
ˆ̂ν(θ) = argmax
ν

L(θ,ν)

λ(θ) =
L(θ, ˆ̂ν(θ))

L(θ̂, ν̂)

qθ = −2 lnλ(θ)

θ = (θ1, . . . , θN )

ν = (ν1, . . . , νM )

Z = Φ−1(1− p) = 3.6

P (n|s, b) = (s+ b)n

n!
e−(s+b)

m =
√
2E1E2(1− cos θ12)

P (n|s, b) = (s+ b)n

n!
e−(s+b)

Q = −2 ln
Ls+b

Lb
= 2s− 2

n∑

i=1

ln

[
1 +

s

b

f(xi|s)
f(xi|b)

]

λ(µ) =
L(µ)

L(µ̂)

µ̂ = argmax
µ

L(µ)

p = 1− Φ (
√
q0)

Z =
√
q0 = µ̂/σµ̂

L(µ) =
(µs+ b)n

n!
e−(µs+b)

n∏

i=1

f(xi|µ)

f(x|µ) = µs

µs+ b
f(x|s) + b

µs+ b
f(x|b)

x1, . . . , xn
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n ∼ Poisson(µs+ b)

y(x) =
p(x|s)
p(x|b)

p(x|s)
p(x|b) > c

tp(x) =
Lp(x|s)
Lp(x|b)

=
L(x|ˆ̂ν(s), s)
L(x|ˆ̂ν(b), b)

tm(x) =
Lm(x|s)
Lm(x|b)

=

∫
L(x|ν, s)πν(ν) dν∫
L(x|ν, b)πν(ν) dν

P (θ < θup(x)|θ) = ?

P (θ < θup|x) =
∫ θup

−∞

p(θ|x) dθ = 95%

πν(ν) = π(ν|y) ∝ L(y|ν)π0(ν)

p(θ, ν|x) ∝ L(x|θ, ν)πθ(θ)πν(ν)

p(θ, ν|x, y) ∝ L(x|θ, ν)L(y|ν)πθ(θ)π0(ν)

p(θ|x) =
∫

p(θ, ν|x) dν ∝
∫

L(x|θ, ν)πν(ν)πθ(θ) dν = Lm(x|θ)πθ(θ)

Lm(x|θ) =
∫

L(x|θ, ν)πν(ν) dν

p(θ|x) =
∫

p(θ, ν|x) dν

p(θ, ν|x) ∝ L(x|θ, ν)π(θ, ν)

πθ(θ)

πν(ν)

π(θ, ν) = πθ(θ)πν(ν)
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π(θ, ν)

pθ =

∫
∞

tθ,obs

f(tθ|θ, ν) dtθ

tθ = −2 ln
L(θ, ˆ̂ν(θ))

L(θ̂, ν̂)

Lp(θ) = L(θ, ˆ̂ν(θ))

ˆ̂ν(θ) = argmax
ν

L(θ, ν)

L(θ)

L(x|θ)

Lp(µ) = L(µ,
ˆ̂
θ(µ))

Lm(µ) =

∫
L(µ, θ)πθ(θ) dθ

L(L1, L2, T, τ̃0, α̃1, α̃2|λ, τ, τ0, α1, α2) =

1√
2πσT

e−(T−τ)2/2σ2
T

2∏

i=1

1√
2πσi

e−(Li−λ+αi(τ−τ0))2/2σ2
i

× 1√
2πστ̃0

e
−(τ̃0−τ0)2/2σ2

τ̃0

2∏

i=1

1√
2πσα̃i

e
−(α̃i−αi)

2/2σ2
α̃i

cov[y1, y2] = α1α2σ
2
T

cov[yi, T ] = αiσ
2
T

yi = Li + αi(T − τ0)

L(T, L1, L2|λ, τ) =
1√
2πσT

e−(T−τ)2/2σ2
T

2∏

i=1

1√
2πσi

e−(Li−λ+αi(τ−τ0))2/2σ2
i
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Li ∼ Gauss(λ− αi(τ − τ0), σi)

T ∼ Gauss(τ, σT )

E[Li] = λ− αi(T − τ0), i = 1, 2

cov[θi, θj ] =

∫
θiθjp(θ|x) dθ −

∫
θip(θ|x) dθ

∫
θjp(θ|x) dθ

ρxy =
cov[x, y]

σxσy

cov[x, y] = E[xy]− E[x]E[y]

tθ = −2 ln
L(θ)

L(θ̂)

V̂ −1
ij ≈ − ∂2 lnL

∂θi ∂θj

∣∣∣∣
θ=θ̂

b = E[θ̂]− θ

Vij = cov[θ̂i, θ̂j ]

