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Searching for hidden sector particles at neutrino telescopes (17 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 095044
Sagar Airen, Zackaria Chacko, Can Kilic, and Ram Purandhar Reddy Sudha

Strong CP violation and large-Nc spin-flavor symmetry (12 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 095045
Thomas R. Richardson

UV origins of CP-violating leptonic Yukawa couplings (21 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 095046
Nejc Košnik, Ajdin Palavrić, and Aleks Smolkovič

Neutrinophilic super-resonant dark matter (8 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 095047
Murat Abdughani, Shao-Song Tang, Kadirya Tursun, and Bin Zhu

Renormalization group running of the minimal leptophilic dark matter model toward a UV completion (9 pages) . . . . . . 095048
Osamu Seto, Tetsuo Shindou, and Takanao Tsuyuki

Global deep neural network modeling of Compton form factors constrained from local χ2 maps fits (32 pages) . . . . . . . . 096001
L. Calero Diaz and D. Keller

Production of the Xð3872Þ state via the B0 → K�0Xð3872Þ decay (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096002
Luciano M. Abreu

Second-order renormalized Hamiltonian of Yukawa theory (26 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096003
Kamil Serafin, Carter M. Gustin, and Peter J. Love

Phenomenological description of the D�
s0ð2317Þ → Dsπ

0 decay (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096004
N. N. Achasov and G. N. Shestakov

Exclusive production of a fully heavy tetraquark and a photon in electron-positron collision (10 pages) . . . . . . . . . . . . . . . . . . 096005
Xiao Liang, Jun Jiang, Shi-Yuan Li, Yan-Rui Liu, and Zong-Guo Si

Determination of off-shell ambiguities in correlation functions: Strategies to minimize them (7 pages) . . . . . . . . . . . . . . . . . . . 096006
R. Molina and E. Oset

Contact potentials in the presence of a regular finite-range interaction using dimensional regularization and the N=D
method (24 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096007

D. R. Entem, J. Nieves, and J. A. Oller
Addressing local realism through Bell tests at colliders (14 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096008

Matthew Low
Neural refinement of sample weights (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096009

Benjamin Nachman and Dennis Noll
String-based model with Hagedorn temperature of TH ∼ 300 MeV describes the spectrum of mesons and

glueballs (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096010
Michał Marczenko, Győző Kovács, Larry McLerran, and Krzysztof Redlich

Toward a gravitational network: Bridging metric-affine gravity and no-scale supergravity (7 pages) . . . . . . . . . . . . . . . . . . . . . . . 096011
Ioannis D. Gialamas, Theodoros Katsoulas, and Kyriakos Tamvakis

Polarization analysis in eþe− → J=ψ → baryon-antibaryon pairs (28 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096012
Zhe Zhang, Tianbo Liu, Rong-Gang Ping, Jiao Jiao Song, and Weihua Yang

Generalized relativistic second-order spin hydrodynamics from Zubarev’s nonequilibrium statistical operator (30 pages) 096013
Duan She, Yi-Wei Qiu, Ze-Fang Jiang, and Defu Hou

Hypothesis of a bi-isotropic-like plasma permeating the interstellar space (14 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096014
Filipe S. Ribeiro, Pedro D. S. Silva, Rodolfo Casana, and Manoel M. Ferreira

Quark gap equation in light-cone gauge (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096015
Roberto Correa da Silveira, Fernando E. Serna, and Bruno El-Bennich

Momentum expansions in finite-density perturbative calculations (49 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096016
Mika Nurmela and Juuso Österman

Entropy and multiplicity of hadrons in the high energy limit within dipole cascade models (8 pages) . . . . . . . . . . . . . . . . . . . . 096017
Krzysztof Kutak and Sándor Lökös

Exploring nonperturbative behavior of moments and cumulants in quantum theories (15 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . 096018
Sebastian Schenk

(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 112, NUMBER 9 D1 NOVEMBER 2025

Approach towards equilibrium through momentum-dependent relaxation: Insights from evolution of the moments in kinetic
theory (15 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096019

Reghukrishnan Gangadharan, Sukanya Mitra, and Victor Roy
Digit quantum simulation of a fermion field in an expanding universe (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096020

Jia-Qi Gong and Ji-Chong Yang
Yu-Shiba-Rusinov states in color-superconducting quark matter (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096021

Virgil V. Baran and Jens Paaske
QCD phase transition at finite temperature and chemical potential with nonextensive statistics (12 pages) . . . . . . . . . . . . . . . 096022

Zhi-Ying Qin, Jia-Hao Shi, Jin-Peng Zhang, Jian Cao, Bo Feng, Wen-Chao Zhang, Hua Zheng, and Shi-Jun Mao
Cosmic strings and domain walls of the QCD quark condensate with and without a hidden axion (19 pages) . . . . . . . . . . . 096023

Gia Dvali, Lucy Komisel, and Anja Wachowitz
Low-energy multiphoton scattering at tree-level and one-loop order in a homogeneous electromagnetic field (24 pages) 096024

Ivan Ahumada, Patrick Copinger, and James P. Edwards
θ-term effects on isospin asymmetric hot and dense quark matter (23 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096025

Lei Zhang, Lu-Meng Liu, and Mei Huang
Electric, thermal, and thermoelectric response of a hot pion gas in a time dependent background magnetic field (12 pages) 096026

Ankit Kumar, K Gowthama, Vinod Chandra, and Sadhana Dash
Transversity generalized parton distributions of the Δ with the diquark spectator model (10 pages) . . . . . . . . . . . . . . . . . . . . . . . 096027

Dongyan Fu, Yubing Dong, and S. Kumano
Radiative decays of P-wave charmed baryons in the SUð3Þ flavor 6F representation (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . 096028

Xuan Luo, Hua-Xing Chen, Er-Liang Cui, Hui-Min Yang, Dan Zhou, and Zhi-Yong Zhou
Neutrino oscillations as a probe of macrorealism (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 096029

Kathrine Mørch Groth, Johann Ioannou-Nikolaides, D. Jason Koskinen, and Markus Ahlers

ERRATA

Erratum: Simple gradient flow equation for the bounce solution [Phys. Rev. D 101, 016012 (2020)] (1 pages) . . . . . . . . . 099901
Ryosuke Sato

Erratum: Study the molecular nature of σ, f0ð980Þ, and a0ð980Þ states [Phys. Rev. D 101, 094034 (2020)] (2 pages) 099902
Hiwa A. Ahmed and C.W. Xiao

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


