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Oscillation vs. other effects

e Not only neutrino oscillations have been
considered as descriptions of the solar and
atmospheric neutrino problems

&5

B,
EFKTHS

VETENSKAP

@9 OCH KONST 2%

s




Oscillation vs. other effects

e Not only neutrino oscillations have been
considered as descriptions of the solar and
atmospheric neutrino problems

e Examples of other options considered:

&5

B,
EFKTHS

VETENSKAP
@9 OCH KONST 2%

s




Oscillation vs. other effects

e Not only neutrino oscillations have been
considered as descriptions of the solar and
atmospheric neutrino problems

e Examples of other options considered:
« Neutrino decoherence

m Lisi et al., Phys. Rev. Lett. 85 (2000), 1166
Morgan et al., ast r o- ph/ 0412618
a‘ge 2&"9 Adler, Phys. Rev. D62 (2000), 117901

y© S7
géz;% KTH ‘gﬁs Ohlsson, Phys. Lett. 8502 (2001), 159

VETENSKAP
@9 OCH KONST 2%

s




Oscillation vs. other effects

e Not only neutrino oscillations have been
considered as descriptions of the solar and
atmospheric neutrino problems

e Examples of other options considered:
« Neutrino decoherence

m Lisi et al., Phys. Rev. Lett. 85 (2000), 1166
Morgan et al., ast r o- ph/ 0412618
a“‘fg Q&'w Adler, Phys. Rev. D62 (2000), 117901

FKTHS

Ohlsson, Phys. Lett. B502 (2001), 159
VETENSKAP

Sy ocn voneT 4F « Neutrino decay

"’Q%B@%?Q“ Bahcall et al., Phys. Rev. Lett. 28 (1972), 316
Barger et al., Phys. Rev. D25 (1982), 907
Valle, Phys. Lett. B131 (1983), 87
Barger et al., Phys. Rev. Lett. 82 (1999), 2640
Pakvasa, AIP Conf. Proc. 542 (2000), 99
Barger et al., Phys. Lett. B462 (1999), 109
Lindner et al., Nucl. Phys. B607 (2001), 326
Lindner et al., Nucl. Phys. B622 (2002), 429




&5

B,
EFKTHS

VETENSKAP
@9 OCH KONST 2%

s

Oscillation vs. other effects

e Not only neutrino oscillations have been
considered as descriptions of the solar and
atmospheric neutrino problems

e Examples of other options considered:

« Neutrino decoherence

Lisi et al., Phys. Rev. Lett. 85 (2000), 1166
Morgan et al., ast r o- ph/ 0412618
Adler, Phys. Rev. D62 (2000), 117901
Ohlsson, Phys. Lett. B502 (2001), 159

Neutrino decay

Bahcall et al., Phys. Rev. Lett. 28 (1972), 316
Barger et al., Phys. Rev. D25 (1982), 907
Valle, Phys. Lett. B131 (1983), 87

Barger et al., Phys. Rev. Lett. 82 (1999), 2640
Pakvasa, AIP Conf. Proc. 542 (2000), 99
Barger et al., Phys. Lett. B462 (1999), 109
Lindner et al., Nucl. Phys. B607 (2001), 326
Lindner et al., Nucl. Phys. B622 (2002), 429

e Fits to experimental data favors neutrino
oscillations, i.e., ...



Oscillation vs. other effects (2)

... Super-Kamiokande data . ..
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Oscillation vs. other effects (3)

...and KamLAND data.
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present
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Formalism

e The standard neutrino oscillation formula

2
Pop = Z Z J o €XD <—1Amij L)
i
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Formalism

e The damped neutrino oscillation formula
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e The parameters «;;, 3, £ and - are dependent on
the particular effect

e In many cases, the effective number of free
parameters is reduced to one or two



Different effects

e Examples of different effects are:

Damping type B v €

Wave packet decoherence 2 4 2

E Decay 1 1 0

o S Oscillations to v 2 2 0
EKTH%Y _

G uereasnr B Absorption 1 -1 0

s Quantum decoherence | 1 -2 0

Quantum decoherence Il 1lor?2 2 2
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mass eigenstates:

DijZAiAj = Qi = Q; T = ZPO‘B<1
B

Includes: Neutrino decay, neutrino absorption




Damped formulas (2f)

e Standard oscillation:

Pog = 005+ (1-26,5) sin®(26) sin®(A)

[A = Am?2/(4B)]
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Damped formulas (2f)

e Decoherence-like damping:

Pog = 0ap + (1 — 28,5) sin®(26)

Paa —

Pgg =

-0
QX
[

1 — Dcos(2A)
2

[A = Am?/(4F)]

e Decay-like damping (only one decaying mass
eigenstate):

(€ AP~ As(a0) ()]
[(Ac® + 5%)? — Asin®(26) sin®(A)]
1
ke

n?(20)[1 + A% — 2A cos(2A)],



Damped probabilities (2f)

The effect of damping on the neutrino survival
probability P, :
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Damped probabilities (2f)
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probability P, :

VAN ' VAN
— Pure oscillation
i — Oscillation + decoherence|\
—— Ogcillation + decay |
g‘t‘f‘lg %’;g 08— — Ogcillation + decay I
EKTHY
VETENSKAP
39 OCH KONST 2% >
() 9 = |
o™ g °°
o
o
©
2
c 041 —
@
0.2+ —
0 . | . | |
0 2 4 6 8 10

Oscillation phase (A)



Damped probabilities (3f)
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Damped probabilities (3f)

The general three-flavor formulas are complicated
Series expansions in si3

Approximations valid at different types of
experiments

Example, for decoherence-like damping at a
beam experiment, approximating As; ~ O:

P, = 2333[1 — D cos(2A)] s%3 + 0(8?3)

P = 1- %Siﬁ(zezg)u ~ Dcos(2A)] + O(s2,)
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e Phenomenological effects of damping?
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Larger 6,57?

e Phenomenological effects of damping?
e Short-baseline reactor experiment measuring 63
e Effect with wave-packet decoherence signature

e One additional parameter — necessary to fit to
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Larger 6,37 (2)

e The result of including the decoherence
parameter:

sin?20,3—0¢ sensitivity for Reactor—I sin?2013—o¢ sensitivity for Reactor—I|
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Fit value of o [MeV]
Fit value of o [MeV]

0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04
Fit value of sin®260;3 Fit value of sin®20;3



What type of effect?

e How to identify the specific effect?




What type of effect?

e How to identify the specific effect?
e Baseline length fixed — no information on

&5

B,
EFKTHS

VETENSKAP

@9 OCH KONST 2%

s




What type of effect?

e How to identify the specific effect?
e Baseline length fixed — no information on 3
e Energy dependence is a better candidate

&5

B,
EFKTHS

VETENSKAP

@9 OCH KONST 2%

s




What type of effect?

e How to identify the specific effect?

e Baseline length fixed — no information on 3
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What type of effect?

e How to identify the specific effect?

e Baseline length fixed — no information on 3
e Energy dependence is a better candidate
e For a neutrino factory with L = 3000 km:
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Summary and conclusions

General formalism for treating effects such as
neutrino decay and neutrino decoherence along
with neutrino oscillations

Two classes of different damping types,
“decoherence-like” and “decay-like”

Formulas for the damping effects in two- and
three-flavor scenarios

How damping effects may alter the determination
of fundamental neutrino oscillation parameters

How different damping effects may be
distinguished
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