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CHARACTERIZATIONS OF SLICE BESOV-TYPE AND SLICE
TRIEBEL—LIZORKIN-TYPE SPACES AND APPLICATIONS

YUAN LU AND JIANG ZHOU *

Abstract. Let o € R, € [0,00), g € (0,00] and ¢, r, p € (0,0). In this paper, we introduce the
slice Besov-type space (BE; ;) (R") and the slice Triebel-Lizorkin-type space (FE/ ;) (R"),
and establish their @ -transform characterizations in the sense of Frazier and Jawerth. The em-
bedding properties, characterizations via the Peetre maximal function, the Lusin area function,
smooth atomic and molecular decompositions of these spaces are also obtained. As applications,
we obtain the boundedness on these spaces of Fourier multipliers with symbols satisfying some
generalized Hormander condition.

Mathematics subject classification (2020): Primary 42B30; Secondary 42B25, 42B20, 42B35, 46E30.
Keywords and phrases: Slice space, Besov space, Triebel-Lizorkin space, atomic, molecular, Peetre

maximal function, Lusin area function, Fourier multiplier.

[1]
[2]
[3]
[4]

[5]

[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]

REFERENCES

Z. V. DE P. ABLE AND J. FEUTO, Atomic decomposition of Hardy-amalgam spaces, (English sum-
mary), J. Math. Anal. Appl. 455 (2017), no. 2, 1899-1936.

P. AUSCHER AND M. MOURGOGLOU, Representation and uniqueness for boundary value elliptic
problems via first order systems, Rev. Mat. Iberoam. 359 (2019), 241-315.

P. AUSCHER AND C. PRISUELOS-ARRIBAS, Tent space boundedness via extrapolation, (English
summary), Math. Z. 286 (2017), no. 3—4, 1575-1604.

H.-Q. Bui, M. PALUSZYNSKI AND M. TAIBLESON, A maximal function characterization of
weighted Besov—-Lipschitz and Triebel-Lizorkin spaces, (English summary), Studia Math. 119 (1996),
no. 3, 219-246.

H.-Q. BUl, M. PALUSZYNSKI AND M. TAIBLESON, Characterization of the Besov—Lipschitz and
Triebel-Lizorkin spaces. The case q < 1, Proceedings of the conference dedicated to Professor Miguel
de Guzman (El Escorial, 1996), J. Fourier Anal. Appl. 3 (1997), Special Issue, 837-846.

Y.-K. CHO, Continuous characterization of the Triebel-Lizorkin spaces and Fourier multipliers, (En-
glish summary), Bull. Korean Math. Soc. 47 (2010), no. 4, 839-857.

Y.-K.CHO AND D. KiM, A Fourier multiplier theorem on the Besov-Lipschitz spaces, Korean J. Math.
16 (2008), 85-90.

M. FRAZIER AND B. JAWERTH, Decomposition of Besov spaces, Indiana Univ. Math. J. 34 (1985),
777-799.

M. FRAZIER AND B. JAWERTH, A discrete transform and decompositions of distribution spaces, J.
Funct. Anal. 93 (1990), 34-171.

P. L1, J. XIAO AND Q. YANG, Global mild solutions to modified Navier-Stokes equations with small
initial data in critical Besov-Q spaces, Electron. J. Differential Equations (2014), no. 185, 37 pp.

P. L1 AND Z. ZHAL, Generalized Navier-Stokes equations with initial data in local Q-type spaces, J.
Math. Anal. Appl. 369 (2010), no. 2, 595-609.

P. L1 AND Z. ZHAL, Well-posedness and regularity of generalized Navier-Stokes equations in some
critical Q-spaces, J. Funct. Anal. 259 (2010), no. 10, 2457-2519.

Y. LIANG, Y. SAWANO, T. ULLRICH, D. YANG AND W. YUAN, New characterizations of Besov—
Triebel-Lizorkin-Hausdorff spaces including coorbits and wavelets, J. Fourier Anal. Apll. 18 (2012),
1067-1111.

© ey, , Zagreb

Paper IMI-18-36


http://dx.doi.org/10.7153/jmi-2024-18-36

644

[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]

[22]

[23]
[24]

[25]
[26]

[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]

Y. LU AND J. ZHOU

Y. LIANG, D. YANG, W. YUAN, Y. SAWANO AND T. ULLRICH, A new framework for generalized
Besov-type and Triebel-Lizorkin-type spaces, Dissertationes Math. 489 (2013), 114 pp.

