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ofChinay P P By using an abstract critical point theorem based on a pseudo-index related to the

cohomological index, we prove the bifurcation results for the critical Choquard
problems involving fractional p-Laplacian operator:

(A u=\ulPu+ (/ uphs dy)|u|p7tr5’2u in €, u=0 InR"\ &,
P Q X=-yl*

where © is a bounded domain in R" with Lipschitz boundary, A is a real parameter,

B
pe(l,00),5€(0,1),N>sp,and pfw = (NNj;p is the critical exponent in the sense of

Hardy-Littlewood-Sobolev inequality. These extend results in the literature for the
fractional Choquard problems, and they are still new for a p-Laplacian case.
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1 Introduction and main results
Given p € (1,00), s € (0,1), u € (0,N), N > sp, we consider the problem

Plis * .
(_A);u = )»|u|p_2u + (IQ :Z‘*)/’W dy)|u|p/1»,s 214, in Q, (1)
u=0, inRV\ Q,
_u
where p}, = (]yv_ﬁp)p and Q is a bounded domain in R with Lipschitz boundary. (-A); is

the associated fractional operator which, up to a normalization constant, is defined as

N, |u(x) — u(y) 1P~ (u(x) — u(y)) N
(—A)pu(x) = 2}91\% S v~y dy, xeR"™.

This definition is consistent with the usual definition of the linear fractional Laplacian
operator (—A)* when p = 2. Recently, much attention has been paid to the problems in-
volving nonlocal operators, and we may refer to [2, 12, 15, 18, 32, 36—38] for more details.
In particular, fractional p-eigenvalue problems have been studied in [4, 6, 8, 16, 17, 19, 20,
29], and existence theories in the critical case in [1, 13, 21-25, 30, 33].
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On the other hand, Equation (1) is also related to the so-called Choquard equation which
is inspired by the following Hardy—Littlewood—Sobolev inequality:

21771,5
Do Pus ~ " 3
/ / @V lu@) P dysC(N,u,s,m(f up? dx) "
RN JRN |z —yl# RN
where p} = . For more details about fractional Choquard equations, we refer the read-

ersto [5, 9, 11 24 34, 35]. Very recently, Mukherjee and Sreenadh [24] have obtained the
following multiplicity result, extending the results in [10] in the local case, for the Brezis—

Nirenberg type problem of semilinear fractional Choquard equation:

(-A)u= (fQ s dy)|u|* w2y + Au,  in Q,

=y

(2)
u=0, inRY\ ,

where Q is a bounded domain with Lipschitz boundary in RN, N > 25, 0 <s < 1, 2% =
N

N3
problem

,and A > 0 is a parameter. Let 0 < A; < Ap < A3 <--- — +00 be the eigenvalues of the

(=AYu=xru, in€,
u=0, in RV \ Q.

There exists a constant A* such that if there are g number of eigenvalues lying between A
and A + A%, then problem (2) has g distinct pairs of solutions (see [24, Theorem 2.6]).

In this paper, we use a more general construction based on sublevel sets as in Perera
and Szulkin [31] (see also Perera et al. [28, Proposition 3.23]) and extend the above multi-
plicity result to the quasilinear nonlocal problem (1). However, the standard sequence of
variational eigenvalues of (~A);, based on the genus does not provide enough information
about the structure of the sublevel sets to implement the linking construction. Therefore
we use a different sequence of eigenvalues as in Iannizzotto et al. [14] that is based on the

Zy-cohomological index of Fadell and Rabinowitz [7], which is defined as follows.

Definition 1.1 Let W be a Banach space, and let A denote the class of symmetric subsets
of W\ {0}. For A € A, let A = A|7 be the quotient space of A with each u and —u identified,
letf : A — RP™ be the classifying map of A, and let f* : H*(RP>®) — H*(A) be the induced
homomorphism of the Alexander—Spanier cohomology rings. The cohomological index of
A is defined by

sup{m > 1:f*(0™ 1) #0}, A#0,
0, A=,

i(A) =

where w € H'(RP®) is the generator of the polynomial ring H*(RP*®) = Z,[w].

