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Figure 1: Number of papers since 2003 that make use of the Pen-

cil Code. In red is shown the number of papers that reference it

for code comparison or other purposes and in blue the papers that

are not co-authored by Brandenburg. The enhanced number of pa-

pers during 2011–2013 results from publications related to his ERC

Advanced Grant.

A search using ADS https:

//ui.adsabs.harvard.edu/ lists
the papers in which the Pen-

cil Code is being quoted. In
the following we present the pa-
pers that are making use of the
code either for their own scien-
tific work of those authors, or for
code comparison purposes. We
include conference proceedings,
which make up 15–20% of all
papers. We classify the refer-
ences by year and by topic, al-
though the topics are often over-
lapping. The primary applica-
tion of the Pencil Code lies
in astrophysics, in which case we
classify the papers mostly by the
field of research. Additional ap-
plications can also be found in
meteorology and combustion.

1 Papers by year

As of April 2023, the Pencil Code has been used for a total of 699 research papers; see Figure 1;
343 of those are papers (49%) are not co-authored by Brandenburg. In addition, 109 papers
reference it for code comparison or other purposes (see the red line).

1 times in 2024 (Zhou, 2024; ?),
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50 times in 2023 (Sankar Maity et al., 2023; Iarygina et al., 2023; Schober et al., 2023; Sharma
et al., 2023; Zhou, 2024; Carenza et al., 2023; Käpylä, 2023c; Qazi et al., 2023; Käpylä,
2023b; Väisälä et al., 2023; Sharma et al., 2023; Candelaresi and Beck, 2023; Zhu and Shi,
2023; Ganti et al., 2023; Mondal and Bhat, 2023; Brandenburg et al., 2023e,a; Brandenburg
and Protiti, 2023; Pavaskar et al., 2023; Hackman et al., 2023; Gent et al., 2023a; Karak,
2023; Käpylä et al., 2023; Ortiz-Rodŕıguez et al., 2023; Tharakkal et al., 2023a,b; Navarrete
et al., 2023; Lipatnikov and Sabelnikov, 2023; Warnecke et al., 2023; Brandenburg and
Larsson, 2023; Elias-López et al., 2023; Lyra, 2023; Hidalgo et al., 2023; Mizerski et al.,
2023; Yuvraj et al., 2023; Zhou and Blackman, 2023; He et al., 2023; Brandenburg et al.,
2023b,c,d,f; Brandenburg, 2023b,a; Mtchedlidze et al., 2023; Park et al., 2023; Zhang et al.,
2023; Sengupta and Umurhan, 2023; Gent et al., 2023b; Meftah, 2023; Käpylä, 2023a),

38 times in 2022 (Dey et al., 2022; Chatterjee and Dey, 2022; Becerra et al., 2022a; Tschernitz
and Bourdin, 2022; Li et al., 2022; Käpylä and Singh, 2022; Ortiz-Rodŕıguez et al., 2022;
Hyder et al., 2022; Zhou et al., 2022; Masada and Sano, 2022; Lipatnikov and Sabelnikov,
2022; Käpylä et al., 2022; Yang and Zhu, 2022; Roper Pol, 2022; Sharma and Brandenburg,
2022; Brandenburg and Ntormousi, 2022; Navarrete et al., 2022; AlbertoRoper, 2022; Baehr
et al., 2022; Stejko et al., 2022a,b; Currie et al., 2022a; Roper Pol et al., 2022b; Mtchedlidze
et al., 2022; Currie et al., 2022b; Bhatnagar et al., 2022; Haugen et al., 2022; Becerra et al.,
2022b; Maiti et al., 2022; Schober et al., 2022a,b; Käpylä, 2022; Kirchschlager et al., 2022;
Bhat, 2022; Roper Pol et al., 2022a; Mattsson and Hedvall, 2022; Pekkilä et al., 2022;
Karchniwy et al., 2022),

48 times in 2021 (Barekat et al., 2021; Yang and Zhu, 2021; Candelaresi and Del Sordo, 2021;
Käpylä, 2021a; Kahniashvili et al., 2022; Bhat, 2021; Mattsson and Hedvall, 2021; Zhou
and Blackman, 2021; He et al., 2021b; Bhatnagar et al., 2021; Kirchschlager et al., 2021;
Hyder et al., 2021; Brandenburg and Sharma, 2021; Warnecke et al., 2021; Prabhu et al.,
2021; Brandenburg and Das, 2021; Schaffer et al., 2021; Brandenburg et al., 2021a; Maiti
et al., 2021; Brandenburg et al., 2021d; Roper Pol et al., 2022b; Brandenburg et al., 2021b;
Käpylä, 2021b; Becerra et al., 2021; Oliveira et al., 2021; Raettig et al., 2021; Roper Pol,
2021; Haugen et al., 2021a,b; He et al., 2021a; Gent et al., 2021; Klahr and Schreiber, 2021;
Li and Mattsson, 2021; Kahniashvili et al., 2021; Pencil Code Collaboration et al., 2021;
Santos-Lima et al., 2021; Navarrete et al., 2021; Jakab and Brandenburg, 2021; Baehr and
Zhu, 2021a,b; Brandenburg et al., 2021c; Zhu and Yang, 2021; Bhat et al., 2021; Zhuleku
et al., 2021; Viviani et al., 2021; Park and Cheoun, 2021; Viviani and Käpylä, 2021; Väisälä
et al., 2021),

41 times in 2020 (Barekat et al., 2020; Hyder et al., 2020; Brandenburg et al., 2020b; Park, 2020;
Klahr and Schreiber, 2020; Brandenburg and Furuya, 2020; Rüdiger et al., 2020; Willamo

2



et al., 2020; Candelaresi and Del Sordo, 2020; Zhang et al., 2020; Navarrete et al., 2020;
Pusztai et al., 2020; Brandenburg, 2020a,b; Li and Mattsson, 2020; Adrover-González and
Terradas, 2020; Brandenburg and Brüggen, 2020; Gerbig et al., 2020; Seta et al., 2020;
Brandenburg and Boldyrev, 2020; Bhatnagar, 2020; Eriksson et al., 2020; Käpylä et al.,
2020a,b; Aarnes et al., 2020; Qian et al., 2020; Gent et al., 2020; Schober et al., 2020a,b;
Roper Pol et al., 2020a,b; Brandenburg and Das, 2020; Singh et al., 2020; Chatterjee, 2020;
Bourdin, 2020; Warnecke and Bingert, 2020; Brandenburg and Chen, 2020; Navarrete et al.,
2020; Li et al., 2020; Brandenburg and Scannapieco, 2020; Kahniashvili et al., 2020),