L. L1u, Hardy spaces via distribution spaces, Front. Math. China 2 (2007), 599-611.

Y. Lu, J. ZHOU AND S. WANG, Necessary and sufcient conditions for boundedness of commutators
associated with Calderon—Zygmund operators on slice spaces, Ann. Funct. Anal. 13 (2022), no. 61,
19 pp.

V. S. RYCHKOV, On a theorem of Bui, Paluszyriski, and Taibleson, (Russian), Tr. Mat. Inst. Steklova
227 (1999), Issled. po Teor. Differ. Funkts. Mnogikh Perem. i ee Prilozh. 18, 286-298; translation in
Proc. Steklov Inst. Math. (1999), no. 4 (227), 280-292.

E. M. STEIN, Harmonic Analysis: Real-Variable Methods, Orthogonality, and Oscillatory Integrals,
Princeton Univ. Press, Princeton, NJ, 1993.

H. TRIEBEL, Theory of function spaces. II, Monographs in Mathematics, 84, Birkhduser Verlag, Basel,
(1992), viii+370 pp.

H. TRIEBEL, Interpolation theory, function spaces, differential operators, Second edition, Johann
Ambrosius Barth, Heidelberg, (1995), 532 pp.

H. TRIEBEL, Theory of function spaces. III, Monographs in Mathematics, 100, Birkhiuser Verlag,
Basel, (2006), xii+426 pp.

H. TRIEBEL, Theory of function spaces, Reprint of 1983 edition [MR0730762]. Also published in
1983 by Birkhiiser Verlag [MR0781540]. Modern Birkhiiser Classics, Birkhduser/Springer Basel AG,
Basel, (2010), 285 pp.

T. ULLRICH, Continuous characterization of Besov—Lizorkin—Triebel space and new interpretations
as coorbits, J. Funct. Space Appl. Article ID 163213 (2012).

N. WIENER, On the representation of functions by trigonometrical integrals, Math. Z. 24 (1926), no.
1, 575-616.

J. XU, Variable Besov and Triebel-Lizorkin spaces, Ann. Acad. Sci. Fenn. Math. 33 (2008), 511-522.
J. XU, The relation between variable Bessel potential spaces and Triebel-Lizorkin spaces, Integral
Transforms Spec. Funct. 19 (2008), 599-605.

D. YANG AND W. YUAN, A new class of function spaces connecting Triebel-Lizorkin spaces and Q
spaces, J. Funct. Anal. 255 (2008), 2760-2809.

D. YANG AND W. YUAN, New Besov-type spaces and Triebel-Lizorkin-type spaces including Q
spaces, Math. Z. 265 (2010), 451-480.

D. YANG AND W. YUAN, Characterizations of Besov-type and Triebel-Lizorkin-type spaces via max-
imal functions and local means, Nonlinear Anal. 73 (2010), no. 12, 3805-3820.

D. YANG AND W. YUAN, Relations among Besov-type spaces, Triebel-Lizorkin-type spaces and
generalized Carleson measure spaces, Appl. Anal. 92 (2013), no. 3, 549-561.

D. YANG, W. YUAN AND C. ZHUO, Fourier multipliers on Triebel-Lizorkin-type spaces, J. Funct.
Spaces Appl. Article ID 431016 (2012).

D. YANG, W. YUAN AND C. ZHUO, Complex interpolation on Besov-type and Triebel-Lizorkin-type
spaces, Anal. Appl. (Singap.) 11 (2013), no. 5, 1350021, 45 pp.

D. YANG, W. YUAN AND C. ZHUO, Musielak—Orlicz Besov-type and Triebel-Lizorkin-type spaces,
Rev. Mat. Complut. 27 (2014), 93-157.

D. YANG, C. ZHUO AND W. YUAN, Besov-type spaces with variable smoothness and integrability,
J. Funct. Anal. 269 (2015), no. 6, 1840-1898.

D. YANG, C. ZHUO AND W. YUAN, Triebel-Lizorkin type spaces with variable exponents, Banach J.
Math. Anal. 9 (2015), no. 4, 146-202.

W. YUAN, W. SICKEL AND D. YANG, Morrey and Campanato meet Besov, Lizorkin and Triebel,
Lecture Notes in Mathematics, 2005, Springer-Verlag, Berlin, (2010), xii+281 pp.

W. YUAN, W. SICKEL AND D. YANG, On the coincidence of certain approaches to smoothness
spaces related to Morrey spaces, (English summary), Math. Nachr. 286 (2013), no. 14-15, 1571-
1584.

Y. ZHANG, D. YANG, W. YUAN AND S. WANG, Real-variable characterizations of Orlicz-slice
Hardy spaces, Anal. Appl. 17 (2019), 597-664.

Journal of Mathematical Inequalities
.ele-math.com

jmi@ele-math.com



