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A glance at tank signals

112 Chapitre 5 : Identification du rayonnement cosmique : étude de la composante muonique
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FIG. 5.17 - Traces FADC et distributions des sauts pour les cinq stations constituant l’événe-
ment 1524469.
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A glance at tank signals

0 500 1000 1500 2000 2500 3000
ns

5

10

15

20

VEM d=686.9 m, E=10 EeV, Θ=45é Hred = muons; blue = gammasL

7/15



The Pierre Auger Experiment A generative model for the tank signals MCMC issues The AMOR sampler

A glance at tank signals
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(b) Muonic time response model pτ,td

Mean number of Photo-electrons per bin & per muon

n̄i (Aµ, tµ) = Aµ

∫ ti

ti−1

pτ,td (t − tµ)dt.
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MCMC issues

I Possibly high dimensions but also highly correlated model.
I Use adaptive proposals.

I The number of muons Nµ is unknown.
I Use a nonparametric prior or
I use a Reversible Jump sampler.

I Likelihood P(n|Aµ, tµ) is permutation invariant.
I Marginals are useless, a problem known as label-switching.
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Adaptive Metropolis

I When the target π(x) is multivariate Gaussian with covariance
Σπ, the optimal choice of Σ is of the order of (2.38)2Σπ/d
See Roberts et al. 07

I You can approximate this with proposals

q(.|Xt) = N
(
· |Xt , cΣt

)
with

Σt =
1

T

T∑
i=1

(Xi − X̄ )(Xi − X̄ )T .

See Haario et al. 01

I Wake up, audience: Is the new chain Markovian ?
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Reversible Jump MCMC

I Nonparametric prior: needs simple model with conjugacy
properties for easy sampling, Neal 00.

I RJMCMC Green 05: MCMC kernel on

Nmax
µ⋃

Nµ=1

{Nµ} × { Parameter space for Nµ muons }.

I RJMCMC needs careful design of transdimensional moves.
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Label-Switching

I If the prior is exchangeable, then π(Aµ, tµ) is
permutation-invariant.
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The AMOR sampler

AMOR
`
π(x), X0, T , µ0, Σ0, c

´
1 S ← ∅

2 for t ← 1 to T

3 Σ← cΣt−1 . scaled adaptive covariance

4 eX ∼ N`
· |Xt−1, Σ

´
. proposal

5 eP ∼ arg min
P∈P

L(µt−1,Σt−1)

`
P eX´

. pick an optimal permutation

6 eX ← eP eX . permute

7 if
π(eX )

P
P∈PN

`
PXt−1|X , Σ

´
π(Xt−1)

P
P∈PN

`
PX |Xt−1, Σ

´ > U [0, 1] then

8 Xt ← X . accept

9 else

10 Xt ← Xt−1 . reject

11 S ← S ∪ {Xt} . update posterior sample

12 µt ← µt−1 +
1

t

`
Xt −µt−1

´
. update running mean and covariance

13 Σt ← Σt−1 +
1

t

``
Xt − µt−1

´ `
Xt − µt−1

´ᵀ − Σt−1
´

14 return S
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(Scientific) conclusion (and ads)

I Particle Physics is cool,

I MCMC is neat,

I Mixing the two is great.

I To learn more on cosmic rays and Auger: Karim Louedec’s
thesis (link).

I On the model & AMOR: our last AISTATS paper (link) and a
submitted Physics paper I can probably send you.

I On adaptive MCMC: see Fort et al 2011 (link)

I And if you are interested in a super prog metal concert in
Paris in March, ask me tickets!
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