For instance, the classifying map of the unit sphere $”~! in R”, m > 1 is the inclusion

RP™! ¢ RP*®, which induces isomorphisms on H? for g < m — 1, s0 i(S"!) = m.
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Define the so-called Gagliardo seminorm by

() — u()” ””
[u]S,p = (/]1;2N W dxdy) ’

where #: RY — R is a measurable function, and give the fractional Sobolev space by
Ws'p(RN) = {u € L”(RN) ulsp < oo},
which can be equipped with the norm

1/

ety = (el + [u12,) ",
where | - |, is the norm in L (RN) (see Di Nezza et al. [26] for details). We work in the
closed linear subspace

X5(Q) ={ue WPRY):u=0ae inRV\ Q},
equivalently renormed by setting || - |I;, = [-]5, (see [26, Theorem 7.1]), which is a uni-
formly convex Banach space. By [26, Theorem 6.5 and Corollary 7.2], the embedding

X;(Q) — L’(Q) is continuous for r € [1,p}] and compact for r € [1,p).
The Dirichlet spectrum of (-A);, in 2 consists of those A € R for which the problem

(—A);u =AMulP?u, in<,

(3)
u=0, inRV\ Q,

has a nontrivial solution. We will use a suitable minimax scheme to define an incremental
and unbounded sequence of variational eigenvalues. The standard scheme based on the
genus is not applicable here, so we will use the following scheme based on the cohomo-
logical index introduced in Iannizzotto et al. [14] (see also Perera [27]). Let

W (u) = ue M={ueX)(Q):luls, =1}

1
p,
|u|p

Then eigenvalues of problem (3) are consistent with critical values of W. We use the stan-
dard notation

\Paz{ueM:\D(u)Sa}, \I/ﬂz{ueM:\I/(u)za}, acR

for the sublevel sets and superlevel sets, respectively. Let F denote the class of symmetric
subsets of M, and let

A= inf  supW(u), keN*.
MeF i(M)>k e

Then 0 < A <Xy < A3 <---— +00 is a sequence of eigenvalues of problem (3), and

M<har = (W) =iM\W, )=k (4)
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(see Iannizzotto et al. [14, Proposition 2.4]). Making essential use of the index information

in (4), we will prove the following theorem:

Let
||t

Cyyr:= sup - - - (see Lemma 2.2 below),

P, 2h, 1
ueXs(2)\(0) ( fsz fg ()} I; ;l,bﬁgy)l 7 dx dy) Wis
and
S o ?ﬂf>\{0} L) P15 ) P e
: (Jo o =T dox dy) s

Theorem 1.2
(i If

S
oS e,
1QINCyy p
then problem (1) has a pair of nontrivial solutions *u* such that u* — 0 as . /' A;.
(i) If ik <A< Age1 ="+ = dikym < Ay for some k,m € N* and

Sur
A>Apy1 — — (5)
|Q2UINCy

then problem (1) has m distinct pairs of nontrivial solutions :i:u},j =1,...,m, such
that u]’-\ —0ash  his1.

Corollary 1.3 Problem (1) has a nontrivial solution for all A € | J;-; (A — f{,#p Ak
N,

We note that A; > ‘E,ﬁ“p . Indeed, if ¢; is an eigenfunction associated with Aj,
IQINCy

* * )4
lo1 @) 115 |1 () [P1S »E
_ 1 l1%, - Sui(Jqo Jo =z dx dy)*r- - SHr

pr — 4 - 2 p
lo1lp le1lp |Q|NCH'L

Al

by the Holder inequality.

2 Preliminaries and some known results
The following Hardy-Littlewood—Sobolev inequality is essential to applying the varia-
tional approach for problem (1).

