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André de Gouvêa, Patrick J. Fox, Boris J. Kayser, and Kevin J. Kelly
Tera-Z stage at future colliders and light composite axionlike particles (6 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015020

G. Cacciapaglia, A. Deandrea, A. M. Iyer, and K. Sridhar
Z mediated flavor changing neutral currents with a fourth vectorlike family (38 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015021

A. E. Cárcamo Hernández, S. F. King, and H. Lee
Primordial black hole evaporation and dark matter production. I. Solely Hawking radiation (20 pages) . . . . . . . . . . . . . . . . . . . 015022

Andrew Cheek, Lucien Heurtier, Yuber F. Perez-Gonzalez, and Jessica Turner
Primordial black hole evaporation and dark matter production. II. Interplay with the freeze-in or

freeze-out mechanism (22 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015023
Andrew Cheek, Lucien Heurtier, Yuber F. Perez-Gonzalez, and Jessica Turner

Composite neutrinos and the QCD axion: Baryogenesis, dark matter, small Dirac neutrino masses, and vanishing
neutron electric dipole moment (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015024

Sabyasachi Chakraborty, Tae Hyun Jung, and Takemichi Okui
Thermal perturbations from cosmological constant relaxation (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015025

Lingyuan Ji, David E. Kaplan, Surjeet Rajendran, and Erwin H. Tanin
Models of the muonium to antimuonium transition (38 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015026

Takeshi Fukuyama, Yukihiro Mimura, and Yuichi Uesaka
SO(10) grand unification with minimal dark matter and color octet scalars (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015027

Gi-Chol Cho, Kana Hayami, and Nobuchika Okada
No-lose theorem for discovering the new physics of ðg − 2Þμ at muon colliders (35 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015028

Rodolfo Capdevilla, David Curtin, Yonatan Kahn, and Gordan Krnjaic
Lepton anomalous magnetic moment with singlet-doublet fermion dark matter in a scotogenic Uð1ÞLμ−Lτ

model (17 pages) 015029
Debasish Borah, Manoranjan Dutta, Satyabrata Mahapatra, and Narendra Sahu

Pathfinder for a high statistics search for missing energy in gamma cascades (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015030
James B. Dent, Bhaskar Dutta, Andrew Jastram, Doojin Kim, Andrew Kubik, Rupak Mahapatra,
Surjeet Rajendran, Harikrishnan Ramani, Adrian Thompson, and Shubham Verma

Axion emission from nuclear magnetic dipole transitions (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015031
R. Massarczyk, P.-H. Chu, and S. R. Elliott

SUð4Þ flavorful portal matter (44 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015032
George N. Wojcik and Thomas G. Rizzo

(Continued)

This paper was highlighted in the APS publication Physics (physics.aps.org).
By suggesting a few manuscripts each week, we hope to promote reading across fields. Please see our Announcement Phys. Rev. D 90, 010001 (2014).

CONTENTS -Continued



PHYSICAL REVIEW D THIRD SERIES, VOLUME 105, NUMBER 1 D1 JANUARY 2022

Light dark matter, rare B decays with missing energy in Lμ − Lτ model with a scalar leptoquark (18 pages) . . . . . . . . . . . . 015033
Shivaramakrishna Singirala, Suchismita Sahoo, and Rukmani Mohanta

Analytical scalar field solutions on Lifshitz spacetimes (8 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016001
Danilo C. Moreira

Study of Bu;d;s → K�
0ð1430ÞP and K�

0ð1430ÞV decays within QCD factorization (21 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016002
Lili Chen, Mengfei Zhao, Yunyun Zhang, and Qin Chang

Higgs, top quark, and electroweak precision measurements at future eþe− colliders: A combined effective field theory
analysis with renormalization mixing (38 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016003

Sunghoon Jung, Junghwan Lee, Martin Perelló, Junping Tian, and Marcel Vos
Dynamical Casimir effect from fermions in an oscillating bag in 1þ 1 dimensions (6 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016004

C. D. Fosco and G. Hansen
Polarization measurement for the dileptonic channel of WþW− scattering using generative adversarial network (15 pages) 016005

Jinmian Li, Cong Zhang, and Rao Zhang
Sea quark contributions to the electromagnetic form factors of Σ hyperons (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016006

Mingyang Yang and Ping Wang
Phenomenology of a Born-Infeld extension of the Uð1ÞY sector at lepton colliders (17 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016007

P. De Fabritiis, P. C. Malta, and J. A. Helayël-Neto
Study of Nð1440Þ structure via γ�p → Nð1440Þ transition (7 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016008

A. Kaewsnod, K. Xu, Z. Zhao, X. Y. Liu, S. Srisuphaphon, A. Limphirat, and Y. Yan
Absence of the μ-problem in grand unification (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016009

Gia Dvali and Anna Jankowsky
Massive two-loop heavy particle diagrams (26 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016010

Benoit Assi, Bernd A. Kniehl, and Andrei I. Onishchenko
PYTHIA8 underlying event tune for RHIC energies (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016011

Manny Rosales Aguilar, Zilong Chang, Raghav Kunnawalkam Elayavalli, Renee Fatemi, Yang He, Yuanjing Ji,
Dmitry Kalinkin, Matthew Kelsey, Isaac Mooney, and Veronica Verkest

