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vy Determining the Neutrino mass matrix

U ® Am32, and sin” §;5: Channel needed is P..
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vy Determining the Neutrino mass matrix

#® Am?2, and sin? 615: Channel needed is P..
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Ye v, ® Canbe measured in KamLAND or KamLAND-like
Vi SPMIN experiments. Next-generation solar neutrino
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c experiments can also measure sin? 6.
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vy Determining the Neutrino mass matrix

U # Am?2, and sin” f12: Channel needed is P..
Ye v, # Canbe measured in KamLAND or KamLAND-like
Vi SPMIN experiments. Next-generation solar neutrino
Ve experiments can also measure sin? 6;5.
1%
Ve TV ® Am2, and sin” f,3: Channel needed is P,,
v
YV » Will be mesured very well by v, disappearance
He measurement in accelerator based experiments —
Vr MINQOS, ICARUS, OPERA, T2K, NOvA. It can also

be measured very well in atmospheric neutrino
experiments.
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vy Determining the Neutrino mass matrix

U # Am?2, and sin” f12: Channel needed is P..
Ye v, # Canbe measured in KamLAND or KamLAND-like
Vi SPMIN experiments. Next-generation solar neutrino
Ve experiments can also measure sin? 6;5.
1%
Ve TV ® Am2, and sin” f,3: Channel needed is P,,
v
YV » Will be mesured very well by v, disappearance
He measurement in accelerator based experiments —
Vr MINQOS, ICARUS, OPERA, T2K, NOvA. It can also

be measured very well in atmospheric neutrino
experiments.

#» Why disappearance experiments?
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vy Determining the Neutrino mass matrix

U # Am?2, and sin” f12: Channel needed is P..
Ye v, # Canbe measured in KamLAND or KamLAND-like
Vi SPMIN experiments. Next-generation solar neutrino
Ve experiments can also measure sin? 6;5.
1%
Ve TV ® Am2, and sin” f,3: Channel needed is P,,
v
Vy » Will be mesured very well by v, disappearance
He measurement in accelerator based experiments —
Vr MINQOS, ICARUS, OPERA, T2K, NOvA. It can also
be measured very well in atmospheric neutrino
experiments.
#» Why disappearance experiments?
#» Because statistics there are very large
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vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve p | B 5 B h
g B | Pu [T TS12023 — C12523513€ C12C23 — 512523513€T  523C13 V2
H . .
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VVT #® Three more parameters can be determined thru osc
€ Vy Sgn(Amgl), 613 and d = d¢op
Uy
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vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve p | B % B %
g B | Vu | S| TS12023 — C12623513€ 7 C12023 — S12523513¢7  $23C13 V2
i . |
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VV’T #® Three more parameters can be determined thru osc
I/e V Sgn(Amgl), 613 and d = d¢op
H
Ve #» There are 2 main channels to measure/limit 613:
Vr
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vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve p | B % B %
g B | Vu | S| TS12023 — C12623513€ 7 C12023 — S12523513¢7  $23C13 V2
i . |
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VV’T #® Three more parameters can be determined thru osc
I/e V Sgn(Amgl), 613 and d = d¢op
H .
Ve #» There are 2 main channels to measure/limit 613:
Vr ®» v, — 1, 0, — 1. P OF Psz; Disappearance Expts

SANDHYA CHOUBEY NEUTRINO OSCILLATION PHENOMENOLOGY - III JIGSAW 2007, 13.02.07 -



vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve p | B % B %
g B | Vu | S| TS12023 — C12623513€ 7 C12023 — S12523513¢7  $23C13 V2
" . .
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VV’T #® Three more parameters can be determined thru osc
I/e V Sgn(Amgl), 613 and d = d¢op
H .
Ve #» There are 2 main channels to measure/limit 613:
Ly ®» v, — 1, 0, — 1. P OF Psz; Disappearance Expts
®» v, — v Ofve — v, P, oOr P, Appearance Expts
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vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve p | B % B %
g B | Vu | S| TS12023 — C12623513€ 7 C12023 — S12523513¢7  $23C13 V2
i . |
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VV’T #® Three more parameters can be determined thru osc
I/e V Sgn(Amgl), 613 and d = d¢op
H .
Ve There are 2 main channels to measure/limit 0¢3:

