mechanically challenging to design for
tangential compression



ALT. 3 SANDWICH CONCRETE
TANK

steel plate + thin sheet

steel plate

concrete

outside (water)

inside (oil)

rebar

Sandwich Concrete Tank
+ well known
+ straightforward to build
+ robust
+ additional volume increases physics potential
- steel plates and fixed rebar prevent use of continuous casting methods
- slow to build



ALT. 4 HOLLOW CORE CONCRETE
TANK

thin sheet welded on to anchors

hole

concrete

outside (water)

inside (oil)

rebar

Hollow Core Concrete Tank
+ room for installation (e.g. cooling pipes)
+ mechanically the strongest option
+ additional volume increases physics potential
+ fairly quick to build (using continuous casting)
- little used solution in tanks (widely used as pretensioned floor slabs)
- using active leak prevention may lead to sustained pumping



ALT. 3 CONCRETE TANK

30m 34m

LIQUIDS: Steel Tank

Liquid scintillator oil
(51,000 m3, 43.8 kton)

Non-scintillating oil
(19,700 m3, 17.0 kton)

TOTAL: 70,700 m3

LIQUIDS: Concrete Tank

Liquid scintillator oil
(51,000 m3, 43.8 kton)

Non-scintillating oil
(39,800 m3, 34.2 kton)

TOTAL: 90,800 m3



TIME SCHEDULE



TOTAL COSTS
Sandwich Concrete Tank
Tank Construction     6 M€
Other Construction   11 M€
Scientific 196 M€
Design, Building and Management   31 M€

Combined comparison price  244 M€

Hollow Core Concrete Tank
Tank Construction     4 M€
Other Construction   11 M€
Scientific 196 M€
Design, Building and Management   31 M€

Combined comparison price  242 M€

Conventional Steel Tank
Tank Construction   25 M€
Other Construction   11 M€
Scientific 176 M€
Design, Building and Management   32 M€

Combined comparison price   244 M€

Sandwich Steel Tank
Tank Construction   18 M€
Other Construction   11 M€
Scientific 176 M€
Design, Building and Management   30 M€

Combined comparison price  235 M€

Underground engineering (excavation)  75 M€

Sandwich Concrete Tan 319 M€
Hollow Core Concrete Tank 317 M€
Conventional Steel Tank 319 M€
Sandwich Steel Tank 310 M€



Lena 
Scintillators
LAB preferred



Total cost estimate 250-300M€



Lena white paper







Conclusion
low energy astro particle physics

provide a unique complementary
research to

high energy physics with
accelerators

in fundamental particle physics
and neutrino astronomy


