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Abstract. We show for k > 2 that the locally Lipschitz viscosity solution to the -
1

Loewner-Nirenberg problem on a given annulus {a < |x| <b} is Clloé‘ in each of {a <

|x|<+vab} and {Vab<|x|<b} and has a jump in radial derivative across |x|=+/ab. Fur-

thermore, the solution is not Cl1 OZ for any y > % Optimal regularity for solutions to the
0k-Yamabe problem on annuli with finite constant boundary values is also established.
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1 Introduction

Let Q) be a smooth bounded domain in IR", n > 3. For a positive C? function u defined on
an open subset of R", let A* denote its conformal Hessian, namely
2 n+2 o 2n 2n

_2n 2 _2n 2
n—2 M"‘mu ”—2VM®VM—WM ”_ZIVM’ 1, (11)

and let A(—A") denote the eigenvalues of —A". Note that A", considered as a (0,2)

tensor, is the Schouten curvature tensor of the metric u72¢, where ¢ is the Euclidean
metric.
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For 1<k<mn, let 03 : R" — R denote k-th elementary symmetric function

i1<...<ig

and let I'y denote the cone Iy ={A=(Aq,...,Ay):01(A) >0, ,0%(A) >0}.

In [7, Theorem 1.1], it was shown that the ox-Loewner-Nirenberg problem

ak(A(—A”)):z—k( . ) AM—AYeT,,  u>0  inQ, (1.2)
u(x)— oo asdist (x,00)—0 (1.3)

has a unique continuous viscosity solution u and such u belongs to Cﬁ;i (Q)). Furthermore,
u satisfies .
li d(x,000) "7 =C(n,k) € (0,00). 14
lim u(x)d(x00) (n,K) € (0,00) (149

Eq. (1.2) is a fully nonlinear elliptic equation of the kind considered by Caffarelli,
Nirenberg and Spruck [3]. We recall the following definition of viscosity solutions which
follows Li [20, Definitions 1.1 and 1.1’] (see also [19]) where viscosity solutions were first
considered in the study of nonlinear Yamabe problems.

Let

Ek::{)\erk\ak()\)zsz( Z )} (1.5)
Qk::]l{”\{/\efk‘ak(/\)>2‘k( . )} (1.6)

Definition 1.1. Let QY CIR" be an open set and 1 <k <n. We say that an upper semi-continuous
(a lower semi-continuous) function u:Q— (0,00) is a sub-solution (super-solution) to (1.2) in the
viscosity sense, if for any xo € Q), ¢ € C*(Q) satisfying (u—¢)(x0)=0and u—¢p <0 (u—¢>0)
near xq, there holds

A(—A%(xg)) €5y, (A(—A%(x0)) €Sy, respectively) .

We say that a positive function u € C°(Q) satisfies (1.2) in the viscosity sense if it is both a
sub- and a super-solution to (1.2) in the viscosity sense.

Eq. (1.2) satisfies the following comparison principle, which is a consequence of the
principle of propagation of touching points [23, Theorem 3.2]: If v and w are viscosity
sub-solution and super-solution of (1.2) and if v <w near d(), then v <w in (); see [7,
Proposition 2.2]. The above mentioned uniqueness result for (1.2)-(1.3) is a consequence
of this comparison principle and the boundary estimate (1.4).

In the rest of this introduction, we assume that ) is an annulus {a < |x| <b} CR"
with 0 <a < b < oo, unless otherwise stated. C? radially symmetric solutions to (1.2) were



