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1st meeting

in Glasgow, Glasgow University (LUK).

in Espoo, Aalto University (Finland).

in Boulder, University of Colorado (USA).

in Newcastle, Newcastle University (UK).

in Graz, Space Research Institute, Academy of Sciences (Austria).

in Trondheim, Norwegian University of Science and Technology (Norway).
in Gottingen, Max Planck Institute for Solar System Research {Germany).
in Lund, Lund Observatory (Sweden).

in Helsinki, Physics Department (Finland).

in Toulouse, Observatoire Midi-Pyrénées (France).

in New York, American Museum of National History (LUSA).

in Heidelberg, Max Planck Institute for Astronomy (Germany).

in Leiden, Leiden Observatory (Netherlands).

in Stockholm, Nordita (Sweden).

in Copenhagen, Nordita (Denmark).

in Copenhagen, Nordita (Denmark).



Historic highlights

2004 EoS branch

2007 cvs = svn

2008 googlecode

2009 first discussions on GPUS
2010 magnetic/meanfield

2013 entropy/energy module
2015 github



Special Issue now out
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Scientific usage of the PENCIL CODE

Search results using http://adslabs.org and
Bumblebee https: //ui . adsabs.harvard. edu/

http: //pencil-code.nordita. org/highlights/

A search using ADS https:

//ul.adsabs.harvard. edu/ lists

the papers in which the PEN-
ci. CobDE is being guoted. In
the following we present the pa-
pers that are making use of the
code either for their own scien-
tific work of those anthors, or for
code comparison purposes. We
include conference procecdings,
which make up 15-20% of all
papers.  We classity the refer-
ences by year and by topic, al-
though the topics are often over-
lapping. The primary applica-
tion of the PeEnciL CobDe lies
in astroplysics, in which case we
classity the papers mostly by the
field of research. Additional ap-
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Figure 1: Number of papers since 2003 that make use of the PEN-
CiL CoODE. In red is shown the number of papers that reference it
for code comparison or other purposes and in blue the papers that
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As of June 2020, the PENCIL CODE has been used for a total of 560 research papers; see Fig-
ure 1; 254 of those are papers (45%) are not co-authored by Brandenburg. In addition, 80 papers

reference it for code comparison or other purposes (see the red line).
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1 Preamble

During the June 2020 meeting of the Pencil Code
Steering Committee (PCSC) it was decided that the

Figure 1: Axel's screenshot at the end of the PCSC
meeting showing the view from Nils’ window (Trond-
heim, Norway) and Matthias on the right on skype.

ing (PCUM) in Glasgow during 27-31 July 2020. If
vou forget the link, you can just say pc_news to get
the link, which 15 http://indico. fysik. su.se/event/6870/; SE€
Figure 2.

Fencil Code User Meeting 2020

Aol the meeting

Peacl Codr Ly Meciing

Figure 2: Web page where you can register for the
meeting. Please register, even if vou want to partici-
pate only in a few sessions.
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 Pencil Code philosophy :z
as Inspiration to others .
« Here just one example 60

The code has also been enhanced to use non-equidistant
grids to allow for increased resolution in particular areas of the
Milky Way, in this case around Geminga. This improvement to
GALPROP is inspired by the the Pencil Code’ (Brandenburg &
Dobler 2002), where the use of analytic functions can have

advantages in terms of speed and memory usage compared to 4
purely numerical implementations for non-uniform grid spa- '

cing. The current run uses the grid function
2(() = ~tana(¢ = (] + 2o (6)

for all spatial coordinates ¢ = x, v, z, where €, a, (p, zp are
parameters. This function maps from the linear grid ¢ to the

asults to papers from

to 2019 Apply




d to the data collection and discussion of the results. Compeating
| Imterests: The authors declare no conflict of interests. Data and

