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Abstract. This paper is devoted to studying the nonlinear problem with subcritical
exponent (Sg) 1 —Agu + 2u = Klu|>~u, in S}, du/dv = 0, on 35, where g is the

standard metric of Si and K is a C3 positive Morse function on Si. We construct some sign-
changing solutions which blow up at two different critical points of K in interior. Furthermore,
we construct sign-changing solutions of (S¢) having two bubbles and blowing up at the same
critical point of K.

1. Introduction. We consider the problem of prescribing the scalar curvature under
minimal boundary conditions on the standard four dimensional half sphere. More precisely,
let K be a C3 positive Morse function on $4 . we look for conditions on K to ensure the
existence of solution for the problem

s) Lou:=—-Aqu+2u = Ku?®, u>0 in Si
g—l’j = 0 on asi,

where g is the standard metric of §% = {x € R"™/|x| = 1, x,41 > 0}.

It is well known that there are topological obstructions of Kazdan-Warner type to solve
(S) (see [5]) and so a natural question arises: under which conditions on K, () has a solution.

Regarding problem (S), Ben Ayed et al [3] proved that we have a balance phenomenon,
that is, the self interaction of the functions failing the Palais-Smale and the interaction of two
of those functions are of the same size, if we assume that (0K /9v)(y) < O at any critical
pointy of K1 = K last - Moreover, it is proved that this phenomenon appears also when the
manifold is the three dimensional half sphere (see [6]).

Note that the embedding of H'! (Si) into L4(Si) is noncompact. Hence, for the study of
problem (S§), it is interesting to approach it by a family of subcritical problems (S;)

—Agu+2u = Klul®>¢u, in S
(Se) du 0 4
5 = on 487,

and we need to study the asymptotic behavior of the solutions (u#.) as ¢ — 0. Observe that,
since ¢ > 0, problem (S;) has always a positive solution (u.). It is well known that, for the
minimizing solutions, (u.) has to converge to a solution of (S) or to blow up at one point
where the maximum of K or of K attains.
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For the other solutions (#,) (not minimizing solutions) and in the case of the three di-
mensional half sphere, Djadli et al [6] proved that (u¢) can blow up at {x1, ..., x,} such that
the points x;’s are different critical points of K; with (dK/dv)(x;) > 0. Furthermore they
proved that the x;’s are isolated simple blow ups (see [8] for the definition), which implies
that, writing u, = Zisp ®;8(a;,;) + Ve, we have that |a; —aj| > ¢ > 0fori # j (the
function &4 ;) is defined in (1.1)). Hence, the tower bubble solutions do not exist. Moreover,
In [4] (see also [3]), we proved that there are critical points at infinity (following the terminol-
ogy of A. Bahri) for the functional associated to the problem (). This implies the existence
of solutions (u¢) which blow up at {y1, ..., yp} such that the points y;’s are different critical
points of K in Si.

In this paper, we aim to construct some sign-changing solutions (u,) of (S¢) which blow
up at one or two different points in the interior.

Before stating the result, we need to introduce some notations. For a € Si and A > 0,
let

A
(1.1) 8a,)(x) =

COZF 1+ =) cosd(a x)

where d is the geodesic distance on (E, g) and cq is chosen so that 8, ;) is the family of
solutions of the following problem

—Au +2u =u3, u >0, in $*.
We denote by P§,, ) the projection of the function §(, ;) defined by

8P8(a’)\) _

~APS( ) +2P8 ) = —A8ws) + 28y, in St ™

0 on 8Si.

It is easy to obtain that P84 ) = d(a,1) if @ € 3S7.

Let G be the Greens function of Ly := —A +2/d on Si and H its regular part defined
by

{ G(x,y) = (1 —cos(d(x, )" + H(x, ),
LyH =0inS%; 9G/dv=00ndSt.

It is well known that H is a positive function and H (x, x) — +00 as x goes to the boundary.

The space H'! (Si) is equipped with the norm ||.|| and its corresponding inner product
(., .) defined by

llull* = / |Vul* + 2/
st S

Our first result deals with the construction of some sign-changing solutions (u,) of (S;) which
blow up at two different points in the interior of Si.

uz, and (u,v):/ Vqu—i—Z/ uv, u,veHl(Si).
4 g4 g4

+ + +

THEOREM 1.1. Let y1 and y; be nondegenerate critical points of K with (—AK (y;)/
3K (yi)—4H(yi, yi)) > O0fori = 1,2. Then, there exists g > 0 such that for each ¢ € (0, &),
the problem (S;) has a solution (u;) of the form

(1.2) ug = a1 PO(x; 5)) — 2 P8(xy,2,) + v,
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where o; — K(yi)_l/z; lv]| = 0; x; = yi, i &> +00; A1 = y1A2(l +0o(1))ase — O.
Here, y1 is a positive fixed constant.