Ve — Ve OF U, — Up. Pee O Psz; Disappearance EXpts
v, — Ve Of Ve — v, P OF Py, Appearance Expts

e o o o

There is only one main channel to see é-p
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vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve p | B % B %
g B | Vu | S| TS12023 — C12623513€ 7 C12023 — S12523513¢7  $23C13 V2
i . |
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VV’T #® Three more parameters can be determined thru osc
I/e V Sgn(Amgl), 613 and d = d¢op
H .
Ve There are 2 main channels to measure/limit 0¢3:

Ve — Ve OF U, — Up. Pee O Psz; Disappearance EXpts
v, — Ve Of Ve — v, P OF Py, Appearance Expts

There is only one main channel to see é-p

e o o o 0

vy, — Ve OF Ve — vy, Pe OF Py, Appearance Expts
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vy Determining the Neutrino mass matrix

Lir Ve C12€13 512C13 s13€ % A
Ve v | _ N i6 B 6
g B | Vu | S| TS12023 — C12623513€ 7 C12023 — S12523513¢7  $23C13 9
i | |
v, Vr S$12593 — C12C23513€"0 —C12893 — 512235136 Ca3C13 zy
VV’T #» Three more parameters can be determined thru osc
I/e Vu Sgn(Amgl), 013 and § = Yolz
& .
Ve #» There are 2 main channels to measure/limit 613:
Vr ®» v, — 1. 0, — .. P Or Psz; Disappearance Expts
®» v, — v Ofve — v, P, oOr P, Appearance Expts
#® There is only one main channel to see é-p
®» v, — V. Orve —v,. Py Or P, Appearance Expts
# sgn(Am3,) can be done using matter effects

(other effects also — “interference terms”)
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Vy The v, — v, “Golden” Channel

Ve
57- P;}?; ~ Sin2 923 Sin2 2(913 sin2 A
e v,
| 74
H . . . . . .
Ve + (@A) sin 2613 sin 2615 sin 2623 sin 0o p sin A sin A
Vr
He Uy + () sin 26013 sin 26012 sin 2023 cos oo p cos A sin A
Uy
| P4
(&4
1 +  cos® o3 sin® 2019 sin®(aA)
7 2 2
where A = 27ul o = 2731 and we have expanded the

31

probability in o and 6,3 keeping only lower order terms
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Vy The v, — v, “Golden” Channel

Ve
57' P;ﬁ; ~ sin® fy3 sin? 26073 sin® A
e v,
| V4
H . . . . . .
Ve + (@A) sin 2613 sin 2615 sin 2623 sin 6o p sin A sin A
Vr
He Uy + () sin 26013 sin 2612 sin 2023 cos oo p cos A sin A
Uy
| 74
e
1 +  cos® o3 sin® 2019 sin®(aA)
& 2 2
where A = 27al o = 2731 and we have expanded the

31

probability in o and 6,3 keeping only lower order terms
# First term gives 643
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Vy The v, — v, “Golden” Channel

Ve
57- P;}}?]f ~ Sin2 923 Sin2 2(913 sin2 A
e v,
| V4
H . . . . . .
Ve + (@A) sin 2013 sin 26012 sin 2023 sin 6 p sin A sin A
Vr
He Uy + () sin 26013 sin 26012 sin 2023 cos oo p cos A sin A
Uy
| 74
e
1 +  cos® o3 sin® 2019 sin®(aA)
& 2 2
where A = 27ul o = 2731 and we have expanded the

31

probability in o and 6,3 keeping only lower order terms
# First term gives 643
# Second term gives CP violating part of the prob
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The v, — v, “Golden” Channel

