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Probability for Neutrino
Oscillation in Vacuum

(h=c=1)
P(va — vg) = [Amp(ve — vp)|” =
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where Am;; = m; —m;




For Antineutrinos —

We assume the world 1s CPT 1nvariant.
C: Replaces particle by antiparticle
P: Reverses helicity

T: Reverses the arrow of time




CPT

P(7a — 75) “E" P(vs — va) = P(va — v U — U*)

Thus,

P(va = v3) =

L
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A complex U would lead to the CP violation
P(7g — 75) # P(va — v5)




— Comments —

1. If all m. = 0, so that all Amij2 =0,

(—) (—)

P(v, — vﬁ) = 6043

Flavor change = v Mass

2. If there 1s no mixing,

Ea gﬁ#a

W W

but
\{ Vi
always same v,

=U .U =O,sothatP(V&e(\7[)3)=6a
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Flavor change = Mixing




3. One can detect (v — VB) In two ways:
See VB in a v, beam (Appearance)

See some of known v, flux disappear (Disappearance)

4. Including 7 and c

L L(km)
Am®— = 1.27Am?*(eV?
AR m(e )E(GeV)
sin®[1.27Am*(eV)? L) | becomes appreciable when
' E(GeV) 5 app W

1ts argument reaches O(1).

An experiment with given L/E 1s sensitive to

Am?(eV?) g li)(((lifn\g)




5. Flavor change 1n vacuum oscillates with L/E.
Hence the name “neutrino oscillation”. {The
L/E 1s from the proper time .}
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6.P (v, —v

)
[3) depends only on squared-mass

splittings. Oscillation experiments cannot

tell us

(mass)?
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7. Neutrino flavor change does not change the
total flux in a beam.

It just redistributes it among the flavors.
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“sterile”

active
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When the Spectrum Is—

V3 V2 Invisible if
A \Z T \ . T .,
Am? or Am? o =
:’? y Vg L

P(ve, — vp) =2 4|Ua3Ups|? sin?(Am? %)
For no flavor change,

P — ) 21— 4|Uqs]2(1 — |Uqs|?) sin?(Am?2 L)

Experiments with Am? % = (O(1) can determine the

flavor content of V..

(1).




When There are Only Two Flavors
and Two Mass KEigenstates

Vo

*
Am? Majorana
v, Y or lphase

Usi Ups —sinfd cosf 0 1

[ { Uy,i Ugo } _{ cosf sinb } {eig O}
T— Mixing angle
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For B # «, P(;Oi o ;ﬁ)) — sin? 20 sin® (Am? E) .

I L
For no flavor change, P(;a) — ﬁa)) = 1 — sin” 20 sin?(Am? E)
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