Lemma 2.1 ([19, Theorem 4.3]) Assume 1 <r,t <00, and Q< u <N with % + % + % =2.1If
ueL'(RN) and v e LY(RN), then there exists C(N, u,r,t) > 0 such that

//dedyfC(N,/L,r,t)|u|,|v|t.
RN JRN @ —y[*
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By the Hardy—-Littlewood—Sobolev inequality, there exists C(N, i, s,p) > 0 such that

p S p S
f / |M(x)| Ho |M(y | ot dxdy < C(N /,L,S,p)lb” pp.s (6)
RN JRN % —y[*

forallu e X;(Q). Hence, by the Sobolev embedding,

P S p \S
/ / O ) dxdy < C(N, 1,5, p) | ull o,
RN JRN o — y|#

for some C(N, w,s,p) > 0. Define

, el
St = ueXSl ?s;f)\{O} (@) P [u(y) Pios ol @)
: (fQ fsz Tyl dx dy) s

Clearly, Sy > 0.

Now we can introduce the C!- functional associated with problem (1) by

1 s 1 |aa() [P |1 (y) Pis
L (u) = = [|ull?, — = |ul? - —/ / —(y dxdy, ueX)(Q).
p p 2p}, lx = 1"

Moreover, u is a weak solution of problem (1) if and only if u is a critical point of func-
tional I,.
Let

1
) Phs () P\
el = (/ @O 4\
[ — y|#

for u € L7 (R2), we have the following lemma.

Lemma 2.2 There exists Cy ;> 0 such that |uly < Cppllull,.

Proof Let u, v € L% (R2), then using the Holder inequality and the semigroup property of
Riesz potential, we get

/ / |0+ ) (0) P2 1+ v) () [Pies dxdy
lx — y|*
/’ [(ze + v)(x Izpusdxdy
e — y|#
2p},s—1 2} s~
5/ () || (2 + v) ()| 1 / [v() || (2 + v)(x)| P dxdy
alJa e —y|H | — y|#

< (/ |ua(c) [P dxdy) 2;&1,3 (/ (1 + v) ()| Pies dxdy)l_ﬁ
eJao lx-y* eJo o — y|*
V() s [0+ ) () s T
+(/ 7dxdy> : (/ 7dxdy> :
QJao lx—y* eJa  lx—y*
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* 1 * _1
) <(/ |”(x)|2”_uvs dxdy> " + </ |V(x)|2p—ﬂ‘s dxdy) 217715)
eJa lx-y* Qlo -y
Qo lw-y*

So, we have |lu + v||, < |lu|l, + |V|l, and other properties of the norm are also satisfied by

I - llo- So, || - Ilo is @ norm on L (€2) and L¥* (2) is a Banach space under this norm. From

(6), we have

1

lully < CON, 11,5, p) s |ul .
So, the identity map from (L7 (S2), || - I|o) to (L7 (S2), ] - |pr) is linear and bounded. Thus, by
open mapping theorem, we obtain || - ||, is a norm equivalent to the standard norm | - |+
on L7 (Q). So we have |ul,s < Cpypllull,.
Definition 2.3 ([3]) Let A* denote the class of symmetric subsets of W, let r > 0, let S, =
{ue W:llulsy,=r},let0<b < +00, and let I" denote the group of odd homeomorphisms of

W that are the identity outside I (0, b). The pseudo-index of M € A* related to i, S,, and
I is defined by

(M) =ryn€ipi(y(M) ns,),

where i is in Definition 1.1.

The following is a general critical point theorem based on a pseudo-index related to the

cohomological index which we apply here (see also Perera et al. [28, Proposition 3.44]).

