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Damping signature of decoherence



“Standard” decoherence —

Coherence (Decoherence) @Production/Detection

neutrino oscillation

o, = size of the detection/production region

or= QM energy uncertainty of the neutrino state
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logarithmic scale

Quantum decoherence
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Quantum decoherence as solution of v data
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Quantum decoherence - Neutri

Many other interesting work:
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Quantum decoherence - Neutrinos

. F. Benatti and R. Floreanini, JHEP 0002 (2000) 032
Environment

Lindblad Master Equation

Dens:ty matrix

Interactio

Neutrino

Dissipative term

\

8@ H,0/(1)] £Dle' ()

Unitary Evolution Non-Unitary Evolution (irreversible)

H = (A2 + Uta) [P0 %Z (45, 4]+ [(4,00). 4]

AM? = Diag(0, Am3,,Am3,) A = Diag(2Ev2G rne.,0,0)

Irreversibility Trace Conservation Complete Positivity

Aj — A;f = § = Tr[p In p] 1ncreases dTI'[p(t)}/dt =0 POSlthlty of probabilities



Quantum decoherence - Neutrinos

Expanding on SU(3) b=p L
=D),; symmetric
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A Gell-Mann matrices (1...8) DHJO = DO/L =0 @} = {a,,lq, CL%, ciay CL?}

po =0, pip = (Hyj+ Drj)p; = Myip,




Solving Neutrino Oscillation Probabilities:
Standard Mechanism (SO) @ Decoherence (DE)
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Neutrino Oscillation Probabilities SO@DE
Phenomenology
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Rich Phenomenology

CP and CPT violated symmetries:
dcp Z0,0r @1 #0 or ¢ Z0 or ¢ — 1 # 0

Related work (two generations SO ¢ DE Majorana phases):

F. Benatti and R. Floreanini, PRD 64, 085015(2001).
R.L. N. De Oliveira, M.M. Guzzo, P.C. De Holanda, PRD 89, 053002(2014).

A. Capolupo, S. M. Giampaolo and G. Lambiase, PLB 792, 298 (2019).
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Neutrino Oscillation Probabilities SO®DE
CPT violation symmetry
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Neutrino Oscillation Probabilities SO ©DE
Majorana phases
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Neutrino Oscillation Probabilities:
Standard Mechanism(SO) @ Quantum Decoherence (DE)
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Ve 3 Uy —rle

e Energy independent increment.

e The antineutrino(neutrino) probability for
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CP Violation Asymmetry
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Experimental Scenarios
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Oscillation channels Oscillation channels

Vﬂﬁye@ﬂpﬁﬂe@yu_)%u@ﬂuﬁﬂy V”%Veeaﬂ”—)ﬁeeal/‘uﬁl/ﬂ@ﬂuﬁﬂu

5 years of exposure per each mode ~ 3(9) years of exposure for neutrino(antineutrino)

N; = Signal @ Background N; = Signal @ Background

Signal = v.(7.) CC
Background = v.CCENC P v, + v, CC

Signal = v, (7.) QE/NE
Background = v.CCEH NC P(pu/e)

VM%VM@TZU,_)D,U, VM%VMGBDM%EM
Signal = v, (v,) CC Signal = v, (7,) QE/NE

Background = NC@ v, + v, CC Background = NC



Statistical Analysis

Theoretical Hypothesis Data

\ / & — Test values
(€M) = 3 (Ni(§) — Ni(§7))? £ — True values

Nz’ (gtrue) With priors (up to 30):

1

X NN +Z 53 grue)

y?-analysis for oscillation parameter distorsion: 3
test ¢test ptrue ctrue true true
AX (9 6 ) 9 6CP 7 y 1 )
fit ¢fit ptrue ctrue true true
_ Xm%n (913 ) 5CPJ 913 5CP . I' s 1 )

v?-analysis for constraining I' and ¢;:
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DUNE versus Tokai to HyperKamiokande (T2HK)

' =2.5x107%* GeV|¢p1/7m = 0.5|¢1/7 = 0.0|¢1 /7 = —0.5

sin? 02 0.0241 0.0242 0.0247
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5Lt 1.43 1.33
N, 0.08¢ 1170

I'=35x10"2" GeV|¢p1/m =0.5|¢1/7m = 0.0|¢1 /7 = —0.5
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J. C. Carrasco, F. N. Diaz, A. M. G, arXiv:2011.01254



Constraining the Majorana phase at DUNE

Std. oscillation @ Decoherence Theo. Hyp. For comparison:

|||||||||

gl Tfre =55 x 107 2GeV ~ ==== 68%C.L.
true /' = [—0.5,0,0.5] 90%C.L.

*  Best Fit

T2K, Nature 580: ® BF — <90% CL === <68% CL
NOvA: + BF []<90%cL (] <68% CL
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Constraining dcp on T2K

T2K collaboration,

_1.00 —0.75 —050 —025 000 025 050 075 1.00 Nature, 580, 339(2020).
¢1/m

$1/m = —0.50(+0.50) & 0.32 for I = (5.50 & 1.42) x 1072* GeV

i Non-zero Majorana CP-phase (40.5/-0.5) = Similar precision for constraining
can be differentiated from zero ¢1/m = —0.5 than the one reached
for more than 1o. by T2K for ocp



Summary

e Decoherence and CP, CPT symmetries and Majorana phases:
Non-diagonal terms in the decoherence matrix would allow the existence
of CP and CPT violating terms in the oscillation probability. These also
could contain the Majorana CP-phases.

e Distorsion of oscillation parameters: a signature of the presence of
quantum decoherence, and non-null Majorana CP phase, in the data would
be manifest through altered measurements of sin® #;3 and/or the Dirac C' P
violation phase relative to the expected ones.

e Constraining the Majorana CP-phase at DUNE: Assuming deco-
herence(i.e. non-null elements in the decoherence matrix) there is a chance
to constrain the Majorana CP phase Q¢ /m = —0.5 at DUNE with a pre-
cision similar that the one reached by T2K on dcp.
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