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1. Introduction

We recall that for the spherically symmetric EYM equations, the Einstein metric is of the form
ds* = —AC*dt* + A7 'dr* + r*(d6* + sin*0d¢®), (1.1)
and the S U(2) Yang-Mills curvature 2-form is
F =w1idr AdO +w't, A (sinfdp) — (1 — w?)T3d0 A (sinbde). (1.2)

Here A, C and w are functions of r, and (71, 75, 73) form a basis for the Lie algebra S U(2). Using (1.1)
and (1.2), the spherically symmetric S U(2) EYM equations are

_d-w

rA'+(1+2w?A =1 .
;

) (1.3)
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N2
d=wy rw) W +w(l —w?) =0, (1.4)

AW + [r(1 — A) -
and
C' 2w?
c r
We should point out that (1.3) and (1.4) do not involve C.

Neither the vacuum Einstein equations nor the pure Yang-Mills equations have nontrivial static
globally regular solutions, so it is natural to conjecture that the coupled EYM equations also have no
nontrivial globally regular solutions. In 1988, Bartnik and McKinnon [1] presented numerical
evidence for the existence of a discrete family of globally regular solutions of the static EYM
equations: the gravitational attraction can balance the Yang-Mills (YM) repulsive force. This prompts
the mathematical theory of this conjecture came into being. However, until now, the behavior of the
solution in the case of spherical symmetry is still unclear. For example, in 2018, Baxter [2]
considered the case of spherical symmetry.

We note that Gross-Pitaevskii equation has been successfully used to deal with Bose-Einstein
condensation equation by applying Hirota’s method, Lie algebra structure and Backlund
transformations, bilinear transform, etc (refer to [3—5] and their references), but we have not seen an
example of applying these methods to Einstein-Yang-Mills equation.

In this paper, we mainly prove the following surprising properties of static spherically symmetric
solutions of the § U(2) Einstein-Yang-Mills equations.

(1.5)

Theorem 1.1. There are no any rational expression solutions for static spherically symmetric solutions
to the perturbed S U(2) Einstein-Yang-Mills equations

22
FA + (142w DA =1 - % (1.6)
22
PAW + (1= A) — ST (1 —w?) = 0, (1.7)

except classical Schwarzschild solutions and Reissner-Nordstrom solutions. Here we add a perturbed
coefficient into (1.2), and we assume that A is waving near 1.

In 1993, Smoller, Wasserman and Yau proved the existence of black hole solutions for the Einstein-
Yang-Mills equations (see [7-9]). In 1995, Smoller and Wasserman [6] provided a rigorous proof of
the existence and uniqueness of the solutions to the Einstein-Yang-Mills equations with gauge group
SU(2). After adding the perturbed term A to (1.4), we discover that the perturbed equations have the
same properties as the original equations in existence and uniqueness, see [9].

Theorem 1.2. Let 7 > 0 be given. Assume that A(¥) = 0, and (W, B) satisfies
O(F)B + w(l —w?) =0,

where O(F) = 7 — @ # 0. Then there exists a unique C* solution (A(r, w), w(r, W), w'(r,w)) of
(1.6), (1.7) with the initial conditions (A(¥,w), w(r, w), w'(r,w)) = (0,w, ), defined on some interval
r < r < r+ s(w). The solution is analytic on |r — 7| < s(w), and the one-parameter family
(A(r,w), w(r,w), w'(r,w)) is continuous about r and w.

Theorem 1.3. There are no any rational analytic solutions for EYM equations except classical
Schwarzschild solutions or Reissner-Nordstrom solutions.
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2. Proof of Theorem 1.1

In this section, we prove Theorem 1.1. Set

" + a7+ +agr + ag
byt + by " 4 -+ byr + by

2.1)

e+ e o+ er+c
e S L 0, (22)
dr'+d,_r='+---+dir +d

where a;, b;, ¢;, d; (i € [1,n],n > 1) are constants.
To obtain a simple form, we suppose

; (2.3)

, (2.4)

where p, g, h, k represent the corresponding polynomial of denominator and numerator. A and w are
simplified, i.e., g, p, h and k are irreducible. Without loss of generality, assuming 4 € (0.5,2) and
A # 1, then (1.6) and (1.7) can be simplified as

g p—p'g) + ph'r’q + 2pqr*(K'h — Wk)* = p*h*r® — p*(W* — k)%, (2.5)