Supplementary Materials for ' materials avallabllity: The data used in this research are available
| Pl g P
A planetesimal orbiting within the debris disc around a white dwarf star ff':l'l'l tm EE:I .I. LT arcnne {EE] ' Jl'lﬂ{'!' I:I |'-:||:|-:r5'..-_-]| umoer EEIEI”-LIPEM
Chri_stophcr J. Manser*, Boris T. Giinsicke, Sicgfricq E_ggl, Mark Hollands, Paula {'l:'l:l ' -ﬂ-ﬂ tn";" 'I:'lT': archive {3}]. Jl'lj";"l' I:ll"i'q:"fﬁ-ﬂ MILIMIDEr s 'I:'IT':]-_].EIITFI
Furvana Mera, Alenandor ] M, Pablo Rodrigue G Odene Tolosa, i vess, 301 GTC25-18A. The Zmvan software and the model shown in fig 55
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Toonent, Eva Villaver, Mark Wyatt, Siyi Xu, Simon Portegies Zwart
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Published S April 2019, Science 364, 66 (2019) directory pencil-code. samples f2d-tests/ White DwarfDisk.

oI 101126 cince 3%
where Tj 1s the orbital period at the reference radius r = 1R,. Sixth-order hyper-dissipation
terms are added to the evolution equations to provide extra dissipation near the grid scale .
These terms are needed for numerical stability because the high-order scheme of the PENCIL
CODE (93) has little overall numerical dissipation (96). They are chosen to produce Reynolds
numbers of order unity at the grid scale, but then drop as the sixth power of the scale at larger
scales, so they have negligible influence on the large-scale flow. Shock diffusion 1s added to the

equations of motion, to resolve shocks to a differentiable length (97][98][99). Extra Laplacian

viscosity is added to the equations, with & = 1072 (85).



Unknown
connections

« Well-known
for helicity
studies

LETTER

We based our helical and non-helical compressible turbulence anal-
yses on a set of well-controlled direct numerical simulations with
periodic boundary conditions. Two programs, the Pencil Code and
the OpenCFD, known (the former already worldwidd™ and the latter
mainly in Chin so far) respectively in the astrophysics and aerody-
namics communities, have been used for tests. Helicity controlling
techniques, with or without helicity injection, say, have been well-
developed, as partly already implemented in typical incompressible and
compressible turbulence simulation open-source software$d The dis-
cretization grid numbers used are up to 1024, and for statistical steady
state statisitcs, long time integrations up to 5 large-eddy turnover times
were performed. Such typical ‘massive’ simulations resolve reasonably
well into the details of flow structures, with visibly separated energy-
containing, inertial, bottleneck and dissipation regimes in the power

Helicity hardens the gas

Jun Peng!'+2** Jin-Xiu Xu®, Yan Yang'?** & Jian-Zhou Zhu?

0

A screw generally works better than a nail, or a complicated rope
knot better than a simple one, in fastening solid matter, while a gas
is more tameless. However, a flow itself has a physical quantity,
helicity, measuring the screwing strength of the velocity field and
the degree of the knottedness of the vorticity ropes. It is shown
that helicity favors the partition of energy to the vortical modes,
compared to others such as the dilatation and pressure modes of
turbulence; that is, helicity stiffens the flow, with nontrivial impli-
cations for aerodynamics, such as aeroacoustics, and conducting

fluids, among others.




Monthly Notices

MNRAS 479, 3923-3935 (2018)
Advance Access publication 2018 June 15

doi:

The influence of atomic alignment on absorption and emission

spectroscopy

Heshou Zhang,"* Huirong Yan'* and Philipp Richter?*

I Deutsches El ektronen-Synchrotron DESY, Platanenallee 6, D-15738 Zeuthen, Germany
2 Institut fiir Physik und Astronomie, Universitdit Potsdam, Haus 28, Karl-Liebknecht-Str. 24/25, D-14476 Potsdam, Germany
3 Leibniz-Institut fiir Astrophysik Potsdam (AIP), An der Sternwarte 16, D- 14482 Potsdam, Germany

