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We see the num ber  of  neut r inos we ex pect , just  not  the f lavor  
we ex pect  

Number of  e less than expected f rom the sun but  total number 
correct

µ f rom atmosphere d isappearing, e amount  correct

Accelerator  µ , reactor e behave simil iarly

Neut r ino Oscil lat ions

The curren t  ex p lanat ion  is f lavor  osci l lat ions

2 f lavor mix ing case (good approx  for 3  

 A neut rino of  energy E (MeV)  wil l  change f lavor 

af ter i t  t ravels a d istance L (km) with probabil i t y

P(να→νβ) =  sin 2(2θ)sin 2(1 .27  ∆m 2 L/ E)

∆m 2  : d if ference of  square of  mass eigenstate (∆m 2= m 1
2- m 2

2)  

θ: mix ing angle between the mass and f lavor basis



Neut r ino Oscil lat ions
3 observed  osci l lat ion  regions

posit ive signal al lowed regions for 
∆m 2   vs sin2(2θ) with L, E f ixed

Neut r inos f rom  sun     e  →  

Homestake, Sage/ Gallex , SNO, 
KamLAND

Neut r inos f rom  atm osphere  µ  →  

Super- Kamiokande, Macro, Soudan, 
K2K

Ant i- neut r inos f rom  accelerator      
  →  

LSND… 

check with MiniBooNE



Ster i le Neut r inos
If  LSND is con f i rm ed by M in iBooNE

= >  3  ∆m 2 regions

But  on ly 2  are possib le w ith  3  

A four th  neut r ino would  have to be “ster i le”  

Only interact  via gravity

Light  steri le n not  present  in W, Z decay

“On ly one m ore”  d isfavored  by other  al lowed regions

Current ly 3  act ive+ 2 steri le models f i t  atm, solar data

Other possib i l i t ies

Neut rino decay 

CPT violat ion (or CP violat ion and steri le neut rinos) would mean 
d if ferent  osci l lat ion probabil i t y (and therefore d if ferent m 2) for , 

∆m 31
2 =  ∆m 32

2 +  ∆m 21
2

2x 10 - 3 eV2 +  7x 10 - 5  eV2 
≠  1eV2



Ex per im ent

8 GeV protons f rom FNAL Booster hit  Be target , producing mesons

Magnet ic horn focuses posit ively charged mesons (π+ )

Increases neut rino f lux  by factor of  ~5

Change current  direct ion, focus π- , get  ant i neut rinos

π+ decay, producing muon neut rinos

9 9 .5 % pure beam

1 ν candidate every ~2 min

µ  interact  in Cherenkov detector

12m diameter, mineral oil (CH2 ) 

1280 inner PMTs, 240 veto PMTs



Ex per im ent
Detect ing  Charged Part icles 

Th is l igh t  pat tern  d i f fers for  
d i f feren t  par t icles

Elect rons and photons pair produce, 
mult ip le scat ter

 = >   “ fuzzy rings”

Muons rad iate constant  l ight  per 
d istance 

= >  “clean ring” 

Neut ral p ions decay to two photons

= >  two (elect ron l ike) rings
A “ typ ical” muon in 
MiniBooNE 

If  a charged par t icle is m oving faster  than    
v =  c/ n , then  i t  w i l l  rad iate Cherenk ov l igh t

“Light  Boom”

Forward d irected cones of  l ight



Physics with MiniBooNE
Oscillat ions

Possib le 

in t ime window of  beam

Minimal veto hit s (reduce cosmic 
ray bkrd)

Within f iducial volume (for good 
reconst ruct ion)

Neut rino energy reconst ructed 
f rom muon energy +  scat tering 
angle relat ive to beam

Look  for  less  or  m ore e than  

ex pectat ion

 events have muon

e events have elect ron

Charged Current  (CC)



Physics with MiniBooNE
Oscillat ions

Sensit ivi t y of  M in iBooNE 
for  1E21 p rotons on  
target  (pot ) no signal

Al lowed regions M in iBooNE 
for  1E21 protons on  target  
(pot )  signal
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Physics with MiniBooNE
NC 0

Im portan t  back ground  

Mimics e with γ s f rom decay  

Event  select ion :

No decay elect rons

2 rings w/  energy >  40MeV

- 0.9 <  cos (opening angle) <  0.9

Reconst ruct  p ion mass

Mass peak  as ex pected , 55% pure, 42% ef f icien t

Use th is sam ple to m easure NC 0  cross sect ion

ν
l ν

l

π0

 

Neut ral Current  (NC) pion product ion



Sum m ary

Only two d ist inct  ∆m 2 reg ions are al lowed, 
unless new physics ex ists
Three are observed, check f inal one

With the worlds largest  neut r ino data set  at  
1GeV MiniBooNE wil l  
confirm  or refu te LSND’s oscil lat ion signal

make improved cross sect ion measurements (such 
as NC 0)

Ex pect  results late this year!