P g ? —h" kh* =2k W W +2hkh'®) + (K h— ki) [ pr’h* — gr*h* — p(h* = k*)*] = Aprkh® (K> =h?). (2.6)
In the remainder of this paper, we use p, ¢, h, k to donate the corresponding highest degree of

P, q, h, k. Using L, = h*r*(¢'p — p'q), L, = ph*r’q, Ly = 2pqr*(kK'h — ’k)*, R, = p*h*r*, R, =
—p?(h? — k*)? to facilitate the writing of (2.5), and using L;, L, L, R}, R, to donate the corresponding
highest degree of L;, L,, L3, R, R,. Similarly, using L,; = r*h*q(k”’h® — h"’kh® — 2k'h*h’ + 2hkh'?),

Ly, = (K'h — kh")[pr*h* — qr*h* — p(h* — k*)?], Ry1 = Aprkh’(k* — h?) to facilitate the writing of (2.6),
and using L1, Ly, Ry, to donate the corresponding highest degree of L,;, Ly, Ry;.

Lemma 2.1. If the solution of the perturbed EYM equations can be written as (2.1) and (2.2). Then
p=agh>k 2.7)

or

p<agh<k (2.8)
holds. Moreover, if (2.7) holds, then a, = by, If (2.8) holds, then a,b,, <0, §— p = 2(k —h) > 2. Here
A is the form of (2.1).

Proof. 1t is obvious that p and 4 can not be zero. To prove this lemma, we start with the simple case
and move on to the general case.

When g=0, i.e., A = 0, then, from (1.6) and (1.7),w=0,r=lorw?> =1,r = 0.

When k£ = 0, i.e., w = 0, the solution is Reissner-Nordstrom Solution.

When g and p are constants, i.e., A is a constant, this case are included in the later discussion, where
we discuss the situation that p = ,i.e., p = g, then A = 1 and w* = 1.
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When & and k are constants, i.e., w is a constant, then w> = 1 from (1.6) and (1.7), which is

corresponding to Schwarzschild Solution.

Next, we discuss the case k # 0, g # 0, and A, w may not be constants. Before observing the highest
degree of (2.5) and (2.6) to each terms, we pick out some special cases as which have been discussed
above: If ¢p— p'qg=0,then A’ = 0; If K’h — 'k = 0, then w’ = 0; If h> = k2, then w? = 1. Then in the
following discussion, each terms in (2.5) can not be constant except R,. Noted that

Li:4h+p+g+2~4h+3; L 4h+p+q+2;
Ly : 2h+2k+p+G~p+G+2; Ry :4h+2p+2; R,:max(4h,k)+2p ~2p,

where the part on the right of colon means the highest degree.

Hint: If p = g, then L, <4h+ p+G+2. If p # g, then L, =4h + p+ G+ 2. If h = k, then L3 <
2h+2k+p+q. Ifth +k, then [3 = 2h + 2k + p + § and R, = max(4h,k)+2p.

When p = §, h < k, then R, > max(L,, [, L3, R,), which leads to a contradiction; When p = g,
h > k, then L,=R, > max(l,, [, R;) and a, = b,,i.e., A= 1, as r — oo.

When p # §, h =k, then L3 < 4h+p+§-2 < Li=L,=4h+ p+G+2, R, < 4h+2p < Ri=4h+2p+2.
If p > g, then R, > max(L,, L, L3, R,), which leads to a contradiction. If p < &, A and w as (2.1) and
(2.2),heren—m > 0(a, #0, b,, # 0, ¢y, # 0, d, # 0), then the coefficient of highest degree in (L; + L,)
is

dtayb,(n—m+1) #0,

hence L, + L, = R, and g = p, which leads to a contradiction.

When p# gandh £k, wehave L, =4h+p+G+2, L, =4h+p+G+2, L =2h+2k+ p+3,R, =
4h +2p + 2, R, = 4max(h, k) + 2p.

When k > h, p > g, then R, > max(L,, [,, L5, R,), which leads to a contradiction.

When k < &, p > g, then R, > max(L,,[,,5,R,), which leads to a contradiction.

