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Liguid Scintillators are well known as
neutrino targets

W Poltergeist ~ 1t

Double-Chooz ~ 10 t

W
i

BOREXINO ~ 300 t
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Why large neutrino detectors?

With the discovery of neutrino oscillations, there is a clear sign for physics beyond
the Standard Model.

baryon
GUT von/

anti-baryon
proton decay asymmetry leptogenesis

There are still open questions to understand neutrino mixing in detail and to
complete our knowledge on fundamental neutrino properties: 0,5, CP-violation,
mass hierarchy, absolute mass scale, nature of the neutrino.

Strong interest and growing effort for large-volume neutrino detectors in Europe,
US, and Asia.
Complementary to LHC:
LHC: Higgs mechanism, SUSY, rare decays
Large neutrino detector: Proton decay, neutrino astronomy,
CP violation in the leptonic sector



Why large neutrino detectors?

* Proton Decay Search

* Far detector for long baseline neutrino oscillation expt’s
e Galactic Supernova Burst

e Diffuse Supernova Neutrino Background

* Solar Neutrinos

* Geo neutrinos

* Reactor neutrinos

* Neutrino oscillometry

 Atmospheric Neutrinos

* Dark Matter




Search for proton decay

e current limits in most channels dominated by Super-
Kamiokande. Want to improve at least factor of 10.
e observation would be de-facto discovery of Grand
Unification
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CP violation in the leptonic sector
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If there does exist a RH heavy partner for the LH neutrinos, and if such a
partner violates CP in its decay, it could influence the baryon/anti-baryon

symmetry of the universe (leptogenesis).
CP violation in the light neutrinos does not prove that neutrinos have a heavy

CP-violating partner, but it is strong circumstantial evidence.

Search for CP violation with the channels v —v, /v ,—V,
in long baseline neutrino experiments by looking for a difference between

v./V, appearance probability

-> size of observable effect is depending on sin0,;
-> sensitive to any mechanism that creates nu/anti-nu asymmetry,
separation of non-CPV effects needed



Detector technologies under discussinon

e Water Cherenkov detector

* Liquid Argon TPC

* Liquid Scintillator detector



Water Cherenkov detectors

Large and useful experience:
vy | Rt | performance, calibration
L L E LR WP 2P 59 " and operation are well

o A AN established.

y

Super-Kamiokande
22 ktons

1 kton D, O




Water Cherenkov technique

Ring imaging water Cherenkov technique

per-Kamiokande
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Water Cherenkov technique

* basic techology is well established (SK-I to 1V)

* aimistogoto0.5-1 Megaton RUNNING
Super-K 50kton

e good tracking especially at 1 GeV or less
e good PID capability at low energy
e energy resolution for e and p ~3% (SK)

* for long-baseline beam experiment:
good at low E (< 1GeV) narrow band beam

e technique is still evolving: e.g. better efficiency for muon decay electrons

Challenges:

* huge amount of photosensors needed (~200.000 for 40% coverage as SK).
Reduction by a factor of 2 works well for high energy applications (beam
and proton decay). To what extent is additional reduction possible?

e very large underground cavities needed
e costimplied by these two points



Liquid Argon TPC

* electronic "bubble chamber”, detailed P e Rl e R
event topology P E i e e
* brilliant energy reconstruction and / .
track resolution of every particle, e s 4 :
: : : & A :
capable up to higher energies P . :
* PID with dE/dx and separation of s
traCkS pOSSible Cathode (- HV) ﬁ UV & Cerenkov light readout PMTs
: N 70m diameter
* basically background-free for many applications
e aim at O(100kt)
Challenges:
* "complicated" detector technology
* huge number of channels (depending on position resolution)
* limited drift length leads to large span of the cavity

staged R&D program: prototypes detecting cosmics and beam,
ICARUS T600 @ Gran Sasso, ArgoNeuT @Fermilab, KEK 250It

20m

Field shaping
electrodes



Liquid Scintillator technology

Challenges:

mature technology (Borexino, KamLAND, SNO+)

good energy and position resolution, very low
energy threshold

aim at 50kt

cavity excavation (size comparable to SuperkK)
improvement for PMs and electronics needed

keep Borexino purity in larger volume (surface-to-volume
ratio is advantageous)
-> relevant for sub-MeV neutrino detection
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Why large neutrino detectors?