4.3 Observations from the medium with turbulent magnetic
fields

Inorder to address the issue of how much modulation can be induced
with the line-of-sight dispersion of magnetic field, we perform syn-
thetic observation on ISM with turbulent magnetic field from nu-
merical simulation. A three-dimensional (3D) super-Alfvenic (M,
= 1.43) MHD data cube (512 x 512 x 16), which corresponds to
a lpc(x) x Ipc(y) x 0.2pc(z) diffuse layer of a reflection nebula,
is generated by the MHD-simulation with the penciL code.” Note

’See https://code.google.com/archive/p/pencil-code/ for details.
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36 papers in 2020

Burning particles

Zhang, H., Luo, K., Haugen, N.E.L., Mao, CC. and Fan, J., Drag
force for a burning particle. Comb. Flame, 2020, 217, 183-199.

Planetesimals

Gerbig, K., Murray-Clay, R.A., Klahr, H. and Baehr, H., RHe-
quirements for Gravitational Collapse in Planetesimal Forma-
tion—The Impact of Scales 5et by Kelvin-Helmholtz and Non-
linear Streaming Instability. Astrophys. J., 2020, 895, 91.

Reconnection

Santos-Lima, R., Guerrero, (., de Gouveia Dal Pino, E.M. and

Lazarian, A., Diffusion of large-scale magnetic fields by recon-
nection in MHD turbulence. 2020, arXiv:2005.07775.

Binaries 13

Navarrete, F.H., Schleicher, D.R.GG., Kipylia, P.J., Schober, J.,
Violschow, M. and Mennickent, R.E., Magnetohydrodynamical
origin of eclipsing time variations in post-common-envelope bi-
naries for solar mass secondaries. Month. Not. Roy. Astron.
Soc.. 2020, 491, 10431056,



Significance

* You are not alone
— Whatever you code, think of the others

« Backward compatibility
— Don’t change default behavior of the code
— Be very thoughtful if you do

 Prepare item for Newsletter about changes
— Otherwise people would not know

14
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Failed 2 test(z) out of 59

Hourly auto-test nuisance

fhomesbrandenb/pencil-hourly-tests/sanples/2d-tests torque_migration_nonizo (results)
fhomesbrandenbspencil-hourly-testsdzamples/ld-tests/solar-atmosphere—temperature (results)

CPU time [including compilation): 01:59:31u 11:00s
Total wall-clock time:

lid2ada = 01:15:02 + 173144
Maintainers of failed tests: betzyherndgmail :com, Tobias:Heinemanngmail focom

samples/ld-tests/solar—atmosphere—temperature: (21/08)
Compiling,.
Starting,.

Funning, ,
Yalidating results,.

Filez reference,out,double, datastime_series,.dat differ:

t: Row 2% 0,03518632438753 > 0,030186324382417 according to absolute accuracy 1,%e-14
dt: Row 23 Q,00070372394264895 > 0,00070372994242477 according to abzolute accuracy 1,%e-17
rhom: Bow 23 B0,3036689237233 > B0,353668923409]1 according to absolute accuracy 1,5e-13

Fow 2: 0,000165430801651 < 0,00165490801942 according to absolute accuracy 1,%5e-14

Fow 23 12707,249247501 < 12707 ,2494079339 according to absolute accuracy 1,5e-09

Bow 23 0,0003272173414 > 0,0009272124363 according to absolute accuracy 1,be-13

Fow 2: 0,44761204932487 < 0,4476130439178 according to absolute accuracy 1,he-13

dtru; Bow 23 0,89422730205523 » 0,89422730:22670 according to abzolute accuracy 1,5e-13
dtw: Bow 23 0,4476130493487 < 0,4476130439178 according to absolute accuracy 1,.5e-13
Expected:

EEm?
TTm:
dtus
dtic:

[double]

ak. Qo:5a
ak Qry2 00
ak. 02l
not. ok

-—it

]