Whenk < I, p < g, then [y < Li=L,=L, + [,=4h+ p+G+2and L, + [, > Ri=4h + 2p + 2 > R,.
It means that the highest degree of (L,+L;) can not be Ah+ p+ g + 2 from (2.1) and (2.2), here n > m.
Calculating the coeflicient of highest degree term in L; and L,, one gets n — m = —1, which leads to a
contradiction.

When k > h, p < g, we consider k = h+1 firstly. In this case, we have L, = [, = [; = 4h+p+§+2,
R, = 4h +2p + 4 > R,. Letting

ayr + ap "N+ -+ agr + a
bpur™ + by 7"V 4 -+ bir + by

cn e+ o+ ¢
w = )
dir' +dir''+ -+ dir + dy

and calculating the coefficient of highest degree term in left, one sees that the result of coefficient can
notbe 0, ie., L, = L, = I3 = R,, thus § — p = 2. Solving the both sides of coefficient of highest
degree term, one gets a,b,, < 0. Next, if k > h + 1, one has L3=2h + 2k + p + §g=R,=4k + 2p, hence
g—p = 2(k—h) > 2. What’s more, since R, < 0, the coefficient of highest degree term to pg in L, and
L5 should be negative, i.e., a,b,, < 0.

Thus Lemma 2.1 holds. O
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Lemma2.2. Ifk>h p<q thenk=h+1,§=p+2.

Proof. In order to prove this lemma, we observe (2.6). Firstly, we consider some simple cases.
Whenh=0,k=1landw=ar+b,a #0, by using coefficient of variation method to (1.6), one can
see the expression of A as follows.
If a*> % then

_ 1 +4ab— 2a°(b* - 1) a , 4d’b dab(b* - 1) (B> -1) c

A - - - - + ,
2a% + 1 22+3 22+2 2 Qa-DR | g

where c is a constant. Then we generate the results into (1.7) and discover the fact that

(555 — @ — )P + (G4L - 4a*b - 34a*b)r? + a(REEHL — 4ab - 202D + 2a° + A — 30b)r +

al L — (7 - 121 = 5 + A(4a? - 1)(b - b*) = 0. For (3% — &’ — Aa’) = 0 has solutions, one has
A1<2-V3ora>2+ \/§, which leads to a contradiction.
If ¢* = 1, then

—_}2 2 _ 2 1\2
:2+4ab b —irz—%abr—élab(b 1)_(b 1)lnr+c

A
2 16 3 r r? r2’

where c is a constant. Then we generate the results into (1.7) and discover the fact that —%rﬁ -

KOV 2 4 [(—1 = 30)ab? = 3b+ (1 + Dalr+a®® — DX (Inr—1)r~' =< + A(b—b*) = 0. Let the coefficient
of r* be 0, one gets A = —%, which leads to a contradiction.

Whenh =0,k >2,then Ly =k+§+1, L =5k+p—1, Ry = 3k+ p+ 1. Through a comparative
analysis, one sees L, > max(L,,, R>1), which leads to a contradiction.

Whenh = 1, then I, <6 +k+q. IfG—p > 4,ie,k—h > 2, then L,,=5k + p, Ryy=3k + p + 4.
Through a comparative analysis, one gets L, > max(L,,,R>;), which leads to a contradiction.

Whenh > 2,if G—p > 4,i.e.,k—h > 2, then L < 5Sh+1+k+§G, Lyy=Sk+h+p—1,Ry1=3k+3h+p+1.
By analysis, one has L, > max(L,,,R,;), which leads to a contradiction.

Thus, Lemma 2.2 holds. O

_k _ " a, 1 7" e ta rag ~ _ ~ T 7 ~ _~ 7 _ 1 2 _ 12
Lemma 2.3. Letw = | = P If p= G, h > k, then p = G, h = k, and a; = b;,.

Proof. Whenk =0, =1,thenw = £ = <50 L, <5+ jp < L5;=6 + p=R5;. Solving both sides of
the coeflicient of highest degree term, one gets that A = —2, which leads to a contradiction.
Whenk =0, > 2,then Ly, <Sh+ p, Lp; <Sh+p+1=Ry. Letk=1,h=d,”" +dp 17"+ +

_ g _ r+acr 4 4airtag . . . X
dir+dy(n=>2),A= P = Then the coefficient of highest degree term in L, is

n(n+ )d>, (2.9)
and the coefficient of highest degree term in R»; is
- Ad. (2.10)

Solving the both sides of the coefficient of highest degree term, one has A = —n(n+ 1) < 0, which leads
to a contradiction.

