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NEUTRINO OSCILLATION FRAMEWORIK
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JCATIONS

2588 km (P20)

* Water Cherenkov detector: 4 M ton
* Beam: 90 kW, POT:4 x 10%/yr

* Average density: 3.8 g/cc

* 2588 km is close to bimagic baseline
* Runtime: 3 yr(v) + 3 yr(0)

* Peak energy: 2-3 GeV

* Relatively large background

Proton

Beam

Accelerator v

17

Parameters True values Test values

012 33.4° 33.4°

013 8.42° 8.42°

023 (Hierarchy) 41° 39° : 51°

023 (Octant) 41° (49°) 45° 1 51° (39° : 45°)
dcp —180° : 180° —180° : 180°
dcp(CP sensitivity) —180° : 180° —180°, 0, 180°
Am?, 7.53 x 1079 7.53 x 1079

Am3, (Hierarchy)

Am3, (Octant)

—1
a3

+2.45 x 1073 eV?
+2.45 x 1073 eV?2
2.0 x 107 s/eV

F[2.35 : 2.6] x 1073 eV?
+[2.35 : 2.6] x 1073 eV?
[1.0 : 3.0] x 107! s/eV

Table 1. The true and test values of oscillation parameters.

1300 km (DUNE)

Liquid Argon detector: 40 k ton
Beam: 1.2 MW, POT: 10 x 10?"/yr
Average density: 2.85 g/cc

300 km baseline

Runtime: 3.5 yr(v) + 3.5 yr(0)
Peak energy: 4-5 GeV

Lesser background
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RACY RELATED TO MASS ORDERING
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* Lowering of NH band in Pﬂe:decreased sensitivity

» Broadening of bands at minimum energy
corresponding to NH, IH in Pﬂe (inset). This effect

leads violation of bimagic conditions at 2588 km.
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* Bands of NH, IH both lowered in P/m = separation
between bands stays similar = unchanged

sensitivity
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* Lowering of NH band in Pﬂe:decreased sensitivity

» Broadening of bands at minimum energy
corresponding to NH, IH in Pﬂe (inset). This effect

leads violation of bimagic conditions at 2588 km.
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between bands stays similar = unchanged
sensitivity




MASS ORDERING SENSIT

P20, Mass Hierarchy Sensitivity 20
225 : & NH, SM Mass Hierarchy Sensitivity
: mthDeiZay ¢ H,sM 6cp=0", a3 =2x1071 s/eV
20.0 - Y o L=2588 km
(]
17.5
15.0 -
12.5 b
b
10.0 -
51 Decrease for decay
501 —r - : . .
0,3 =41", |A31| =2.45 x 10~ 3eV?
2.5 i 1 1 1 1 1 1
10 T T T T T T
0.0 | | | | | | | 40 42 44 46 48 50
-150 -100  -50 0 50 100 150 63 [True] (°)
Ocp (°)
DUNE, Mass Hierarchy Sensitivity
_ -11 - 20 : T,
504 ¥3=2x1077" s/eV ® with Decay Mass Hierarchy Sensitivity & NH,SM
' 0,3 =417, |A31| =+ 2.45 x 10~ 3eV? @ wj/o Decay 6cp=0", a3 =2 x 101! s/ev @ IH SM
L=1300 km © NH,D
22.5 4 sl | ® IH D
Decrease for o is const in |H
20.0 1 -
decay
17.5 1 1 1 1 1
b
15.0 -
12.5

10.0 A

7.5 A

10 T T T T
~150 -100 -50 0 50 100 150 40 42 44 46 48 50
6cp (°) 623 [True] (°)




MASS ORDI

CRING SENSITIV]

~

22.5

P20, Mass Hierarchy Sensitivity

20.0 A

17.5 A

15.0 1

12.5 A

10.0 -

7.5

5.0 A

2.5 A

® with Decay
€ w/o Decay

Decrease for decay

0.0

623 =41°, |A31| = 2.45 X 10~3eV?