P;}}?]f ~ Sin2 923 Sin2 2(913 sin2 A

+ (@A) sin 2613 sin 2615 sin 2623 sin 0o p sin A sin A
+ () sin 26013 sin 26012 sin 2023 cos oo p cos Asin A

+  cos® o3 sin® 2019 sin®(aA)

Am%lL Am%l

10— a = {3+ and we have expanded the

31

probability in o and 6,3 keeping only lower order terms

where A =

# First term gives 643
# Second term gives CP violating part of the prob
# Third term gives CP conserving part of the prob
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I 74
M . y
vy Es Probability Plots
Ve
V- P;ﬁ; — Sin2 (923 Sin2 2913 sin2 A
Ve Vn + (aA)sin 2613 sin 2615 sin 2623 sin d¢op sin A sin A
vV
HVe + () sin 26013 sin 26012 sin 2023 cos o p cos Asin A
U, +  cos? O3 sin® 2019 sin2(ozA)
Ve y,
Uy
Ve
Vr
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I 74
M . y
vy Es Probability Plots
Ve
V- ngpc — Sin2 (923 Sin2 2913 sin2 A
Ve Vn + (aA)sin 2613 sin 2615 sin 2623 sin d¢op sin A sin A
vV
HVe + () sin 26013 sin 26012 sin 2023 cos o p cos Asin A
U, » +  cos? O3 sin® 2019 Sin2(04A)

| 4
€ Vy P, = Acosocp+ Bsinogp +C
P, = Acosogp — Bsinogp +C

SANDHYA CHOUBEY NEUTRINO OSCILLATION PHENOMENOLOGY - III JIGSAW 2007, 13.02.07 -



v, ' EéProbability Plots

vac
vV T P&pp

SANDHYA CHOUBEY

+ + K

Sin2 (923 Sin2 2913 sin2 A

(@A) sin 26013 sin 2612 sin 2693 sin 0o p sin A sin A

(@A) sin 26013 sin 2612 sin 2693 cos d¢ p cos A sin A

cos® fy3 sin’ 2019 sin2(ozA)

P, = Acosocp+ Bsinogp +C
P, = Acosogp — Bsinogp +C
P,+ FP;, —2C = 2Acosocp

P,— P, = —2Bsindgop
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SANDHYA CHOUBEY

vac
P@PP

+ + K

(

Es Probability Plots

Sin2 (923 Sin2 2913 sin2 A

(@A) sin 26013 sin 2612 sin 2693 sin 0o p sin A sin A

(@A) sin 26013 sin 2612 sin 2693 cos d¢ p cos A sin A

cos® fy3 sin’ 2019 sin2(aA)

P, =
P, =
P, + P, —2C

PV_PE

PV+PV—20>2 (
_|_

2A

Acosdop + Bsinoop + C
Acosdop — Bsinogp + C

2A cosdcp

—2Bsinocp

I8y

2B

)2:1
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VHV"“ P Probability Plots

V. i ngg — sin® fy3 sin? 2073 sin® A

Ve Vn + (aA)sin 2613 sin 2615 sin 2623 sin d¢op sin A sin A
Vuye + () sin 26013 sin 26012 sin 2023 cos o p cos Asin A
U, » +  cos? O3 sin® 2019 sin2(aA)

IV/e Uy P, = Acosdcp+ Bsindcp +C
“Ve » P, = Acosogp — Bsinogp +C

V- P,+ FP;, —2C = 2Acosocp

» P,— P, = —2Bsindop

g+%—w2+_aa%2_l
24 2B :

# This is the egn of an ellipse in the P, — P; plane.
These are called “bi-probability plots”. Major (minor)
axes measure the amplitude of
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v, ' Bi-Probability Plots
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v, ' Bi-Probability Plots
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v, ' Bi-Probability Plots