Lemma 2.4 ([30]) Let Ao, Bo be symmetric subsets of Sy such that Ao is compact, By is

closed, and
i(Ag) = k +m, i(S1\ Bo) <k

for some integers k > 0 and m > 1. Assume that there exists R > r such that
supl(A) <0< infI(B), supl(X) < b,

where A = {Ru:uec Ao}, B={ru:ueBy}, and X = {tu:uecA,0<t<1}. Forj=k+
1,....k+m,let

.A;‘ = {M € A*: M is compact and i* (M) zj}
and set

¢ = inf maxI(u).
MEA;‘ ueM
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Then
infI(B) < ¢, <+ < ¢, < supl(X),

in particular, 0 < c;" < b. If, in addition, I satisfies the (PS). condition for all c € (0,b), that
is, if every sequence {u;} C W such that I(u;) — c and I'(u;) — 0 possesses a convergent
subsequence, then each c; is a critical value of I and there are m distinct pairs of associated

critical points.

3 Proof of Theorem 1.2
We only prove (ii) because the proof of (i) is similar and relatively simpler. First, I, satisfies

21775_3 21’;*1,5
.. 2% =P 25— P T
the (PS), condition for all ¢ < ;IZ;,’Z':?SH[?L‘ " In fact, let ¢ < Zﬁ;ﬁfslflf ", and let {u;} be a
sequence in X;(Q) such that
1 A 1 2p%,
L) = = lwl?, — —ulb — ——lujllo “* =c+o(1), 8
)»( 1) P” 1”5,17 p| 1|p 2}7;,5” 1”0 ( ) ( )
ui(x) — ()P (w(x) — ui () (v(x) = v
Ii(u,-)v:/‘ | (%) — 1 ()17~ (11 (%) — () (v(x) — v()) dxdy
R2N | — y|N+sp
1 () 1P |14 (%) [P =2 0 () v
—A/|u,|p‘2u,vdx—// OV i) )
Q ala e — yN*sp
:O(HVHS,p): VVGX;(Q); 9)

as j — 0o. Then

1 1 2" 1
== — |lluillo ** = Li(w) — =L (up)u; = o(|lul5,p) + O(1),
(5~ g 1l = )= Ly =)
which together with (8), Lemma 2.2, and the Holder inequality shows that {1} is bounded
in X;(Q). Then there exists a subsequence of {;} still denoted by {x;} and u € X;(Q) such
that

u; — u weakly in X;(Q), and in L7 (),

Denoting by p’ = p/(p — 1) the Hélder conjugate of p, |u;(x) — u;(y) IP‘Z(ui(x) —uj(y))/|x -
y|N+2)IP is bounded in L7 (R?N) and converges to |u(x) — u(y) [P~ (u(x) — u(y))/ |oc — y| NP’
a.e. in R?, and (v(x) — v(y))/|x — y|N*P'? ¢ [P(R?N), so the first integral in (9) converges

to

/ () — u(y) P~ (u(x) = u(¥)) (v(x) = v(»))
R2N

o~y dxdy

for a further subsequence. In addition,

/|uj|p_2ujvdx—>/ lulP2uv dx,
Q Q

Page 7 of 11
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and

/ |24 () [P0 |4 () 1Pl =2 (o) v () dndy
QJIQ

e — y|*

- / O (W)t (10)
QJIQ

e — y|*

N
Indeed, the Riesz potential defines a linear continuous map from Lﬁ () to L%_ILV (2) by

the Hardy-Littlewood—Sobolev inequality. Then

k K
U; Pus u Pis N
e dul in L% (), (11)
lx =yl Jx—yl*
as n — 00. Moreover,
* =2 * 9 . Ili
ui|Prs™ ;i ulPrs™y in : .
|y P20y — |ufPies LPis () (12)

Combining (11) with (12) and L. 21%1Nu , we get the desired result (10). So passing to the

limit in (9) shows that u € XS(Q) is a weak solution of (1).
Let 7; = u; — u and we will give the proof of 7; — 0 in X;(Q). From [30, Lemma 3.2], we

get

112, = 112, — ullZ, +o(1). (13)
We discuss as in Lemma 2.2 in [10] and have

I = a2 = )™ + o(1). (14)
Taking v = u; in (9) gives

g2, = aful? + 127 + o(1). (15)
Since {#;} is bounded in X;(Q) and converges to u in L?(2), and testing (9) with v = u gives

