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Quantum Decoherence

Considering the neutrino like an open guantum system.

Environment

The time evolution of our quantum system is given by

PO i, peey

Dissipative term

Interaction

o8

Neutrino

Assuming positivity, the most general expression for the dissipative term is:

Dlp(B] = 5 3 (vti pOAL + [A;p(r), Al])
Hermitian

For N neutrinos generations, j = 1,2...N% — 1
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Quantum Decoherence

For 3 generations, the probability is given by
. Mt
Pz/a—H/B — §+§(sz /0?[6 ]ZJ)
,J

Where M = H + D
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Quantum Decoherence

For 3 generations, the probability is given by
. Mt
Pz/a—H/B — §+§(ZIO’L 10?[6 ]ZJ)
,J

Where M = H + D

pT =2 Re(Uz1Ua2) ps = —2Im (U;,Uqs)

ps = —2Im (UsUq2) pg =2 Re (Uz1Ua3)

ps = |Ua1’2 — ‘Ua2|2 p7 = —=21Im (U ,U,3)
T =2Re(U:,U, N 1

P4 ( ol 3) Py = ﬁ (|Ua1|2 + ‘Ua2|2 o 2|Ua3|2)

A. Gago - “A Study on quantum decoherence phenomena with three generations of neutrinos”

Félix N. Diaz D. (PUCP) 22



Quantum Decoherence

For 3 generations, the probability is given by
. Mt
Pl/a—H/B — §+§(sz /0?[6 ]ZJ)
,J

Where M = H + D

pT =2 Re(Uy1Ua2) ps = —21m (Uy1Uas)
o5 = —2Im (U, Uys) pe =2 Re(UX Uys3)
P8 = |Ua1|® = |Uaz|? p% = —2Tm (U*,Uys3)
i =2 Re (UaaUaa) ps = - ([Uar|? + [Ua2|? = 2|Uas]?)

V3

A. Gago - “A Study on quantum decoherence phenomena with three generations of neutrinos”
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Quantum Decoherence

In a CPTV case one coefficient of the factor Pi£j must be P2 or P50r P7
and the other should be anyone of the others p1, p3, P4, P6, P8 having in
total fifteen cases.
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Quantum Decoherence

In a CPTV case one coefficient of the factor Pi£j must be P2 or P50r P7
and the other should be anyone of the others p1, p3, P4, P6, P8 having in
total fifteen cases.

We use the difference of survival probability to refer the CPT violation
-ACPT — PI/a—H/a — PDQ—HZX

 The diagonal elements of the dissipative matrix equal to I
 The same dissipative matrix for neutrinos and antineutrinos

* The dissipative matrix is containing a single one non-diagonal elements
57;3' at a time.
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Quantum Decoherence

The expression of the CPT asymmetry

sin|€)g, . 1] _
Acpr = 20ij—, P pp eI
Bij 2
> Amg;
Where Q[gij = \/Aﬁij — 522] A = 2 :
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Quantum Decoherence

The expression of the CPT asymmetry
Sin[QBz’j t]

Acpr = 204 0 PPy e

2 1) .o
Where (g, = \/A[gij — 53] A= o 1,7 =1,2,3
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Quantum Decoherence

The CPT assymetry grows with 1" until reaching a region where we have
maximum amplitude then starts to decrease.
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Quantum Decoherence

For different energy dependence
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o=
L = 1300Km
B =T1/3
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Quantum Decoherence

For different energy dependence

0.0

0.015 F

0.010 F

0.5 |

IR L]

0.01 0.10

- ()

DUNE asymmetry, dop 90°, F = 2.40GaV

Change the value but not the amplitude

N

1 I]H | L1
(1072 GeV)

31



DUNE and Simulation Detalls
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DUNE and Simulation Detalls
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DUNE and Simulation Detalils

In order to show tangible results, we define the observable of CPT
asymmetry depending of the number of events of neutrinos and
antineutrinos.

AN = N(vu) = N(vp)
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DUNE and Simulation Detalils

In order to show tangible results, we define the observable of CPT

asymmetry depending of the number of events of neutrinos and
antineutrinos.

AN = N(vu) = N(vp)

To study and differentiate the CPTV due to the effect of quantum

decoherence from the CPTV due to the matter effect, we define the
ratio

A Nstd deco
ANstd

R_

The uncertainty for the event rate are considered asv IV .

Félix N. Diaz D. (PUCP)
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Preliminary Results

D, = diag(T,T,T,I',T,I, T, T")

B12 = fag = fas =
= —Be7=1/3
Bar = —Ps6 =

= (1/2V3-1/6)T
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Energy range
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5 years RHC
Normal hierarchy
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Preliminary Results

Normal hierarchy &~
5C’P ~ 37‘(’/2 1.2

Energy range 16 - n=0 :
0.5 — 20 GeV T ;
5 years FHC " - E
5 years RHC s :

0.8
102 101 109 10!

['(1072°GeV)
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Conclusions

We revisit the theoretical framework for qguantum decoherence phenomenon in the
context of neutrino system.

In the 3-flavor framework, we identified 15 parameters of the decoherence matrix
that produce a violation of the CPT symmetry.

We developed analitical expresions for the probability and the CPT asymmetry, in
vacuum. We used the channels V, and vV, dissapearance to analize the CPT
asymmetry and its dependence of the decoherence parameter ', dcp and the
energy.

We found a high impact in CPT asymmetry when we consider dcp = 37/2, 7 /2

and normal hierarchy. In the context of DUNE, we found 5 o of confidence when
['(107%° GeV) ~ 12.1,4,1.7and 0.7 for n = -1, 0, 1 and 2 respectively.
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dcp/™
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D,Lu/ — diag(F,F,F,F,F,F,F,F) 512 — 523 — 545 — _567 — ]:1/3
547:—556:(1/2\/§—1/6)F 628:1/\/g

Energyrange 0.5 — 20 GeV 5(]13 ~ 37T/2

Normal hierarchy

S years FHC
5 years RHC

Standard T'=10"23GeV T'=2x102GeV I =1022GeV

Neutrino mode

v,, Signal 11025 11260 11484 12876
v, CC Background 724 699 677 562
NC Background 109 109 109 109
v + v, CC Background 43 46 48 62
Antineutrino mode
v, Signal 3755 3758 3767 3967
v, CC Background 2149 2112 2078 1876
NC Background 58 o8 58 58
v, + v, CC Background 27 29 31 42

Félix N. Diaz D. (PUCP)
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Selection Efficiency
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