In the case of positive solutions, the blow up occur with comparable speeds. But for
sign-changing solutions, Pistoia and Weth [10] constructed some solutions (u,) of analogous
problem of (Sg) with many bubbles (u, = ;1:1 (—l)iPBHl.,;”., for ¢ > 2) blowing up at the
same point (bubble-tower solutions). This is a new phenomenon for sign-changing solutions
compared with the positive one (see [7] and [9]). In our case, we prove that this phenomenon
also appear for each g > 2. In fact, we prove that:

THEOREM 1.2. Assume that y is a nondegenerate critical point of K satisfying
(—AK()/3K() —4H(y,Y)) > 0. Then, there exists g9 > 0 such that for each ¢ € (0, &9),
the problem (S;) has a solution (u;) of the form (1.2) where, as ¢ — 0,

(1.3) o — K(y)_l/zg lvll = 0; x; —> y, A; = 4o00; fori € {1,2}
-1
and Ay = y223(1 + o(1)) with  yy = 2( —HGF.7) - fzf(((g))

The remaind of this paper is organized as follows. In Section 2, we recall some prelimi-
naries. In Section 3, we give some careful expansions of gradient of the associated variational
functional I, for (¢ > 0). While Sections 4 and 5 are devoted to the proof of Theorem 1.1 and
Theorem 1.2 respectively.

2. Preliminary results. First, let us introduce the general setting. For ¢ > 0, we
define the functional
2.1 Is(u)zl/ |Vu|2+/ W Klu**, ueH'(S}.

2 Si Si 4—¢ Si

Note that if u is a positive critical point of I, then u is a solution of (S;), and inversely.

Furthermore, we mention that it will be convenient to perform some stereographic pro-
jection in order to reduce our problem to Ri. Let D!-2 (Ri) denote the completion of C go(Ri)
with respect to Dirichlet norm. The stereographic projection i, through a pointa € BSi in-
duces an isometry 1: H!(S%) — D!?(R%) according to the following formula

(2.2) )(x) = < ) vyt (x), ve HY(SY), x eRY.

1+ |x|?

In particular, one can check that the following holds true, for every v € H' (Si)

/(|Vv|2+2v2)=/ [V (v)? and/ |v|4=/ h|*.
st RY st R4

+ +
In the sequel, we will identify the function K and its composition with the stereographic
projection 7,. We will also identify a point b of Si and its image by m,. Moreover, it is easy
to see that, by (2.2) with w_,, the function 1§(,,,) is equal to

A

16 =075 -
@ =T 2y —ap?
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For sake of simplicity, we will write 8, 3) instead of 18, ). These facts will be assumed in
the sequel.

LEMMA 2.1 ([3]). Fora € BSi, we have (08(4.2))/(0v) = 0 and 8(4,5) = Pda,y).
Fora € Si, we have
H(a,.)

Pé,) —d@n =co + fla.n

such that fq ) satisfies
c af 1
|f(a,)\)|L°Q < )\3—(14 and M— = O( >’

where d = d(a, 35%).

PROOF. We will repeat the proof here to be self-contained.

Using a stereographic projection, we are led to prove the corresponding estimates on Ri.
We still denote by G and H the Greens function and its regular part of the Laplacian on Ri
under Neumann boundary conditions. In this case, we have
1

and H(a,x) = ——,
2 ( ) |5_x|2

Py
8 =Cc)—
@ = O W2 —al

where a is the symmetric of a with respect to aRi.
Observe that, for f4.1) = Pd@,1) — S@.n) — H(a, ) /A,

Ofsy 08 10H ( 1 ).

o v A \A3dD

Thus, using the Green formula, we derive

08§ 10H ! 1
f(a,m(x):c/ G(————)s%/ G—s,
oR: ov A dv Acdg aRY la — x|

where d, is the distance of a to the boundary. G satisfies

[ROS—E
ws - la—aP T O\G)

T+ a

Afayy =0inRY,

Let
1o od dPs; 0PS; . .
By = iw € H ($))/(w,9) =0 Vg e Span{Psi, — L i=1,2j< 4}}.
oA 3xi/

Here, xl.j denotes the j-th component of x;. For sake of simplicity, we will write P§; instead
of P&y, »;) and therefore, for u = a1 Py, 5,) — @2 P(x,,3,) + v We can write u = a1 P81 —
oy Péy 4+ v. O