Pus

lleell?, = Alulf + llsllo (16)

Combining (13)—(16) and (7) gives

20},

l13;lls,™
2Pp. s/p

SH,L

~ P s
15115, = %1l ™ +o(1) = — == +o(1),

SO

2 15 L,S
1112, (Sy S _ ) < o(1), (17)
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On the other hand,

1 by .
c==llwl?, — = |ulb ~ Zis 4 o(1) by (8)

—

p
1 uil?, = rlulf) +o(1) by (15)
p Zpus ” 1”57 1 )

1
p 210,“

(p

( )IIM, %, +o(1),
V4 pp,s

)Iujl +[lul, = Alufp) +o(1) by (13)
15y

—_

(117, + 1127#) + o(1) by (16)

—_

SO

Pjis

. pptcsc 2P 5P
limsup %2, < ——<Sy;" .

< (18)
j—oo ’ 2P*

We conclude from (17) and (18) that |75, — 0.

ZP;LS
Now we can apply Lemma 2.4 with b = Zp‘” pS ZP”‘ ¥ By [30, Proposition 3.5], W has
a compact symmetric subset Ay with

i(Ag) =k + m.
We take By = ¥, ,, so that
i(S1\ Bo) =k

by (4). Let R>r >0 and let A, B, and X be as in Lemma 2.4. For u € By,

P A 1P
L(ru)> —|1- - -
p

2p7, sIp
Ak+1 zp;kz, sSH LLL’S

by (7). It follows that inf7; (B) > 0 if r is sufficiently small since A < Ax,1 and 2p;, ¢ > p. For
ueAyC NZE

Pus

I,(Ru) R <1 * ) R < ! ) !
u) < — - - ,
* - P )"k+1 21971,3 )\k+1 | Q|(Ps /ps Cp

so there exists R > r such that I, <0 on A. For u € X,

2

Ms1—A B2
I)\(u)fLKﬂ s |M|Z*—72*
) T opr (Crap)is

=sup :
v 207, (i

pi-r "
[|sz| A (ka1 = 2)p prinsl? }
p=0
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1 1 205,505 —p 2P,
= (_ _ | Q|25 CPiis ) (Cpy ) Pies ™ (Mg — A)Pivs! @PlusP)
P 2 ’

So

2},,s05 -») 200},
) | QPP (Cpy,) PP (hgyy = )il CPins?)

1
sup [, (X) < (1_7 -

S
£3
< 2p,s—P 521721,3/(2172,5—17)
2pp* H,L
S

by (5). Thus, functional [, has m distinct pairs of (nontrivial) critical points :I:u}, j=
1,...,m, such that

1 1 203 2Pjis
» Zp >|Q|Ps(zpux p)(CHL)Zp’” p()\k 1 _)\)2pﬂs 2pM -p) =0
S

0<L( ,)5(
as A 7 Aiel. (19)

Then

wh,  2pp), 1, 2pp,,
I = e [06) - 500 | - o ) 0

and hence u} — 0 in L?(2). Applying the Holder inequality and Lemma 2.2, we deduce
that

715, = P1(2) + 2| [ + AN

— 0.

ol

Acknowledgements
The authors want to thank the editors and reviewers sincerely.

Funding
The authors are supported financially by the National Natural Science Foundation of China(11501252,11571176).

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or analysed during the current study.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
The authors read and approved the final manuscript.