39 times in 2019 (Evirgen and Gent, 2019; Park, 2019a,b; Rüdiger et al., 2019; Gerbig et al.,
2019; Warnecke and Peter, 2019b,a; Käpylä, 2019; Evirgen et al., 2019; Peng et al., 2019;
Viviani et al., 2019; Bhat et al., 2019; Nauman and Nättilä, 2019; Castrejon et al., 2019;
Candelaresi et al., 2019; Baehr and Klahr, 2019; Rodrigues et al., 2019; Hernandez et al.,
2019; Li et al., 2019; Aarnes et al., 2019b; Smiet et al., 2019; Brandenburg et al., 2019a,b;
Brandenburg and Rempel, 2019; Käpylä et al., 2019; Mattsson et al., 2019b,a; Losada et al.,
2019; Seta and Beck, 2019; Rempel et al., 2019; Manser et al., 2019; Yang and Zhu, 2020;
Mao et al., 2019; Hedvall and Mattsson, 2019; Schober et al., 2019; Brandenburg, 2019a,b;
Aarnes et al., 2019a; Karchniwy et al., 2019),

32 times in 2018 (Käpylä et al., 2018; Väisälä et al., 2018; Warnecke, 2018; Warnecke et al.,
2018; Li et al., 2018b; Schober et al., 2018; Käpylä, 2018; McNally et al., 2018; Zhang et al.,
2018b; Schaffer et al., 2018; Lyra et al., 2018; Brandenburg and Oughton, 2018; Yang et al.,
2018; Trivedi et al., 2018; Viviani et al., 2018; Bhatnagar et al., 2018b,a; Schreiber and
Klahr, 2018; Bushby et al., 2018; Zhang and Yan, 2018; Bourdin and Brandenburg, 2018;
Brandenburg et al., 2018b,a; Bourdin et al., 2018; Korsós et al., 2018; Rice and Nayakshin,
2018; Richert et al., 2018; Mitra et al., 2018; Brandenburg and Chatterjee, 2018; Kuchner
et al., 2018; Perri and Brandenburg, 2018; Brandenburg, 2018),

31 times in 2017 (Bourdin, 2017; Yang et al., 2017; Bhat et al., 2017; Kahniashvili et al., 2017;
Aarnes et al., 2017; Hollins et al., 2017; Reppin and Banerjee, 2017; Singh et al., 2017;
Hord et al., 2017; Lyra et al., 2017; Baehr et al., 2017; Park, 2017; Sharma et al., 2017;
Brandenburg and Kahniashvili, 2017; Käpylä et al., 2017a,b; Haugen et al., 2017; Gent
et al., 2017; Osano and Adams, 2017; Cameron et al., 2017; Pekkilä et al., 2017; Brandenburg
et al., 2017c,d,a,b,e; Aiyer et al., 2017; Li et al., 2017; Jabbari et al., 2017; Rempel et al.,
2017; Smiet et al., 2017),

24 times in 2016 (Chatterjee et al., 2016; Chamandy, 2016; Chamandy et al., 2016; Cande-
laresi et al., 2016; Bhat et al., 2016a; Adams and Osano, 2016; Osano and Adams, 2016a,b;
Krüger et al., 2016; Bhat et al., 2016b; Yang and Johansen, 2016; Cole et al., 2016; Kah-
niashvili et al., 2016; Warnecke et al., 2016; Jabbari et al., 2016; Lambrechts et al., 2016;
Bourdin et al., 2016; Threlfall et al., 2016; Bhat and Brandenburg, 2016; Tian and Chen,
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2016; Rodrigues et al., 2016; Lyra et al., 2016; Karak and Brandenburg, 2016; Yokoi and
Brandenburg, 2016),

25 times in 2015 (Bourdin et al., 2015; Singh and Jingade, 2015; Jabbari et al., 2015; Jabbari,
2015; Chen et al., 2015; Johansen et al., 2015; Richert et al., 2015; Park and Park, 2015;
Park, 2015; Smiet et al., 2015; Carrera et al., 2015; Gibbons et al., 2015; Baehr and Klahr,
2015; Snellman et al., 2015; Babkovskaia et al., 2015; Raettig et al., 2015; Andrievsky et al.,
2015; Carrera et al., 2015; Chaudhuri, 2015; Singh et al., 2015; Lyra et al., 2015; Karak
et al., 2015a,b; Brandenburg and Hubbard, 2015; Brandenburg et al., 2015),

37 times in 2014 (Bourdin, 2014; Bourdin et al., 2014; Carrera et al., 2014; Yang and Johansen,
2014a; Adams and Osano, 2014; Yang and Johansen, 2014b; Subramanian and Brandenburg,
2014; Singh et al., 2014; Jabbari and Brandenburg, 2014; Jabbari et al., 2014; Karak et al.,
2014; Warnecke et al., 2014; McNally et al., 2014; Brandenburg et al., 2014; Gibbons et al.,
2014; Pan and Padoan, 2014; Pan et al., 2014a,b; Lyra, 2014; Bhat et al., 2014; Losada et al.,
2014; Rheinhardt et al., 2014; Mitra et al., 2014; Turner et al., 2014; Dittrich et al., 2014;
Brandenburg and Stepanov, 2014; Chian et al., 2014; Brandenburg, 2014; Park, 2014b,a;
Käpylä et al., 2014; Modestov et al., 2014; Cole et al., 2014; Rüdiger and Brandenburg,
2014; Warnecke and Brandenburg, 2014; Barekat and Brandenburg, 2014; Väisälä et al.,
2014),

46 times in 2013 (Lyra and Kuchner, 2013; Bourdin et al., 2013a,b; Félix et al., 2013; Hubbard,
2013; Park et al., 2013; Park, 2013a,b; Getling, 2013; Devlen et al., 2013; Gent et al.,
2013a,b; Brandenburg and Lazarian, 2013; Pan and Padoan, 2013; Mitra et al., 2013; van
Wettum et al., 2013; Candelaresi and Brandenburg, 2013a,b; Kahniashvili et al., 2013; Lyra,
2013; Bhat and Subramanian, 2013; Raettig et al., 2013; Del Sordo et al., 2013; Chamandy
et al., 2013; Di Bernardo and Torkelsson, 2013; Jabbari et al., 2013; Dittrich et al., 2013;
Bingert and Peter, 2013; Brandenburg and Rädler, 2013; Bykov et al., 2013; Brandenburg,
2013; Warnecke et al., 2013a,b,c; Rempel et al., 2013; Mantere et al., 2013; Kemel et al.,
2013a,b; Losada et al., 2013; Käpylä et al., 2013a,b,c; Svedin et al., 2013; Brandenburg
et al., 2013a,b),