Ve
V- 0.06
Ve V i
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7 | ,
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Ve
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Vr
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2 . e
vy Bi-Probability Plots
Ve
V- 0.06
Ve i
17 o —— CP,AmM*, >0
7 | ,
Ve 0.05 -~ s
V’T Tt/2 |
Ve v, .
Vll/ D__g 004 L |
Ve
Vr
L TT
0.03 * 3711/2 *
0.02
0.02 0.03 0.04 0.05 0.06

P,
# The ellipse moves anticlockwise for Am3, > 0.
# You can check that it goes clockwise for Am3; < 0.
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H : ‘-
vy Bi-Probability Plots
Ve
Vr 0.06
I/e ’/ i
7 H —— CP,Am%, > 0 (sin20,.=0.1)
H * ——— CP,Am°,, >0 (sin’26,,=0.075) |
Ve 0.05 - .
V’T Tt/2 0,, |
U, v,
vV 5 004 - i
Ve o i i
Vr
0.03 * 3711/2 *
0.02
0.02 0.03 0.04 0.05 0.06

P

\Y

# Smaller 63 = dop measurement more difficult .
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Yy Sgn(Am3,) Degeneracy

Ve
Vr 9
Ve
vV
H . . .
Vy Poppearance = sin? 093 sin’ 2013 sin’® A
ble + (@A) sin 20;5 sin 26012 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26019 sin 2023 cos oo p cos A sin A
€ UV
vy, £ + cos? 023 sin? 2019 sin2(aA)
Ve
Vr
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Yy Sgn(Am3,) Degeneracy

VG
U+ N
Ve
Y
71 B P —  sin2 693 sin2 26,5 sin? A
o) appearance 23 13 S111
ble + (@A) sin 2015 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26019 sin 2023 cos oo p cos A sin A
e v
vy, £ + cos? 023 sin? 2019 sin2(aA)
175 | |
5 ® Do the simultaneous transformation
,,

ocp — T — 0CP
Am%l 7 —Am§1
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Y Sgn(Am3,) Degeneracy
(&
Vr 9
Lol 5
VH ¢ Pappearance — Sin2 (923 Sin2 2913 sin2 A
ble + (@A) sin 2015 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26019 sin 2023 cos oo p cos A sin A
e y
v, & +  cos? B3 sin® 2015 sin2(aA)
U
5 [ # Do the simultaneous transformation
,

ocp — T — 0CP
Am3g; — —Amj,

® The expression for Pyypearance femains invariant
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Yy Sgn(Am3,) Degeneracy

Ve
U+ 9
VB
v
u . . .
Vy Poppearance = sin? 093 sin? 2013 sin® A
ble + (@A) sin 2015 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26019 sin 2023 cos oo p cos A sin A
e y
v, & +  cos? B3 sin® 2015 sin2(aA)
Ve . .
5 # Do the simultaneous transformation
,

ocp — T — 0CP
Am%l — —Amgl

® The expression for Pyypearance femains invariant

# Since Sgn(Amj3,) is unknown, there will always be
an ambiguity in the measured value of - p
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Yy Sgn(Am3,) Degeneracy

Ve
V- 0.06
Ve V i
7 H —— CP,AM%, >0
) 7 ——— CP,Am°, <0
Ve 0.05 - .
VT I T[/2
P4 Tt
€ Vl’l’ ()
vV 5 0.04 - .
Ve Q-
Vr
- U TT/2
0.03 -~ 3711/2 .
0.02 ‘ S S R ‘
0.02 0.03 0.04 0.05 0.06
PV
SANDHYA CHOUBEY NEUTRINO OSCILLATION PHENOMENOLOGY -1I1 JIGSAW 2007, 13.02.07



UV
v
vy Octant of 6,3 Degeneracy
Ve
Vr 9o
Ve Y,
VH ¢ Pappearance — Sin2 (923 Sin2 2913 sin2 A
ble + (@A) sin 20;3 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26012 sin 2023 cos 6o p cos A sin A
€ U
v, & + 082 B3 sin® 2015 sin2(ozA)
Ve
Vr

