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Theoretical Approach

Considering the neutrino like an open guantum system.
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Theoretical Approach

Considering the neutrino like an open guantum system.

Environment

The time evolution of our quantum system is given by

LR 0)

Dissipative term

Interaction

o8

Neutrino

A. Gago et al arXiv:hep-ph/0208166 J.A. Carpio et al Phys. Rev. D 97, 115017
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Theoretical Approach

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

For 3 generations, the probabillity is given by
1 1 Mt
PVa—>V5 — § T 5(2 /0@6/0?[6 ]ZJ)
]
Where M = H + D

A. Gago et al arXiv:hep-ph/0208166 J.A. Carpio et al Phys. Rev. D 97, 115017
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Theoretical Approach
« CPT Asymmetry

We use the difference of survival probability to refer the CPT violation

AP,GPT: Pua—>ua — PDa—>Da
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Theoretical Approach
« CPT Asymmetry

We use the difference of survival probability to refer the CPT violation

AP,GPT: Pua—>ua — PDa—>Da
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Theoretical Approach
« CPT Asymmetry

We use the difference of survival probability to refer the CPT violation

AP,GPT: Pua—>ua — PDa—>Da
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Theoretical Approach

Considering the muon dissapearance channel and the DUNE baseline

AP,GPT: PI/M—H/M —

I =10"*GeV, dcp = 371/2,

Bij =T /V3
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Theoretical Approach
* Energy Dependence

E n
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Theoretical Approach

* Energy Dependence

E
I'e =T
Y GeV
0.03
—n = —1
0.02f — n=0
— n=1
% — n =2
oy
<
0.01 |- -
0 R Ll L
10—1 109 10t 102

['(1072° GeV)
Félix N. Diaz D. (PUCP)

'

E = 2.4GeV, fas =I'/V3

5CP — 37‘(‘/2

17



Theoretical Approach
* Energy Dependence
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Theoretical Approach
* Energy Dependence
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Theoretical Approach

 Optimal case
Bag =T'/V/3
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Theoretical Approach
 Optimal case

Bas =T/V3 P12 = (v2/3)L'/3 Bs6 = —Ba7 =T/3
« CPT Asymmetry in matter

Intrinsic CPTV in Standard Oscillation (SO)
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Theoretical Approach
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Theoretical Approach
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DUNE and Simulation Detalls
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DUNE and Simulation Details
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DUNE and Simulation Details

Fermilab
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Ancillary files
Alion, T. et al - arXiv:1606.09550
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DUNE and Simulation Details
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DUNE and Simulation Detalls

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)

Félix N. Diaz D. (PUCP)

29



DUNE and Simulation Detalls

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

ANSO DEC
ANSO

R —

The uncertainty for the event rate are considered asv IV .

Félix N. Diaz D. (PUCP)
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Results

Our observable R

and its dependence on
dcp and T
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Results

Optimal case
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Conclusions

« We have shown that an apparent breakdown of the fundamental CPT symmetry
can take place when the neutrino system is affected by the environment. we have
guantified a possible measurement of this CPTV using the dissapearance channels

Vy = Vy and VvV, — V, , with their corresponding backgrounds, and an observable
R . All in the context of the DUNE experiment.

« The simulated measurements of K have been performed considering four
hypothesis of energy dependence on the decoherence parameters. For dcp = 37 /2
and a NDM, we achieve a 9o for R with respect to its expectation value at the SO
case, R = 1, for the following T': {13.1,4.6,2.1,0.8} x 10723GeV , for n=-1,0,1
and 2, respectively. At all these points, the DDM is compatible with the SO case.
Forocp = m/2 , we reach discrepancies of the order of 3o. In our best case for n=2
we haveT ~ 10~2*GeV, but with the inability of discriminating from the DDM case.
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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, Uys2) 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
« CPT Asymmetry

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

Bog =T/V/3 Bse =T'/V/3
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