50 times in 2012 (Félix et al., 2012; Losada et al., 2012; Peter and Bingert, 2012; Lambrechts
and Johansen, 2012; Kahniashvili et al., 2012; Tevzadze et al., 2012; Gent, 2012; Gibbons
et al., 2012; Latter and Papaloizou, 2012; Hubbard, 2012; Gaburov et al., 2012; Yang and
Krumholz, 2012; Lyra and Mac Low, 2012; McNally et al., 2012a,b; Bonanno et al., 2012;
Haugen et al., 2012; Park and Blackman, 2012a,b; Mantere and Cole, 2012; Rogachevskii
et al., 2012; Käpylä et al., 2012a,b; Maron et al., 2012; Horn et al., 2012; Lyra and Kuchner,
2012; Yang et al., 2012; Kitchatinov and Brandenburg, 2012; Brandenburg and Petrosyan,
2012; Hubbard and Brandenburg, 2012; Guerrero et al., 2012; Rice et al., 2012; Kemel
et al., 2012a,b; Rheinhardt and Brandenburg, 2012; Peter et al., 2012; Brandenburg and
Guerrero, 2012; Brandenburg et al., 2012a,b,c,d; Rempel et al., 2012; Del Sordo et al., 2012;
Candelaresi and Brandenburg, 2012; Snellman et al., 2012a,b; Warnecke et al., 2012a,b,c;
Johansen et al., 2012),
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62 times in 2011 (Gastine and Dintrans, 2011a,b,c; Rice et al., 2011; Käpylä et al., 2011a,b,c;
Mantere et al., 2011; Rogachevskii et al., 2011; Lambrechts, 2011; Johansen et al., 2011a,b;
Rädler et al., 2011; Tarjei Jensen et al., 2011; Oishi and Mac Low, 2011; Ruoskanen et al.,
2011; Fromang et al., 2011; Hydle Rivedal et al., 2011; Guerrero and Käpylä, 2011; War-
necke and Brandenburg, 2011b; Warnecke et al., 2011a,b; Kemel et al., 2011a,b,c; Bejarano
et al., 2011; Zacharias et al., 2011a,b; Candelaresi and Brandenburg, 2011a,b; Candelaresi
et al., 2011a,b,c; Del Sordo and Brandenburg, 2011a,b; Cantiello et al., 2011a,b; Rempel
et al., 2011; Flock et al., 2011; Bingert and Peter, 2011; Käpylä and Korpi, 2011; Johansen
et al., 2011c; Rüdiger et al., 2011; Lyra and Klahr, 2011; Mitra et al., 2011; Babkovskaia
et al., 2011; Hubbard and Brandenburg, 2011; Chatterjee et al., 2011a,b,c; Chatterjee, 2011;
Hubbard et al., 2011; Guerrero et al., 2011; Brandenburg and Nordlund, 2011; Warnecke
and Brandenburg, 2011a; Brandenburg et al., 2011a,b,c; Brandenburg, 2011a,b,c,d),

30 times in 2010 (Haugen et al., 2010; Madarassy and Brandenburg, 2010; Gastine and Dintrans,
2010; Kahniashvili et al., 2010; Lyra et al., 2010; Johansen and Lacerda, 2010; Del Sordo
et al., 2010; Fromang et al., 2010; Mitra et al., 2010a,b,c; Korpi et al., 2010; Käpylä et al.,
2010a,b,c,d; Baggaley et al., 2010; Brandenburg and Dobler, 2010; Guerrero et al., 2010;
Chatterjee et al., 2010; Rädler and Brandenburg, 2010; Bingert et al., 2010; Warnecke and
Brandenburg, 2010; Hubbard and Brandenburg, 2010; Rheinhardt and Brandenburg, 2010;
Brandenburg and Del Sordo, 2010; Brandenburg et al., 2010a,b; Brandenburg, 2010a,b),

35 times in 2009 (Yang et al., 2009; Baggaley et al., 2009; Rempel et al., 2009; Oishi and Mac
Low, 2009; Snellman et al., 2009; Børve et al., 2009; Vermersch and Brandenburg, 2009;
Heinemann and Papaloizou, 2009; Käpylä and Brandenburg, 2009; Johansen et al., 2009a,b;
Maron and Mac Low, 2009; Zacharias et al., 2009a,b; Fromang et al., 2009; Mitra et al.,
2009a,b; Käpylä et al., 2009a,b,c; Liljeström et al., 2009; Lyra et al., 2009a,b; Hubbard
and Brandenburg, 2009; Sur and Brandenburg, 2009; Hubbard et al., 2009; Rädler and
Brandenburg, 2009; Brandenburg et al., 2009a,b; Brandenburg, 2009a,b,c,d,e,f),

28 times in 2008 (Lyra et al., 2008a,b; Gastine and Dintrans, 2008a,b,c; Johansen and Levin,
2008; Workman and Armitage, 2008; Käpylä and Brandenburg, 2008; Klahr, 2008; Rieu-
tord, 2008; Johansen et al., 2008; Yousef et al., 2008; Babkovskaia et al., 2008; Scharmer
et al., 2008; Maron et al., 2008; Ruszkowski et al., 2008; Gellert et al., 2008; Rädler and
Brandenburg, 2008; Tilgner and Brandenburg, 2008; Sur et al., 2008; Käpylä et al., 2008;
Youdin and Johansen, 2008; Green et al., 2008; Brandenburg et al., 2008a,b,c; Brandenburg,
2008a,b),

19 times in 2007 (Käpylä and Brandenburg, 2007; Fromang et al., 2007; Fromang and Papaloizou,
2007; Oishi et al., 2007; Heinemann et al., 2007; Brandenburg and Käpylä, 2007; Schekochi-
hin et al., 2007; Gustafsson et al., 2007; Ruszkowski et al., 2007; Johansen and Youdin,
2007; Youdin and Johansen, 2007; Johansen et al., 2007a,b; Sur et al., 2007; Brandenburg
and Subramanian, 2007; Brandenburg et al., 2007a,b; Brandenburg, 2007a,b),

18 times in 2006 (Ouyed et al., 2006; Hupfer et al., 2006; Fromang et al., 2006; de Val-Borro et al.,
2006; Haugen and Brandenburg, 2006; Johansen et al., 2006a,b,c; Shukurov et al., 2006; Mee
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and Brandenburg, 2006; Snodin et al., 2006; Brandenburg and Dintrans, 2006; Gustafsson
et al., 2006; Heinemann et al., 2006; Dobler et al., 2006; Brandenburg, 2006a,b,c),