3. Expansions of the gradient of the functional /.. In this section, we collect some
expansions of the gradient of the functional /, associated to the problem (S;) for ¢ > 0 which
are needed in Section 4. We start by giving the following remark which is proved in [11] when
Si is replaced by a bounded domain of R3.
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REMARK 3.1. Let (4 5) be the function defined in (1.1). Assume that ¢ log A is small
enough. For ¢ > 0, we have
8y ) =1—¢logdn + O(e*log?1) inS}.
Now, explicit computations, by Remark 3.1 and Lemma 2.1, yield the following propositions
PROPOSITION 3.2. Foru = o1 Pd(x, ;) — @2 P8(xy 2,) + v, Withv € Ey 3, we have
, _ 1
(VI P3;) = (=1 e Sy(1 = of~* K (xi)) + O(eloghi + =5 +en + 1)
2

where

d
R4 (14 [x]%)
PROOF. We have

3.1 <v15,h>=/ ww+z/ uh—/ K ul~uh.
st st st

A computation similar to the one performed in [1] shows that

1
(32) PP = [ 1vPaR=si+0().
RY A
and
(3.3) / VP81VP82+2/ P81P52=/ VP81VP82=/ 83P8y = O(ern).
s st RY RY

For the integral, we write
3.4)

/4 Ku|*¢uPs = /4K|a1P51—a2P52|2—8(a1P51—azpaz)P(lerO(s%z logep, +|v[?).
S st

+

We also write

/4K|a1P81 — P& T @1 PS — aP&)PS =y *| KPS{™* — 3™ KP8;°PS)
N N

+ + S¥
(3.5 — (3-8 / , KP8{™ P8y + O (e, logery) .
54
Expanding of K around x; and x;, we get
4—¢ 4—¢ 1

(3.6) KP§'™ = K PS8 = K(x;)S4 + 0<5 logA; + _2) ,

54 R4 A

+ + !
(3.7) KP8 “Psi = | KP8 °Ps =0 (sloghr+e12) ,

st RY
(3.8) /4 KP§™Ps, = . KP& P8 = O (elogh +¢12) -

st RY

Combining (3.1)—(3.8), we easily derive our proposition. O
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PROPOSITION 3.3. Foru = a1 P8y ;) — @2 P8(x,,5,) + v, withv € Ey 3, we have
the following expansion:

_3P5i itl 2-¢ e 8812 H(x1, x2)
<W€(”)’A’a—xi>_( 1) ot]2< K(xi) + o K(x])—l) e
3 ¢ €S4K (x;) 3_¢ €2 AK(x;) H(x;, x;) 2-
o Tt T TeeT (207K (x;)—1)

elogA; 1

—|—0<8 logh; + —=— g F+||U||2)
l i
—1,4 2 —1 il

+ 0| eena(logey)? +eyplogeyy +enloge;)?(—+ ) ).
1

-1 d
c1=64/ ilCluint) Y c2=64/ e
s A+ P s (1 + 1)

PROOF. Observe that (see [1])

aPs; H(x1, x2) 1
39 vPs;V(; )=_ 2L 0 —)
(3.9 /Rj_ i ( i O 2 A? + ()\'?

where

(3.10)

d9; a9; d H(x1, _
/ VPSjV<)»i_l) =/ 53)»1'—1 S (k 2y L XZ)> +O(8%210g(5121))-
Ri 8)&,’ Ri 8)&,’ 8)x )Ll)\Z

For the other part

9 Ps; AK(x) S H (x;. x;
/ Kk psi-ep 20 2 AK) —ﬁK( ) — 262K (xp) HE X0
R4 AN A2 12 A2

1

(3.11)

+

1 elogh
+0(logh; + — + 5,
JERNNPT

_.. 0P6; _ (&) €12 H (x1, x2) i |
/RiKPj S =K(xj)— ( o -2 i )+0(8812(10g(812))2+p)

i

(3.12) + 0(e, log(e},))
dPS; ae H(x1, x2) ERT
_ 2—¢ _ 12 1, X2 1
3 e)/ KPS} Pojhit =K ()5 ( 2 MA )+0(eerz(log(er; )?)
(3.13) +0<51210g(5 )+ (log(s ))z)
Combining (3.1) and (3.9)—(3.13), we derive our proposmon. O

PROPOSITION 3.4. Foru = ajPdx, ) — @2 P3(xy,1,) + v, With v € Ex 5, we have

1 9Ps;\ (=it r—e de12 2 0H(x1,x2)
\A 1— K
< (u " A 0x; > Ai O!,Cz( Za x J)) 0x; + AMAp 0x;




SCALAR CURVATURE ON THE HALF SPHERE 597

oH (x;,
—ai3_803VK(xi)—|—( —(2\!2 K (x ,))Ollc2 9H (xi, xi)
)‘i 0x;

elogA; 1
+ (2Kl + 5 + Il + 410 = xalei)?)
i 1
11
+ 0 8812(10g812)2 —l—elzlogslz +812(10g812)2< + . )
2
where
c—16/L c—132/ M ix
T e A P A RTINS
PROOF. An easy computation shows
1 9Ps; IH (xi, x; 1
(3.14) / v Ps; v( ) _ ) (—)
R4 Ai 0x; )\? 0x; )»?

