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Section 4: Long

Baseline Oscillation
Problem 1

-Xperiments

1. Given the following sets of oscillation parameters, what would be the optimal run plan

for NOVA to determine specifically the mass hierarchy ? Assume 36 x 10%Y POT and
monochromatic beam at £ = 1.9 GeV.

1. NH, sin*(6y3) = 0.6, 8, = =

2. NH, sin*(6y3) = 0.4, §,, = =

RY/1

RY/1




Proceqgure

. Plotthe P(v, = v,) versus P(v, = U,)

e |dentify the points in it that correspond to the
guestion cases




Methodology

. We are given: Ng.s; vorv gor 6 x 1020 POT
or B
. To find the signal count values for

sin*(6,;) = 0.4 or 0.6...




Results - General

Electron (Anti) Neutrino Appearance Probability

nh, 0.6, 3m/2
nh, 0.4, 3m/2
ih, 0.6, 3mr/2
ih, 0.4, /2
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Results

Case 1 and 3 Case 1 and 4

Neutrino Neutrino

[ Case 1: nh, 0.6, 3r/2 1 Case 1: nh, 0.6, 3r/2
[—1 Case 3: ih, 0.6, 3mr/2 Case 4: ih, 0.4, /2

4 10 O 2 4 6 8 10
Ve appearance probability (%) Ve appearance probability (%)

Antineutrino Antineutrino

[ Case 1: nh, 0.6, 3r/2 [—1 Case 1: nh, 0.6, 3r/2
[—1 Case 3: ih, 0.6, 3mr/2 Case 4: ih, 0.4, /2

8 10 O 2 4 6 8 10
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Results

Case 2 and 3 Case 2 and 4

Neutrino Neutrino

] Case 2: nh, 0.4, 3m/2 [ Case 2: nh, 0.4, 3m/2
[—1 Case 3: ih, 0.6, 3mr/2 Case 4: ih, 0.4, /2

4 6 8 10 O 2 4 6 8 10
Ve appearance probability (%) Ve appearance probability (%)

Antineutrino Antineutrino

[ Case 2: nh, 0.4, 3n/2 1 Case 2: nh, 0.4, 3r/2
[—1 Case 3: ih, 0.6, 3mr/2 Case 4: ih, 0.4, /2

4 6 8 10 O 2 4 6 8 10
Ve appearance probability (%) Ve appearance probability (%)




Conclusion

Mostly at neutrino Fully at neutrino

Fully at antineutrino Fully at neutrino

Case 1- NH, sin*6,; = 0.6, Ocp = 3712 Case 2- NH, sin*6,; = 0.4, Ocp = 37/2

Case 3 - IH, sin’0,; = 0.6, 6., = 3n/2 Case 4- IH, sin’0y; = 0.4, 5, = n/2

> Yep > Yep




Ihank you




Numerical Methodology

O 04, v T 04, D
N i = axNS,NH+ (1 —a) XN




Numerical o calculations

N 1 1
O = : T

AN YTV V.Y .V OO

neutrinos (%) uncertainty (%) antineutrinos (%) uncertainty (%)
7.221 0.699 3.026 0.606
5242 0586 0455

2858 0562
0309 5242 0921




Results 2 - Projections of the general plot

Neutrino Gaussian Projections
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Antineutrino Gaussian Projections




It we compare the hierarchy in the same set of
parameters...

0.4, \pi/2%

1 Normal Hierarchy 1 Normal Hierarchy Normal Hierarchy
1 Inverted Hierarchy Inverted Hierarchy 1 Inverted Hierarchy

Ve appearance probability (%)

0.4, 3r/2

1 Normal Hierarchy 1 Normal Hierarchy Normal Hierarchy
[ Inverted Hierarchy Inverted Hierarchy [ Inverted Hierarchy

5 100
Ve appearance probability (%)




(NSSNG®) (NSP+NG)

H H

] ]
0.7 0.8 : 1
FHC POT fraction(tot 3.6e+21)