* Proton Decay Search

e Galactic Supernova Burst

e Diffuse Supernova Neutrino Background

* Solar Neutrinos

* Geo neutrinos

* Reactor neutrinos

* Neutrino oscillometry

 Atmospheric Neutrinos

* Dark Matter

* Far detector for long baseline neutrino oscillation expt’s




Proton decay — Motivation

Non supersymmetric Grand Unified Theories

Dominant decay mode: p — e™7® 7~10%°y

current best limit (Super-K): 7(p — et7%) 2 8.2-10%y (90% C.L.)

Phys.Rev.Lett. 102, 141801 (2009)

Supersymmetry (SUSY)

Dominant decay mode: p — Ko 7~ 103y

current best limit (Super-K):  +(p — K*t7) >2.3.10%y (90 % C.L.)

Phys.Rev. D72, 052007 (2005)

LENA: high sensitivity to p — Kv (efficiency 68%)
90% C.L. limit of t(p—Kv) >4 - 1034 y reachable
T. Marrodan et al., Phys. Rev. D72, 075014 (2005)



Proton decay channel p - K*v

Event signature

leaves the detector

unnoticed ...
Eyin = 105MeV 2
/, t=12.8ns

E. =152MeV  E,, =110MeV E., = 128MeV
T =2.2U8 T = 84ns T = 26NnS

Pue oo @a




Proton decay channel p - K*v

In a liquid scintillator detector: K* visible
— 3-fold coincidence, the first 2 events are monoenergetic!
(plus position correlation)
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Background rejection for p - K*v

I T T T T T T T T T T  Entries 20000

2T backgroundmuon | |wiiou|  Efficiency of the rise-time cut
£ 1 for proton decay events: 68%
2 6000 _— _:

- Background reduction factor
] B ~ 5x10

10 20 30 40 50 80 70
Time Intervals in the Risetime (ns)

40000

e Main (remaining) background
from atmospheric v,

Proton decay RMS 11.73
Vp+ P —p a4 p
p f

Vp+p — -+ KT +p
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estimated rate: 0.06 yr

< [T

0 10 20 30 40 50 80 7
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Sensitivity to proton decay p - K*v

Number of events

10

Spectrum

4' Entries 20000

Number of photoelectrons (pe)

Potential of LENA (10 y measuring time)

i R BT | N T T | B
10000 20000 30000 40000 50000 60000 70000

Simulated energy spectrum of
20000 proton decay events into
Kaon channel (light yield 180
p.e./MeV)

Two peaks:
« Kaon + Muon ~ 257 MeV
« Kaon + Pions ~ 459 MeV
Energy-cut efficiency €:=99.5%

Bound protons of 12C included.

@ For Superkamiokande current limit: 7 = 2.3-10%3 y
o About 40 events in LENA and < 1 background

@ Limit at 90% (C.L) for no signal in LENA:

o7 >41-10*y with e = 65%






A galactic SN in LENA

8 M., (310 erg) at D = 10 kpc (galactic center)
In LENA detector: ~135000 events

Possible reactions in liquid scintillator
Q@ TUet+p—n+et; n+p—d-+y ~ 7500 - 13800

@ Ve +12C 1B tet: 2B 5 12Cre +w, ~150-610
@ Ve +12C e  +12N; 2N - "2C +et +1e ~ 200 -690

@ v, +12C = 12C* 41, 120 = 12C + v ~ 680 -2070
@ I/y + €& — Iy + €  (elastic scattering) ~ 680
@ vy +Pp — Uy + P (elastic scattering) ~ 1500-5700

Diploma thesis by J.M.A. Winter (TU Manchen)



