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Artificial neutrinos

ü Reactor experiments (CHOOZ, PALOVERDE and the 
future, KamLAND already covered)
ü Neutrino beams based on medium energy accelerator
ü I’ll not talk about high energy neutrino beams because 
there are no interesting results
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The CHOOZ detector





VERY IMPORTANT FOR BACKGROUND MEASUREMENT
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LSND: eνν µ →
20020 << νE

MeV
+π

decay at rest

eνν µ → MeV

6020 << νE

+µ
decay in flight

Final results, 1993-98 data
event excess, evidence for oscillations

KARMEN: eνν µ →

6020 << νE

MeV
+µ decay at rest

Results based on 75% of expected data, Feb 97 - Mar (Nov) 00 
experiment ended March 2001
no excess, does not confirm LSND, but does not rule it out either

Medium baseline neutrino 
oscillation searches



30 September 2003 Pasquale Migliozzi - INFN Napoli 39

µνµπ ++ →

µννee+

eν

muon decay at rest nepe
+→ν

detect prompt e track,  20<Ee<60 MeV

neutron capture γdnp → 2.2 MeV, ),( γnGd 8 MeV

correlated in position and in time with e 
no B-field, e and γ sequence distinguishes e+ from e-

LSND and KARMEN 
experimental scheme



Parameters of the LSND and KARMEN experiments

LSND KARMEN                   
Accelerator                            Los Alamos Neutron      Neutron Spallation Facility

Science Centre ISIS ar R.A.L. (U.K.)
Proton kin. energy                         800 MeV 800 MeV
Proton current                               1000 µA 200 µA
Detector                                   Single cylindrical tank

filled with liquid scintillator             512 independent cells
Collect both scintillating              filled with liquid scintillator 

and Cerenkov light
Detector mass                                  167 tons         56 tons
Event localisation PMT timing                           cell size
Distance from ν source                     29 m                                17 m
Angle θ between proton                     11° 90°
and ν direction
Data taking period                         1993 – 98 1997 – 2001
Protons on target                            4.6 x 1023                                                             1.5 x 1023
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LSND experimental layout



LSND
neutrino fluxes

νe
νe

≤ 10–3
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Particle detection and identification via Cherenkov and scintillation light

Search for eνν µ → DAR  osc. events in energy range 20-60 MeV
Search for eνν µ → DIF  osc. events in energy range 20-200 MeV

Use common primary event electron selection across all neutrino processes. 

Simultaneously fit all neutrino processes to constrain fluxes and backgrounds.

Identify 20-60 MeV electron events with a correlated neutron capture γ

Fit 20-200 MeV oscillation candidate events in (E, R, z, cosθ)  to determine
best oscillation parameter values.

LSND analysis strategy



Data acquisition: PMT time and pulse height
primary trigger: >150 hit PMTs (~4 MeV electron equiv.) 
with <4 veto PMTs hit and no event with >5 veto hits 
within previous 15.2 ms
“past” event: any activity with >17 PMT hits or >5 veto hits 
during the preceding 51.2 ms
“future” event: any activity with >21 PMT hits during the 
following 1 ms

e.g.  µ+e events:  the µ is the past event, its decay e is the primary event
µ+β events: β decay electron is future event..sge NeC −→ν

e: primary 
eventµ

sµ2.2
sµ186capture γ

β decay  16ms
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Measurements used to constrain fluxes, efficiencies, 
cross-sections and backgrounds 

µ+e: *NC −→ µν µ

Events with muons

µ+e+β: ..sgNC −→ µν µ

np +→ µν µµ+e+γ:

Events without muons
e: ,ee νν →

e+β:

e+γ:

..sge NeC −→ν

nepe
+→ν )( eννµ →

*NeCe
−→ν )( eννµ →

Conventional neutrino processes
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e energy

β energy

time between 
the e and β

.
1212 ),( sge NeC −ν

e+β events
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cos θ :  angle between 
e and ν 

e energy

ee νν →

e events
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γR

=γR
likelihood that γ is correlated
likelihood that γ is uncorrelated

depends on:
distance between
e and γ

time interval 
between
e and γ

number of PMT 
hits for the γ

The correlated 2.2 MeV γ:
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..
1212 ),( sge NeC −ν npBCNC ++− →→→ µνµνµν µµµ ,,

expected: 
measured:

