
VOLUME 376 NUMBER 1 WHOLE NUMBER 1064 JANUARY 2023

A M E R I C A N M A T H E M A T I C A L S O C I E T Y

EDITED BY
Dan Abramovich, Managing Editor
Tim Austin
Clark Barwick
Richard Canary
Henri Darmon
Jacob Fox
Krzysztof Frabczek
Ailana M. Fraser
Jim Haglund
Yael Karshon
David Kerr
Radha Kessar
Davar Khoshnevisan
Dimitris Koukoulopoulos
Daniel Krashen

Joachim Krieger
Francesco Maggi
Eugenia Malinnikova
Svitlana Mayboroda
Andrea R. Nahmod
Irena Peeva
Robin Pemantle
Lillian B. Pierce
Ehud de Shalit
Mariya Ivanova Soskova
Stefaan Vaes
Monica Visan
Ben Weinkove
Craig Westerland



Transactions of the American Mathematical Society

This journal is devoted entirely to research in pure and applied mathematics.

Submission information. See Information for Authors at the end of this issue.

Publication on the AMS website. Articles are published on the AMS website in-
dividually after proof is returned from authors and before appearing in an issue.

Subscription information. The Transactions of the American Mathematical Society
is published monthly and is also accessible electronically from www.ams.org/journals.
Individual subscription prices for Volume 376 (2023) are as follows. For electronic only:
non-member, US$2696. For paper delivery: non-member, US$3063. Add US$20 for deliv-
ery within the United States; US$90 for surface delivery outside the United States. Upon
request, subscribers to paper delivery of this journal are also entitled to receive electronic
delivery. For information on institutional pricing, please visit https://www.ams.org/

publications/journals/subscriberinfo. Subscription renewals are subject to late fees.
See www.ams.org/journal-faq for more journal subscription information.

Back number information. For back issues see www.ams.org/backvols.

Subscriptions and orders should be addressed to the American Mathematical Society,
P.O. Box 845904, Boston, MA 02284-5904 USA. All orders must be accompanied by pay-
ment. Other correspondence should be addressed to 201 Charles Street, Providence, RI
02904-2213 USA.

Copying and reprinting. Individual readers of this publication, and nonprofit li-
braries acting for them, are permitted to make fair use of the material, such as to copy
an article for use in teaching or research. Permission is granted to quote brief passages
from this publication in reviews, provided the customary acknowledgment of the source is
given.

Republication, systematic copying, or multiple reproduction of any material in this
publication is permitted only under license from the American Mathematical Society.
Requests for permission to reuse portions of AMS publication content are handled by the
Copyright Clearance Center. For more information, visit www.ams.org/publications/

pubpermissions.

Excluded from these provisions is material for which the author holds copyright. In
such cases, requests for permission to reuse or reprint material should be addressed directly
to the author(s). Copyright ownership is indicated in the notice in the lower right-hand
corner of the first page of each article.

Transactions of the American Mathematical Society (ISSN 0002-9947 (print); ISSN
1088-6850 (online)) is published monthly by the American Mathematical Society at 201
Charles Street, Providence, RI 02904-2213 USA. Periodicals postage is paid at Providence,
Rhode Island. Postmaster: Send address changes to Transactions, American Mathemati-
cal Society, 201 Charles Street, Providence, RI 02904-2213 USA.

c© 2023 by the American Mathematical Society. All rights reserved.

This journal is indexed in Mathematical Reviews, Zentralblatt MATH, Science
Citation Index�, Science Citation IndexTM–Expanded, ISI Alerting ServicesSM,
CompuMath Citation Index�, and Current Contents�/Physical, Chemical &

Earth Sciences. This journal is archived in Portico and in CLOCKSS.

Printed in the United States of America.

∞© The paper used in this journal is acid-free and falls within
the guidelines established to ensure permanence and durability.

10 9 8 7 6 5 4 3 2 1 28 27 26 25 24 23



TRANSACTIONS OF THE AMERICAN MATHEMATICAL SOCIETY

CONTENTS

Vol. 376, No. 1 Whole No. 1064 January 2023

Ian Short, Classifying SL2-tilings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Habib Ammari, Bowen Li, and Jun Zou, Mathematical analysis
of electromagnetic scattering by dielectric nanoparticles with high
refractive indices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Andrea Cianchi and Vladimir G. Maz’ya, Sobolev embeddings into
Orlicz spaces and isocapacitary inequalities . . . . . . . . . . . . . . . . . . . . . . . . . . 91

Fernando Sancho de Salas, Homology of sheaves via Brown representabil-
ity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

Moritz Gerlach, Jochen Glück, and Markus Kunze, Stability of
transition semigroups and applications to parabolic equations . . . . . . . . 153

Serban T. Belinschi, Victor Magron, and Victor Vinnikov,
Noncommutative Christoffel-Darboux kernels . . . . . . . . . . . . . . . . . . . . . . . . 181
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Montréal, QC, Canada; e-mail: dimitris.koukoulopoulos@umontreal.ca

Analytic number theory, Lillian B. Pierce, Department of Mathematics, Duke
University, 120 Science Drive Box 90320, Durham, NC 27708 USA; e-mail: pierce@

math.duke.edu

Arithmetic algebraic geometry, Ehud de Shalit, Institute of Mathematics, Hebrew
University, Giv’at-Ram, Jerusalem 91904 Israel; e-mail: deshalit@math.huji.ac.il

Commutative algebra, Irena Peeva, Department of Mathematics, Cornell University,
Ithaca, NY 14853 USA; e-mail: irena@math.cornell.edu

Number theory, Henri Darmon

Representation theory and group theory, Radha Kessar, Department of Mathe-
matics, The Alan Turing Building, The University of Manchester, Oxford Road, Manch-
ester M13 9PL United Kingdom; e-mail: radha.kessar@manchester.ac.uk

3. GEOMETRIC ANALYSIS & PDE
Coordinating Editor: Ailana M. Fraser, Department of Mathematics, University of
British Columbia, 1984 Mathematics Road, Room 121, Vancouver BC V6T 1Z2,
Canada; e-mail: afraser@math.ubc.ca

Calculus of variations, geometric measure theory, elliptic PDEs, Francesco
Maggi, Department of Mathematics, The University of Texas at Austin, 2515 Speedway,
Stop C1200, Austin TX 78712-1202 USA; e-mail: maggi@math.utexas.edu

Differential geometry and geometric analysis, Ailana M. Fraser



Elliptic and parabolic PDEs, geometric analysis, Ben Weinkove, Mathematics
Department, Northwestern University, 2033 Sheridan Rd, Evanston, IL 60201 USA;
e-mail: weinkove@math.northwestern.edu

Elliptic PDEs, geometric analysis, Eugenia Malinnikova, Department of Mathe-
matics, Stanford University, Stanford, CA 94305 USA; e-mail: eugeniam@stanford.edu

Harmonic analysis and partial differential equations, Monica Visan, Department
of Mathematics, University of California Los Angeles, 520 Portola Plaza, Los Angeles,
CA 90095 USA; e-mail: visan@math.ucla.edu

Nonlinear Fourier and harmonic analysis and partial differential equations,
Andrea R. Nahmod, Department of Mathematics and Statistics, University of Mas-
sachusetts Amherst, 710 N. Pleasant St. Lederle GRT, Amherst, MA 01003 USA;
e-mail: nahmod@umass.edu

Real analysis and partial differential equations, Joachim Krieger, Bâtiment de
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