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= Z (1)x + Z (2)ywhere Z (1) and Z (2) are independent opies of ZCSBP ⇐⇒ Saling limit of GW (Lamperti 1967)
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CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsCSBP : De�nition 2Solution of an SDE (Fu and Li 2010)Zt = Z0+∫ t0 gZsds+∫ t0 √2σ2ZsdBs+∫ t0 ∫ ∞0 ∫ Zs−0 zÑ0(ds, dz , du)g malthusian parameterB brownian motion, N0 Poisson random measure (dsµ(dz)du),independent of BÑ0 ompensated measure of N0.C. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes
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σ2YsdBsOtherwise stable CSBP :Yt = Y0 + ∫ t0 gYsds + ∫ t0 ∫ ∞0 ∫ Y−s0 zÑ0(ds, dz , du)where N0(ds, dz , du) is a Poisson random measure withintensity ds Cdzz2+β duC. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes



CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsCSBP with atastrophesCatastrophes independent of the CSBPN1 Poisson Point Proess with intensity dtν(dx)Finally, proess solution ofYt = Y0 + ∫ t0 gYsds + ∫ t0 √2σ2YsdBs
+

∫ t0 ∫

[0,∞)
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+

∫ t0 ∫

[0,∞)
(z − 1)Ys−N1(ds, dz)C. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes



CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ells
1 CSBP's with atastrophes2 Existene and long time behavior3 Speed of extintion4 Appliation : parasite infetion in dividing ells

C. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes



CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsYt = Y0 + ∫ t0 gYsds + ∫ t0 √2σ2YsdBs (1)
+

∫ t0 ∫

[0,∞)

∫ Ys−0 zÑ0(ds, dz , du)
+

∫ t0 ∫

[0,∞)
(z − 1)Ys−N1(ds, dz)PropositionIf ∫

(0,∞)
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∆t = ∫ t0 ∫

(0,∞)
ln(x)N1(ds, dx) = ∑s≤t ln(ms)Proposition(i) (Subritial) If (∆t + gt)t≥0 goes to −∞, then Yt → 0 a.s.(ii) (Critial) If (∆t + gt)t≥0 osillates, then lim inft→∞ Yt = 0a.s.(iii) (Superritial) If (∆t + gt)t≥0 goes to +∞, thenP(∀t ≥ 0,Yt > 0) > 0 and ∃ W ≥ 0 suh thate−gt−∆tYt −−−→t→∞

W a.s., {W = 0} =
{ limt→∞
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Proposition (stable ase, β ∈ (0, 1])(i) (Subritial) If (∆t + gt)t≥0 goes to −∞, then ∃t ≥ 0,Yt = 0(ii) (Critial) If (∆t + gt)t≥0 osillates, then ∃t ≥ 0,Yt = 0(iii) (Superritial) If (∆t + gt)t≥0 goes to +∞, thenP(∀t ≥ 0,Yt > 0) > 0 and ∃ W ≥ 0 suh thate−gt−∆tYt −−−→t→∞

W a.s., {W = 0} =
{ limt→∞

Yt = 0}.
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CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsPropositionAssume we are in the stable ase (β ∈ (0, 1]). For all x0 ≥ 0 andt ≥ 0 :Px0(Yt > 0) = 1− E[exp{−x0( ∫ t0 e−β(∆s+gs)ds)−1/β}]
.Laplae exponentE[eλ∆t ] = etφ(λ) forλ, t ≥ 0The Laplae exponent φ is a onvex funtion.C. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes
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x0et(φ(1)+g)(b) (intermediate) If φ′(1) + g = 0 :Px0(Yt > 0) ≃t→∞

x0t−1/2et(φ(1)+g)() (weakly) If φ′(1) + g > 0 : Px0(Yt > 0) ≃t→∞
(x0)t−3/2eτ t(τ = minλ∈]0,1[{φ(λ) + gλ})PSfrag replaements 10 (a) φ′(1) + g < 0

PSfrag replaements10 10 (b) φ′(1) + g = 0
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CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsHeuristiallyEquivalent linked to E[exp(infs∈[0,t](∆s + gs))]Strongly subritialEsher transformOther asesDisretization of the Lévy proess ∆t + gt to obtain a randomwalkLimit theorems on funtionals of arithmetio-geometrisequenes Un+1 = AnUn + Bn with (An,Bn) iid (Guivarh andLiu 2001)Continuous limitC. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes
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PSfrag replaements T = 0

T = Exp(r)Θ 1−Θ
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CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsQuestionWhat is the quantity N∗t of infeted ells at time t ?Result (Bansaye and Tran 2010)E(N∗t ) = ertP(Yt > 0) = E(Nt)P(Yt > 0)Yt = x0+∫ t0 gYsds+∫ t0 √2σ2YsdBs+∫ t0 ∫ 10 (θ−1)Ys−ρ(ds, dθ)
ρ(ds, dθ) Poisson random measure with intensity 2rdsP(Θ ∈ dθ)
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CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsProposition1 (Superritial) If g > 2rE [log(1/Θ)], then E [N∗t ] ∼ 5ert ,2 (Critial) If g = 2rE [log(1/Θ)], then E [N∗t ] ∼ 4t−1/2ert ,3 (Subritial) If g < 2rE (log(1/Θ)) :(i) (Strongly) If g < 2rE (Θ log(1/Θ)), E (N∗t ) ∼ 1egt ,(ii) (Intermediate) If g = 2rE (Θ log(1/Θ)), E (N∗t ) ∼ 2t−1/2egt ,(iii) (Weakly) If g > 2rE (Θ log(1/Θ)), E (N∗t ) ∼ 3t−3/2eαt ,where α = minλ∈]0,1[{(gλ+ 2r(E(Θλ)− 1/2)}.C. Smadi, with V. Bansaye and J. C. Pardo Millan On the extintion of CSBP with atastrophes



CSBP's with atastrophesExistene and long time behaviorSpeed of extintionAppliation : parasite infetion in dividing ellsg =growth rate of parasites, r =division rate of ells,
(θ, 1− θ) =sharing law of parasites
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Thanks for your attention
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