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Abstract: In this paper, we present some vanishing theorems for p-harmonic forms on -super stable complete submanifold 
M immersed in sphere Sn + m. When 2 ≤ 1 ≤ n-2, M has a flat normal bundle. Assuming that M is a minimal submanifold and 
δ > 1(n–1)p2 / 4n[p–1+(p–1)2kp], we prove a vanishing theorem for p-harmonic ℓ-forms. 
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1. Introduction
Studying the relationship between the topological properties and geometric structure of submanifolds in various 
ambient spaces is an interesting problem in submanifold geometry. For instance, Bernstein theorem proves that 
any complete minimal graph in the Euclidean space R3 is a plane. In R3, do Carmo and Peng [1] and Fischer-
Colbrue and Schoen [2] have demonstrated that the complete oriented stable minimal surface is a plane.

Cao et al. [3] proved a complete noncompact oriented stable minimal hypersurface Mn (n ≥ 3) in Rn + 1 must 
have only one end. Their proof mainly uses the Liouville theorem for harmonic maps according to Schoen and 
Yau [4]. So it is an interesting problem in geometry and topology to study vanishing theorems of harmonic forms 
on submanifolds in various ambient spaces. 

There are various vanishing theorems for L2 harmonic forms on complete submanifolds by assuming 
various geometric and analytic conditions. For example, Palmer [5] proved the vanishing theorem on a complete 
stable minimal hypersurface in Rn + 1. Cavalcante et al. [6] showed some finiteness and vanishing theorems on 
submanifolds in a nonpositive curved pinching manifold with some conditions about the first eigenvalues and 
the total curvature. Furthermore, when the ambient manifold is a sphere, there are many interesting results. On 
a complete noncompact stable minimal hyperface M in sphere Sn + 1 (n ≤ 4), Zhu [7] proved that there is nontrivial 
L2 harmonic form. He extended Tanno’s result [8]. Zhu and Gan [9] studied a complete noncompact minimal 
submanifold in sphere. When \\A\\L

n
(M) is less than a suitable constant, there is no nontrivial L2 harmonic ℓ-form 

on M. On -super stable complete noncompact minimal submanifolds in Sn + m with , Han [10] showed that 
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there is nontrivial L2 harmonic ℓ-forms.
For general p-harmonic forms, Zhang [11] proved that there is no nontrivial Lq (q > 0) p-harmonic ℓ-form on 

a complete manifold with nonnegative Ricci curvature. Inspired by Zhang’s results, Chang et al. [12] obtained the 
compactness for any bounded set of p-harmonic ℓ-forms. When the total curvature is limited by a constant, Han 
[13] obtained the vanishing theorem in the L2β p-harmonic ℓ-form on M. On complete noncompact submanifold 
Mn in a sphere Sn + m and Mn has flat normal bundle, when the total curvature has a suitable bound, Han [14] 

obtained that there are no nontrivial Lp p-harmonic ℓ-forms 2 ≤ 1 ≤ n–2 on Mn. 
Now we have defined the Lp p-harmonic ℓ-form space on M as follows:

.

In this paper, we will prove the following theorems. 
Theorem 1.1 Let Mn (n ≥ 3) be a complete noncompact oriented submanifold in an (n+m)-dimensional 

sphere Sn + m. Assume that Mn is a minimal submanifold on Sn + m and λ1( + δ\A\2) ≥ 0for 1 ≤  ≤ n–1. When 2 ≤  ≤ 
n–2, assume further that Mn has flat normal bundle, then Hl,p (Lp(M)) = {0}, where δ is a constant satisfying the 
following inequality: 

Remark: Our theorem extends Han’s conclusion. 

2. Preliminary
Let  be an n-dimensional submanifold isometrically immersed in an (n+m)-dimensional Riemannian 
manifold (N, g). Fix a point x M and a local orthonormal frame {e1, …, en+m} of N such that {e1, …, en} are 
tangent fields of M at x and {en, …, en+m} is a local orthonormal frame of normal bundle NM. In this paper, we 
also adopt the following index ranges: 1 ≤ i, j…≤ n, n + 1 ≤ α, β,… ≤ n + m.  is the 
second fundamental form. Then 

We denote . Then, provide the square norm \\A\\2 of the second fundamental form and the 
mean curvature vector H:  

A submanifold M is said to be minimal if H = 0 identically. The traceless second fundamental form is 
defined by 

,
for any vector fields . It is easy to check that 

.

Definition 2.1 (Definition 4.). Mn is a minimal submanifold on the sphere Sn + m. If M satisfies the following 
inequality
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when φ is a smooth compact support function on M (i.e. ), then M is said to be δ-super stable. 
It is easy to see that M is δ-super stable in Sn + m, if and only if , this is also equivalent to 

 [10]. 
Next, we will give some important lemmas.
Lemma 2.2 [15] For p ≥ 2 and  ≥ 1, let be a p-harmonic ℓ-form on an n-dimensional complete Riemannian 

manifold M. Then we have 
 ,

where 

Lemma 2 .3  (Lemma 2 .5  [16])  For  any  c lo sed  l - f o rm   and  ,  we  have 
.