A galactic SN in LENA

High statistics I[z?g?i_ _
energy dispersive | | I e N )
time dispersive i A TSse
flavour resolving - T
Channel Threshold (MeV) Spectrum
v,p —ne 1.8 v
v,2C >N e 17.3 (V)
v,12C 128 g* 13.4 (V)
v 12C —>12C* v 15.1 X
Vp—pV 1.0 v
ve —ev 0.2 v




A galactic SN in LENA

Separation of SN models

b 1120 700 950 2100
e+ 1500 2150 5700

for a progenitor of 8M, (10kpc distance)

Discrimination is possible independent from (collective)
oscillations or resonant flavour transformation in the NC

reactions 1" 5 |
vy +14C — CCT Fuy 12C" = 12C 45

Vy +P — Uy + P (elastic scattering)



Observation of a galactic SN

What can we learn?

= Antielectron v spectrum with high precision
= Electron v flux with ~ 10 % precision

= Total flux via neutral current reactions

= Separation of SN models

= Spectroscopy of all v flavors

= Time evolution of neutrino burst

= Details of SN gravitational collapse

= Chance to separate low/high ©,, and mass
hierarchy (normal/inverted)

= Coincidence with gravitational wave detectors



Scientific gain of a SN observation

Astrophysics Neutrino physics

= Observe neutronisation burst = Survival probability of v, in
neutronisation burst

. ling of the neutron star '
Cooling of the neutron sta P.. = 0 — normal mass hierarchy

flavor-dependent spectra
and luminosity, time-dev. = Resonant flavor conversions in

the SN envelope: hierarchy, 6
" Propagation of the shock wave P Y P13

by envelope matter effects " Earth matter effect:
v mass hierarchy, 6
" SNEWS . P Y Y13
[l . .
= Observation of collective
neutrino oscillations

0.04F
Q.03 .
" more exotic effects ...
0.02F

.01}

10 20 30 40 S0 60



Diffuse SN Neutrinos in LENA

Regular galactic Supernova

rate: 1-3 per century?

dF, C

dE,

Alternative access:

= jsotropic v background generated
by SN on cosmic scales

= redshifted by cosmic expansion
= flux: 100/cm?s of all flavours
= rate too low for detection in

current neutrino experiments

In LENA: 4-30 v, per year (50kta)

0.35

Event Rate (per yr and MeV)
= =

-
—

0.05

<7

|l||||||l|||'||||'I|||1I||1III'|III'I|II1I

AEEERE NN NEE R RS REE RN BRI e i e e RO

5 10 15 20 25 30 35 40 45 50
Neutrino Energy (MeV)



Diffuse Supernova Neutrino Background

DSNB detection via inverse beta decay

= Free protons as target

_ Delayed signal

]78 + p — e—t:l_ n — (~200 us)

e Threshold 1.8 MeV “*Prompt signal

Spectroscopy of antineutrino flux: E, = E, - 0.8 MeV
Suppress background via delayed coincidence method
n+p—>D+v (2.2 MeV)

Position reconstruction allows to define a fiducial
volume (suppress external background)



Diffuse Supernova Neutrino Background

Expected rates in LENA

~ 0.4 -
Z [ KRJ =
E 0.3ﬁ;— N =
g u ,/ \ 'E 1
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... depend strongly on the used SN model. ] ] ]
P gl Dominant flux contribution:

Integral rate for 44 kt yrs and f,,=1.0:
z<1 for E>10MeV

_TBP | KR | L, 2>1 for E<10MeV
4.7 6.1 6.8 7.7

due to cosmic redshift.



Background in Liquid Scintillators

Detection via Inverse Beta Decay
V,+p — n+e’

allows discrimination of most
single-event background limiting
the detection in SK

Remaining Background Sources
= reactor and atmospheric v,’s

" cosmogenic Bn-emitters: °Li

= fast neutrons

= solar v,'s (?)

