Blow-up in finite time for Schrodinger equations
with inverse-square potentials
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In this talk we consider the following Cauchy problem for nonlinear Schrodinger equations
with inverse-square potentials:

Ou a oy . N
(NLS), o = <—A+W>u+uK(|u| ) inRxRY,

u(0,x) = up(x) in RY,

where i = /=1, N >3, a > —(N — 2)?/4 and K is an integral operator defined as

1) K(f)(@) = K f(z) = / ke, y) () dy.

RN

If a =0 and k(z,y) = W(z —y) in (NLS),, then the equation is so-called Hartree equation.
Ginibre-Velo [1] studied well and particularly showed the wellposedness of Hartree equation
for the first time. On the other hand, the global solvability of (NLS), for a # 0 is carried
out in [5] under the following assumption:

(K1) k is a symmetric real-valued function, that is, k(x,y) = k(y,x) € R a.a. x, y € RY;
(K2) ke LP(Ly) + LE(LY) and k — kg — 0 (R — oo) in LY(LY) for some «, § € [1, ]
such that a < 3, o=t + 371 < 4/N;

(K3) k- := —min{k, 0} € L*(L) + LI(LE) and k- — (k_)g — 0 (R — oo) in LI(LZ) for
some @, [ € [1, 00] such that & < B, at+ 1< 2/N.

Here L(LZ) is the family of k such that Hk||L§(L?) = HHkHL‘y’HLf < 00 and kg is defined as
k(z,y) [k(z,y)] <R,
try) =R k() > R
-R k(xz,y) < —R.

Note that the assumption k —kr — 0 (R — o0) in LJ(L) as in (K2) and (K3) is essential
when [ = oo.

If k(z,y) = W(z —y) for W € L*RY), then k € LP(LY) and [|k||zeezg) = [IW]|Le.
Hence (K1)—(K3) implies that the following conditions assumed in [1]:

(K1) W is a real-valued even function, that is, W(—z) = W(z) € R a.a. x € RY;
(K2)/ W e LOO(RN) + L(N/4)V1(RN);
(K3)' W_ := —min{W, 0} € L=(RN) + LN/2(RN).

A function wu is said to be a local weak solution to (NLS), on I(3 0) if u belongs to
L=(I; HY(RYN)) nWhee(I; H-Y(RY)) and satisfies (NLS), in the sense of L>(I; H1(RY)).
If I coincides with R, then the local weak solution is said to be a global weak solution to
(NLS),.
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Figure 1: Admissible exponents («, ) for (K2) and (K3)

-~ Wellposedness([5]). N

Let N > 3 and a > —(N — 2)?/4. Assume that k satisfies (K1)-(K3). Then for every
ug € HY(RY) there exists a unique global weak solution u to (NLS),. Moreover, u
belongs to C(R; H'(RY)) N CY(R; H~Y(RY)) and satisfies

(2) [u(®)lr2 = lluollr2,  E(u(t)) = E(uo) VteR,
where the “energy” is defined as for ¢ € H'(RY)
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More precisely, there uniquely exists the local weak solution to (NLS), even when (K3) is
not imposed.

Next we determine that the local weak solution blows up in finite time or extends globally
in time when (K3) is not assumed. If a = 0, Glassey [2] and Ogawa-Tsutsumi [3] are proved
blow-up in finite time. The important role of the Glassey methods is virial identity. The
identity for (NLS), is as follows:

@ sl =16 Bu(r)

4 / ) / [kl 9) + - (TR, )]t )P, ) P iy,

To jastify (4) we need the existence of strong solutions C(I; H*(R")) and the continuous
dependence of initial values for (NLS),. The continuous dependence can be shown. But
strong solutions are not constructed by virtue of the singularity of the potential |x|~2. Thus
we show (4) by another approach; without construction of strong solutions to (NLS),. To
end this, we further assume the following condition:

(K4) ki = (- Vok+y-Vyk)/2 € LE(LYP) + Lg(Lg) for some &, § € [1,00] such that
G<B,at4 1 <4/Nand k+k >0.

If k(z,y) = W(zx —y), then (K4) implies that

(K4) z- VW € L®RYN) + LN/AOVYRN) and W + (1/2)x - VIV > 0.



~ Blow-up in finite time([6]). N

Let N > 3 and a > —(N — 2)?/4. Assume that k satisfies (K1), (K2) and (K4). Then
for every ug € HY(RY) with |z|up € L*(RY) and E(ug) < 0 the local weak solution to
(NLS), blows up in finite time:

i [Vu(t)e = 0o = T [Vu(t)]z-

N J

The above blow-up results generalize the well-known case for a = 0 and k(z,y) = W(x —
y). Thus we can show the blow-up in finite time for (NLS), in a way similar to the potential
free case a = 0.

To show (4) we consider the approximate problems of (NLS),:

ou au

S —A Kg 2 : R RN
(NLS):0 i u+ EEE +u K (Ju]?) inRxRY

u(0,x) = up(x) in RV,

where 6 > 0, € > 0 and K. is the integral operator whose kernel is the regularization of k:
ke(z,y) = / / pe(x — &)k(E,m)pe(y — 1) dn d€.
RN JRN

References

[1] J.Ginibre, G.Velo, On a class of nonlinear Schrédinger equations with nonlocal interaction,
Math. Z. 170 (1980), 109-136.

[2] R.T.Glassey, On the blowing up of solutions to the Cauchy problem for nonlinear Schrodinger
equations, J. Math.Phys. 18 (1977), 1794-1797.

[3] T.Ogawa, Y. Tsutsumi, Blow-up of H'-solution for the nonlinear Schrédinger equation, J.
Differential Equations 92 (1991), 317-330.

[4] N.Okazawa, T.Suzuki, T.Yokota, FEnergy methods for abstract nonlinear Schridinger equa-
tions, Evol. Equ. Control Theory, 1 (2012), 337-354.

[5] T.Suzuki, Energy methods for Hartree type equation with inverse-square potentials, Evol. Equ.
Control Theory, 2 (2013), 531-542.

[6] T.Suzuki, Blowup for nonlinear Schrédinger equations with inverse-square potentials, preprint.