3. The proof of Theorem 1.1
Proof.  Let  be any p-harmonic ℓ-form on M with 1 ≤ l ≤ n–2, using the proof of Theorem 3.1 [10], we have 

(1)   

Applying (1) to the form , we obtain 

(2)  

By direct calculation, we have 

(3)       

Combining (2), (3), and , it follows that 
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Applying Lemma 2.2 to the above inequality and dividing both sides of the  inequality by  , we 
have 

(4)  

Let r(x) be the geodesic distance on M from a fixed point x0 M to x. Then we take a cutoff function 
 satisfying 

(5)        

where Br(x0) is an open geodesic ball on M with r as the radius and x0 as the center.
Multiplying both sides of the inequality (3) by φ2 and integrating over M, it holds 

(6)  

For the left part of the inequality, using integration by parts yields 

(7) 

By using Lemma 2.3 and dω = 0 for the second part to the right of the inequality, we get 

(8) 

Combining (6), (7), and (8), it implies that 

(9) 
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Next, we shall give some estimates of (9). Firstly, by Schwarz’s inequality, we have 

(10)   

where ε1＞ 0 is a constant. Secondly, due to λ1( + δ\A\2) ≥ 0, we have 

(11) 

where ε2＞ 0 is a constant. Therefore, combining (9), (10), and (11), it follows that 

(12)   

where 
         

Then we can choose sufficiently small ε1 and ε2 such that B > 0. Since φ is a compactly supported 

nonnegative smooth function on M and  , we have 

(13)    

           

Since ω  LP(M) , letting r→+∞ in (13) , it follows that 
\ ω \ p \ \ ω \ \ 2 = 0 , \ ω \ p = 0
Then Hl,p (Lp(M)) = {0}, 1 ≤ l ≤ n–2. Due to Poincaré duality, we have Hl,p (Lp(M)) = {0}, 1 ≤ l ≤ n–1.
                                                                       

Acknowledgments
The author would like to thank Prof. Xi Zhang for his discussions and guidance on the writing of the article. 

Disclosure statement
The author declares no conflict of interest. 



53 Volume 8; Issue 4

References
[1] do Carmo M, Peng CK, 1979, Stable Minimal Surfaces in R3 Are Planes. Bull. Amer Math Soc, 1979(1): 903–906. 
[2] Fischer-Colbrie D, Schoen R, 1980, The Structure of Complete Stable Minimal Surfaces in 3-Manifolds of Non-

Negative Scalar Curvature. Comm. Pure Appl Math, 1980(33): 199–211. 
[3] Cao HD, Shen Y, Zhu SH, 1997, The Structure of Stable Minimal Hypersurfaces in Rn+1. Math Res Lett, 4(5): 637–

644. 
[4] Schoen R, Yau ST, 1976, Harmonic Maps and the Topology of Stable Hypersurfaces and Manifolds with Non-

Negative Ricci Curvature. Comment Math Helv, 51(3): 333–341. 
[5] Palmer B, 1991, Stability of Minimal Hypersurfaces. Comment Math Helv, 66(2): 185–188. 
[6] Cavalcante MP, Mirandola H, Vitório F, 2014, L2-Harmonic 1-Forms on Submanifolds with Finite Total Curvature. J 

Geom Anal, 24(1): 205–222. 
[7] Zhu P, 2011, L2-Harmonic Forms and Stable Hypersurfaces in Space Forms. Arch Math, 2011(97): 271–279. 
[8] Tanno S, 1996, L2 Harmonic Forms and Stability of Minimal Hypersurfaces. Math Soc Japanese, 1996(48): 761–768. 
[9] Zhu P, Gan W, 2014, L2 Harmonic 1-Forms on Minimal Submanifolds in Spheres. Results Math, 2014(65): 483–490. 
[10] Han YB, 2018, The Topological Structure of Complete Noncompact Submanifolds in Spheres. J Math Anal Appl, 

457(1): 991–1006. 
[11] Zhang X, 2001, A Note on p-Harmonic 1-Forms on Complete Manifolds. Canad Math Bull, 44(3): 376–384. 
[12] Chang LC, Guo CL, Sung CJ, 2010, p-Harmonic 1-Forms on Complete Manifolds. Arch Math, 94(2): 183–192. 
[13] Han YB, 2018, Vanishing Theorem for p-Harmonic 1-Forms on Complete Submanifolds in Spheres. Bull Iranian 

Math Soc, 44(3): 659–671.  
[14] Han YB, 2018, p-Harmonic l-Forms on Complete Noncompact Submanifolds in Sphere with Flat Normal Bundle. 

Bull Braz Math Soc, 49(1): 107–122. 
[15] Dung NT, Tien PT, 2018, Vanishing Properties of p-Harmonic l-Forms on Riemannian Manifolds. J Korean Math 

Soc, 55(5): 1103–1129. 
[16] Dung NT, Sung CJ, Analysis of Weighted p-Harmonic Forms and Applications. Internat J Math, 30(11): 1950058. 

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