" neutrons from atm. v‘s (NC on 12C)

sExpected rate: 2-20 ev/50kta
(in energy window from 10-25MeV)

event rates (per 10yrs<MeV)

10"

: energy window :

| reactor i

10 SK|limit
O CE [\ e 4
(oY A =
f e HKRY
9 . LA, T | TS \TBP
10 1 1 1 1
D 10 15 20 25 30

neutrino energy (MeV)
Scientific Gain
= first detection of DSN
= information on SNv spectrum

= check on star formation rate






Solar Neutrinos in LENA

[Borexino, arXiv:0805.3843]

S — = = = =
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Counts/ (10 keV x day x 100 tomns)
=
o

— Fit: y/NDF = 185/174

— "Be: 49%3 cpd/100 tons

— 9Bi+CNO: 23%2 cpd/100 tons
— ®Kr: 25%3 cpd/100 tons

— ¢: 251 cpd/100 tons

l-lc IOC

—
o
J.,

200

400 600

800 1000 1200 1400 1600 1800 2000

Energy [keV]
Channel | Source Neutrino Rate [d~!]
BPS08(GS) | BPSO08(AGS)
ve PP 24.92+0.15 | 25.21£0.13
pep 365+4 375+4
hep 0.16+0.02 0.17+0.03
(18kt) | "Be 49844297 | 44604268
8B 82+9 657
CNO 045+87 350452
13C .B 1.744+0.16 1.561+0.14

Detection Channel

elastic ve scattering, E > 0.2MeV

Background Requirements

= U/Th concentration of 108 g/g
(achieved in Borexino)

= shielding of >3500 mwe
for CNO/pep-v measurement

Scientific Motivation

= determination of solar parameters
(e.g. metallicity, contribution of CNO)

= search for temporal modulations in

’Be-v (on per mill level)

= probe the MSW effect in the vacuum
transition region - new osc. physics

= search for v, - v, conversion



Solar neutrinos in LENA

1.0

0.8

0.0

0.6
04

0.2

Standard MSW scenario

‘Be pep CNO

B <cos20,,

: 1
1 sin'26),

Rates of solar neutrino events
In the LENA fiducial volume:

18 kt (7m shielding)

@ 'Bev's: ~ 4460 d!
o Small time fluctuations
@ pepr's: ~ 375d1

o Information about the pp-flux
— Solar luminosity in ©'s

@ CNO v's: ~ 350d+*
@ Important for heavy stars

@ 8B v's: CCon 13C: ~ 360 y 1



Geo-Neutrinos

Number of anti-neutrinos per MeV per parent
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¥

Geoneutrino Event Rate (Crust+Mantle)
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Detect anti-neutrinos of the U, Th
decay chains (inverse 3-decay
energy threshold is 1.8 MeV).

Expected event rate at Pyhasalmi :
2000 events/year in 50 kt

Background from reactors:
240 (x2) events/year in 50 kt
in the relevant energy window

measure flux from crust and
mantle

determine U/Th ratio
disentangle continental/oceanic
crust with more than one
detector location

only detector within LAGUNA
able to detect geo-neutrinos



Influence of Detector Location

Reactor neutrino events per Kiloton

70 |
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Indirect WIMP detection

T 7T T T T T T T ]
ol \ ve energy spectrum in 10y - s.Paomares-Ruiz and S. Pascoli, Phys. Rev. D 77, 025025
T L \ - (2008)
s L |
2 6l @ Annihilation of light WIMPs
{:} & -
EE XX — VYV
e o Clear signature of 77, in liquid
% scintillator
I —
T e Background from reactor,
070 20 30 a0 0 60 70 80 90 100 atmospheric and diffuse

supernove neutrinos

" Light WIMP mass between 10 and 100 MeV

" Annihilation under neutrino emission in the
galactic halo

" Monoenergetic electron-antineutrino
detection in LENA






LENA as Long Baseline Detector

59'47.58" N 25°39°'46.05" O

© 2008 Europa T
Ubertragung |||]|

Baseline

= CERN to Pyhasalmi: 2288 km
(>103 km for mass hierarchy)