19 times in 2005 (Johansen and Klahr, 2005; McMillan and Sarson, 2005; Schekochihin et al.,
2005; Dorch, 2005; Johansen et al., 2005; Christensson et al., 2005; Brandenburg and
Rüdiger, 2005; Brandenburg and Blackman, 2005; Brandenburg and Käpylä, 2005; Bran-
denburg and Subramanian, 2005a,b,c; Brandenburg et al., 2005a,b; Brandenburg, 2005a;
Brandenburg et al., 2005c; Brandenburg, 2005b,c,d),

19 times in 2004 (Nordlund, 2004; Brandenburg and Sandin, 2004; Brandenburg and Multamäki,
2004; Dorch, 2004a,b; Haugen and Brandenburg, 2004a,b; Haugen et al., 2004a,b,c; Yousef
et al., 2004; Johansen et al., 2004; Maron et al., 2004; Pearson et al., 2004; Brandenburg
and Matthaeus, 2004; Dobler and Getling, 2004; Brandenburg et al., 2004a,b,c),

and 7 times in 2003 (Yousef et al., 2003; Yousef and Brandenburg, 2003; McMillan and Sarson,
2003; Haugen et al., 2003; Brandenburg, 2003; Brandenburg et al., 2003; Dobler et al., 2003).

2 Papers by topic

The Pencil Code has been used for the following research topics

1. Interstellar and intercluster medium as well as early Universe

(a) Interstellar and intercluster medium (Elias-López et al., 2023; Pavaskar et al., 2023;
Gent et al., 2023b; Brandenburg and Ntormousi, 2022; Maiti et al., 2021; Gent et al.,
2021; Li and Mattsson, 2021; Candelaresi and Del Sordo, 2021, 2020; Li and Mattsson,
2020; Brandenburg and Furuya, 2020; Brandenburg and Brüggen, 2020; Gent et al.,
2020; Evirgen and Gent, 2019; Evirgen et al., 2019; Seta and Beck, 2019; Rodrigues
et al., 2019; Brandenburg, 2019a; Väisälä et al., 2018; Zhang et al., 2018b; Zhang and
Yan, 2018; Hollins et al., 2017; Hord et al., 2017; Chamandy, 2016; Chamandy et al.,
2016; Rodrigues et al., 2016; Chamandy et al., 2013; Gent et al., 2013a,b; Bykov et al.,
2013; Gent, 2012; Yang and Krumholz, 2012; Mantere and Cole, 2012; Rogachevskii
et al., 2012; Ruoskanen et al., 2011; Ruszkowski et al., 2007, 2008; Brandenburg et al.,
2007b; Gustafsson et al., 2006, 2007; Brandenburg et al., 2005a; Haugen et al., 2004b;
Brandenburg et al., 2003).

(b) Small-scale dynamos and reconnection (Qazi et al., 2023; Brandenburg and Larsson,
2023; Warnecke et al., 2023; Gent et al., 2023a, 2022; Brandenburg et al., 2023d; Zhou
et al., 2022; Bhat, 2021; Park and Cheoun, 2021; Santos-Lima et al., 2021; Park, 2020;
Pusztai et al., 2020; Rüdiger et al., 2020; Seta et al., 2020; Käpylä, 2019; Bhat et al.,
2019; Brandenburg and Rempel, 2019; Brandenburg et al., 2018a; Käpylä et al., 2018;
Bhat et al., 2016b; Bhat and Subramanian, 2013; Brandenburg, 2011c; Baggaley et al.,
2009, 2010; Schekochihin et al., 2005, 2007; Haugen and Brandenburg, 2004b; Haugen
et al., 2003, 2004a,c; Dobler et al., 2003).
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(c) Primordial magnetic fields and decaying turbulence (Brandenburg et al., 2023e; Mtchedlidze
et al., 2023, 2022; Bhat et al., 2021; Brandenburg, 2023a, 2020a; Brandenburg et al.,
2020b, 2019b; Kahniashvili et al., 2020; Brandenburg et al., 2018b; Trivedi et al., 2018;
Brandenburg et al., 2017d; Brandenburg and Kahniashvili, 2017; Kahniashvili et al.,
2017; Reppin and Banerjee, 2017; Park, 2017; Osano and Adams, 2017; Adams and
Osano, 2016; Osano and Adams, 2016b,a; Kahniashvili et al., 2016; Brandenburg et al.,
2015; Adams and Osano, 2014; Kahniashvili et al., 2012, 2013; Tevzadze et al., 2012;
Candelaresi and Brandenburg, 2011a; Kahniashvili et al., 2010; Del Sordo et al., 2010;
Christensson et al., 2005; Yousef et al., 2004).

(d) Gravitational waves from turbulent sources (Sharma et al., 2023; Brandenburg et al.,
2023a; He et al., 2023; Roper Pol, 2022; Sharma and Brandenburg, 2022; AlbertoRoper,
2022; Kahniashvili et al., 2022; Roper Pol, 2021; Roper Pol et al., 2022b; He et al.,
2021b,a; Brandenburg et al., 2021b,d; Brandenburg and Sharma, 2021; Brandenburg
et al., 2021a,c; Kahniashvili et al., 2021; Roper Pol et al., 2020b,a).

2. Planet formation and inertial particles

(a) Planet formation (Baehr et al., 2022; Yang and Zhu, 2021; Raettig et al., 2021; Baehr
and Zhu, 2021b,a; Zhu and Yang, 2021; Klahr and Schreiber, 2021, 2020; Yang and
Zhu, 2020; Eriksson et al., 2020; Gerbig et al., 2020; Castrejon et al., 2019; Baehr
and Klahr, 2019; McNally et al., 2018; Schreiber and Klahr, 2018; Hernandez et al.,
2019; Manser et al., 2019; Yang et al., 2018; Rice and Nayakshin, 2018; Richert et al.,
2018; Kuchner et al., 2018; Baehr et al., 2017; Lyra et al., 2016; Yang and Johansen,
2016; Lambrechts et al., 2016; Johansen et al., 2015; Richert et al., 2015; Gibbons
et al., 2015; Baehr and Klahr, 2015; Carrera et al., 2015, 2014; Yang and Johansen,
2014a,b; McNally et al., 2014; Turner et al., 2014; Gibbons et al., 2014; Dittrich et al.,
2014, 2013; Hubbard, 2013; Lyra and Kuchner, 2013; Gibbons et al., 2012; Hubbard,
2012; Horn et al., 2012; Lyra and Kuchner, 2012; Yang et al., 2012; Lambrechts and
Johansen, 2012; Johansen et al., 2012; Fromang et al., 2011; Johansen et al., 2011c;
Lambrechts, 2011; Johansen et al., 2011a,b; Lyra and Klahr, 2011; Lyra et al., 2010;
Johansen and Lacerda, 2010; Yang et al., 2009; Johansen et al., 2009b; Oishi and Mac
Low, 2009; Børve et al., 2009; Lyra et al., 2009a,b, 2008a; Johansen et al., 2008; Lyra
et al., 2008b; Youdin and Johansen, 2008; Oishi et al., 2007; Johansen et al., 2007a,b;
Johansen and Youdin, 2007; Youdin and Johansen, 2007; Johansen et al., 2006a,b,c;
Johansen and Klahr, 2005; Johansen et al., 2004, 2005).