Authors’ information
All authors come from Jiangnan University of China.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 14 March 2018 Accepted: 15 August 2018 Published online: 03 September 2018

References
1. Autuori, G, Fiscella, A., Pucci, P: Stationary Kirchhoff problems involving a fractional elliptic operator and a critical
nonlinearity. Nonlinear Anal. 125,699-714 (2015)
2. Autuori, G, Pucci, P: Elliptic problems involving the fractional Laplacian in RY. J. Differ. Equ. 255(8), 2340-2362 (2013)



Wang and Yang Boundary Value Problems (2018) 2018:132 Page 11 of 11

18.
. Lieb, EH, Loss, M.: Analysis. Graduate Studies in Mathematics, vol. 14. Am. Math. Soc., Providence (2001)
20.
21,

22.
23.

24,
25.
26.
27.
28.
29.
30.
31
32.
33

34
35.

36.
37.

38.

. Benci, V.: On critical point theory for indefinite functionals in the presence of symmetries. Trans. Am. Math. Soc. 274,

533-572(1982)

. Brasco, L, Parini, E,, Squassina, M. Stability of variational eigenvalues for the fractional p-Laplacian. Discrete Contin.

Dyn. Syst,, Ser. A 36(4), 1813-1845 (2017)

. d’Avenia, P, Siciliano, G., Squassina, M.: On fractional Choquard equations. Math. Models Methods Appl. Sci. 25(8),

1447-1476 (2014)

. Del Pezzo, LM, Salort, AM.: The first non-zero Neumann p-fractional eigenvalue. Nonlinear Anal,, Theory Methods

Appl. 118, 130-143 (2015)

. Fadell, ER, Rabinowitz, PH.: Generalized cohomological index theories for Lie group actions with an application to

bifurcation questions for Hamiltonian systems. Invent. Math. 45, 139-174 (1978)

. Franzina, G, Palatucci, G.: Fractional p-eigenvalues. Riv. Mat. Univ. Parma 5(2), 373-386 (2014)
. Gao, F, Shen, Z, Yang, M.: On the critical Choquard equation with potential well. arXiv preprint (2017).

arXiv:1703.01737

. Gao, F, Yang, M.: On the Brezis-Nirenberg type critical problem for nonlinear Choquard equation. Sci. China Math.

61(7), 1219-1242 (2018)

. Guo, L, Hy, T:: Existence and asymptotic behavior of the least energy solutions for fractional Choquard equations

with potential well. arXiv preprint (2017) arXiv:1703.08028

. Ho, K, Perera, K, Sim, ., Squassina, M.: A note on fractional p-Laplacian problems with singular weights. J. Fixed Point

Theory Appl. 19(1), 157-173 (2017)

. Huang, L., Yang, Y. Asymmetric critical fractional p-Laplacian problems. Electron. J. Differ. Equ. 2017, 103 (2017)
. lannizzotto, A, Liu, S, Perera, K, Squassina, M.: Existence results for fractional p-Laplacian problems via Morse theory.

Adv. Calc. Var. 9(2), 101-125 (2016)

. lannizzotto, A, Mosconi, S., Squassina, M.: A note on global regularity for the weak solutions of fractional p-Laplacian

equations. Rend. Lincei Mat. Appl. 27, 15-24 (2016)

. lannizzotto, A, Mosconi, S., Squassina, M.: Global Holder regularity for the fractional p-Laplacian. Rev. Mat. Iberoam.

32,1355-1394 (2016)

. lannizzotto, A, Squassina, M.: Weyl-type laws for fractional p-eigenvalue problems. Asymptot. Anal. 88(4), 233-245

(2014)
Lehrer, R, Maia, LA, Squassina, M.: On fractional p-Laplacian problems with weight. Differ. Integral Equ. 28, 1-2 (2014)

Lindgren, E, Lindqvist, P: Fractional eigenvalues. Calc. Var. Partial Differ. Equ. 49(1-2), 795-826 (2014)

Mosconi, S., Perera, K., Squassina, M., Yang, Y.: The Brezis—Nirenberg problem for the fractional p-Laplacian. Calc. Var.
Partial Differ. Equ. 55(4), 105 (2016)

Mosconi, S., Squassina, M.: Nonlocal problems at nearly critical growth. Nonlinear Anal. 136, 84-101 (2016)