SANDHYA CHOUBEY NEUTRINO OSCILLATION PHENOMENOLOGY - III JIGSAW 2007, 13.02.07 -



UV
v
vy Octant of 6,3 Degeneracy
Ve
U+ 9o
Ve Y,
VH g Pappearance = Sin2 (923 Siﬂ2 2(913 sin2 A
ble + (@A) sin 20;3 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26012 sin 2023 cos 6o p cos A sin A
€ U
v, £ +  cos® o3 sin? 2019 sin®(aA)
Ve
N # We only have measurement on sin® 26s3.
%
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UV
v
vy Octant of 6,3 Degeneracy
Ve
U+ 9o
Ve Y,
VH g Pappearance = Sin2 (923 Siﬂ2 2(913 sin2 A
ble + (@A) sin 20;3 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26012 sin 2023 cos 6o p cos A sin A
€ U
v, £ +  cos® o3 sin? 2019 sin®(aA)
Ve
N # We only have measurement on sin® 26s3.
%

® For every non-maximal sin? 26,3, there are 2 possible
. 2
sin“ fo3
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UV
v
vy Octant of 6,3 Degeneracy
Ve
U+ 9o
Ve Y,
VH g Pappearance = Sin2 (923 Sin2 2(913 sin2 A
ble + (@A) sin 20;3 sin 2615 sin 2693 sin ¢ p sin A sin A
VVT + () sin 2613 sin 26012 sin 2023 cos 6o p cos A sin A
€ U
v, £ +  cos® o3 sin? 2019 sin®(aA)
Ve
N # We only have measurement on sin® 26s3.
%

® For every non-maximal sin? 26,3, there are 2 possible
. 2
sin“ fo3

#» This will give 2 disjoint fitted value for 65.
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I 74
1)
V,,LV Octant of 6,3 Degeneracy
(&4
57‘ L = 1290 km, 8m3, = 3x10° eV®, 8m3, = 5x107° ev®
€ UV 0.005 . ;
1)
VH | {a) EBy=2.09 GeV i
Ve 0.004 | i
Vs - :
| 74 .
p, OO I a7 sinfzes =001
1L . =4 sinflos = 0.585 -
Ve 0.002 — T
) B !.ff?ﬂfﬂ ]'I:“"*-.\\' 7]
Vr -
0.001 -La - ,]
- P
% 0002 0004 0006 0008 004

Barger et al, hep-ph/0112119

# If sin? 2653 = 0.9 then both sin® 2613 = 0.01 and 0.0011
would fit the data from a given LBL expt.
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Uy
V (&
Vr True sin’6.. = 0.4 True sin2€)23 =06
Ve V“ Tr/2 ! | ! | I23 | | | | | | | | | | |
| 4
H — . 2 = -
Ve wrong 8., and hierarchy (Ax™ = 21.1) b
wrong 6., and hierarchy (Ax =35.9
VT . wrong hi erarchy (Ax =5. O)
Ve Y, wrong hierarchy (Ax” = 18.6)
L
| V4 & - L \
s} 1o
2 I’ I&
Vr v ;vronge (Ax =18.7) i wrong 6, (AX~ = 25.2
23 true solution ong ( X =252
| | true solution %
-T[ ]
0 0.01 0.02 0.03 0.04 0.050 0. 02 0.03 0.05
S n22913 sin 2913
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| 74
M .
Y Intrinsic  (dcp, 613) Degeneracy
e
ZT # For a fixed value of E, it might happen that
€ UV
i
Vu Papp((913a 5CP) — Papp( /137 56P)
. Paop(013,0cp) = Pupp(fls, o
ap(013,0cP) = Puapp(013,90p)
U, TV ® (013, 6¢p) (true solution) & (¢}, 6. p) (fake solution)
U H L =1290 km, 8m3, = 3x107° eV, 8m3, = 5x107° eV®
H 0.006 : : -
Ve (a) E,=2.09GeV
U 0.005
0.004
sin“28, , = 0.00298
0.003
sin“26 3 = 0.01
0.002 r;'?f'f"__ ___'“‘“--th
e ™
0.001 [/~ \ H"“H \
1‘&10;33:_'2_\ L5=0 ,,f’airz
%6 o002z 0004 0008 0008 001 0012
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Yy The v, — v, Channel In Matter
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Vy The v, — v, Channel In Matter