(b) Inertial, tracer particles, & passive scalars (Sengupta and Umurhan, 2023; Li et al.,
2022; Kirchschlager et al., 2021; Mattsson and Hedvall, 2021; Schaffer et al., 2021; Hau-
gen et al., 2021a,b; Bhatnagar et al., 2021; Bhatnagar, 2020; Li et al., 2020; Mattsson
et al., 2019a; Gerbig et al., 2019; Li et al., 2019; Aarnes et al., 2019b; Mattsson et al.,
2019b; Hedvall and Mattsson, 2019; Lyra et al., 2018; Bhatnagar et al., 2018a; Schaf-
fer et al., 2018; Mitra et al., 2018; Bhatnagar et al., 2018b; Yang et al., 2017; Aarnes
et al., 2017; Sharma et al., 2017; Haugen et al., 2017; Li et al., 2017; Krüger et al.,
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2016; Raettig et al., 2015; Pan and Padoan, 2014, 2013; Pan et al., 2014b,a; Mitra
et al., 2013; Haugen et al., 2012; Hydle Rivedal et al., 2011; Haugen et al., 2010).

3. Accretion discs and shear flows

(a) Accretion discs and shear flows (Zhou, 2024; Mondal and Bhat, 2023; Meftah, 2023;
Tharakkal et al., 2023a,b; Hyder et al., 2022, 2021, 2020; Bhat et al., 2017; Singh et al.,
2017; Lyra et al., 2017; Bhat et al., 2016a; Tian and Chen, 2016; Lyra, 2014; Lyra et al.,
2015; Väisälä et al., 2014; Lyra, 2013; Raettig et al., 2013; Di Bernardo and Torkelsson,
2013; Latter and Papaloizou, 2012; Gaburov et al., 2012; Lyra and Mac Low, 2012; Rice
et al., 2011, 2012; Oishi and Mac Low, 2011; Flock et al., 2011; Käpylä et al., 2010a;
Käpylä and Korpi, 2011; Fromang et al., 2010; Korpi et al., 2010; Johansen et al.,
2009a; Heinemann and Papaloizou, 2009; Fromang et al., 2009; Johansen and Levin,
2008; Workman and Armitage, 2008; Fromang et al., 2007; Fromang and Papaloizou,
2007; Ouyed et al., 2006; Brandenburg, 2005d).

(b) Shear flows (Barekat et al., 2020; Singh and Jingade, 2015; Modestov et al., 2014;
Vermersch and Brandenburg, 2009; Käpylä et al., 2009c; Green et al., 2008; Yousef
et al., 2008; Babkovskaia et al., 2008; Brandenburg et al., 2004a).

4. Solar physics

(a) Coronal heating and coronal mass ejections (Sankar Maity et al., 2023; Zhang et al.,
2023; Dey et al., 2022; Chatterjee and Dey, 2022; Jakab and Brandenburg, 2021;
Zhuleku et al., 2021; Adrover-González and Terradas, 2020; Bourdin, 2014, 2017, 2020;
Bourdin et al., 2013a,b, 2014, 2015, 2016; Chatterjee, 2020; Warnecke and Bingert,
2020; Candelaresi et al., 2019; Warnecke and Peter, 2019b; Smiet et al., 2019; War-
necke and Peter, 2019a; Korsós et al., 2018; Cameron et al., 2017; Chatterjee et al.,
2016; Candelaresi et al., 2016; Threlfall et al., 2016; Chen et al., 2015; Smiet et al.,
2015; Warnecke and Brandenburg, 2014; van Wettum et al., 2013; Bingert and Peter,
2013; Peter and Bingert, 2012; Peter et al., 2012; Warnecke et al., 2012a,b; Warnecke
and Brandenburg, 2011a; Zacharias et al., 2011a,b; Warnecke et al., 2011b; Bingert and
Peter, 2011; Warnecke and Brandenburg, 2011b; Warnecke et al., 2011a; Warnecke and
Brandenburg, 2010; Bingert et al., 2010; Zacharias et al., 2009b,a).

(b) Large-scale dynamos, helical turbulence, and catastrophic quenching (Zhu and Shi,
2023; Park et al., 2023; Yang and Zhu, 2022; Prabhu et al., 2021; Brandenburg and
Scannapieco, 2020; Park, 2019a; Peng et al., 2019; Nauman and Nättilä, 2019; Park,
2019b; Brandenburg and Oughton, 2018; Bourdin et al., 2018; Bourdin and Bran-
denburg, 2018; Brandenburg, 2018; Brandenburg and Chatterjee, 2018; Rempel et al.,
2019; Brandenburg et al., 2017a,c,b; Rempel et al., 2017; Smiet et al., 2017; Cole et al.,
2016; Karak and Brandenburg, 2016; Karak et al., 2015b; Brandenburg and Hubbard,
2015; Subramanian and Brandenburg, 2014; Brandenburg and Stepanov, 2014; Bran-
denburg, 2014; Bhat et al., 2014; Chian et al., 2014; Park, 2014b; Park et al., 2013;
Brandenburg and Lazarian, 2013; Park, 2013b,a, 2014a; Candelaresi and Brandenburg,
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2013a; Park, 2013a; Del Sordo et al., 2013; Brandenburg, 2013; Rempel et al., 2013;
Candelaresi and Brandenburg, 2013b, 2012; Brandenburg et al., 2012d; Rempel et al.,
2012; Park and Blackman, 2012b,a; Brandenburg and Guerrero, 2012; Brandenburg,
2011a; Hubbard and Brandenburg, 2012; Rempel et al., 2011; Mitra et al., 2011; Cande-
laresi et al., 2011b; Hubbard and Brandenburg, 2011; Brandenburg, 2011b; Chatterjee
et al., 2011a; Hubbard et al., 2011; Candelaresi et al., 2011c; Candelaresi and Bran-
denburg, 2011b; Candelaresi et al., 2011a; Brandenburg, 2011d; Guerrero et al., 2011;
Hubbard and Brandenburg, 2010; Mitra et al., 2010a,b; Brandenburg, 2010b; Guer-
rero et al., 2010; Brandenburg, 2010a; Brandenburg et al., 2010a; Chatterjee et al.,
2010; Rädler and Brandenburg, 2010; Rempel et al., 2009; Käpylä and Brandenburg,
2009; Brandenburg, 2009a,e; Brandenburg et al., 2009a; Brandenburg, 2009d,f; Sur and
Brandenburg, 2009; Brandenburg, 2009b,c; Rädler and Brandenburg, 2008; Tilgner
and Brandenburg, 2008; Brandenburg, 2008a; Brandenburg et al., 2008c; Branden-
burg, 2008b; Brandenburg and Käpylä, 2007; Brandenburg and Subramanian, 2007;
Brandenburg, 2007b,a, 2006c,b; Shukurov et al., 2006; Mee and Brandenburg, 2006;
Snodin et al., 2006; Brandenburg and Dintrans, 2006; Brandenburg, 2006a; Branden-
burg et al., 2005b; Brandenburg and Subramanian, 2005c,b; Brandenburg and Käpylä,
2005; Brandenburg, 2005a; Brandenburg and Blackman, 2005; Brandenburg and Sub-
ramanian, 2005a; Brandenburg, 2005b,c; Brandenburg et al., 2004c; Brandenburg and
Matthaeus, 2004; Brandenburg and Sandin, 2004; Yousef and Brandenburg, 2003).