Mosconi, S., Squassina, M.: Recent progresses in the theory of nonlinear nonlocal problems. Bruno Pini Math. Anal.
Semin. 7, 147-164 (2016)

Mukherjee, T, Sreenadh, K. Fractional Choquard equation with critical nonlinearities. arXiv preprint (2016).
arXiv:1605.06805

Mukherjee, T, Sreenadh, K.: On Dirichlet problem for fractional p-Laplacian with singular nonlinearity. Adv. Nonlinear
Anal. (2016). https://doi.org/10.1515/anona-2016-0100

Nezza, E.D,, Palatucci, G, Valdinoci, E.: Hitchhiker’s guide to the fractional Sobolev spaces. Bull. Sci. Math. 136, 521-573
(2012)

Perera, K.: Nontrivial critical groups in p-Laplacian problems via the Yang index. Topol. Methods Nonlinear Anal. 21(2),
301-309 (2003)

Perera, K, Agarwal, R.P, O'Regan, D.: Morse Theoretic Aspects of p-Laplacian Type Operators. Mathematical Surveys
and Monographs, vol. 161. Am. Math. Soc.,, Providence (2010)

Perera, K, Squassina, M, Yang, Y.: A note on the Dancer—Fucik spectra of the fractional p-Laplacian and Laplacian
operators. Adv. Nonlinear Anal. 4(1), 13-23 (2015)

Perera, K, Squassina, M., Yang, Y.: Bifurcation and multiplicity results for critical fractional p-Laplacian problems. Math.
Nachr. 289(2--3), 332-342 (2016)

Perera, K., Szulkin, A.: p-Laplacian problems where the nonlinearity crosses an eigenvalue. Discrete Contin. Dyn. Syst.
13(3), 743-753 (2005)

Pucci, P, Xiang, M., Zhang, B.: Existence and multiplicity of entire solutions for fractional p-Kirchhoff equations. Adv.
Nonlinear Anal. 5(1), 27-55 (2016)

Shang, X, Zhang, J,, Yang, Y.: Positive solutions of nonhomogeneous fractional Laplacian problem with critical
exponent. Commun. Pure Appl. Anal. 13(2), 567-584 (2014)

Singh, G.: Nonlocal perturbations of fractional Choquard equation. arXiv preprint (2017). arXiv:1705.05775

Wang, F, Xiang, M.: Multiplicity of solutions for a class of fractional Choquard-Kirchhoff equations involving critical
nonlinearity. Anal. Math. Phys. (2017). https://doi.org/10.1007/513324-017-0174-8

Wang, L., Zhang, B.: Infinitely many solutions for Schrodinger-Kirchhoff type equations involving the fractional
p-Laplacian and critical exponent. Electron. J. Differ. Equ. 2016, 339 (2016)

Xiang, M., Zhang, B.: Degenerate Kirchhoff problems involving the fractional p-Laplacian without the (AR) condition.
Complex Var. Elliptic Equ. 60(9), 1-11 (2015)

Xiang, M., Zhang, B., Radulescu, V.D.: Existence of solutions for perturbed fractional p-Laplacian equations. J. Differ.
Equ. 260(2), 1392-1413 (2016)


http://arxiv.org/abs/arXiv:1703.01737
http://arxiv.org/abs/arXiv:1703.08028
http://arxiv.org/abs/arXiv:1605.06805
https://doi.org/10.1515/anona-2016-0100
http://arxiv.org/abs/arXiv:1705.05775
https://doi.org/10.1007/s13324-017-0174-8

	Bifurcation results for the critical Choquard problem involving fractional p-Laplacian operator
	Abstract
	Keywords

	Introduction and main results
	Preliminaries and some known results
	Proof of Theorem 1.2
	Acknowledgements
	Funding
	Availability of data and materials
	Competing interests
	Authors' contributions
	Authors' information
	Publisher's Note
	References


