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Daya Bay, RENO and Double Chooz:
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(Aside:)
In general, if we usé m5 =(1! 7)! m§ + r! mj5,
l.e. | m%lz | mrzr + rl 51 and! m%Z: ! mrzr (1! 7)o

then o .
cio>SIN°! 31+ s7,8IN° 1 35

= sin?l o+ [cr ! sh(1! )] ! a1sin(2! )

"‘[C%zr2 + 3%2(1! r)z] ! %1 cos(2 )

| 2(r®t 11 0! Bsin@ )+ O &)

at 7 = sin® ! 13 then coe! cient of | o4 sin(2! ,..) is zero and
the coe! cient of ! 2, cos(2! ,..) is a minimum | Makes for an

EXCELLENT expansion !

Especially sincé 51 < 0.1!
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sin Agg | ¢f,Sin® Asgp + ST, 8in% Asy (1)
it #e 2
" AmEg = — arcsin (c2,sin® Ag; + S2,8in° Asy)
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Medium Baseline Experiments: JUNO and RENO-50 0

P.. = 1 — cos 013Sin® 201, sin® Aoy

— SiN? 2013(C0S 012 SIN® Agq + Sin? 015 SiN® Asy)

1 — cos 013 sin® 201, sin® Aoy

1 . . .
- sin® 203 (1 — \/(1 — Sin” 201, sin® Ayg). cosﬂ)
where! Q = 2|A.|*x ¢ (+/- mass ordering)
with ¢ = {arctan(cos diotan Ay1) — Ay COS D15}

H. Minakata, H. Nunokawa, S. J. Parke and R. Zukanovich Funct
Phys. Rev. D74, 053008 (2006) [hep-ph/0607284].
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1 — cos 013 sin® 201, sin® Aoy
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- sin® 203 (1 — \/(1 — Sin” 201, sin® Ayg). cosﬂ)
where, Q@ = 2|A.|x ¢ (+/- mass ordering)
with ¢ = {arctan(cos diotan Ay1) — Ay COS D15}

Note:

¥ Separation 2! .. and ¢ is unique !

¥ 2! .. is linear in L/E and depends on an atm ! m?.

¥ ¢ = {arctan(cos26iatan! o1) ! | 51 cos26012} starts at
| 5. " (L/E)? and depends on only solar parameters,

staircase function.

H. Minakata, H. Nunokawa, S. J. Parke and R. Zukanovich Funct
Phys. Rev. D74, 053008 (2006) [hep-ph/0607284].
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Medium Baseline Experiments: JUNO and RENO-50
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Note:

¥ Separation 2! .. and ¢ is unique !

¥ 2! .. is linear in L/E and depends on an atm ! m?.
¥ ¢ = {arctan(cos26iatan! o1) ! | 51 cos26012} starts at
| 5. " (L/E)? and depends on only solar parameters,

staircase function.

H. Minakata, H. Nunokawa, S. J. Parke and R. Zukanovich Funct
Phys. Rev. D74, 053008 (2006) [hep-ph/0607284].
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New DB debnition:! m?, = 22" (1505.03456 PRL version)
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(Contrast: ! m¢. = 577%% " /260 0 )
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Mass Ordering Dependence!
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Reactor: ProbxFlux*Xsec
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reconst true
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¥_inearity to sub 1% precision for the
reconstructed neutrino energy

&'HH#C-99# 035%6t " # St 34%H
?F+,.G#>+9)HIJ)R# K2L# OM2I# OM21#
&N.O%#GN+HPA"HORER+SH 3!""# QRRL7+SHT3""H#OQRER+SH
Linearity 1.9% <0.5% <0.5%
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Menergy Resolution to 3% or lower at 1 MeV

¥_inearity to sub 1% precision for the
reconstructed neutrino energy

&'#H#C-99# 038%5# "4 SOt 34895t 20 X
2F+, GH#>+OHIJ)F#  K2L# OM21# OM21#
&N.O%H#GN+HPAHORER+SH 3!"'# QRRL7+SHT3""#QRER+S# 4 X