Ve
U+
Ve Y 2 A
1—-A)A
Vy g Popp = sin? 093 sin? 2013 sin”{( - 2) ]
v, (1—A)
Vr AN 1— A
WS L osin 20y sin 2019 sin 209 sin d¢p sin(A) SEAS) Sl = 4):
i
| 74 - -
[ | | | sin(AA) sin[(1 — A)A
UV, + «sin 26013 sin 26019 sin 2693 cos 0o p cos A - =
A (1—A)
- 9 2
AA
1+ o? cos’ 093 sin? 2019 - g )
A2
»A=Zot,

® A Is positive for neutrinos
# A Is negative for antineutrinos
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vy, The v, — v, Channel In Matter

Ve
U+ L =1000km, Am”_,=0.002, Am",,=8x10 ", s,.=0.5, §,=0.31,sin0,,=0.1,5-0
U, 0.1 L
vV ,
1)
VHV i nu
e 0.08 - vac 7
I anti—nu 1
Vr
L f ,
€ Vy 0.06 - ]
Vl’l’ 3 | .
Ve ahy , f
0.04 - ,
Vr : ,
0.02 - i
O ‘ | | | |
0 1 2 3 4 5
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vy Resolving the Eight-Fold Degeneracy
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Yy Resolving the Sgn(Am%,) Degeneracy

V- L=1000km, |Am°, |=0.002, Am”,,=8x10 ", s,.=0.5, §,,=0.31,sinB8,,=0.1
U, oL—yqp———r——————
UV I
7]
VH . ——— 3=T11/4, NH
U i ——— 3=31/4, IH :
e 0.08 - i
Vr
Y I ]
€ Vy 0.06 - A ]
Vl’l’ 3 [ :
Ve aly I
0.04 -
V- I
0.02 -
0
0
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Yy Resolving the Sgn(Am%,) Degeneracy

V- L=1000km, |Am°, |=0.002, Am”,,=8x10 ", s,.=0.5, §,,=0.31,sinB8,,=0.1
175 oL—yjp—
| 4 I
1)
VH — — - 3=T¥4+ matter, NH
1/ i ——— 3=11/4, NH .
(& 0.08 - — — — 0=311/4+ matter, IH 7
i ——— 3=31/4, IH 1
Vr
V L
€ Vy 0.06 - -
Vl’l’ ) i
Ve aly
0.04 -
Vr
l

0.02 -
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V), Resolving the Sgn(Am%,) Degeneracy

V- L=1000km, |Am°, |=0.002, Am”,,=8x10 ", s,.=0.5, §,,=0.31,sinB8,,=0.1
175 oL—yjp—
| 4 I
1)
VH — — - 3=T¥4+ matter, NH
1/ i ——— 3=11/4, NH
(& 0.08 - — — — 0=311/4+ matter, IH 7
i ——— 3=31/4, IH 1
Vr
V L
€ Vy 0.06 - -
V/'l’ o 7 | //—‘\\
I/e al | | / \\
0.04 -
V- I
|
0.02 -
0

E (GeV)

» Matter effects break the Sgn(Am3,) Degeneracy
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V), Resolving the Sgn(Am%,) Degeneracy

—— CP,AmM°,, >0
—— CP,AmM°,, <0 |
— — - CP+matter, Am231 >
— — - CP+matter, Am’,, <

(o Ne)

Yy
Ve
V- 0.06
I/e V“ i
Vi
Ve 0.05 -
V- *
U, v,
vV 5 004 -
I/e (N L
Vr
0.03 -
0.02 |
0.02

0.03

0.05 0.06

» Matter effects break the Sgn(Am3,) Degeneracy
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vy Resolving the Intrinsic  (d¢p, 613) Degeneracy