(c) Helioseismology (Singh et al., 2014, 2015, 2020).

(d) Strongly stratified MHD turbulence and NEMPI (Losada et al., 2019; Perri and Bran-
denburg, 2018; Jabbari et al., 2017, 2016; Warnecke et al., 2016; Jabbari, 2015; Bran-
denburg et al., 2014; Losada et al., 2014; Mitra et al., 2014; Jabbari and Brandenburg,
2014; Jabbari et al., 2014, 2015; Brandenburg et al., 2013b; Warnecke et al., 2013c;
Jabbari et al., 2013; Kemel et al., 2013a,b, 2012a,b, 2011a,b,c; Losada et al., 2013;
Käpylä et al., 2013a; Losada et al., 2012; Käpylä et al., 2012a; Brandenburg et al.,
2010b, 2011c, 2012a; Rüdiger et al., 2011).

(e) Convection in Cartesian domains (Käpylä, 2023c,b; Ortiz-Rodŕıguez et al., 2023; Tscher-
nitz and Bourdin, 2022; Masada and Sano, 2022; Ortiz-Rodŕıguez et al., 2022; Käpylä,
2022, 2021a; Brandenburg et al., 2019a; Käpylä, 2018; Bushby et al., 2018; Käpylä
et al., 2017b; Félix et al., 2013; Käpylä et al., 2013b; Getling, 2013; Félix et al., 2012;
Svedin et al., 2013; Guerrero et al., 2012; Gastine and Dintrans, 2011c; Mantere et al.,
2011; Käpylä et al., 2011c; Guerrero and Käpylä, 2011; Cantiello et al., 2011a,b; Gas-
tine and Dintrans, 2008a,b, 2010, 2011a,b; Brandenburg et al., 2011b; Käpylä et al.,
2008, 2009b, 2010b; Scharmer et al., 2008; Rieutord, 2008; Heinemann et al., 2007,
2006; Nordlund, 2004; Dobler and Getling, 2004).

(f) Global convection and dynamo simulations (Käpylä et al., 2023; Karak, 2023; Hackman
et al., 2023; Hidalgo et al., 2023; Käpylä, 2023a; Stejko et al., 2022a,b; Warnecke et al.,
2021; Käpylä, 2021b; Navarrete et al., 2023, 2022, 2021, 2020; Becerra et al., 2022a,b,
2021; Viviani et al., 2021; Viviani and Käpylä, 2021; Willamo et al., 2020; Jakab
and Brandenburg, 2020; Käpylä et al., 2020b; Viviani et al., 2019; Rüdiger et al.,
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2019; Käpylä et al., 2019; Warnecke, 2018; Viviani et al., 2018; Käpylä et al., 2017a;
Gent et al., 2017; Karak et al., 2015a; Warnecke et al., 2014; Cole et al., 2014; Käpylä
et al., 2010d, 2011a,b, 2012b, 2013c, 2014; Mantere et al., 2013; Warnecke et al., 2012c,
2013a,b; Mitra et al., 2009b, 2010c; Brandenburg et al., 2007a; Dobler et al., 2006;
McMillan and Sarson, 2005; Dorch, 2004a,b, 2005; McMillan and Sarson, 2003).

5. Miscellanea

(a) Turbulent transport and test-field method (Iarygina et al., 2023; Candelaresi and Beck,
2023; Brandenburg and Protiti, 2023; Mizerski et al., 2023; Carenza et al., 2023; Zhou
and Blackman, 2023; Käpylä and Singh, 2022; Käpylä et al., 2022; Zhou and Black-
man, 2021; Haugen et al., 2021a; Käpylä et al., 2020a; Brandenburg and Chen, 2020;
Warnecke et al., 2018; Andrievsky et al., 2015; Snellman et al., 2015; Karak et al.,
2014; Rheinhardt et al., 2014; Rüdiger and Brandenburg, 2014; Devlen et al., 2013;
Brandenburg et al., 2004b, 2008a,b, 2009b, 2012b,c, 2013a; Brandenburg and Rädler,
2013; Snellman et al., 2009, 2012a,b; Kitchatinov and Brandenburg, 2012; Rheinhardt
and Brandenburg, 2010, 2012; Rogachevskii et al., 2011; Rädler et al., 2011; Chat-
terjee, 2011; Brandenburg and Del Sordo, 2010; Madarassy and Brandenburg, 2010;
Käpylä et al., 2010c; Hubbard and Brandenburg, 2009; Hubbard et al., 2009; Rädler
and Brandenburg, 2009; Käpylä et al., 2009a; Mitra et al., 2009a; Liljeström et al.,
2009; Sur et al., 2008; Käpylä and Brandenburg, 2007, 2008; Sur et al., 2007; Hupfer
et al., 2006; Yousef et al., 2003).

(b) Hydrodynamic and MHD instabilities (Oliveira et al., 2021; Del Sordo et al., 2012;
Chatterjee et al., 2011b,c; Bejarano et al., 2011; Brandenburg and Rüdiger, 2005;
Brandenburg et al., 2004c; Brandenburg, 2003).

(c) Chiral MHD (Brandenburg et al., 2023b,c; Schober et al., 2023, 2022a,b, 2020a,b, 2019,
2018; Brandenburg et al., 2017e).