1 96; 31 dPS;
(3.15) VP8 iV 57—
)» 8xl Rj— Tx; 0x;

(3812 2 0H(x1,x2)
0x;  AA2 0x;

5
)—1—0(8%2 log(sl_zl) + efphilxr — X2|) .

For the other part
1 9Ps; VK (x7) 1
3—¢ i - 2 2.
(3.16) /H§4KP51 Py +O(X? +elog? 4 )
1 0PS; cy /0€12 2 0H(x1,x2) 3
3.17 K P&t —K (x; _< o(e2:1x) — )
( ) / J )\ ax, ) 0x; + AA2 0x; ) + <812 ilv = x|

_ 1 R
+ O<s%2 log(sul) + A—jag(log(elzl))z) ,
1 0PS; ) (8812 2 0H(x1,x2)
x;)—=

5
) + 0(5122)»2|x1 - le)

(3— 8)/KP82 fPS;—

)\.[ 0x; 0x; AMA2 0x;
1 1
(3.18) +0 (esulog(eu )+ e (togterh)’ )
Using (3.1), (3.14)—(3.18), we have our proposition. |

4. Proof of Theorem 1.1. Let
Mgl_{m_(a A, X1, x2,0) € RT x (R x % x ST x H'(SD) 1 v € Eq iy, Ivll < wo;

ozizK(x,')

p et
oth(xj)

1 . Al _
< Vg, Aj > V—O,elogki <wvp, Yi; co < )\—2 <c01; X1 —x2] > doy,
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where o, co, dp are some suitable positive constants, vy is a small positive constant. Let us
define the function by

(41) Wei1:Mey —> Ry m= (A x,0) > L(a1 PSx, 0,) — @2P8(x,0,) + V).
As in [2], using the Euler-Lagrange’s coefficients, we easily get the following proposition.

PROPOSITION 4.1. Letm = (a, A, x,v) € Mg 1. m is a critical point of Ve 1 if and
only if u = a1 Pé1 — aa P8y + v is a critical point of I, i.e. if and only if there exists
(A, B, C) cR? x R? x (R4)2 such that the following holds:

oW, 1

4.2) (Ea,) —0, Vi=1,2
301,'
oW 92 P5; ! 92 Ps;
3) (B ==t = B o)+ 3 (0], vi=1,2
8)\,1' a)"l j=1 8xljakl
v 9% Ps; 9% P,
(4.4) (Ey) =t = Bt )+ 3y, vi=1.2
0x; oA 0x; ot 3xiJaxl
4
W, | dPs; aPs;
*5) (B 5 =i21:2<A,~P8,»+B,» ” +/Zlc,.j_axj >
=5 = 1

The results of Theorem 1.1 will be obtained through a careful analysis of (4.2)—(4.5) on
M, 1. As usual in this type of problems, we first deal with the v-part of u, in order to show
that it is negligible with respect to the concentration phenomenon. The study of (E,) yields:

PROPOSITION 4.2. There exists a smooth map which to any (g, a, A, x) such that
(a, A, x,0) in M| associates V € Ey ) such that ||v| < vo and (E,) is satisfied for some
(A, B, C) e R x R? x (R4)2. Such a v is unique, minimizes W, 1(a, A, x, v) with respect to
vin{v € Eq /vl < v}, and we have the following estimate

VK (x; 1 _
(4.6) ]l = 0(8 + Z('Aﬂ + p) + 812(10g8121)1/2) :

PROOF. Expanding I, with respect to v € E(, ;), we obtain

4.7 I (@1 P81 —ap Py + v) =c(o, x, 1) + %Q(v, v) — f(v) + R(v),

where Q(.,.) is a quadratic form positive definite, f(.) is a linear form and R(v) satisfies
R(v) = o(|v]|*), R'(v) = o(|[v]}) and R"(v) = o(1).
Since Q(v, v) is positive definite, we derive that the following problem

4.8) min{/;(oc; P81 — ap P8y +v), v € E(, ;) and ||v]| < vo}

is achieved by a unique function v which satisfies ||v|| < c|| f]|. Now, following [3] we get the

estimate (4.6). Since v is orthogonal to the functions { P3;, d PS; /9, 8P5i/8xlf, i<2,j<
4}, there exist A, B and C such that
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8\1’5 1 —
50 —(ot, A, x,v) = Vi (x1 P51 —ap PS5y + V)
4
dPs; dPs;
4.9) > (AiPsi + B ot > Ci —7 ).
i=1,2 j=1 i
The proposition follows. i