Whenk =1, = 1, then Ly; <6+ p, L <5+ p. Let w = 22 if b # 1, then Ry=7 + p, which
leads to a contradiction. So »> = 1,i.e., w> = 1 (r — o).
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Whenk =1,h>2,then Ly, <5h+p+1, L5 <5h+p+2=R>. Letk=ar+c,h=d," +d,_;r"" +
-+ +dr +dy (n > 2), then the coeflicient of highest degree term in L, is

n(n — 1)ad’, (2.11)
and the coefficient of highest degree term in R»; is
— dad’. (2.12)

Solving both sides of the coefficient of highest degree term, one gets A = —n(n — 1), which leads to a
contradiction.

7 _ " +a, 7" agr+ag

When k 2 2, and w = byt +by_1 7" b1 r+bg

% = (m > n > 2), considering & > k and m > n firstly,
then Ly, < 5h + p+ k, Ly <5h+ p+ k + 1=R,,. The coefficient of highest degree term in L,; is

a,b) [2m* + n(n — 1) = 2nm — m(m — 1)], (2.13)
and the coefficient of highest degree term in R5; is
— Aa,b),. (2.14)
Solving both sides of the coefficient of highest degree term, one gets
A=-2m*+nn-1)-2nm—m@m-1)]. (2.15)
In fact, by (2.13), one has
2m* +n(n—-1)-2nm—-mm—-1)=m-n)(m—-n+1)>0. (2.16)

So A < 0, which leads to a contradiction. If i = &, a,zl * bfl, then L, < 64 + P, Ly < 6h + p -1,
R, =6h + p + 1, which lead to a contradiction, i.e., w?> = 1 (r — o).
Thus, Lemma 2.3 holds. O

Lemma 2.4. The case p = §, h = k can not happen.

Proof. When h=k=1,w= %, then [, < L,; = 6 + p= R, thus the coefficient of highest degree
term in L, is
2(b - a), (2.17)

and the coefficient of highest degree term in R»; is
2A(b — a). (2.13)

Solving the both sides of the coefficient of highest degree term, we discover 4 = 1, which leads to a

contradiction. If let w = _r’;;b , also leads to a contradiction in a same way.
7 _ 1 _ P et _ a7 eetagrtag _ a7 g rtag
Forh = k = 2,letA = Pt dpy P Vet d rdy T by P b Py w = P+by_ 1P etb r+bo also

leads to the same result). If a,_; # b,_;, then Ly, < 6k + p—-1< L,1=R,,=6h + p. Solving both
sides of the coeflicient of highest degree term, one gets 4 = 1, which leads to a contradiction. So,
Ap_1 = by_1. If a,_» # b,_», then Ly, < 6h + p — 2 < [5,=R,=6h + p — 1. Solving both sides of the
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coeflicient of highest degree term, one has A = 3, which leads to a contradiction. So, a,_, = b,_,. This
reminds us that perhaps a; = b;(i < n — 2). In the following, we use mathematical induction to prove
a; = b;. With the reduction to absurdity, assume da; # b; and a;; = bi,j, j > 1,0 <i<n-2. So
w=k_— r”+an—1r”‘1+an—2r"‘2+-~~+ai+1ri+1+airi+~~-. By (2.6), one has

h Pty P a2 F D
Loy = (a; — b)(® — i + n* + n = 2ni)P>mit o (2.19)
Ly = (i = n)(a; = bi)(dp1 = cop)r" "2 4 (2.20)
R21 — 2/1(&,‘ _ bi)r5n+m+i+l +oeee (221)

Solving both sides of the coefficient of highest degree term, one gets

WAn=2ni+i—-i>+21<2n(n-2)+n-2-m—-2*+21=n*+n+21-6. (2.22)
Thus A > 3, which leads to a contradiction. Then w = 1, and contradicts the hypothesis. Here, if we
-1
assume w = § = _,anba"_']]ril ot in the beginning, we will get the result that w = —1, which is also
a contradiction.
Thus, Lemma 2.4 holds. i

Lemma 2.5. The case § = p+ 2, k = h + 1 can not happen.

