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Large Apparatus for Grand Unification and
Neutrino Astrophysics
Long Baseline Neutrino Oscillations
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— 2008 =201 o
— ~100 members; 10 countries -

— 3 detector technologies ® 7 sites,
different baselines (130 — 2300km) =]

e LAGUNA-LBNO " go .
— 2011 -2014 : <
— ~300 members; 14 countries, +Danemark+USA

>40 Institutions
— Down selection of sites & detectors



Physics

Neutrinos from MeV =2 GeV II
. ., Particle Physics & Astroparficle ’
4™ Neutrino Oscillations (MH) CP\/)

S Proton decay
Atmospherics, SN- & geo-
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e Prioritisation for neutrino oscillations in light of large 8 4
— 2300 km baseline: Liquid Scintillator/Argon
— 130 km baseline: Water-Cerenkov
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GLACIER o

LENA (Liquid Argon) ~

(Liquid Scintillator) 100kt0n 1 st Priority
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e Optimised for low energy neutrinos
— beta-/super-beam facility at CERN

= Laboratoire MegatOn MaSS PHYSICS @Fréjus

Souterrai
do Modane « Water Cherenkov (“cheap and stable”)

 Total fiducial mass: 440 kt
« Baseline:

3 Cylindrical modules 65x65 m

— Size limited by light attenuation length
(A~80m) and pressure on PMTs

— Readout: 12" PMTs, 30% geom. cover
(#PEs =40%cov. with 20” PMTs)

« PMT R&D + detailed study on excavation
existing & ongoing

Future
Safety Tunnel

http://www.apc.univ-paris/.fr/APC_CS/Experiences/
MEMPHYS/

NN arXiv: hep-ex/0607026
b Contact: Th. Patzak (APC)

Future Laboratory _ —%
with Water Cerenkov Detectors

/
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Electronics Hall
dome of 15m height

Top Muon Veto
vertical muon tracking

Liquid Scintillator
Active Mass = 50.8kt of LAB

Water Cherenkov Veto
4000 8 'PMTs, D, ;, > 2m
fast neutron shield
inclined muons

Concrete Tank (+Steel Sheets)
r=16m, h=100m

Wall Thickness = 60cm
Total Mass = 69.1kt of LAB

PMT Support Structure Egg-Shaped Cavern
Inner face at r = 14m, h = 96m about 200000 m3
about 30,000 12-PMTs Rock Overburden
with Winston cones 4000 mwe

optical coverage: 30%

. Detector Lifetime foreseen: > 30 years
e Rich physics program (MeV = GeV)
Solar-, geo-, SN-, reactor- neutrinos
Dark matter, proton decay

Work on GeV event tracking on-going
24/10/2012 A. Weber, Nuint 2012 8
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Ag\nA
o 900
=
anode & charge readout )
£ 400
field cage = i
300
A
200 &
100
g o 0 20 40 60
« liquid argon TPC Channel

volume height

Double phase LAr LEM TPC
(GLACIER,2003) (hep-ph/0402110,
J.Phys.Conf.Ser. 171 (2009) 012020,
NIM A 641 (2011) 48-57,

JINST 7 (2012) P08026)

cathode bottom of tank & light
readout
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e T hep-ph/0402110
20 KT 50 KT 100 KT \\
Liquid argon density at 1.2 bar [T/
m3] 1.38346 E_____________ __________ :]
Liquid argon volume height [m] 22 - ———— e B VIC s s Gl e -
o
e I .8
Active liquid argon height [m] 20 Extraction grid § e
S hel i~
Pressure on the bottom due to LAr [T/ 30.4 (=0.3 MPa = 3 bar) s & LAr §
m?] o - UV & Cerenkov | © o3 5 b3
Cdi ightreadout |g H e da e b s s e B ) .
Inner vessel diameter [m] 37 55 76| photosensors |2 Ex | KViem 2
S S
Inner vessel base surface [m?] 1075.2 2375.8 4536.5
: : 3 Cathode (- HV) Field shaping
Liquid argon volume [l 36546 52268.2|  99802.1 electrodes
Total quUid argon mass [T] 32525.6 71869.8 137229.9 im i TR E
B R E
| 5 N i
Active LAr area (percentage) [m?] o o 3634 e 0 S BT St secatvush
824 (76.6%) 1854 (78%) (80.1%) //} 4 25
Active (instrumented) mass [KT] 22.799 51.299 100.550 // p, mmnin ] R \
Charge readout square panels / s | ¢ I i =D \
(Imx1m) 804 1824 3596 ;"/ , , B ‘ : : \ \\
Charge readout triangular panels ‘s‘"‘ \
(Imx1m) 40 60 72 e , i | i | | \ :
‘ \ e £ 3
Number of signal feedthroughs (666 , 2 2 A \ ¥ 3 2
channels/FT) 416 1028 1872 |\ ettt 7 P MMM, | 2
Number of readout channels 277056 660672 1246752 "\‘ “
Number of PMT (area for 1 PMT) 804 1288 909
(Imx1m)| (1.2mx1.2m) (2mx2m)
Number of field shaping electrode ol
supports (with suspension SS ropes
linked to the outer deck) 44 64 92
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[ View 0: Event display (run 14456, event 8044) |

[ View 1: Event display (run 14456, event 8044) |
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[ View 0: Event display (run 14450, event 1511) |
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* Beam vty = (B2 E)
— Exploit long baseline pattern SRR FE
— L/E analysis of 15t and 2nd
oscillation maxima
— WBB 0.5-8 GeV
* Detector
— Large mass e ey
— Fine sampling for BG  Aioen = abs (g )
rejection R |
- Possible added magnetized T 2 i, |
muon detfector < é o} |