# Choose A = mr/2.

VT L = 1290 km, 3m3%; = 3x10 2 eV?, dm3, = 5x10 ° eV?
0.006

Ve vy, omel © | ®The cosdécp term van-
Uy | ishesfor A = (n— 4)m.

sin®20,5; = 0.00298

0.003
I/e \ sin®26,5 = 0.01

] #The sindop term van-
VT 0.001 -~ .
Ve o ' . . Ishes for A = n.
V‘ e T (b)o'olizozz 30.;LO'E‘.OA:E-e\O/'O'06 0.0'08 0-'01 =

Uy, oere # Ellipse collapses to a
Ve | line.

g | \ ~..]  ®Ambiguity resolved.

S = 3172

conss o0 oo oo osw oo s @ Better to work with A =
oo | (c) E, = 1.565 GeV | 1
| (n—g)m
- » That I1s where we will di-
N S | rectly see CPV.

. m 5=t

T eeE nsTe e e g Thats where we get the

ncceillatinmeaanats han.nh/N112110

- e W 11l W RRl W I Tl PWEs I YIRS [T T T e ——
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vy Resolving the Octant of
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vy Resolving the Octant of 6,3 Degeneracy

57 # Using atmospheric neutrino data in
€
v, Vi v/ Megaton water detectors:
U, x Am3, driven osc effects in sub-GeV electrons
U, x 013 driven matter effects in multi-GeV electrons
Ye v, ./ Large magnetized iron detectors:
Vuy x 013 driven matter effects in multi-GeV muons
(&
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vy Resolving the Octant of 6,3 Degeneracy

57 # Using atmospheric neutrino data in
€
v, Vi v/ Megaton water detectors:
U, x Am3, driven osc effects in sub-GeV electrons
U, x 013 driven matter effects in multi-GeV electrons
Ye v, ./ Large magnetized iron detectors:
Vuy x 013 driven matter effects in multi-GeV muons
(&
Vr

# Other ways using LBL expts have been suggested.
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Vy Correlations
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Vy Correlations

Vs #» Suppose you measure a quantity z experimentally.
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Ve

1%
1 :
Yy Correlations
Ve
Vs #» Suppose you measure a quantity z experimentally.
Ve 1/“ . . .
v, #® And suppose z is parametrized in terms of 2
v, parameters x and y such that z =x +.
Vr
Ve v,
Yu
Ve

Vr
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1%
z .
Vuv Correlations
(&
Vs » Suppose you measure a guantity z experimentally.
Ve 1/“ . . .
1 #® And suppose z is parametrized in terms of 2
V. parameters x and y such that z = x + .
U+ # This means that measurement of z only gives
Ve 7 Information on a particular combination of x and y
Vg, and not x and y themselves.
Ve
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1%
z .
Vuv Correlations
(&
Vs » Suppose you measure a guantity z experimentally.
Ve 1/“ . . .
1 #® And suppose z is parametrized in terms of 2
V. parameters x and y such that z = x + .
U+ # This means that measurement of z only gives
Ve 7 Information on a particular combination of x and y
Vg, and not x and y themselves.
Ve

# We say that the 2 params x and y are “correlated”.
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1%
H :
Vuv Correlations
(&
Vs » Suppose you measure a guantity z experimentally.
Ve 1/“ . . .
1 #® And suppose z is parametrized in terms of 2
V. parameters x and y such that z = x + .
U+ # This means that measurement of z only gives
Ve 7 iInformation on a particular combination of x and y
Vg, and not x and y themselves.
1%
§ # We say that the 2 params x and y are “correlated”.
1%
A # Oscillation probabilities come in such forms:

9 Am2L
41F

P.. =1 — sin® 20 sin
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SANDHYA CHOUBEY

Correlations

L

o o

Suppose you measure a quantity z experimentally.

And suppose z is parametrized in terms of 2
parameters x and y such that z =x +.

