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+ RENO at NDM 2015

Note by Stephen Parke (parke@fnal.gov)

Fermilab, June 3 2015:

The Daya Bay experiment in arXiv:1505.03456, footnote (8), defines
�m2

ee via

sin2�ee ⌘ c212 sin
2�31 + s212 sin

2�32 (1)

with �ij ⌘ �m2
ijL

4E and s212 = sin2 ✓12 = 1� c212.

Unfortunately, this definition of �m2
ee su↵ers from two maladies:

• It is L/E dependent !

• It is multiply defined in the region L/E ⇡ 0.5 km/MeV, the central L/E
of DB’s far detectors!
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2 �31 + sin2 ✓12 sin

2 �32

• �m2
XX is L/E Dependent

• �m2
XX is Discontinuous at Osc. Max.

Since, c212 sin
2 �31 + s212 sin

2 �32 < 1

(L/E ⇡ 0.5 km/MeV)

the discontinuity is ⇠ sin 2✓12 �m2
21

• Complex physical meaning !
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Note by Stephen Parke (parke@fnal.gov)

Fermilab, June 3 2015:

The Daya Bay experiment in arXiv:1505.03456, footnote (8), defines
�m2

ee via

sin2�ee ⌘ c212 sin
2�31 + s212 sin

2�32 (1)

with �ij ⌘ �m2
ijL

4E and s212 = sin2 ✓12 = 1� c212.

Unfortunately, this definition of �m2
ee su↵ers from two maladies:

• It is L/E dependent !

• It is multiply defined in the region L/E ⇡ 0.5 km/MeV, the central L/E
of DB’s far detectors!
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Note by Stephen Parke (parke@fnal.gov)

Fermilab, June 3 2015:

The Daya Bay experiment in arXiv:1505.03456, footnote (8), defines
�m2

ee via

sin2�ee ⌘ c212 sin
2�31 + s212 sin

2�32 (1)

with �ij ⌘ �m2
ijL

4E and s212 = sin2 ✓12 = 1� c212.

Unfortunately, this definition of �m2
ee su↵ers from two maladies:

• It is L/E dependent !

• It is multiply defined in the region L/E ⇡ 0.5 km/MeV, the central L/E
of DB’s far detectors!
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What is �m2
ee ?

P (⌫̄e ! ⌫̄e) = 1 � cos
4 ✓13 sin

2
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2
�21

� sin
2
2✓13 (c212 sin

2
�31 + s212 sin
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�ij ⌘ �m2
ijL
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Daya Bay and RENO: �31 ⇡ �32 =
⇡
4 � 3⇡

4 and �21 =
⇡

120 � ⇡
40
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• Complex physical meaning !

[ sin2
�
⇡
2 ± ✏

�
= 1 � ✏2 + O(✏4) where ✏ = s12c12�21 ]
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• �m2
XX has no simple physical meaning !

• Is there a better definition ?

[ sin2
�
⇡
2 ± ✏

�
= 1 � ✏2 + O(✏4) where ✏ = s12c12�21 ]

sin2
�
⇡
2 ± s12c12�21

�
= 1 � s212c

2
12�

2
21 + O(�4

21)

� = tan�1(cos 2✓12 tan�21) � cos 2✓12�21 ⇠ O(�3
21)

✏✏ � no = (io � no)/2

�m2
ee ⌘ c212�m

2
31 + s212�m

2
32

is simpler and has obvious physical meaning:

the ⌫e weighted average �m2
31 and �m2

32

H. Nunokawa, S. J. Parke and R. Zukanovich Funchal, Phys. Rev. D 72, 013009 (2005), hep-ph/0503283
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+ RENO at NDM 2015

Note by Stephen Parke (parke@fnal.gov)

Fermilab, June 3 2015:

The Daya Bay experiment in arXiv:1505.03456, footnote (8), defines
�m2

ee via

sin2�ee ⌘ c212 sin
2�31 + s212 sin

2�32 (1)

with �ij ⌘ �m2
ijL

4E and s212 = sin2 ✓12 = 1� c212.

Unfortunately, this definition of �m2
ee su↵ers from two maladies:

• It is L/E dependent !

• It is multiply defined in the region L/E ⇡ 0.5 km/MeV, the central L/E
of DB’s far detectors!
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H. Nunokawa, S. J. Parke and R. Zukanovich Funchal, Phys. Rev. D 72, 013009 (2005), hep-ph/0503283
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where �ee = c
2
12�31 + s

2
12�32

or �m
2
ee = �m

2
NPZ = c

2
12�m

2
31 + s

2
12�m

2
32

With r = s212, the next terms in the expansion is easy to calculate:

c
2
12 sin

2
�31 + s

2
12 sin

2
�31 = sin

2
�ee + s

2
12c

2
12�

2
21 cos(2�ee)

�1

6
cos 2✓12 sin

2
2✓13 �

3
21 sin(2�ee) + O(�

4
21)

= 1 + O(10
�3

) ± O(10
�5

) at OM

where �3
21 is the first term which is mass ordering dependent thru the sign of �ee.

Note, the �21 terms vanish !
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The exact expression is

c
2
12 sin

2
�31 + s

2
12 sin

2
�32 =

1

2
{1 �

q
(1 � sin2 2✓12 sin

2 �21) cos(2|�ee| ± �)}

where � = arctan(cos 2✓12 tan�21) � �21 cos 2✓12 (which only depends on �21.)
The ± is the NO/IO.

Note the atmospheric scale only occurs in one place, the �ee, everything else depends
on �21. The ± is the NO/IO.

At small L/E, it is easy to show � = 1
3 cos 2✓12 sin

2 2✓12 �3
21 + O(�5

21)

All expressions above can be derived from Eqn 4 by appropriate expansion.
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