0O 05 1 156 2 25 3 35 4 45 5
Neutrino Energy E_ (GeV)
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E, (GeV)

CP-conserving

E, (GeV)

e
! A S1 1 NH
LA'\ g \" n-“\ p p g
*Normal mass hierarchy L=2300 km
22 0.12 T ] 22012 RRRS AR ARRRARRRRERRRR
A A o)
Z o1 8(;p—o - Z o1ped 6Cp—4'5
CP-conserving ] f:
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A Appearance Signal [H 2012
L=2300 km

*|nverted mass hierarchy
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e Medium Energy
— Osclillation @ 1.5-5 GeV
e High beam power
— Initially 700 kW
e Point fo Pyh&dsalmi
— 2300 km and 10° downwards
e Muon monitor & near detector
e [nitially

— From SPS
7x10"3 ppp @ 400 GeV (65 cycle) < 1x 1020 PoT/y

— Later
upgrade to high power PS
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Detector response and resolutlon mcluded

Running mode:
v/anti-v:25%/75%

A. Weber, Nuint 2012

e T e e = —— —_— w20 T ———— T
C == al eleclron—hke events J § 18 - 4= allelectron-like events 1
3 I v, CC beam E — Y B v.CCbeam -
-_V7 NH I V. CC misid = Q C V7 NH I . CC misid ]
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E 12F -
§ 10:— ]
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2.25€20 pot

N T T T
=X 120
< " MH determination
. 50% nu+50% anu _
2.25e+20 pots —

100

80 | i
> | eof . T
40 '_ *.\\ .......... "_/ _—
Y 5C i
201 §
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I — I R I I 90%C.L. 5

0 1 2 3 4 5 6
True 8

Provide a >50 direct determination of MH for all values of 6cp
within 2.5 years of running
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Sensitivity combining T2K(295km), NOvA(810km) and LBNO(2300km)
20 ErrrrreT [rrrrrrrrprr T T e T T T T e T E 20 prerrr [rrrrrrrrprr T e T T T T T e T 3
= NH true T2K (5+0)+NOVA (3+3) — ] TH true T2K (5+O)+NOVA (3+3) — 3
18 £ LBNO — 3 18 ?\\( LBNO |~ 3
= N LBNO+T2K E \Qp‘ LBNO+T2K :
16 E P»"‘ LBNO+NOvVA E 16 N\\ LBNO+NOVA -
- \N\\ﬁ Al E ?\g\,\ A ]
14 g—vv&\' — 14 £ —
Z 12F 1 2 12t E
Sl 10 £ — SI 10 ¢ =
6F ; 6 3o
4 ; 4 05
2 ) fé
O E E O E =
—-180 —90 0 90 180 —180 -90 O 90 180
dcp (true) in degree dcp (true) in degree

The power of combining several different baselines L:
LBNO 20kton(5+5) + T2K(5+0) + NOvA(3+3) = 40-45% CPV at >30 C.L.
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e We estimate the significance C.L. with a chi2sq method, with which we can
1) exclude the opposite mass hierarchy and
2) exclude &cp =0 or 1t (CPV)

e Minimize chi2sq w.r.t to the known 3-flavor oscillations and the nuisance parameters using
Gaussian constraints

Name Value Error (1o)
L 2300 km exact
Am3, 7.6x107° eV?  exact
Control of [AmZ,[ x1073 eV? 2.40 +£0.09
systematic sin® 019 0.31 exact
errors will be sin” 2613 0.10 +0.02
fundamental sin” 63 0.50 +0.06
Average density of traversed matter (p) 3.2 g/cm? +4%
Name MH determination CP determination

¢ Error (10) Error (10)

Bin-to-bin correlated: C .
Signal normalization (fsig) +5% +5% onservative
Beam electron contamination normalization (f,, cc) +5% +5% errors
Tau normalization (f,_cc) +50% +20%

v NC and v, CC background (f,.) +10% +10%
Relative norm. of “+” and “-” horn polarity (fy,_) +5% +5%
Bin-to-bin uncorrelated +5% +5%

24/10/2012 A. Weber, Nulnt 2012 21
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P. Coloma, T. Li, S. Pascoli, [1206.4038]. P. Coloma, T. Li, S. Pascoli.
CP fraction ranges from CP fraction ranges from
~60% — 75%. ~ 48% — 65%.
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* From Dusini ef al. (arXiv:1209.7010)
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® Aim: systematic errors for signal and backgrounds in the far detectors below £5%
possibly at the level of £2% = control of fluxes, cross-sections, efficiencies,...

~13 m

A

Tracking
volume

e Concept: 10 bar gas argon-mixture e |t is widely recognized that hadro-
TPC surrounded by scintillator bar production measurements with
tracker embedded in an thin or replica target are really
instrumented magnet with field 0.5T crucial for precision neutrino

e 270 kg argon mass, of which =100 experiments (eg. K2K, T2K,
kg fiducial MINQOS).

e (0.2 event/spill @ 700 kW e CERN NAG61 acceptance study

e O(100°000) events/year for 400 GeV incident protons

e Precision neutrino cross-section measurements: e.g. MINERVA, T2K-ND280,

also nuSTORM (FNAL Lol) _
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e Hunt for the MH and CPV requires
— Intense beams
— Large detectors
— Good control of systematics

* Next generation of experiments

— Cross section uncertainties O(<5%)

e Neutfrinos and anti-neutrinos
e Elecftron- and muon-neutrinos

— ND important
e Limited use for electron cross sections

— Hadron production experiments
e Large effort in theory and experiments is needed