= 15t oscillation maximum 4 GeV

= on-axis detector

Beam properties

= wide band: energy 1-6 GeV
" beam power: 3.3 x 10%° pot/yr
"5yrsv+5yrs

Preliminary GLoBES result

" 35 sensitivity on 0,3, Oqp, Mass
hierarchy for sin?(20,,)>5x107



Long baseline neutrino oscillations

= 180 . E=12Gav
Flavour recognition (a la z b %E”‘”“E -
. L B
Super-Kamiokande) ? g uf l
10 '
Separation between e- and e
u-like events o+
Pulse shape discrimination i
(risetime, width) F
TraCk reconStrUCtion E::I 1 I 11 1 I L1 1 I L1 1 I L1 1 I 1 1 I L1 1 I || 1
0 2 4 L } 10 \ 12 . 1.'1 16
Muon decay p — evv Risetime (ns)
electrons (1.2 GeV) muons (1.2 GeV)

Work in progress

Very simple method works amazingly well. With more sophisticated methods, flavour
resolution is almost absolute (i.e. negligible compared to ,wrong flavour” beam
contamination).



Tracking of Single Particles

H
-1500 -1000 -500 L} 00

LoglOLight levels) around track

1000 1500

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

Single track reconstruction based on:

= Arrival times of 15t 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 in progress for LENA within LAGUNA
and a scintillator option in the U.S.



normalized distribution

CNGS neutrino induced

muons in BOREXINO

107

102

103

-150

-100

-50

Water Cherenkov
OD:g=5.7°
ID:6=6.7°
Scintillator

y

» Direction from CERN

50 100 150
azimuth angle ¢ (°)

41

(azimuth = 0 degree)
real Data — no Monte-Carlo !

BOREXINO is NOT optimized for
tracking !
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Resolution of HE Neutrino Events

CC events from HE v‘s usually involve:

= Quasi-elastic scattering E<1GeV
= Single-pion production E=1-2 GeV
= Deep inelastic scattering E>5GeV

- Resulting light front/PMT signals are
superposition of single-particle tracks.

O CCFRR ]
| - B BNL, 7—feet |
1.00 — - O ANL 12-feet —
_ ® ANL 12—feet i
0.75 — ‘\\ A — S —
\ 4 .- [ui] sl : =

}_E ‘\ T L|-| EL
\ o _
0.50 — - ]
o] Total CC
[tolley - e o(DIS) 8
g, o
_"__’ .',- h N“‘-“ g{lﬂ'} -
0.00 1 I !—2."':' 1 -l".l.‘l 1 1 | 1 -|.|-- i e T |..- ) ]

0.1 0.5 1.0 5 0.0 50.0 100.0
E, D(%‘eVl)

CC neutrino reaction cross-sections on Carbon, MiniBooNE, hep-ex/0408019

Multi-Particle Approach:
(Juha Peltoniemi, arXiv:0909.4974)

= Fit MC events with
combinations of
test particle tracks.

= Single-event
tracking as input.

= Use full pulse-shape
information of the
individual PMTs to
discern the particles.

= Decay particles and
capture processes (n‘s)
provide additional
information.



Monte Carlo Sample Event:

Vv, Single-Pion Production

DETECTOR

Yalumne = 21206 m3 1
Photosernsor covarage =6 %

PDE of photosensors = 100 %

ORIGIMAL EVEMT SPP with newtring energy 4000.0 Mat
Depoztable energy 284510 Wet Moasurable energy 2084 00 ket
eleciron:2004.02 Ma'fand 578 m.

protan: 123567 e and 226 m. vertexEnargy =000 ke
plomEMe[157ns]

MEASLIEEMENT

messured BYS485 photons of 47.90 Al (1T BT %)

FIT (done it 1or selected ewanl)

InfLy= 2302063 s=0.00

Werex al (0.88, 015, 14.T10.00 Me¥ il = 63.87 ns.

