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Disclaimer

Perhaps nothing new here. Literature search
consisted of dinner with Boris, Gary, and Mark
Messier.

Don’t believe the precise numbers. | haven't had
time to check anything.

| am simply proposing a way to present the
determination of sin?26,, and é.

Original motivation was to generate a problem for the
2nd edition of my book with Gerson Goldhaber, in
which the neutrino oscillation chapter will be the
longest.



Simplest case:
no matter effect

e Assume known:

sin®260,, =1, sin®26,, =0.87
| Am3, 1=2.5%107eV?, Am., =8x107eV’

e Unknown: hierarchy, sin®26,,,0



Choice of co-ordinates

Fix L=810 km, E=2 GeV.

Py, — 1)) = sin’ 92 sin? Aay
+Z 2 sin 269 sin 26,3 sin Agy COS(

+A§l (7082 923 Sillz 2912 (1)

Polar co-ordinates: = sin2913, ¢ = )

Cartesian co-ordinates: X =rcos¢;, y=r singb



A Circle

A(2* + %) + B(zcos Az — ysinAgy) + C = P,

with
A = sin®fy sin® Ag;
B = Ay sin 265 sin 2655 sin Ay
C = A§1 cos? Bog sin® 2615
whose center is at
( ) = (= cos Ay, o sin Agy)
T rs Yeenter ) =— | ——— COS A3g1, — S1I A\
center ycente1 2‘4 31, 2‘4 31

with radius squared
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A 442
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For antineutrino, 5— -5



NOVA In Vacuum!
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Including matter and hierarchy

When matter effect is included, the result is

sin?(1 — z)Ag,
(1 —x)?

Py, — v.) = sin? f,3 sin’ 26,4

Amj in[(1 — 2)Ag] sinzA
+AZ§1 sin 2613 sin 2615 sin 29238111[( . 9;) 31] Sm":T 31 cos(Agy + 0)
31 _
Amd, | . sin?(zA
4+ ( Améi) c0s? B3 sin® 2615 (7,2 31) (9)

where 7 = 2¢/2GxN.E/Am3, and where non-leading terms in Am32,/Am3,
and 613 have been neglected.



Matter and Hierarchy

e For antineutrinos
- 0—>-0
— X —>—X
* For inverted hierarchy
— m123 — —m123
— A31 — _A31
- X=X
e Without matter effect, If 2.6 IS solution so
IS (~Am2, -9
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Y2 expected

o O-
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112 _ ) true true~ \ 2 ) P (ain? e e\ 2
)(fﬁ-(sin22913,6)=[PV(Sm 26,,,0)— P,(sin"20"“13,0 )) +[Pv(s1n 26,5,0) — P;(sin” 260"“13,6 )]

assume o, = 0; =0.005

Input: normal hierarchy, sin?20,,=0.1, 6=n/4, NOVA



A 2D histogram
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myhisto
Entries 250000
Mean x 0.0005417 [)
Meany -0.01104
RMS x 0.231p
RMSy 02328

normal

myhisto
Entries 250000
Mean x 0.001206 [)
Mean y -0.009631
RMSx  0.2308 p
RMSy  0.2327
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A 2D histogram myhisto
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A 2D histogram myhisto
Entries 250000
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Beyond Monoenergetic Beams ?

* With detectors at first two maxima, get

two circles each for neutrino and
antineutrino.

 Broad-band beam could be
accommodated by binning In energy.