(d) Hydrodynamic and MHD turbulence (Brandenburg et al., 2023f; Brandenburg and
Boldyrev, 2020; Aiyer et al., 2017; Yokoi and Brandenburg, 2016; Brandenburg and
Petrosyan, 2012; Del Sordo and Brandenburg, 2011a,b; Brandenburg and Nordlund,
2011; Haugen and Brandenburg, 2004a, 2006; Brandenburg et al., 2005c; Pearson et al.,
2004).

(e) Turbulent combustion, front propagation, radiation & ionization (Ganti et al., 2023;
Yuvraj et al., 2023; Lipatnikov and Sabelnikov, 2022, 2023; Karchniwy et al., 2022;
Bhatia and De, 2021; Zhang et al., 2020; Aarnes et al., 2020; Brandenburg and Das,
2021, 2020; Qian et al., 2020; Brandenburg, 2023b, 2020b, 2019b; Mao et al., 2019;
Bhat and Brandenburg, 2016; Babkovskaia et al., 2015; Chaudhuri, 2015; Barekat and
Brandenburg, 2014; Tarjei Jensen et al., 2011; Brandenburg et al., 2011a; Babkovskaia
et al., 2011; Brandenburg and Multamäki, 2004).

(f) Code development, GPU etc (Lyra, 2023; Pencil Code Collaboration et al., 2021;
Pekkilä et al., 2022, 2017).
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3 Code comparison & reference

The Pencil Code has been quoted in other papers either for detailed code comparison, in con-
nection with related work, or in comparison with other codes (Modestov et al., 2023; Väisälä
et al., 2023; Lecoanet and Edelmann, 2023; Lesur et al., 2023; Klahr et al., 2023; Ruszkowski and
Pfrommer, 2023; Commerçon et al., 2023; Paardekooper et al., 2022; Chouliaras and Gourgou-
liatos, 2022; Caldwell et al., 2022; Porter et al., 2022; Li and Youdin, 2021; Zhu, 2021; Sabelnikov
et al., 2021; Bartman et al., 2021; Hanawa and Matsumoto, 2021; Bhatia and De, 2021; Väisälä
et al., 2021; Brandenburg, 2020c; Pencil Code Collaboration, 2020; Guerrero, 2020; Gressel and
Elstner, 2020; Matilsky and Toomre, 2020; Brandenburg et al., 2020a; Rosswog, 2020; Beresnyak,
2019; Sapetina et al., 2019; Rosswog, 2019; Mignone et al., 2019; Tricco, 2019; Jóhannesson et al.,
2019; Porter et al., 2019; Zhang et al., 2018a; Li et al., 2018a; Nixon et al., 2018; Rüdiger et al.,
2018; Hernandez et al., 2018; Oishi et al., 2018; Augustson, 2017b; Yamamoto and Makino, 2017;
Goffrey et al., 2017; Augustson, 2017a; Ryu and Huynh, 2017; Cabezón et al., 2017; Emeriau-
Viard and Brun, 2017; Brun and Browning, 2017; Kupka and Muthsam, 2017; Kulikov et al.,
2016; Surville et al., 2016; Simon et al., 2016; Skála et al., 2015; Mocz et al., 2015; Hopkins,
2015; Duffell and MacFadyen, 2015; Krumholz and Forbes, 2015; Cheung et al., 2015; Augustson
et al., 2015; Schad et al., 2015; Brun et al., 2015; Norton et al., 2014; Rieutord, 2014; Olshevsky
et al., 2014; Skála et al., 2014; Jenkins et al., 2014; Lovelace and Romanova, 2014; Recchi, 2014;
Berera and Linkmann, 2014; Norton et al., 2014; Charbonneau, 2014, 2013; Augustson et al.,
2013; Gabbasov et al., 2013; Kulikov, 2013; Fromang, 2013; Mart́ınez Pillet, 2013; Cavecchi et al.,
2013; Rein, 2012; Freytag et al., 2012; McNally et al., 2012a; Bonanno et al., 2012; Maron et al.,
2012; McNally et al., 2012b; Andic, 2011; Viallet et al., 2011; McNally, 2011; Vshivkov et al.,
2011; Ziegler, 2011; Hanasz et al., 2010; Brandenburg and Dobler, 2010; Rovithis-Livaniou, 2010;
Bai and Stone, 2010; Stone and Gardiner, 2010; Turck-Chièze, 2010; Garcia de Andrade, 2009;
Kley, 2009; Piontek et al., 2009; Maron and Mac Low, 2009; Hawley, 2009; Lemaster and Stone,
2009; Matsumoto and Seki, 2008; Maron et al., 2008; Gellert et al., 2008; Klahr, 2008; Thévenin
et al., 2006; Fromang et al., 2006; de Val-Borro et al., 2006; Turner et al., 2006; Rüdiger, 2005;
Maron et al., 2004).
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Brandenburg, A., Käpylä, P.J. and Mohammed, A., Non-Fickian
diffusion and tau approximation from numerical turbulence.
Phys. Fluids, 2004b, 16, 1020–1027.

Brandenburg, A., Kemel, K., Kleeorin, N., Mitra, D. and Ro-
gachevskii, I., Detection of Negative Effective Magnetic Pres-
sure Instability in Turbulence Simulations. Astrophys. J. Lett.,
2011c, 740, L50.

Brandenburg, A., Kemel, K., Kleeorin, N. and Rogachevskii, I.,
The Negative Effective Magnetic Pressure in Stratified Forced
Turbulence. Astrophys. J., 2012a, 749, 179.

Brandenburg, A., Kleeorin, N. and Rogachevskii, I., Large-scale
magnetic flux concentrations from turbulent stresses. Astron.
Nachr., 2010b, 331, 5.

Brandenburg, A., Kleeorin, N. and Rogachevskii, I., Self-assembly
of Shallow Magnetic Spots through Strongly Stratified Turbu-
lence. Astrophys. J. Lett., 2013b, 776, L23.

Brandenburg, A., Korpi, M.J. and Mee, A.J., Thermal Instabil-
ity in Shearing and Periodic Turbulence. Astrophys. J., 2007b,
654, 945–954.

Brandenburg, A. and Lazarian, A., Astrophysical Hydromagnetic
Turbulence. Space Sci. Ref., 2013, 178, 163–200.

Brandenburg, A. and Matthaeus, W.H., Magnetic helicity evolu-
tion in a periodic domain with imposed field. Phys. Rev. E,
2004, 69, 056407.
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Lyra, W., Turbulent stresses as a function of shear rate in a
local disk model. Astron. Nachr., 2009, 330, 92.

Lipatnikov, A.N. and Sabelnikov, V.A., Flame folding and condi-
tioned concentration profiles in moderately intense turbulence.
Phys. Fluids, 2022, 34, 065119.