Deposited energy 3861.55 Me Measured energy 400040 Wey
Inferred neutring energy 4026, 32 MeY with uncertainty 25.92 MeV
Meuiring energy from lepton angle: 3675.42 Wey [SPF]

[0] electrar:t 370 MeY and 3.76 m.

[17 protorc 1878 Mey and 8.30 m.

Neutrino energy: 4 GeV
Error in measured energy: 0.4%
Error in lepton energy: -1.3%

ZOMMAND: FIt selectad evant L WERDICT

2wt generaied Errorinmeasured energy 1640 MaW
JIELAT top Efror in lepton energy-35 60 Wey = -1
AVERD Chi Efrorir lepton track 0.02 = 0%, verte: 006 1,
Errorangle LO.03rad= 2 deg (p 000 rad = 0 ded)




Scinderella Sample Event:

v, Quasi-Elastic Scattering

DETECTOR

Wolurne = 21206 m3 ]
Photosensor covarage = 6 %

PDE ofphotosensorz= 100 %

QRIGIMAL EVEMT QE with neutting energy 2000,0 ke

Depostadle energy 127060 MY Moasuraole enargy 198400 Mey
o1 592. 2 Maw and 2.00 m.

proton 227 AT Mey and 0.554 m. vertexEnargy =000 Weh)

MEASLIREMEMNT
measured 230332 photons of 2056 M. (1 56 %)
FIT (done it Tor selected evanl)
InfLy= 10587186 s=0.00
Wertey al 054, 042, 1405064 60 MeV 0= 6773 ns
Ty Deposted enermy 1945.02 Me¥ Measured energy 2045 47 Wey
Inferred neutrino energy 2066.07 Met with uncertainty 16,65 Mey
Mewiring energy from lepton anogle: 20581.33 WeY [QES]
[0] muan:1 G642 Mevand 3.24 m.
(1] protor:2 36 Wey and 0,405 m.
[2] 0 Mev and 0.000 m.
L3 DL

Error in measured energy: 3.3% as47750)
Error in lepton energy: 3.2%
Error in lepton track:

COMMARD: Fif selected event L VERDICT
2yert qeneraied Etror i measured ena
|-IEl-'lr: top Efrorin lepton ene gy 5o ;

TER. photons Errorin lepton track 024 m= 3 %, wert2: 0,171 m.
Mean= 4068 46 and varisnce = 30720 Errorangle LO.01 rad=0deq (p 049 rad= 26 deq)




Tracking Performance

Single Tracks:

= Flavor recognition almost absolute
= Position resolution: few cms
= Angular resolution: few degrees

= Energy resolution: ca. 1%
for 2-5 GeV range, depends on
particle, read-out information

Multiparticle Events:

= 3 tracks are found if separated

" more tracks very demanding

= muon tracks always discernible
= overall energy resolution: few %

= track reconstruction less accurate

2GeV v, quasielastic scattering




LENA as Long Baseline Detector

59'47.58" N 25°39°'46.05" O

© 2008 Europa T
Ubertragung |||]|

Baseline

= CERN to Pyhasalmi: 2288 km
(>103 km for mass hierarchy)

= 15t oscillation maximum 4 GeV

= on-axis detector

Beam properties

= wide band: energy 1-6 GeV
= beam power: 3.3 x 10%° pot/yr
"5yrsv+5yrsv

Preliminary GLoBES result

" 3G sensitivity on 0,3, O¢p, Mass
hierarchy for sin?(20,5)>5x107



Sensitivity to CP-Violating Phase

chi
paraneter area to discover CP violation

18

30 discovery potential

sin™2{2theta)



Sensitivity to Mixing Angle 0,,

plotfile using 1:2:3

theta reach: theta_13 and delta for 50 kt
7 I | 1 1 I
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Sensitivity to Mass Hierarchy

plotfile using 1:2:3
nass hierarchy: theta_13 and delta for 56 kt

7 I | I I | I I

I | I I
-4 =33 -3 =2 -2 =-1.3 -1 -8.95 8
log{sin2{2theta}}
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2300km baseline

|Graph | | Graph |
< 02 & 0.2
' 018 950 km, sin’(26,)= 0.1 ' 018 2300 km, sin’(26,,)= 0.1