Interplay between the loop-tree duality and helicity amplitudes (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016012
F. Driencourt-Mangin, G. Rodrigo, G. F. R. Sborlini, and W. J. Torres Bobadilla

Fourier formalism for relativistic axion-photon conversion with astrophysical applications (37 pages) . . . . . . . . . . . . . . . . . . . . . 016013
M. C. David Marsh, James H. Matthews, Christopher Reynolds, and Pierluca Carenza

General kinetic mixing in gauged Uð1ÞLμ−Lτ
model for muon g − 2 and dark matter (17 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . 016014

Timothy Hapitas, Douglas Tuckler, and Yue Zhang
Theory of deeply virtual Compton scattering off the unpolarized proton (23 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016015

Brandon Kriesten and Simonetta Liuti
Constructing the covariant three-point vertices systematically (8 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016016

Seong Youl Choi and Jae Hoon Jeong
Axial-vector exchange contribution to the hyperfine splitting (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016017

Alejandro Miranda, Pablo Roig, and Pablo Sánchez-Puertas
Chiral theory of ρ-meson gravitational form factors (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016018

E. Epelbaum, J. Gegelia, U.-G. Meißner, and M. V. Polyakov
Effective connections of aμ, Higgs physics, and the collider frontier (17 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016019

Anisha, Upalaparna Banerjee, Joydeep Chakrabortty, Christoph Englert,
Michael Spannowsky, and Panagiotis Stylianou

Critical coupling for two-dimensional ϕ4 theory in discretized light-cone quantization (15 pages) . . . . . . . . . . . . . . . . . . . . . . . . . 016020
James P. Vary, Mengyao Huang, Shreeram Jawadekar, Mamoon Sharaf,
Avaroth Harindranath, and Dipankar Chakrabarti

Physics of adiabatic particle number in the Schwinger effect (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016021
Anton Ilderton

Proca balls with angular momentum or flux of electric field (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016022
Vladimir Dzhunushaliev and Vladimir Folomeev

Influence functional for two mirrors interacting via radiation pressure (20 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016023
Salvatore Butera

(Continued)

This paper was highlighted in the APS publication Physics (physics.aps.org).
By suggesting a few manuscripts each week, we hope to promote reading across fields. Please see our Announcement Phys. Rev. D 90, 010001 (2014).

CONTENTS -Continued



PHYSICAL REVIEW D THIRD SERIES, VOLUME 105, NUMBER 1 D1 JANUARY 2022

Radiation reaction and limiting acceleration (15 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016024
Will Price, Martin Formanek, and Johann Rafelski

Study of Dþ
s → KþK−πþ decay (12 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016025

Zhong-Yu Wang, Jing-Yu Yi, Zhi-Feng Sun, and C.W. Xiao
Production of excited heavy quarkonia in eþe− → γ�=Z0 → jðQQ̄Þ½n�i þ γ at super Z factory (11 pages) . . . . . . . . . . . . . . . . 016026

Qi-Li Liao, Jun Jiang, Peng-Cheng Lu, and Gu Chen
Form factor counting and HQET matching for new physics in Λb → Λ�

clν (19 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016027
Michele Papucci and Dean J. Robinson

Physical properties of the massive Schwinger model from the nonperturbative functional renormalization group (15 pages) 016028
Patrick Jentsch, Romain Daviet, Nicolas Dupuis, and Stefan Floerchinger

Prediction of new Tcc states of D�D� and D�
sD� molecular nature (12 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 016029

L. R. Dai, R. Molina, and E. Oset
Scalar resonances in the final state interactions of the decays D0 → π0π0π0; π0π0η; π0ηη (11 pages) . . . . . . . . . . . . . . . . . . . . . . . 016030

Zhong-Yu Wang, Hiwa A. Ahmed, and C.W. Xiao

COMMENTS

Comment on “New physics constraints from atomic parity violation in 133Cs” (5 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 018301
B.M. Roberts and J. S. M. Ginges

Reply to “Comment on ‘New physics constraints from atomic parity violation in 133Cs’” (6 pages) . . . . . . . . . . . . . . . . . . . . . . . 018302
B. K. Sahoo, B. P. Das, and H. Spiesberger

ERRATA

Erratum: Scattering lengths for two pseudoscalar meson systems
[Phys. Rev. D 89, 054502 (2014)] (3 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 019901

Kiyoshi Sasaki, Naruhito Ishizuka, Makoto Oka, and Takeshi Yamazaki (PACS-CS Collaboration)
Erratum: πγ → ππ transition and the ρ radiative decay width from lattice QCD

[Phys. Rev. D 98, 074502 (2018)] (3 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 019902
Constantia Alexandrou, Luka Leskovec, Stefan Meinel, John Negele, Srijit Paul, Marcus Petschlies,
Andrew Pochinsky, Gumaro Rendon, and Sergey Syritsyn

This paper was highlighted in the APS publication Physics (physics.aps.org).
By suggesting a few manuscripts each week, we hope to promote reading across fields. Please see our Announcement Phys. Rev. D 90, 010001 (2014).

CONTENTS -Continued



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