PROOF OF THEOREM 1.1. Once v is defined by Proposition 4.2, we estimate the cor-
responding numbers A, B, C by taking the scalar product in H! (S ) of (Ey) with P&y, Pés,
dP&1 /01, OPS2/0Na, 0PS1/0x1 and 0 PS2/dx; respectively. Thus we get a quasi-diagonal
system whose coefficients are given by

1 1 aPs; 1

/ |V P5; |2—S4+0(—2), / VP8 VPS; _0< ) / VP(SiV—’=0<—>,

A Aikj RY oA A3
aPs; 1 aPs; 1 aPs; _ P

/VP(S,» 0( / ‘ i/} +0<_3);/ v2i0ig2T0) _

R4 Ai 3 R4 A/ R 0k 04

o
1
dPs; aP(s,» 1 2 Ps; > 1 o Ps; 1
vEAvE —0(5); ‘V 2 Al +o() [, vPave_—t=0(=).
R 9A; Ox; A R Ox; A R dx A7

i
/ VPSVBP(S _0<l>. / VBP(SI-VE)P(SJ- _0(1)
RL 0x; r/ R 0x; 0x; r/

with I'1, 'y are positive constants and where we have used the fact that |[x; — x2| > ¢ > 0.
The other hand side is given by
(4.10)

(=D

;0¥ _ (8\1—'8’1

(=D 3w, _(axpg,l aPS; > (=D W, _(axpg,l aPs,»>
v B ’ B '

,P8~>; , )
a9 v N v T dx;

da o ax;

Using Proposition 3.2, some computations yield

oW, 1

4.11
(4.11) der

= —285B; + Vg (6,0, A, x),

with 8 = (B1, B2) where 8; = o; — I/K(y,')% and Vy, is a smooth function which satisfies
1
4.12) Vi, = 0(,3 +eloghi + 25 +|xl — il )

In the same way, using Proposition 3.3, we get

A _ 1 <8K(xl~)S4 C_Q(AK(Xi)

i K@) 4% 3K (xi)

o I G(x1,x2)
2(K(y1)K(y2))1/2k A2

1
+4H(xl',xz'))—3)
)‘i

(4.13)

+ Vi (g, a, A, x),
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where ¢, and c3 are defined in Proposition 3.3 and Vj, is a smooth function satisfying

L, b= yil?
b A2

1 elog; e 1
*14) vy, —0[ (5 +e?logh+ =% ’)+(|ﬁ|+|xi—yi|2)(—+—)]
i

A A?

Lastly, using Proposition 3.4, we have

oW, 1
0x;

where V,; is a smooth function such that

(4.15) = —c3VK(x;) + Vi (e, 2,1, x),

1

(4.16) Vi = 0= + (Bl + eloghi + i =yl = i)
1

Notice that these estimates imply

8\115 1
80{,
The solution of the system in A, B and C shows that

ow 1 1 & 8\1181 1
|B]+¢log +k +x; — yil e +— ox; |x; y’|+ki

1

1 ) 1 lxi —yil 1
Al-:0(|ﬁ|+slogki+k—2+|xi—y,’| ) Bi:O(;%-@M), Ci:O( 32 +F)
; i i i

This allows us to evaluate the right hand side in the equations (Ej,) and (Ey,), namely

.17) Bi<%,5>+iclj<m,i>=0(<l + 2+ 'y’ I)II II)

axi’aki
0% Ps; L 2P |
4.18 B-<_,—> c.‘( : ,—>:0 (_ o ) 1) .
19 \oriox: " +j2_; Noxfow 5y ek =il )l

where we have used the following estimates

H 3PS | 0( 1 ) H 32Ps;

az I m\2) loxon

Now, we consider a point (y1, y2) € Si X Si such that y; and y, are nondegenerate critical
points of K. We set

92 P(S
=00)).

— 0(1): )

1 1
f:521\1'(14-@‘1'); xizyi+€i’

l
where ¢; e R, & € R* are assumed to be small and for i, je1,2, A; = A;(y;) verifies
AK (y; K(yi)\1/2
A2 ( (y'z) (yz.) )
3K (yi) K(yj)
With these changes of variables and using (4.11), (Ey,) is equivalent to
(4.19) Bi = Ve (e, B, £, &) = O(B> + ¢| loge| + [£) .
Now, using (4.13), we show by an easy computation
eK(yi +&)S4 C_2<AK(yi +&)
4 3K (yi + &)

+4H (i, 90)) + SaK () + e28i A Gy, y)) = 0.