<
Red:v NH, 0<56<180 £0.16
Dark-Red:v NH, 180<5<360
Blue:v IH, 0<56<180
Dark-Blue: v IH, 180<6<360 0.12

Red:v NH, 0<5<180
Dark-Red:v NH, 180<3<360

Blue:v IH, 0<6<180
Dark-Blue: v IH, 180<6<360

------ vacuum oscC ====== yacuum osc

CPV and mass hierarchy degeneracy

® The determination of the CP violation effect is plagued by the mass hierarchy
degeneracy

® NH, 0<d<180° degenerate with IH, [80<5<360° at shorter baselines
® Degeneracy is lifted by matter effects (L > 900km, improves with L)

® Ata given energy (Ex3GeV for 2300km and IH) probability is independent of CP
phase & "™ clean mass hierarchy determination






light yield [relative to 100% PXE + 2g/l PPO]

Liquid Scintillator R&

PXE +2g/1 PPO |
+ 20 mg/l bisMSB

| Fluorescence decay constants |
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Scintillation decay times
Emission spectra
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feasibility of scintillator performance shown
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® .
T S il
’ C16H18 w4 Ty % ..
® AN / \ o
density: 0.99 kg/I g % e
light yield: i S
ca. 10.000 ph/MeV ¥

fluorescence decay: 2.6ns
attenuation length: <12m (purified)
scattering length:  23m

*® *® *® ® & ®

4 L . .
F_ (% 9V ® ® »

’ C12H26

density: 0.80 kg/I

light yield: ca. 85%
fluorescence decay slower
attenuation length: >12m
scattering length: 33m

’ C16—19H26—32

.
density: 0.86 kg/I ';:
light yield: comparable e
fluorescence decay: 5.2ns ‘ ’:

attenuation length: <20m
scattering length:  25m *

=  Detector diameter of 30m or
more is well feasible!

= Fluorescence times (3-5ns) and
light yield (200-500pe/MeV)
depend on the solvent.

= LAB is currently favored.



PPO, C,H,,NO

primary fluor

absorption band:
280-325nm

emission band:
350-400nm

bisMSB, C,,H,,

secondary fluor

absorption band:
320-370nm

emission band:
380-450nm

PMP, C gH,,N,

large Stoke-shift fluor

absorption maximum:
294nm

emission maximum:
415nm

used in the KARMEN experiment,
currently not commercially produced

=  Adding bisMSB to PPO has no
significant effect on timing.

= PMP is slower than PPO:
in PXE, 4.2ns instead of 2.6ns



Fluorescence Spectrum

3 [ 1. | ~ PXE+01gIPFO
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Light sensors

Default Configuration
= 13,500 PMs of 20“ cathode diameter
= optical coverage: 30%

Smaller Photomultipliers
= machined PMs much cheaper
= depends on cost per DAQ channel

Usage of Light Concentrators
= Borex cones double optical coverage
= Larger cones seem possible in LENA

Light cone
used in the
Borexino
prototype CTF

Pressure resistance/encapsulation
is needed for bottom PMTs (10 bar)




Pre-feasibility study within LAGUNA

ROCKPLAN, Finland, together
. with TU Minchen: pre-feasibility

~ study for a LENA detector at
Pyhasalmi

® depth of 1400-1500 m possible
® geological study completed
e vertical detector position

e infrastructure (ventilation,
electricity, etc.) considered

® construction time of cavern ~ 4 yrs

® first cost and time estimate for the
whole project

® Tank feasibility study completed
May 2010




Strategy In
Europe
U.S.