θ̂ = argmax
θ

L(x|θ)

p(θ|x) = L(x|θ)π(θ)∫
L(x|θ)π(θ) dθ

Z =

√
2
(
(s+ b) ln

(
1 +

s

b

)
− s

)

tfloat = −2 ln
L(0)

L(µ̂, m̂)
≡ −2 lnλ(0)

χ2(µ) + τ
∑

i

[
(µi+1 − µi)− (µi − µi−1)

2
]

χ2 =
N∑

i=1

(ν0i − ni)
2

ν0i

ν0i =
M∑

j=1

Rijµ0j + βi
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Φ(µ) = α (lnL(µ) + lnLθ(θ)) + S(µ)

Ci = 0.1

ni = 100

βi = 0

µ̂i = Cini = 10

σµ̂i
= Ci

√
ni = 1.0

E[µ̂] = R−1(E[n]− β) = µ

Uij = cov[µ̂i, µ̂j ] =
N∑

k,l=1

(R−1)ik(R
−1)jl cov[nk, nl]

=
N∑

k=1

(R−1)ik(R
−1)jk νk

∂2 lnL

∂µ2
= − n

µ2

lnL(µ) =
N∑

i=1

(ni ln νi − νi)

ν̂ = n

µ̂ = R−1(n− β)

P (ni; νi) =
νni

i

ni!
e−νi

µ = R−1(ν − β)

µ = (µ1, . . . , µM ), µtot =

M∑

j=1

µj

p = (p1, . . . , pM ) = µ/µtot
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ν = (ν1, . . . , νN )

εj =
N∑

i=1

Rij

β = (β1, . . . , βN )

E[n] = ν = Rµ+ β

N∑

i=1

Rij =
N∑

i=1

P (observed in bin i | true value in bin j)

= P (observed anywhere | true value in bin j)

= εj

νi =
M∑

j=1

Rijµj + βi

n = (n1, . . . , nN )

νi = E[ni] =
M∑

j=1

Rijµj , i = 1, . . . , N

Rij = P (observed in bin i | true in bin j)

fmeas(x) =

∫
R(x|y)ftrue(y) dy

pj =

∫

bin j
f(y) dy

µj = µtotpj

π(b) =
1√
2πσb

e−(b−bmeas)2/2σ2
b

pfloat ≈ pfix + 〈N(c)〉

c = tfix = Z2
fix
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Zfix = Φ−1(1− pfix)

N =
〈N(c)〉

1− Fχ2
2
(c)

〈N(c)〉 ≈ 〈N(c0)〉e−(c−c0)/2

Ftrials ≡
pfloat
pfix

≈
√

π

2

〈N(tfloat,obs)〉
1− Fχ2

2
(tfloat,obs)

Zfix

Ftrials ≡
pfloat
pfix

≈
√

π

2
NZfix

P (tfloat > tfloat,obs|H0) ≤ 1− Fχ2
1
(tfloat,obs) + 〈N(tfloat,obs)〉

−2 lnλ(µ) = −2 ln(L(µ)/L(µ̂)) < 1 i.e., lnL(µ) > lnL(µ̂)− 1

2

P (x|H1)

P (x|H0)
≥ k

x ∼ Gauss(µ, σ)

α = 1− Φ

(
xc − µ0

σ

)

power = 1− β = P (x > xc|µ) = 1− Φ

(
µ0 − µ

σ
+Φ−1(1− α)

)

xc = µ0 + σΦ−1(1− α)

L(x, y|θ, ν) = L(x|θ, ν)L(y|ν)

π(ν|y) ∝ L(y|ν)π0(ν)

Lm(x|θ) =
∫

L(x|θ, ν)π(ν) dν

ˆ̂ν(θ)

pθ =

∫
∞

qθ,obs

f(qθ|θ, ν) dqθ
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L(x|θ) → L(x|θ, ν)

L(x|θ) = θx

L(x|θ) = θx+ αx2 + βx3 + · · ·

pθ =

∫
∞

qθ,obs

f(qθ|θ) dqθ

p(s|n) =
∫

p(s, b|n) db

p(x|H0), p(x|H1)

sup = 1

2
F−1
χ2 (1− α; 2(n+ 1))− b

α

sup = − lnα ≈ 3.00

P (D) = 0.001

P (no D) = 0.999

P (+|D) = 0.98

P (−|D) = 0.02

P (+|no D) = 0.03

P (−|no D) = 0.97

p(D|+) =
P (+|D)P (D)

P (+|D)P (D) + P (+|no D)P (no D)

=
0.98× 0.001

0.98× 0.001 + 0.03× 0.999

= 0.032
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