Linearity 1.9% < 0.5% < 0.5% >4 x

RESOLUTION LINEARITY

A

3% 0.3%
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P = 1! cos!3sin?2!,sin?! o
1 . . .
| ésm2 2! 13 [1! \/(1! Sin® 2! 1 Sin° ! 51).c0S( ! el * )}
remember " = {arctan(cos2ptan! 51) —! 21 c0S2 15}

Stephen Parke, Fermilab TAUP 2015 ,Torino 9/7/2019



het

P = 1! cos!3sin?2!,sin?! o
/

| 2sm A 13[1. \/(1. Sin %zsm l 51).cos( 4! ee\/+/ )}

Daya Bay |
" | 3 I 5

Double Choos 1but> (1! 10 °) < 10
RENO may as well use! sin®2! 13sin’! g

remember " = {arctan(cos2ptan! 51) —! 21 c0S2 15}
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P = 1! cos!3sin?2!,sin?! o

. / /

Daya Bay |
n | 3

Double Chooz 1but>(11/10 %)
RENO may as WEIl use! sin®2! 13sin®! ¢
JUNO " cos2p # 04 < 1% shift in phase
RENOS50 challenging to observe ! |

remember " = {arctan(cos? ,tan! 5;) —! 5, c0s2 15}
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¥ Is a simple combination of fundamental parameters and
Independent ol/E for all values ofL/E .
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Amge ! cfy Am3; + 519 Am3,
¥ Is a simple combination of fundamental parameters and

iIndependent olLL/E for all values ofL/E .

¥ Has a direct, simple, physical interpretation:
I mZ, is Othe! . weighted average of m3; and! m3,,0
since the ratio of the  fraction in! : !, iscs, : s%,.
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9
Amg. ! iy Am3, + s75 Ams,

¥ Is a simple combination of fundamental parameters and
Independent ol/E for all values ofL/E .

¥ Has a direct, simple, physical interpretation:
I mZ, is Othe! . weighted average of m3; and! m3,,0
since the ratio of the  fraction in! : !, iscs, : s%,.

¥ Can be used Iin short baseline reactor experimebig, < 1
km/MeV, using the approximate oscillation probability,

P(a." @) # 1% 4¢357,¢5,8iN°! 21 $ 459,C5,SIN° ! ce,
which is accurate to better than one part ih0*.

¥ Can be used Iin medium baseline reactor experimer
L ! 50 km, and determines thé m? of the fundamental
oscillation. The advancement or retardation of the phas
of this fundamental oscillation determines the neutrino ma:

ordering.
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What is! m3, ?

!mge! Ciz! m§1+ Sizl mgz

Is simpler and has obvious physical meaning:

the % weighted average ! m:22,1 and | mgz

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

1.00

ol Solar parameters! 15, Am3, > O:

0.50 Atmospheric parameterst iz, Am?_:

P(Ve —> Ve)

oo (sign of Am?_ determines the atmospheric mass orderin
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arXiv:1310.673.

y andy. Since! m3# ' m%,'$' m3,' [1], the short-
distance ¥okm) reactorve oscillation is due primarily to the
I 3 terms and naturally leads to the debnition of the eff
tive mass-squared differens®?® ! o " co< 0, SN’ ! 34 +
Siﬂz 012 Sir]2 35 [11]

~~

1 1505.0345¢

[8] sin®! ee ! cos?liosin®! 31 + sin®!q, sin®! 3, where

i ! 1.267! m§ (eV?)[L(m)/E (MeV)], and! m$ is the
difference between the mass-squares of the mass eigenstat
and";.
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What is'! mw?

Othe! , weighted average df m3; and! m3,0

2 2
! 2 | |U|J-l| | mgl + |U|J-2| |
A R T 0P

for vacuum! ,-disappearance !

And similarly for!, .
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