1
+4H (i + &, yi +€i)>§
i
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1) 1 GOy1+é&1,y2+6)
Z(K(y]))l/2)" A2
3/2

AK(yi)

&
= K00 3K (1)

+4H (yi, yi)

(I +25)(A+¢))
K(ypl/?

S.
A +8) + 953/2A?(1 + 34,»)(

VAK (i) + 8 (y,, y»)&) + e’ PAFA, G (i y))

1
+(
3K (i)
e32c3A?A BG(yi,yj) e PATN 3G (i y))
Kopi?2 o 7 KOpY2 ox
_ 53/2[A13C2 (AK()’i)
2 \3K(m)
A-3C2
32| £
e [ 4 (31{( )
28 AFA; 3G (i, y))
K(yjpl/? dxo

£+ 02+ 1E)

e3/2cr A?A Iy~
W yla yj é‘j
aAJA; IG(yi, y)) :
Kopi?2 o J”

C2A2
K( )

+4H(yi,yi)) 1/2G(yl,y,)}§i+

VAK) o) + 85 (yl,y») +

&+ 0(E7@ +181D).
This implies that (E},) is equivalent, on account of (4.14) and (5.9), to

Aler (AK (yi)
[ 2 <3K(yi)

02A2
K( )

A2

K( )UZG()’“)’/)C]
2AfA; 3G (i, v)) :
K(yp'?  ax ’

+4H(}’z,)’z)) 1/2G(}’z,y1):|§z

Me 1 gk 8
+[ T (o veK0n + (yl,yl>)+

AN 3G (i, y))

2 2 2 1/2
(4.20) +K( 2 oxs §i =V, B, 0.6 =0(BI"+ & + 1" +e/9).
Lastly, using (4.15), (4.16) and (5.11), we see that (E,;) is equivalent to
(4.21) D*K (yi)& = Vi (e, B, £, ) = 0> + 11> + 1> + E17) .

We remark that V,,,, Vj, and Vy, are smooth functions. This system may be written as
B=V(,B8,¢8),
L(,8) =W(,B,¢,8),

where L is a fixed linear operator on R0 defined by (5.15) and (4.21) and V, W are smooth
functions satisfying

(4.22)

V(e p.5.6) = 02+ 1B + 151,
We B.¢.6) = 0@ +IBP+ 11>+ 161
Moreover, a simple computation shows that the determinant of L is not equal to zero. Hence L

is invertible, and Brouwer’s fixed point theorem shows that (4.22) has a solution (8%, ¢%, £%)
for & small enough, such that

1Bl = 0@"?); el =0"?); 1651 = 0.
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Hence, we have constructed mé = (ozf, oz;, )»f, A;,xf,xg) such that u, := a‘f P(S(XW?) —
oz;P(S(x; ) + Ve, satisfies (4.2)—(4.6). Therefore, by Proposition 4.1, u, is a critical point of
I, i.e., u satisfies

(4.23) —Aug +2ue = Klugl* fu, in S}, due/dv =0 ondS}.
Hence, the proof of Theorem 1.1 is thereby completed. O

5. Proof of Theorem 1.2. As in the proof of Theorem 1.1, we introduce the set

otl-zK(x,')

—— =1
2
jK(xj)

Msg—{m—(akxl,xg,v)esz(R )% x S§x ST x H'(S) : <,

1 A 1 /
Ai > —,elogh; < vy, dy < 2o Alx1 —x2| <dy, v € Egy ), IVl < VO},

Vo A do

where dy and d(/) are suitable positive constants, v is a small positive constant. Let us define
the functional

(5.1 Wep:Men > Ry m=(a,h,x,0) > L (o1 P8y, 5) — 02 P8(xy00) + V).

Letm = (o, A, x,v) € M. misacritical point of W, > if and only if u = o1 P81 —a2 PS2+v
is a critical point of I, i.e. if and only if there exists (A, B, C) € R2 xR? x (R*)? such that the
system (4.2)—(4.5) holds. Once v is defined by Proposition 4.2, we estimate the corresponding
numbers A, B and C by taking the scalar productin H'(S}) of (E,) with P§;,d P§; /dA; and
d P§; /0x; respectively. Thus we get a quasi-diagonal system whose coefficients are given by
(we remark that in this region €1 is of the order of A, 2)

1
/R4vpaivpaj =s4aij+0(K—%), /R

4
o0P§; 1 dP3; F 1
. J _ ey b e NP by -
/mvpa,vaxj _0<1f(l—j)ki2,lf(l#1))hl), /RJ e +0(A?)7
oPs dPs 1 oPs dPs 1 oPs, 0P6S 1
[ 5het o). | oot (k). [ ciEoth (1)
RE OA OA a3/ IR 0 ax AR 0r o Ax 23

