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To the memory of Daryl Geller;
man of the Heisenberg group.
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Preface

In recent years, wavelet and frame theory advances in harmonic analysis have
spawned new and exciting developments in various areas and have revealed some
novel and unexpected connections between different parts of mathematics, pure
and applied. For example, the use of wavelet and frame theory methods, multiscale
analysis methods, and Calderón decomposition techniques have played a crucial
role in a diverse range of problems in pure and applied mathematics and statistics.

This volume consists of invited survey and expositions stressing the interaction
and connection between Darly Geller’s area of research: commutative and abstract
harmonic analysis, in particular harmonic analysis on the Heisenberg group. The
invited potential authors of this volume have already made substantial contributions
to mathematics and its applications.

The content of the volume is based on underlying fundamental ideas of relevance
to the formal presentations at the conference for future research. Each article
contains new research advances, and starts with a user friendly tutorial to make
this volume accessible to young mathematicians.

For the purpose of organization, we have divided the book into three parts,
noncommutative, commutative, and applications: The first group of papers is de-
voted to problems in noncommutative harmonic analysis, the second to topics in
commutative harmonic analysis, and the papers in the third grouping are devoted
to such applications as wavelet and frame theory, and to some real-world applica-
tions. Although some papers in the book in fact cover more than one of the three
areas, we feel that a subdivision into three separate parts will still prove useful to
readers.

The Editors:
Azita Mayeli
Alex Iosevich

Palle Jorgensen
Gestur Ólafsson
April 23, 2013
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Remembering Daryl Geller
(1950 - 2011)

It is with great sadness that we report the death of Daryl Geller, Professor of
Mathematics at the State University of New York at Stony Brook and former Uni-
versity of Toronto mathematics specialist. Daryl grew up in Toronto and attended
the University of Toronto as a mathematics specialist, winning many awards includ-
ing high placements on the Putnam Competition. Upon his graduation in 1972 he
attended Princeton University, obtaining his Ph.D. in 1976 under the supervision
of Elias Stein. He arrived at Stony Brook in 1979.

Daryl Geller worked on classical harmonic analysis and its neighboring areas.
His research covered partial differential equations, harmonic analysis, several com-
plex variables, and Lie groups. His early pioneering work on harmonic analysis on
the Heisenberg group, and more generally on stratified Lie groups, paved the way to
a number of trends in noncommutative analysis and geometry, entailing the theory
of decompositions of unitary representations of Lie groups. Some of his papers are
a bit technical and do not seem to have received the attention they deserve. We
feel that a collection of research papers gathered in a single volume will help to
remedy this.

The name of Geller will always be historically significant because of the im-
portance of his contributions to the many areas of analysis, in particular to the
harmonic analysis of the Heisenberg group.

xi





Publications

The following is a list of some of Daryl Geller’s publications.

(1) Pesenson, Isaac Z.; Geller, Daryl, Cubature formulas and discrete Fourier
transform on compact manifolds. From Fourier analysis and number the-
ory to radon transforms and geometry, 431–453, Dev. Math., 28, Springer,
New York, 2013.

(2) Durastanti, Claudio; Geller, Daryl; Marinucci, Domenico, Adaptive non-
parametric regression on spin fiber bundles. J. Multivariate Anal. 104
(2012), 16–38.

(3) Geller, Daryl; Mayeli, Azita, Wavelets on manifolds and statistical appli-
cations to cosmology. Wavelets and multiscale analysis, 259–277, Appl.
Numer. Harmon. Anal., Birkhauser/Springer, New York, 2011.

(4) Geller, Daryl; Pesenson, Isaac Z., Band-limited localized Parseval frames
and Besov spaces on compact homogeneous manifolds. J. Geom. Anal. 21
(2011), no. 2, 334–371.

(5) Geller, Daryl; Marinucci, Domenico, Mixed needlets. J. Math. Anal.
Appl. 375 (2011), no. 2, 610–630.

(6) Geller, Daryl; Mayeli, Azita, Nearly tight frames of spin wavelets on the
sphere. Sampl. Theory Signal Image Process. 9 (2010), no. 1-3, 25–57.

(7) Geller, Daryl; Marinucci, Domenico, Spin wavelets on the sphere. J.
Fourier Anal. Appl. 16 (2010), no. 6, 840–884.

(8) Corè, Susana; Geller, Daryl, Convolution on homogeneous groups. J.
Math. Anal. Appl. 370 (2010), no. 2, 472–485.

(9) Geller, Daryl; Lan, Xiaohong; Marinucci, Domenico, Spin needlets spec-
tral estimation. Electron. J. Stat. 3 (2009), 1497–1530.

(10) Geller, Daryl; Mayeli, Azita, Besov spaces and frames on compact mani-
folds. Indiana Univ. Math. J. 58 (2009), no. 5, 2003–2042.

xiii



xiv PUBLICATIONS

(11) Geller, Daryl; Mayeli, Azita, Nearly tight frames and space-frequency anal-
ysis on compact manifolds. Math. Z. 263 (2009), no. 2, 235–264.

(12) Geller, Daryl; Mayeli, Azita, Continuous wavelets on compact manifolds.
Math. Z. 262 (2009), no. 4, 895–927.

(13) Geller, Daryl; Mayeli, Azita, Continuous wavelets and frames on stratified
Lie groups. I. J. Fourier Anal. Appl. 12 (2006), no. 5, 543–579.

(14) Geller, Daryl, Complex powers of convolution operators on the Heisen-
berg group. Analysis, geometry, number theory: the mathematics of Leon
Ehrenpreis (Philadelphia, PA, 1998), 223–242, Contemp. Math., 251,
Amer. Math. Soc., Providence, RI, 2000.

(15) Christ, Michael; Geller, Daryl; G�lowacki, Pawe�l; Polin, Larry, Pseudodif-
ferential operators on groups with dilations. Duke Math. J. 68 (1992), no.
1, 31–65.

(16) Christ, Michael; Geller, Daryl, Counterexamples to analytic hypoellipticity
for domains of finite type. Ann. of Math. (2) 135 (1992), no. 3, 551–566.

(17) Geller, Daryl, Approximate projections and analytic pseudolocality of the
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This volume contains the proceedings of the AMS Special Session on Wavelet and Frame
Theoretic Methods in Harmonic Analysis and Partial Differential Equations, held Septem-
ber 22–23, 2012, at the Rochester Institute of Technology, Rochester, NY.

The book features new directions, results and ideas in commutative and noncommuta-
tive abstract harmonic analysis, operator theory and applications. The commutative part
includes shift invariant spaces, abelian group action on Euclidean space and frame theory;
the noncommutative part includes representation theory, continuous and discrete wavelets
related to four dimensional Euclidean space, frames on symmetric spaces, C∗-algebras,
projective multiresolutions, and free probability algebras.

The scope of the book goes beyond traditional harmonic analysis, dealing with Fourier
tools, transforms, Fourier bases, and associated function spaces. A number of papers take
the step toward wavelet analysis, and even more general tools for analysis/synthesis prob-
lems, including papers on frames (over-complete bases) and their practical applications to
engineering, cosmology and astrophysics.

Other applications in this book include explicit families of wavelets and frames, as they
are used in signal processing, multiplexing, and study of Cosmic Microwave Background
(CMB) radiation.

For the purpose of organization, we have divided the book into three parts, noncommu-
tative, commutative, and applications. The first group of papers are devoted to problems in
noncommutative harmonic analysis; the second to topics in commutative harmonic analy-
sis; while the papers in the third grouping are devoted to such applications as wavelet and
frame theory, and to some real-world applications.
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