Japan



Europe: LAGUNA

Consortium composed of 21 beneficiaries in 9 countries
9 university entities (ETHZ, Bern, Jyvaskyla, OULU, TUM, UAM, UDUR, USFD, UA)

8 research organizations (CEA, IN2P3, MPG, IPJ PAN, KGHM CUPRUM, GSMIE PAN,
LSC, IFIN-HH)

4 private companies (Rockplan, Technodyne, AGT, Lombardi)
Additional university participants (IPJ Warsaw, Silesia, Wroclaw, Granada)

Discuss and assess: ' _ :
- rock engineering — feasibility WP2: Underground infrastructures

- needed infrastructure and Engineering

- cost of excavation -
- assembly of underground tank WP3: Safety, environmental

- physics programme and socio-economic issues
Detector R&D to be funded at

natiohal lovel WP4: Science Impact and

Outreach

) L Z P—
—— .




Europe: LAGUNA

three options considered (MEMPHYS, LENA, GLACIER) with total
mass in the range 50-500 kton

W
MEMPHYS aeet

=~ 500 kton water Cerenkov
[MEMPHYS]
Liquid
scintillator
[LENA]

* Liquid Argon
PCE
S [GLACIER]

- -
-

GLACIER
100 kton liquid argon




Europe: LAGUNA
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Europe: LAGUNA

Design Study (EU FP7 funded): 2008 - 2010
Interim safety, socio-economic,

environmental report: finished
Interim geotechnical reports

on the seven sites: finished

Prioritize the sites and down-select: 2010



US: Long Baseline Neutrino Experiment

Ne
w neutrino bEam

Nebraska




US: DUSEL Excavation Plan

Davis Cavern . — Yates Shaft Ross Shaft

Existing Drifts

Lab Modules

Large Cavities

Excavation Drifts
at 5040L

Access Drifts

New Winze 2t 4850L

to 7400L
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Conceptual design parameters:

QS . PMT coverage: 6(3) p.e./Mev
for LE(HE) option.

Could achieve with 40k to
80k 25 cm HQE PMT's

veto: top only or “thin”
option being studied.

cavern size/shape
gadolinium loading option
Initial costing going well

Utility Rooms

LBNE Science Collaboration




US: LBNE Water Cherenkov

Long Baseline Neutrino Experiment
Sensitivity to mass hierarchy and CP violation

@%1805 v +v, 300 kt WCh 180 @ @ WCh 300kT
- 60460 10°"PoT v+, A, 0
1200 — gc (Am;:»o) 60+60 10°° PoT
- — [e2 .
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sin” 20,

700 kW, 8+8 years
2x107 s/yr, 120 GeV



Gadolinium doping option

* Sensitivity to neutron capture via 8 MeV gamma
cascade

e Technical challenges:

- material compatibility. Chose materials that do
not contaminate the water.

- water treatment. Remove impurities but leave
gadolinium in solution.



LBNE Schedule

Initial design and costing complete by Fall, 2010

Detector(s) choice for FD/Science Program defined
by Science Collaboration: end of 2010

DOE CD-1, late 2010 or early 2011
National Science Board, Summer 2011

Preliminary Design (¥CD-2), end of 2012
DUSEL construction start, end of 2013
| BNE construction, 2015-2019 (this could be earlier

C

epending on DUSEL lab readiness)



Japan: Hyper-Kamiokande

(uter Detector Plat form
[nner Detector (paque Sheet
Access Drift Water Purilication System

SECT ION

Access Drift Plat form

Height 54m

)

Height 5H4m

o=

| Dia ¢43a ]

Width 48m
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Summary

LENA is a multi-purpose detector with high
discovery potential.
Scintillator technique opens potential in
physics fields that are unique within
& LAGUNA.

Future physics program covers particle
physics, astrophysics and geo physics.

,,,,,,

| Very rare event searches as well as high-

| statistics measurements of astrophysical
sources are possible.
Main advantages are good energy resolution,
low energy threshold, and excellent
background reduction capabilities.
»White paper” in preparation (45 authors).

-------
Cevenacas
xxxxxxxx
xxxxxxx
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