50

100

150

200
Got#

t
0, QO 0E +00)
3,5186324 38705 30E-02
7L 0872977 343408E-02
1,0050992411012E-01
1,4074712445108E-01

dt
£ OE72361480326E-04
£, 0372934 264895E-04
7L 0E73E17E7EE24E-04
£ OE741B5368271E-04
£ 0374633391362E-04

rhiom
B0, 3537438290065
G0, 3536EE9237 233
B0, 25325951 208501
B0, 253530339559
G0, 3534749705607

m
0, 001ES500041475
0, 001654 30301651
0,00165481 233269
0,00165471735172
0, 00165462 315630

TTm

12712, 323410383
12707, 243247501
12702, 255384005
12697, 381882883
12692, 624458649

dtu
0, Q0]
0, 0009272173414
0, 0022520689068
0, 0036244357304
0, 0043301127494

dtc
0, 4476291125930
0, 4476130493487
0, 4475972182617
0, 4470823189728
0, 4475714367439

A
0

50
100
150
200

t
0, QOOOCAGOOOOO0E+O0
2,.5186324308241 FE-02
£ OET297 73280958 -02
1,0555332406369E-01
1,4074712437324E-01

Time uszed:

dt
7 03723614803 26E-04
7037293424247 7E-04
£ OE7AR17E34269E-04
7, 0374165310367E-04
£ OET4EE3323380E-04

rhiom
B0, 3537438290005
B0, 2536689234091
B, 2535951193482
B, 3535303334973
B0, 2524749692105

m
0, 001655000414 75
0,00165430301342
0, 00165481 296352
0001654 71746568
0,00165462241330

01:20 = 0058 + 00321

TTm

12712, 323410383
12707, 243407329
12702, 257706662
12697, 388333527
12652, 638927361

dtu
0, QOO0
0, 0009272124863
0, 0022519727543
0, 003623907077 4
0, 0049287730249

dtc
0, 4476291125930
0, 4476120499178
0, 4475972193269
0, 4470823204276
0, 4475714384759



Now 30,218 commits
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Last ye

0 28,619 commits

Branch: master =

Mew pull request

ar 28,619 commits

1599 more since last year

i¥ 4 branches

,: wdobler Revert "Testing: run only helical-MHDturb test.”

ilm bin

150
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Unconventional applications

log,, P(T/<T>)

. L 1
L A S SR N RSN SR
-06 -04 -02 00 02
log,, (T/<T>)

F1G. 3. Comparison of P(T') in double-logarithmic representation
for the LDM appropriate to our benchmark (black line) with various
approximations where ry = rg = ry (blue for &;; = | and red for ky,; =
2) along with a case where k;i;; = 2 and only rg = ry are assumed (green
lines).

TABLE 2. Moments of X = In(T"/(T}) computed from 10'? realiza-

tions.

Kii  ra B (X} o(X) skewX kurtX
| re. oy —0.062 035 0.32 0.00
2 —0.040 028 0.34 0.10
2 r,. o, —0.033 025 0.25 0.05
2 .. —0.020  0.20 0.22 0.08

A straightforward extension of the LDM is to take hori-
zontal variations in the local column density into account.
Those are always present for any random initial condi-
tions, but could be larger for turbulent systems, regard-
less of the particle speeds. Indeed, in our 3-D superparti-
cle simulations, large particles can fall in different verti-
cal columns that contain different numbers of small par-
ticles, a consequence of the fact that the small particles
are mitially randomly distributed. To describe the results

of our 3-D simulations, it is necessary to solve for an en-
10



lhtenthin) i t.p
intentfinout) : df

call keep_compiler_quiet(p)

identify module and boundary conditions

lefine state wector

(t=—tstart)
tt=,0
93-.0

tE=f(11:12,m,n,ispecial)
a9 (tt)

Selection of different combinations of rA and rB

(1rA 1B}

lamk=(t* " onethird+1, 32 (t" “twothird-1,)

