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Introduction

A Nitrogen Vacancy Center

NV
•Point Defect in Diamond

Goal
•To develop a primary sensor

Strategy
•Construct a statistical model

Pure Diamond Yellow Color due to Nitrogen

Impurities

Spin Dynamics
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Hamiltonian

Hamiltonian:
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h̄: Planck’s constant
D, E: Zero-Field Parameters

Spin Operators:
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, ŜY =
1√
2

 0 −i 0
i 0 −i
0 i 0

 , ŜZ =
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Statistical Model

Goal: To compute the best estimators for temperature and pressure.

Measurements for D & E

Compute Hamiltonian

Obtain the Power Spectrum

MLE for Temperature & Pressure

Temperature Pressure Influence

D = aT + b + α(P − P0)

E = cT + d + w

Power Spectrum

The Schrödinger’s Equation

ιh̄
∂Ψ(x, t)

∂t
= Ĥ(Ψ)(x, t)

Power Spectrum

P (w) = |Ψ̂(w)|2 = Ψ̂(w)∗Ψ̂(w)

Zero Field Spectra and Independent Poisson RandomVariables

Experiments and Sensitivity Analysis

Maximum Likelihood Estimation

Qk : Poisson Variable

m : Photons

r : Rate of Photons

S : Spectroscopy Curve

γ = ∆trS(ωk) : Poisson Rate

Likelihood for Poisson Variable :

S(Qk = m | γ) = γme−γ

m!
=

(∆trS(ωk))
me−∆trS(ωk)

m!

S(Qk = m |T, P ) =
(∆trSk(T, P ))me−∆trSk(T,P )

m!

Log Likelihood function of the Spectroscopy Curve :

log(S |T, P ) =

N∑
k=1

mk log(∆trSk(T, P ))−∆trSk(T, P )− log(mk!)

-LogLikelihood Gradient Hessian
MultiVariate
Newton’s
Method

Conclusions and FutureWork

Conclusions:

The optimal measurements for temperature and pressure have been

identified.

Estimated mean temperature and pressure was comparable to true

temperature and true pressure.

Increasing rate of photons reduces the variance of estimate error.

Results of sensitivity analysis show that our method is robust to the

small violations of assumptions.

Future Work:

Incorporating data assimilation methodology to be able to update our

estimate in real time.

Use training reference data to build model estimators ; a,b,c,d and

alpha.
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