Proof. We consider i > 2 firstly. Let

ar*' +a, /" + -+ air + ap

k
w=—-= ] ,
h rm+crt+---+cr+co

A4 P2 dy ™+ dir + dy
p br 4 b, 4 bir+ by

and b < 0, then Ly, < 5h + k + § + 1. By calculating, the corresponding coefficient of highest degree
term is 0, thus [, < Sh+k+ g. What’s more, Ly <5h+k+ g+ 1, and the coefficient of highest degree
term in Sh+ k+ G+ 1is —(a + a’b) and Ry, = Sh+ k + § + 1. The corresponding coefficient is 1a’b.
Solving both sides of coefficient of highest degree term, one gets

ab+Ad*b+1=0. (2.23)

From (2.5), one gets Lio=0[,=L;=R,=4h+ 2p+4 > R, =4h + 2p + 2. Comparing the coefficient
of highest degree term in (L; + L, + L3)(3b + 2ba*) and R, (—a*b?), one gets

a*b+2a*>+3=0. (2.24)

Calculating (2.23) and (2.24), one has

2 2
Zf#%z+2m2+3:0. (2.25)
If (2.25) has solutions, then A < 2 — Viora>2+ \/§ which leads to a contradiction.

If h = 0, then w = ar + b. This case has been discussed in the proof of Lemma 2.2. When h=1,

7 _ _ k _ b’ +birtby _ a4 7" ta tag : :
k=2, wesupposew = ; = ——2 A = T rrdirrdy (@ F 0, b # 0). Solving the coeflicient
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of highest degree term in L,;, L, R,; and observing (2.6), one gets Ly <10 + p. By calculating, the
coefficient of highest degree term is 0, thus L,; < 9 + p. What’s more, L,, < 10 + p, the corresponding
coefficient of highest degree term is —b(a + b*), Ry; = 10 + p, the corresponding coefficient of highest
degree term is Ab3, then one has

b*+ Ab* +a=0. (2.26)

Observing (2.5), one gets L; = [, = [ = R, = 2m + 8 > R, = 2m + 6. Comparing the coefficient of
highest degree term in (L; + L, + L3): (3a + 2ab?) and in R,: (—b*), one has

3a +2ab® + b* = 0. (2.27)
Calculating (2.26) and (2.27), one can see that
b* +2(1 + Db* + 31 = 0. (2.28)

Thus, when (2.28) has solutions, 1 <2 — V3 or 4 > 2 + V3 holds, which leads to a contradiction.
Thus, the proof of Lemma 2.5 is completed. O

By Lemma 2.1-2.5, we complete the proof of Theorem 1.1.

Remark 2.6. If we consider the case that adding the perturbed coefficient into (1.4) for the first term
as follows:

2 " (1 B W2)2 ’ 2
AW +[r(1 —A) — ———w +w(l —w") =0, (2.29)
r
we can also get the same result as the conclusion in this paper. Here { € (0.5,2) and { # 1. The proof
of this result is similar to Theorem 1.1 if we add the perturbed coefficient A into (1.4), so we omit here.

3. Proof of Theorem 1.2

In this section, we prove the existence and uniqueness of the perturbed EYM equations. The
reference [9] provides a rigorous proof of the existence and uniqueness of the solutions to the
Einstein-Yang-Mills equations with gauge group S U(2). After adding the perturbed term A to (1.4),
we discover that the perturbed equations have the same properties as the original equations in
existence and uniqueness.

For the definitions of C***(7, 7+¢), Dy, D5, D3, X, d(-, ), T, Ty, T» and T3, we still use the definitions
in [9]. The main work in [9] is to prove that T, T, and T3 are contract mappings. By analysis, to prove
our results, we just need to prove T, is a contract mapping. Recalling u;, us, wi, w, in C**%(¥, 7 + €),
Ty(w,z,A) = w'(F) — [ #45>%ds, and denoting 6 = (w,z, A), then

" Aupwy,  Auwy $azs diz
T7-(8)) — T-(0,) = - + - d
2(01) — T>(6>) ﬁ[ A, A, A, SzAl] s

_ fr AWy —aw) — A(uywy — uw) ¢2Z2 — $7
Bl 7 S2A2 S2A1 S2A2

_ iz — ¢z Pz
oA —(A—2 - —)(/WW + ¢2)lds

AIMS Mathematics Volume 6, Issue 11, 12065-12076.
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For convenience, denoting