This means that measurement of z only gives
Information on a particular combination of x and y
and not x and y themselves.

We say that the 2 params x and y are “correlated”.
Oscillation probabilities come in such forms:

9 Am?2L

4F
This correlation between parameters leads to
Increase In the error in the measured value of the
Individual parameters.

P.. =1 — sin® 20 sin
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U
H i
Vy Correlations
Ve
Ur 7
2 N I RN
e — N N
N \ v .
U, 35 Wy &
helum & A
1V g ‘\\x\ \
Ve = i
V. 3 -
2 ‘ - A A
0.0005 0.0007 0.0009 0.0011 0.0013 0.0015
. 2
Sin“26013

Huber et al, hep-ph/0204352

#» Note how correlations are increasing the spread.
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Vy Correlations
Ve
Ur i
e v,
Vi 6| oo
Ee o \ \
| m% St \\&
Ve Vy 8 TN
Vi 4 x
Ve = Ny
V- 3! —
2 ‘ « " ‘ ‘
0.0005 0.0007 0.0009 0.0011 0.0013 0.0015

S n2 2013

Am3; [107° eV?]

2

o1

D

2
o
2

N
N\

N
\ N\ .
\
N N
\
\
\
.
\

I<_

N

|
|
|
|

\

N
|
|

\
\

2

N

.

N
N
N
N
N .
N
\
SN
LN
N\
SN
N
N\
. N
~ N\
YN
N

0.0005 0.0007 0.0009 0.0011 0.0013 0.0015

S n2 2013

# Input from an external measurementHugesal, hep-ph/0204352

#» Note how correlations are increasing the spread.
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2 N Differentiating Correlations and Degeneracies

57 #» Correlations, as | showed In the previous case,
€ Vy come from continuous uncertainty in the measured
& uV value of the parameters which appear together in
. the expression for the probability.
Vr
1%
e Vu
Uy
Ve
Vr
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vy Differentiating Correlations and Degeneracies

57 #» Correlations, as | showed In the previous case,
€ Vy come from continuous uncertainty in the measured
Vi value of the parameters which appear together in
Ve the expression for the probability.
Vr

Ve v ®» Degeneracies are usually disjoint and appear
v

L uV because the same probability can be given by two
= very different sets of parameter values
Vr
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vy Differentiating Correlations and Degeneracies

57- #» Correlations, as | showed in the previous case,
€ vV, come from continuous uncertainty in the measured
Vi value of the parameters which appear together in
Ve the expression for the probability.
Vr
Ve V,; ® Degeneracies are usually disjoint and appear
Y because the same probability can be given by two
12 very different sets of parameter values
Vr

#» Both result in loss of sensitivity of the experiment
and we have to finds ways to overcome/reduce
them.

SANDHYA CHOUBEY NEUTRINO OSCILLATION PHENOMENOLOGY - III JIGSAW 2007, 13.02.07 -



vy Differentiating Correlations and Degeneracies

57- # Correlations, as | showed in the previous case,
€ vV, come from continuous uncertainty in the measured
Vi value of the parameters which appear together in
Ve the expression for the probability.
Vr
Ve V,; ® Degeneracies are usually disjoint and appear
Y because the same probability can be given by two
12 very different sets of parameter values
Vr

#» Both result in loss of sensitivity of the experiment
and we have to finds ways to overcome/reduce
them.

#» We discussed some ways to tackle degeneracies.
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vy Differentiating Correlations and Degeneracies

57- # Correlations, as | showed in the previous case,
€ vV, come from continuous uncertainty in the measured
Vi value of the parameters which appear together in
Ve the expression for the probability.
Vr
Ve V,; ® Degeneracies are usually disjoint and appear
Y because the same probability can be given by two
12 very different sets of parameter values
Vr

#» Both result in loss of sensitivity of the experiment
and we have to finds ways to overcome/reduce
them.

°

We discussed some ways to tackle degeneracies.

°

The only way to reduce impact of correlations is to
combine experiments with different characteristics.
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