/ v IPdi G 9P 0( 1) / v 0P GOPY; 1 s2s +0<'f(' LR ')1)
=0(=), —L =THA55;; it (i = j)—; if i #j)1).
R ;O 3 R 0x;  Ox; i A

. 1
(lf(z—n l,lf(l#J)m),

On the other hand side, W, » satisfies (4.10). By Proposition 3.2, (4.11) and (4.12) are satisfied
with A, instead of A. In the same way we get

A\ _ 1 <S4 e Ao

o Ko\an 2 A2>+V“(””)

0Wep 1 (Sie (AK(xz)
e K@\ 4 n 3K (x2)

5.2)

c2
Al

(5.3) +4H (x 2,x2))—3 ) + Viy(e o A, x)
2
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where V}, is a smooth function verifying

(5.4)
1 elog\; 1 X, =32 1
Vi, =0{ <g log 3 + =2 ’+(|ﬁ|+e+|xi—y|2)(e+—2)+ > P — 31 2y| +—3)}.
Ai A2 A3 ~ A
q=1,
Lastly, we have
8\1’8,2
(5.5) %~ KG )ZVK(x,)~|—Vx,(£ oA, X),

where Vy, is a smooth function verifying

1 lxg — 12
2 f[
(5.6) Vx_0< Ailog Ai + o > e

+ (1Bl + & + 1xi = F1D)Ix; —y|>
q=1,2 q

Notice that these estimates imply

A %) 0<|,3| + 1 +elogia + | _|2) ) 0( 1 n e )
— Y = — £ 10 X — 5 = 3 )
dat; 23 BTy i Aid3 i

v 2
5*2_0< 20 loghi + i — | + As ZM)
0x; Ai aT2 )‘q

The solution of the system in A, B and C shows that

Ai=O0(IBl+ 5 +elogha+Ixi —=FP), B = 0(%% +shi),
(5.7) : 2

2 - <12
— 1 e loghi |x1 =1 lx2—=y17. _ 1 e loghy \XQ vl
Cr=00s+ ="+ 7 + 57 ) =00+ =7 +7577).

This makes us able to evaluate the right hand side in the equations (E}3;) and (Ey;), namely as
in the proof of Theorem 1.1, we get

58) Bl(aap%‘”,—) Zcu<82”1 B)=o( (5 + 520 mz)|| o).

=1 3x13)u1 1
392Ps 4 92Ps 1 e x
59 el Doyt = o (5 5+ T m).
oA = 8x28A2 Ve
32Ps, 4 32Ps,
5100 B T Ci(—L %) = 0wl
(5100 Bi(5o v>+§ lj(ax{am v) = 0GalTl)
P8 _\ < 2Py _ _
GAD - B2 5)+ Y O, 5) = o).
dA20x2 = axjoxs

Now, we consider a point y in Si such thaty is a nondegenerate critical point of K. We set
1 SN2 e M1 _
— (== A 1 gl/ . 2 R .
" <4c2) M1 +52) n o AG )2( +¢), xi=YV+E

where ¢; € Rand & € R* are assumed to be small and
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+ AK®) \ 2
A) =R = ﬁ(—H(y, ) — 12;(?)) .

With these changes of variables, (Ey,) is equivalent to (4.19). Now, using (5.2), we show by
an easy computation that

S. A S. 1
e ;2 S+ = —e——(1+cl>(1+<:2>2

= —Z(cl +20)e + 0(e(¢f +¢3)) .

Thus, (Ey,) is equivalent, on account of (5.4) and (5.8), to

(5.12) G +20 = Vi (e, 8,¢,6) = O(elloge| + 18]+ 1¢1* + [£]%).
Using (5.3), we have
S4

AK (Y 1 A
78+ (4H(y+€2 y+€z)+M)— 2

3K( + &) sz_l
AK) | VAK ()&

_ _ 2
m 8 (y Vé + T(y_)vLO(ISzI ))

S4

S4
=3¢ &+ 4A (1+¢22) 8(H(y y)+

S.
+ %‘(1 + )+ &)?
—2

S.
= —48<C1 — 20+ ———VAK(M)éE +2A° —(? ?)éz) +0(e(2P + &%)

4 12K (3)
This implies that (Ej,) is equivalent, on account of (5.4) and (5.8), to

G130 -20+ K (e VAK® + 25 5. ) = Vi, £.6.6),

12K (3)

where Vi, (g, B, ¢, £) = O(e'/? +|B| +1¢|*>+1&]%). Using (5.5), (5.6) and (5.10), we see that
(Ey;) is equivalent to