Lipatnikov, A.N. and Sabelnikov, V.A., Influence of small-scale
turbulence on internal flamelet structure. Phys. Fluids, 2023,
35, 055128.

Losada, I.R., Brandenburg, A., Kleeorin, N., Mitra, D. and Ro-
gachevskii, I., Rotational effects on the negative magnetic pres-
sure instability. Astron. Astrophys., 2012, 548, A49.

Losada, I.R., Brandenburg, A., Kleeorin, N. and Rogachevskii, I.,
Competition of rotation and stratification in flux concentra-
tions. Astron. Astrophys., 2013, 556, A83.

Losada, I.R., Brandenburg, A., Kleeorin, N. and Rogachevskii,
I., Magnetic flux concentrations in a polytropic atmosphere.
Astron. Astrophys., 2014, 564, A2.

Losada, I.R., Warnecke, J., Brandenburg, A., Kleeorin, N. and
Rogachevskii, I., Magnetic bipoles in rotating turbulence with
coronal envelope. Astron. Astrophys., 2019, 621, A61.

Lovelace, R.V.E. and Romanova, M.M., Rossby wave instability
in astrophysical discs. Fluid Dynam. Res., 2014, 46, 041401.

Lyra, W., Elliptic and magneto-elliptic instabilities; in Europ.
Phys. J. Web Conf., Vol. 46 of Europ. Phys. J. Web Conf.,
Apr., 2013, p. 4003.

Lyra, W., Convective Overstability in Accretion Disks: Three-
dimensional Linear Analysis and Nonlinear Saturation. Astro-
phys. J., 2014, 789, 77.

Lyra, W., Johansen, A., Klahr, H. and Piskunov, N., Embryos
grown in the dead zone. Assembling the first protoplanetary
cores in low mass self-gravitating circumstellar disks of gas and
solids. Astron. Astrophys., 2008a, 491, L41–L44.

Lyra, W., Johansen, A., Klahr, H. and Piskunov, N., Global mag-
netohydrodynamical models of turbulence in protoplanetary
disks. I. A cylindrical potential on a Cartesian grid and trans-
port of solids. Astron. Astrophys., 2008b, 479, 883–901.

Lyra, W., Johansen, A., Klahr, H. and Piskunov, N., Standing on
the shoulders of giants. Trojan Earths and vortex trapping in
low mass self-gravitating protoplanetary disks of gas and solids.
Astron. Astrophys., 2009a, 493, 1125–1139.

Lyra, W., Johansen, A., Zsom, A., Klahr, H. and Piskunov, N.,
Planet formation bursts at the borders of the dead zone in
2D numerical simulations of circumstellar disks. Astron. As-
trophys., 2009b, 497, 869–888.

Lyra, W. and Klahr, H., The baroclinic instability in the context
of layered accretion. Self-sustained vortices and their magnetic
stability in local compressible unstratified models of protoplan-
etary disks. Astron. Astrophys., 2011, 527, A138.

Lyra, W. and Kuchner, M., Formation of sharp eccentric rings in
debris disks with gas but without planets. Nature, 2013, 499,
184–187.

Lyra, W. and Kuchner, M.J., Sharp eccentric rings in planetless
hydrodynamical models of debris disks. arXiv:1204.6322, 2012.

Lyra, W. and Mac Low, M.M., Rossby Wave Instability at Dead
Zone Boundaries in Three-dimensional Resistive Magnetohy-
drodynamical Global Models of Protoplanetary Disks. Astro-
phys. J., 2012, 756, 62.

Lyra, W., Paardekooper, S.J. and Mac Low, M.M., Orbital Mi-
gration of Low-mass Planets in Evolutionary Radiative Models:
Avoiding Catastrophic Infall. Astrophys. J. Lett., 2010, 715,
L68–L73.

Lyra, W., Richert, A.J.W., Boley, A., Turner, N., Mac Low, M.M.,
Okuzumi, S. and Flock, M., On Shocks Driven by High-mass
Planets in Radiatively Inefficient Disks. II. Three-dimensional
Global Disk Simulations. Astrophys. J., 2016, 817, 102.

Lyra, W., Turner, N.J. and McNally, C.P., Rossby wave instability
does not require sharp resistivity gradients. Astron. Astrophys.,
2015, 574, A10.

Lyra, W., Stability Analysis for General Order Central Finite-
difference Hyperdiffusivity with Time Integrators of Arbitrary
Accuracy. Res. Not. Am. Astron. Soc., 2023, 7, 69.

Lyra, W., McNally, C.P., Heinemann, T. and Masset, F., Orbital
Advection with Magnetohydrodynamics and Vector Potential.
Astron. J., 2017, 154, 146.

Lyra, W., Raettig, N. and Klahr, H., Pebble-trapping Backreac-
tion Does Not Destroy Vortices. Res. Not. Am. Astron. Soc.,
2018, 2, 195.

Madarassy, E.J.M. and Brandenburg, A., Calibrating passive
scalar transport in shear-flow turbulence. Phys. Rev. E, 2010,
82, 016304.

Maiti, S., Makwana, K., Zhang, H. and Yan, H., Cosmic ray Trans-
port in Magnetohydrodynamic turbulence. arXiv e-prints,
2021, arXiv:2108.01936.

Maiti, S., Makwana, K., Zhang, H. and Yan, H., Cosmic-ray
Transport in Magnetohydrodynamic Turbulence. Astrophys.
J., 2022, 926, 94.

Manser, C.J., Gänsicke, B.T., Eggl, S., Hollands, M., Izquierdo,
P., Koester, D., Landstreet, J.D., Lyra, W., Marsh, T.R.,
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Warnecke, J., Käpylä, P.J., Mantere, M.J. and Brandenburg, A.,
Spoke-like Differential Rotation in a Convective Dynamo with
a Coronal Envelope. Astrophys. J., 2013b, 778, 141.

Warnecke, J., Losada, I.R., Brandenburg, A., Kleeorin, N. and
Rogachevskii, I., Bipolar Magnetic Structures Driven by Strat-
ified Turbulence with a Coronal Envelope. Astrophys. J. Lett.,
2013c, 777, L37.

Warnecke, J., Losada, I.R., Brandenburg, A., Kleeorin, N. and Ro-
gachevskii, I., Bipolar region formation in stratified two-layer
turbulence. Astron. Astrophys., 2016, 589, A125.

Warnecke, J. and Peter, H., Data-driven model of the solar corona
above an active region. Astron. Astrophys., 2019a, 624, L12.

Warnecke, J., Rheinhardt, M., Tuomisto, S., Käpylä, P.J., Käpylä,
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