0.0=cf
007.0004.0 ±−=cf

expected:
measured:

14.0≈cf
013.0129.0 ±=cf

Checks of the    likelihood 
distributions

γR:
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Beam on-off  excess
events  4.229.117 ±

events  9.35.19   DAR   :bkgd ±−µ
events  6.45.10   DIF   ±−π

Total excess:

events  0.64.229.87 ±±

Excess for 100% transmutation:  events  333033300 ±
Oscillation probability 0.045)%0.067(0.264 ±±

MeV  6020 << eE

Oscillation results
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10>γR

3.29.16     :bkgd 
 1.536.9  :off beam

events 86  :on beam

±
±

ν

3.24.92.32 excess total ±±

MeV6020and10 <<>
e

ER γ
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Is there an excess of events with >1 correlated γ?  

If excess involves higher energy neutrons from cosmic rays or 
the beam (>20 MeV) then would expect large excess with >1 correlated γ, 
as observed in the beam-off data

Recoil n from anti-νe p→e+n is too low in energy (<5 MeV) 
to knock out additional neutrons

Tests of the DAR oscillation 
hypothesis
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Analysis extended up to 200 MeV.  However, event selection was 
optimized for the DAR analysis therefore, beam-off backgrounds 
above 60 MeV are large

Applying the above analysis to the
data (except no correlated γ): MeV 20060 << eE

Less precise than previous analysis of 1993-95 data, where the total
excess was events 0.46.61.18 ±±

Beam on−off excess: events 2.127.14 ±
bkgd: events 7.16.6 ±

Total excess: events 7.12.121.8 ±±
Osc. prob: 0.04)%0.16(0.10 ±±

0.05)%0.10(0.26 ±±Osc. prob:

DIF analysis
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Likelihood in the                          plane is formed over each
of the 5697 beam-on events that pass the oscillation cuts.

22 2sin m∆−θ

Beam related backgrounds are determined from MC.

Fit over 20<Ee<200 MeV  — both DAR and DIF

Each beam-on event characterized by four variables:
electron energy
electron reconstructed distance along the tank
direction the electron makes with the ν
correlated γ likelihood ratio 

eE
z

νθcos
γR

Neutrino oscillation fit
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Neutrino oscillation fit
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90% CL limits from
other experiments

LSND oscillation 
parameter fit results
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KARMEN
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Position from struck module and PMT signals from each end.

KARMEN detector
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..
1212 ),( sge NeC −ν

e+β events
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nepe
+→ν

MeV 8
),(

=Σ γ

γ
E

nGd

MeV 2.2
),(

=Σ γ

γ
E
np

Oscillation signature at KARMEN
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KARMEN oscillation results
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excess for 100% transmutation

KARMEN:  expected excess for 
LSND hypothesis
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KARMEN sensitivity plot
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KARMEN ended March 2001

KARMEN November 2000 status 
report



LSND evidence for νµ – νe oscillations: a very serious problem

Define: ∆mik
2 = mk

2 – mi
2    (i,k = 1, 2, 3)

∆m12
2 + ∆m23

2 + ∆m31
2 = 0

Evidence for neutrino oscillations:

Solar neutrinos:              ∆m12
2 ≈ 6.9 x 10–5 eV2

Atmospheric neutrinos: ∆m23
2 ≈ 2.5 x 10–3 eV2

LSND:                              |∆m31
2| = 0.2 — 2 eV2

| ∆m12
2 + ∆m23

2 + ∆m31
2 | = 0.2 — 2 eV2 

If all three results are correct, at least one additional neutrino
is needed.
To be consistent with LEP results (only three neutrinos),
any additional neutrino, if it exists, must be “sterile”
(no coupling to W and Z bosons → no interaction with matter)

LSND result needs confirmation
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MiniBooNE detector
§ 12 m diameter spherical tank
§ 807 tons mineral oil used as

Cerenkov radiator
§ fiducial mass 445 tons
§ optically isolated inner region

with 1280 20 cm diam. PM tubes
§ external anticoincidence region

with 240 PM tubes

Particle identification:
based on different behaviour of electrons,
muons, pions and pattern of Cerenkov light rings





Expected MiniBoone sensitivity
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MiniBoone detector status



Use Michel electrons 
from µ decay to 
determine energy scale 
& resolution 
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MiniBoone conclusion