(5.14) DK (3)& = Vi, (e. B.2.6) = O((elIne) > + B> + |£7).
We remark that V,,,, Vj, and Vy, are smooth functions. This system may be written as
= V 9 9 9 9
(5.15) B (€, B8,¢,6)
Ly(¢,8) = Wa(e, B, ¢, 8),

where L, is a fixed linear operator of R!? defined by

N 1 IH(y,y
Ly(g, &)= (gl + 2(2; &1 — 2;2 + Az(mVAK(y) + ;Z )

and V, W, are smooth functions satisfying

{V(S,ﬂ, ¢, &) = O(elloge| + B2 + |£2),
Wae, B, £, €) = O 2 + 11> + [¢]* + [£2) .

)&2: DKt DZK(i)sz) ,

(5.16)
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7y is a nondegenerate critical point of K by assumption, L, is invertible, and Brouwer’s fixed
point theorem shows that (5.15) has a solution (8¢, ¢¢, £¢) for & small enough, such that

8°1 = OCellogel),  1¢°]=0('?), [£°] = O((ellne'’?).
By construction, the corresponding u, € H' (Si) is a critical point of I, i.e. u, satisfies (S).
The proof of Theorem 1.2 is thereby completed.

Acknowledgment. 'The second author gratefully acknowledges the Deanship of Scientific Re-
search at Taibah University on material and moral support in the financing of this research project.

REFERENCES

[1] A.BAHRI, An invarient for Yamabe-type flows with applications to scalar curvature problems in high dimen-
sion, A celebration of J. F. Nash Jr., Duke Math. J. 81 (1996), 323-466.

[2] A.BAHRL Y. Y.LIAND O. REY, On a variational problem with lack of compactness: The topological effect
of the critical points at infinity, Calc. Var. Partial Differential Equations 3 (1995), 67-94.

[3] M. BEN AYED, K. EL MEHDI AND M. OULD AHMEDOU, The scalar curvature problem on the four dimen-
sional half sphere, Calc. Var. 22 (2005), 465-482.

[4] M. BEN AYED, R. GHOUDI AND K. OULD BOUH, Existence of conformal metrics with prescribed scalar
curvature on the four dimensional half sphere, NoDEA Nonlinear Differential Equations Appl. 19 (2012),
629-662.

[5]1 G. BIANCHI AND X. B. PAN, Yamabe equations on half-spaces, Nonlinear Anal. 37 (1999), 161-186.

[6] Z.DIJADLI, A. MALCHIODI AND M. OULD AHMEDOU, Prescribing the scalar and the boundary mean cur-
vature on the three dimensional half sphere, J. Geom. Anal. 13 (2003), 233-267.

[7]1 R. GHoOUDI, Blowing up of sign-changing solutions to an elliptic subcritical equation, J. Partial Differ. Equ.
25 (2012), no. 4, 368-388.

[8] Y. Y.L, Prescribing scalar curvature on S” and related topics, Part I, J. Differental Equations 120 (1995),
319-410; Part II, existence and compactness, Comm. Pure Appl. Math. 49 (1996), 437-477.

[9] M. MUSSO AND A. PISTOIA, Tower of bubbles for almost critical problems in general domains, J. Math.
Pures Appl. 93 (2010), no. 1-140.

[10] A.PisToIiA AND T. WETH, Sign-changing bubble-tower solutions in a slightly subcritical semilinear Dirichlet
problem, Ann. Inst. H. Poincaré Anal. Non Linéaire 24 (2007), 325-340.

[11] O.REY, The topological impact of critical points at infinity in a variational problem with lack of compactness:
the dimension 3, Adv. Differential Equations 4 (1999), 581-616.

UNIVERSITE DE GABES DEPARTMENT OF MATHEMATICS
FACULTE DES SCIENCES COLLEGE OF SCIENCES

CITE EL RIADH, GABES TAIBAH UNIVERSITY

TUNISIA P.O.Box: 30002

ALMADINAH ALMUNAWWARAH

E-mail address: ghoudi.rabeh@yahoo.fr KINGDOM OF SAUDI ARABIA

E-mail address: hbouh@taibahu.edu.sa
: kamal_bouh@yahoo.fr
http://www.math.tohoku.ac.jp/tmj/Esubmit.html#article




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ARA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /BGR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ETI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /GRE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HEB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HRV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LTH (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LVI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUM (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SKY (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SLV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SVE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFFff08682aff0956fd969b6587732e53705237793e306e51fa529b6a5f306b90693057305f002000410064006f0062006500200050004400460020658766f830924f5c62103057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