~150 -100  -50 0 50 100 150
Ocp (°)

DUNE, Mass Hierarchy Sensitivity

25.0 A

22.5 1

20.0 A

17.5

12.5 A

10.0 A

7.5 A

ys=2x 107! s/eV ® with Decay
6,5=41°, [As1| = + 2.45 x 103eV2 @ w/o Decay

Decrease for
decay

~150 -100  -50 0 50 100 150
Ocp (°)

20

L=2588 km

LRI R

NH, SM Mass Hierarchy Sensitivity
IH, SM 6cp=0",a3=2x 10711 s/eV

"oinIHhas max ~ 46°

12 4
10 T T T T T T
40 42 44 46 48 50
023 [True] (°)

20 . ngn .
Mass Hierarchy Sensitivity ¢ NH,SM
6cp=0", a3=2 x 10711 s/eVv ¢ H,SM
L=1300 km © NHD

18 4 @ |IH,D

‘oisconstinIH

10 T T T

40 42 44 46 48

623 [True] (°)

50

20

12 ~

Mass Hierarchy Sensitivity ¢ NH, SM

6cp=0", a3=2x 1071 s/eV ¢ IH,SM

L=2588 km, ve + Ve © NHD
® IH,D

“oinIHhas max ~ 45°

10

40 42 44 4|6 48 50
623 [True] (°)

Mass Hierarchy Sensitivity ¢ NH,SM
o _11 ¢ IH, SM
L=2588 km, v, + U, ® IH,D

40 42 44 4|6 48 50
6,3 [True] (°)




MASS ORDERING SENSITIV]

~

22.5

P20, Mass Hierarchy Sensitivity

20.0 A

17.5 A

15.0 1

12.5 A

10.0 -

7.5

5.0 A

2.5 A

® with Decay
€ w/o Decay

Decrease for decay

0.0

623 =41°, |A31| = 2.45 X 10~3eV?

~150 -100  -50 0 50 100 150
Ocp (°)

DUNE, Mass Hierarchy Sensitivity

25.0 A

22.5 1

20.0 A

17.5

12.5 A

10.0 A

7.5 A

ys=2x 107! s/eVv ® with Decay
0,3 =41", |A3;| =+ 2.45 x 10~3eV? @ wj/o Decay

Decrease for
decay

—150 —100 =50 0 50 100 150

20

NH, SM Mass Hierarchy Sensitivity
IH, SM 6cp=0", a3 =2 x 107 s/eV
L=2588 km

LRI R

"oinlH has max ~ 46°

12 4
10 T T T T T T
40 42 44 46 48 50
023 [True] (°)
20 . ngn .
Mass Hierarchy Sensitivity ¢ NH,SM
6cp=0",a3=2 % 10711 s/eV ¢ H,SM
L=1300 km © NHD
184 @ |IH,D

o Is constin IH

10 T T T T
40 42 44 46 48 50

623 [True] (°)

20
Mass Hierarchy Sensitivity ¢ NH, SM
6cp=0", a3=2x 1071 s/eV ¢ IH,SM
L=2588 km, ve + Ve ® NH,D

® IH,D

o)
124 . o
o in IH has max ~ 45
10l — | | | | |
40 42 44 46 48 50
023 [True] (°)
20 , T
Mass Hierarchy Sensitivity ¢ NH, SM
5CP =0, as = 2 X 10_11 s/eV ¢ IH, SM
L=1300 km, ve + Ve ® NH,D
184 @ IHD
o increases with 05,
16 1
o)
14 -
12 A

40 42 44 4|6 48 50
6,3 [True] (°)

Mass Hierarchy Sensitivity
Ocp = Oo, a3 =2 X 10~ s/eV
L=2588 km, v, + v,

(IO RR RS

NH, SM
IH, SM
NH, D
IH, D

0 . 1 , | | |
40 42 44 46 48 50
623 [True] (°)

8

Mass Hierarchy Sensitivity ¢ NH, SM
;1 6cp=0",a3=2x10"" s/ev $ MM

L=1300 km, v, + v T b
6_
5_ | [ [ [ "

O IS MIinIMmum In

4_

IH 44° — 47"

40 42 44 46 48
6,3 [True] (°)




DEGENE

=

RACY R

|

LATED TO OCTANT OF 6,,
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* Separation b/w HO band and 41° curve around 4
GeV smaller in P ,~decreased sensitivity

* Separation between in PW is higher for decay
around 4 GeV =increased sensitivity
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LATED TO OCTANT OF 65,
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* Separation b/w HO band and 41° curve around 2.5
GeV smaller in P ,~decreased sensitivity

* Separation between in P/m is higher for decay
around 2.5 GeV =increased sensitivity




DEGENERACY RELATED TO OCTANT OF 6,,
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CONCLUSIONS

+ Sensitivity to mass ordering reduces for decay in both baselines.

*+ MO sensitivity shows different dependance with 6,5 in IH. In
2588 km it is due to v, channel

+ Sensitivity to octant increases for decay in 2588 for 6,, in both
HO and LO

+ Octant sensitivity increases when 6,; in LO and decreases for
05 in HO for decay

+ Contribution of v (2,) channel in octant sensitivity is higher in
2588 km (1300 km).

+ Joint analysis of DUNE, P20 removes wrong 6,3, wrong 6 ,p
solutions.
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