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Allowed Regions of Oscillation Parameters
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How are most neutrinos det ected?

e’ ] e’ )
Threshold for producing
each lepton:

e E >1.5 MeV
E > 110 MeV

N
N
N
N /
W
: E > 3500 MeV
nucleon
Most Neutrinos have <3.5 GeV!

CCinteraction

<-> oscillations looks like disappearance!



W at er Cherenkov Detectors

For neutrino oscillation experiment s wat er
Cherenkov Is a well proven t echnology.

— Cheap for large mass

— Cherenkov threshold means not all particles
are visible. ->0nly rely on lept on angle/ ener qy.

Moment um t heshold f or
producing Cherenkov light
In wat er :

e 58 MeV/c
120 MeV/c
P 1064 MeV/ c




QE Cross Sections dominate ~ 1 GeV
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E Reconstruction (assuming QE)

Luckily, in a Quasi-Elastic reaction,
even if only the muon is visible

we can reconstruct the neutrino
energy!

| f the interactionis

non Quasi-Elastic thenthe
reconstructed energy will be
Incorrect.

2
mNE m<,2

E -
m, E p cos )

m, = Neutron mass

E - Muon energy
m = Muon mass
p = Muon momentum
= Muon angle wrt beam
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When is QE reconstruction necessary
and/ or usef ul?

Only the lepton is visible in the detector.

— Allows us to reconstruct E

The energy of the beam is peaked inthe 1 Gev
region.

- A large fraction of the cross sectionis QE.



Determining QE fractions in FGD detectors

For 2 track events:

* | f we assume a QE 225 | m
int eraction we can 200 |
predict the direction 7
of the outgoing proton

175 |

and compare the 2
direction with the g > |
measured second 100
track. 75
® The difference inthis 50
angle allows us to 25
enhance QE and Non- , LQE Events L
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QE event samples. DQ
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Example Study: K2K Oscillat ion Expt

We measured 56 FCevents inthe fiducial volume.
We expected 80.1+6.2 -5.4 with no oscillation

We perform an unbinned maximum likelihood fit to determine
the most likely value of m* and sin*(2 ).

Basic Form of the likelihood:

L : L | | x
normalization
N N \

a0 Only for 1-ring events!
nor malizat ion | N |
| obs
shape - PI'Ob(E reconstructed)

i
These two terms are correlat ed!
An energy distortionresults in a decrease in the observed number.




Near/far detector cancellations of xsec
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| ncluding Systematic Erorrs

N

trials

/\. Random f luct uat ions in shape gener at ed
" by systematic errors on paramaters.




Cross Section (nb/MeV/sr)

Energy resolution effects

Actual equationfor E

should also include Binding

Energy.

20 MeV uncertainty at

/00 MeV gives ~3% error

We can use e-scattering
totune to~5 MeV.
(see S. Wood talk)

880MeV, 52degq.

200 400 60
Ebeam—Escat(MeV)

O\\\\‘\\\\‘\\\\‘\\

E_(mN BJE 2m B B* m’);2

m, B E pcos( )

m,= Neutron mass
B = Binding energy = 30MeV
E = Muon energy
m = Muon mass
p = Muon momentum
= Muon angle wrt beam




Systematics ef f ects on K2K
d(logL) at sin22q:1 using Total Number + Shape
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Example of Future Facilities(J HF)

The JHF is a 295km
long of f -axis long
baseline experiment

2" of f-axis
par amat ers

Peak Energy

#CC Interactions
fyr/22.5 kton

) To Super-Kamiokande
e G v




Make a high luminosity MC with Toy Flux

Make atoy flux - Only do shape analysis
peaked around

s for this study.
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No Systematic Errors
Allowed Region - Shape
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Change only the nonQE Fraction
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Use dif f erent I\/IA for “data” & “MC’ while

changing nonQE fraction
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Can we under st and why t his happens?

1200 | nthe “dip” regionthere are
I ~2% mor e events for the
1000 i modified flux. So a“smaller”
i sin®(2 ) describes the data.
800 ;
T /g /—“I\/Iodified” Flux
i { No change out here
200 - , where the shape is
I /@/ normalized..
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Reconstruct ed shape of non-QE part of Flux



Anot her example of background
subtraction

Dif ferences in BG
shape may also be
important for other
physics analyses.

- CPV need to subtract
wr ong-sign BG plus pi0
etc.

- Need totake
int 0 account
dif f erence in neutrino
[ anti-neut rino cross
section.



| n future high-precision experiments, systematics
will become dominant factors.

— Our present uncertainties in nuclear parameters
may induce parameter shifts onthe order of the
statistical error.

We need to know I\/IA better for thetargets we are

using (exact ly how well?)

- Just astart ->HomeworK:
Need toincorporate M error parameter inoscillationfit.
Need to use real flux of any experiment to be studied.

- Looks Promising! The effects seemto be
manageable