Af:=fi-fh (feC™),

then
A(/luw —Aduw  Aupgwr — Auw B Augwy — Auw
s2A B s2A, §2A, ’
and
17261 = To0)12 —IIA(A”W AA”W) A ¢Z) A( - L aw + )|,
uw ¢z =
<A AT, + S + a9,

Next, we estimate the above equation term by term.
For A||A(*; 7|4, denoting o, = r» — 7 and by lemma 5.3 in [9], one can get

/1||A( IZW)” ||M2W2 uiwq + uiwq _ M]W] uw _||
I”2A @ 7'2 2 A2 A2 A] A]
Sl e 2
cr2 @ 02 By Qz @

e L)

+ Rt~ - &
il = ol + el

Due to uy, uz, wi, wa in C***(F, 7 + €), (uyw))(F) = (uaw2)(P), wiw) (F) = (uawy)' (), (wywy)”(F) =
(W) (7), then II%IIQ - 0, II%IIoo — 0. Hence,

1 Urwor — Uiwq 1 Urwor — Uiwq
—|| ||——— —|| [|[————— .1
e I N L an
ase — 0. By (— - —)(r) =0, (A2 1)’(f) =0, [luswillee — 0 and |jaw||.c — O, one has
1 T 1
||M1Wl||o<>||(A—2 Al e - 0. (3.2)
as &€ — 0. Combining (3.1) and (3.2) to get
z||A(—“W)||a -0 (s 0). (3.3)
For ||A(">Z %)l one has
a5, <IaECE), + [ EZE),
It is easy to see [|A( ¢i2/‘fz Nle = 0, as € = 0. For convenience, defining
—d,
n(r) = ¢z Q;f’ ¢z
cr

AIMS Mathematics Volume 6, Issue 11, 12065-12076.
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i~do¢—¢3;
cr?

a*

, and

N R

one has n;(r) =

— L G4

n  m _ _nmp Bi-B
Because o8 ~ 2B B1Bz( ), one gets

n n n B, -B n B, - B
1% -~ o5l < Ig 5l ==l + Iz ==

a

Due to 311122 e C* p, = %(Zz —do — 7), then

ny(7) = %(Z -7 —do).

Becauseof o =7 -7 =0,n(r) =0

1 2 1 2
W) = 21— d) — (e~ do = D10) = S (d — d) - (B - B - do(P)] =

Hence ( 371292)(?) =0,( 371292 ) (7) = 0, furthermore

|
Ble [0

and

n B, - B
Iz 5=l 0.

a

as € — 0. Due to (%)(?) = 0, one has

B, - B e B, —B
|[=—]|.. < &"(B: = B)/olla < 1+w|| —|.....
and then € — 0, B B
a2 oo ||Q—BZ—Q71|| 35

For the last term in (3.4), denoting h(r) = 5 2

Zz—dQ—Z—Zl"‘dQ"‘Z -2
||Blr2 0 ||h a’

QBI QB1

Because h € C'*, h(F) = # one has

c 1

hF) = B(c 1+ Lo()

and(h—1DeC", (h-DF) =h(F)—1=0,||h-1|lo = 0. Moreover, 0 < 6§ < a, ||hlloc < 1 + 5, then

22— X1 ”
o

o T Il
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Due to the fact that (z, — z/)(7) = 0 and [|2;2]| < L1122 = Z1ll14a, then

l+a

1 _
| £ - %Ha <+ 0)7—llke = 2illive + IAllo|| 2=,
and s .
=l - 0. il 2= > o,
¢ 0
ase - 0. Let0 <k = % < 1, then
”Qn_le - QH_I;IHQ < kllzo = zilli4e + O(8).

Furthermore, Aitw + ¢Z = F#Aw” = 0, then

IT2(61) = T2(02)ll1+a < kllz2 = zill1+a + OC8).

(3.6)

(3.7)

(3.8)

So T, is a contract mapping. Thus, by Banach fixed-point theorem, in the interval 7 < r < 7+ &, T has

a unique fixed point (A(r, w), w(r, w), w'(r, w))€ X. This completes the proof of Theorem 1.2.

4. Conclusions

By Theorems 1.1 and 1.2, we can see that the local solution is unique. Moreover, this solution is
not rational solution, but C>** solution. This means the results in Theorem 1.3 holds. Since the current
methods of finding ghost solitons are all based on the rational fraction solution, these results show that

there is no rational ghost soliton solution for the EYM equation.
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