BLOW-UP FOR A NON-LOCAL DIFFUSION PROBLEM WITH
NEUMANN BOUNDARY CONDITIONS AND A REACTION
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ABSTRACT. In this work we study the blow-up problem for a non-local diffusion
equation with a reactiozn term,

ug(z,t) = o J(z —y)(u(y,t) —u(z,t)) dy + uP(z,t).

We prove that nonnegative and nontrivial solutions blow up in finite time if
and only if p > 1. Moreover, we find that the blow-up rate is the same that the

1
one that holds for the ODE u; = uP, that is, lim; »p(T — )P~ T [|u(:,t)|lcc =

(pil )ﬁ . Next, we deal with the blow-up set. We prove single point blow-up
for radially symmetric solutions with a single maximum at the origin, as well as
the localization of the blow-up set near any prescribed point, for certain initial
conditions in a general domain with p > 2. Finally, we show some numerical

experiments which illustrate our results.

REFERENCES

F. Andreu, J. M. Mazdn, J. D. Rossi and J. Toledo. The Neumann problem for nonlocal
nonlinear diffusion equations. To appear in J. Evol. Equations.

F. Andreu, J. M. Mazdn, J. D. Rossi and J. Toledo. A nonlocal p— Laplacian evolution
equation with Neumann boundary conditions. To appear in J. Math. Pures Appl.

P. Bates and A. Chmaj. An integrodifferential model for phase transitions: stationary
solutions in higher dimensions. J. Statistical Phys., 95, (1999), 1119-1139.

P. Bates, P. Fife, X. Ren and X. Wang. Travelling waves in a convolution model for
phase transitions. Arch. Rat. Mech. Anal., 138, (1997), 105-136.

C. Bandle and H. Brunner. Blow-up in diffusion equations: a survey. J. Comp. Appl.
Math., 97, (1998), 3-22.

C. Carrillo and P. Fife. Spatial effects in discrete generation population models. J.
Math. Biol., 50(2), (2005), 161-188.

E. Chasseigne, M. Chaves and J. D. Rossi. Asymptotic behaviour for nonlocal diffusion
equations. J. Math. Pures Appl., 86, (2006), 271-291.

X. Chen. Ezistence, uniqueness and asymptotic stability of travelling waves in nonlocal
evolution equations. Adv. Differential Equations, 2, (1997), 125-160.

X.Y. Chen and H. Matano. Convergence, asymptotic periodicity and finite point blow
up in one-dimensional semilinear heat equations. J. Differential Equations, Vol. 78,
(1989), 160-190.

C. Cortazar, M. Elgueta and J. D. Rossi. A non-local diffusion equation whose solutions
develop a free boundary. Annales Henri Poincaré, 6(2), (2005), 269-281.

C. Cortazar, M. Elgueta, J.D. Rossi and N. Wolanski. Boundary fluzes for non-local
diffusion. J. Differential Equations, 234, (2007), 360-390.

Key words and phrases. Non-local diffusion, blow-up.
2000 Mathematics Subject Classification: 35B40, 45A07, 45G10.



[CERW2] C. Cortazar, M. Elgueta, J.D. Rossi and N. Wolanski. How to approzimate the heat

(F]

[FW]

(GV]

[GR]

[FM]
(IR]

[SGKM]

equation with Neumann boundary conditions by nonlocal diffusion problems. To appear
in Arch. Rat. Mech. Anal.

P. Fife. Some nonclassical trends in parabolic and parabolic-like evolutions. Trends in
nonlinear analysis, 153-191, Springer, Berlin, 2003.

P. Fife and X. Wang. A convolution model for interfacial motion: the generation and
propagation of internal layers in higher space dimensions. Adv. Differential Equations,
3(1), (1998), 85-110.

V. Galaktionov and J. L. Vézquez. The problem of blow-up in monlinear parabolic
equations, Discrete Contin. Dynam. Systems A, 8, (2002), 399-433.

P. Groisman and J. D. Rossi. Asymptotic behaviour for a numerical approximation of
a parabolic problem with blowing up solutions. J. Comput. Appl. Math. 135, (2001),
135-155.

Friedman, A. y McLeod, B. Blow-up of positive solutions of semilinear heat equations.
Indiana Univ. Math. J. 34, no. 2 (1985), 425-447.

L. I. Ignat and J. D. Rossi. A nonlocal convection-diffusion equation. J. Functional
Analysis, 251(2), (2007), 399-437.

A. Samarski, V. A. Galaktionov, S. P. Kurdyunov and A. P. Mikailov. Blow-up in
quasilinear parabolic equations. Walter de Gruyter, Berlin, (1995).

DEPARTAMENTO DE MATEMATICAS, U. CARLOS III DE MADRID,, 28911 LEGANES, SPAIN.,
mtperez@math.uc3m.es

DEPARTAMENTO DE MATEMATICA, FACULTAD DE CIENCIAS EXACTAS Y NATURALES,, U. DE
BUENOS AIRES, 1428 BUENOS AIRES, ARGENTINA., jrossi@dm.uba.ar



