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É Ị΅χ1956ẉ₅ Ḟ јḟởχ400MeV Ḓἔ ι
ƨʐƤ.ƥιַּז Ḓ ᴪ￼јḾ ι ҃ Ѧ₅ ḫ ι
3ᶾṏệֹ҃ ḧ￼ ‛

É ҋײẉҦ ι ┬ ṉ∫љᾼּב ꜠ ᶊώ֧҃ ғּו
֡Ѷ ֜ѧỉḒ​╙￼Ά│ ᾼּב ᴏזԄ҃ Ị΅
ᾹᶗӁ⁪ ҨᴣԎҤҚ ἄ￼ṇ ιṄ Ѧỳ│ҥ ḫᾼ

É 1961ẉιVan der Meer ᶈCERN ֺ֧ Ѧ Horn

É 1962ẉι Ị΅ בּ
ᾼᶗᴈ⁪ғּו m ѧỉḒ​╙ι
ᴧא ҇ ѧỉḒɋɋ mѧỉḒ
ε1988ẉ ṉ᷾ζ
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Ị΅ בּ ᾼᶗᴈ⁪ᴧא ҇ ѧỉḒɋɋ mѧỉḒ

É Proton on target

É Pion decays
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ᶡ ו ᵷѦỈḑḪ

É

Ĕ K2K, T2K , Hyper-K

É

Ĕ MINOS, Nova, DUNE

Ĕ MiniBooNE, MicroBooNE, é

É

Ĕ ICRUS, OPERA, LBNO, ESS-nu

’ᴼ’

’ᴼ’

’ᴼ’

Leading Term CPV Term

Solar Term

Matter Term
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Detection

ȌȋCC Event Ȍe CC EventNC Event

Total nmCC cross section
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ȌȋCC Event Ȍe CC EventNC EventȌȋCC Event

UZ

VZ

long ȋtrack & hadronic 

activity at vertex

3.5m

NC Event

short event, often 

diffuse

1.8m

Ȍe CC Event

short, with typical EM 

shower profile

2.3m

Event Topologies
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É 2003Ẉᾤ῞ַײK2KḪ ⱴו ᵷ ҂ᶼ₭ѦỈḑ
ѥ ᶡ ו ᵷѦỈḑḪ

K2K

Event rate: 2.9s
Spectrum: 2.5 s
Total: 3.9 s

1kton 

12GeV
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qTargetHorns
Decay Pipe

Far Detector.

nm

OA2°

Dm2=3x10-3eV2

L=295km

Near Detector

É Pros ï

Ĕ Increases flux on osc. max.

Ĕ Reduces high-E tail, and 

thus NC backgrounds

Ĕ Reduces ne contamination 

from K and mdecay

É Cons ï

Ĕ Complicates disappearance 

measurement

Ĕ Increases near/far 

differences

Ĕ Have to know angle!

Neutrino beam: Off-Axis

an Idea from BNL (TRIUMF):
T2K, NOvA
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T2K Experiment
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Intrinsic ne Background / Xsec

Neutrino Cross section?
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T2Kᴦ♪theta13

É 2011Ẉ6ῐ15ᾤεᾤ῞T2KḪ ḭṴὒ≡ָ6ѥ⸗ḑѦỈḑ

É 2011Ẉ3ῐ11ᾤ Ṡᶉ
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T2Kјᴥẓᶣ≡ q13 ᴿ Ą ײַ
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É Ὕו׳ ᵷה♆ε HKẤởεῑῗCP~3s

T2K῏ CP≡ Ὼ
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CNGS and OPERA
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OPERA ὒ≡ᵷ
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É ICARUS: Gran SassoLab

É TPC: Time  Projection  Chamber
(ᾩ ἋẼḮβε3DởӴ

É Successful After 20 years R&D

ICARUS

Collection view

Wire coordinate (8 m)D
ri
ft

 t
im

e
 c

o
o

rd
in

a
te

 (
1

.4
 m

)

CNGS nmCC

events in 

ICARUS T600

ArgoNeut event in NuMI 
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ᶁ Ḫ ḮַײѦỈḑῨ∫
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MiniBooNE

É LSND

É Primary Beam:  8 GeV proton

É Beryllium target produce p+ and k+

in range of 1-4 GeV

É Produced mesons are focused by 

horn.

É Mesons decay to secondary beam n
m

and intrinsic background n
e
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MiniBooNE Detector

ω12 m in diameter.

ωFilled with mineral oil.

ω1280 PMTs in tank region, 10% 

coverage with 8in PMTs.

ω240 PMTs in veto region.

Left picture shows event 

display of a comic muon

Right one is a candidate of 

p0
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É CERN Courier: MiniBooNE solves neutrino mystery (30 April 2007)

MiniBooNE Ὼ

Ą MicroBooNE
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Neutrinos at the Main Injector(NUMI)

120 GeV proton beam from the main Injector on graphite target
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Dave Wark 

MINOS Detectors

Plastic Scintillator
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120 GeV proton 
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NOvA (off -axis)
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NOvA Ὼј ֭
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Future Accelerator nu Experiment

DUNE

Hyper-K

DUNE   LBNF  