(1A 1rE}
lamk={t " onethird+1, )2t **tuothird
[ 1rA 1rB)
lamk=t*“twothird (t*“tuothird-1,)

lambk =t *gam_lucky

Produce exponentially distributed random numbers,

but can alzo do mean—field theory asz a test,

C1MFT)
tauk-1, lamk

call random_number_wrapper-ree)
tauk Crre ) Lamk

df(11:12, m.n.ispecial J=df (11212, m.n, ispecial ) +tauk

diagnostics

t1diagnos)
Cidiag_ttim =0} call sum_mn_nameltt
(idiag_qqlm =00 call sum_mn_namelgq
(idiag_g92m/ =07 call sum_mn_namelqq
(idiag_q93m/=0) call sum_mn_nametqgq
[idiag_q9dm =0) call sum_mn_namelqq

cidiag_ttim)
idiag_qqlm)
2,idiag_gqZm}
3, idiag_qq3m)
4,idiag_gqqdm)

Unconventional

(headtt ldebug) . 'dspecial_dt: SOLYE ASPECIAL_dt!

 Utilize all MPI
10, diagnostics, etc

] -*-f90-#- (for Emacs) vim:set filetype=fortran: (for vim)
|
I cparam.local

|

!

|

I

Local settings concerning grid size and number of CPUs.
This file is included by cparam.f90

! HEXHAAE MK HE A E AKX E RN

integer, parameter :: ncpus-512.nprocx-1.nprocz-1.nprocy-ncpus/{nproc:
integer, parameter :: nxgrid-10+#+#4 nygrid-1024+#10%+3 nzgrid-1

S EXp
itl=1, isave=50000, dt=1.. itorder=1
lpencil_check_small=F
lnspecial _pdf=F. special_pdf=T
dsnap=le/, dspec=1
nt=125 1 (if tstart=2)
nt=126 1(if tstart=1)
/
&special_run_pars
FIMFT=T
I1rA=T. 1rB=T
I1rA=T. 1rB=F
1rA=F. 1rB=F
/
&power_spectrum_run_pars
pdf_min=0., pdf_max=20.
!

I - O I o e o e o o e e e




Run directories related to some past research projects

Isotropic homogeneous MHD turbulence

¢ Inverse transfer in non-helical MHD

e Classes of hvdrodynamic and MHD decay
L

L

The turbulent chiral - magnetic cascade in the early universe
D}fnalﬂﬂ effect in dECa}*’iHQ helical t Two-scale method of measuring magnetic helicity

e Jarge-scale helicity spectra

Interstellar medium: cooling insta

Coagulation
e Thermal lnﬂtablllt’iﬁ e Coagulation & condensation in turbulent flows
. ¢ Effect of turbulence on collisional growth of cloud droplets
e Random exXpansioln waves e Cloud droplet growth due to supersaturation fluctuations in stratiform clouds
e Supersonic turbulence ,
* Miscellanea

» . » » . . * Spreading layer on neutron stars
Cﬂﬂvﬂﬂtlﬂﬂ, lﬂﬂlZﬂtlDﬂ, & rﬂdlﬂtlﬂ[ » Test-field method for computing dvnamo coefficients
s Strong nonlocality variations in a spherical mean-field dvnamo
* Negative effective magnetic pressure instability

* Cartesian convection with Kramers . surface flux concentrations in a spherical o dynamo
e 1-D simulations with hydrogen ionis
e The time step constraint in radiatic

¢ Spectral magnetic helicity of solar active reqgions between 2006 and 2017

Other data

(last access: 16 December 2018) The DOI of the code is
https://doi.org/10.528 1/zenodo.2315093. The DNS setup and

the corresponding data (Li et al., 2019) are freely available at 20
https://doi.org/10.528 1/zenodo. 2538027
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to production and publication:

Data Availability Statement

Authors are now required to include a Data Availability Statement

in their article. Please include this at the end of your article

(above the references) under the heading ‘Data availability’. See
https://academic.oup.com/mnras/pages/General _Instructions#2.9%20Data%20Policy
for more information, and for examples of Data Availability Statements.

Please check that your final source files (ZIP/TAR) and manuscript
(PDF/PS/DOC) are all present. clean (i.e. with all highlighted/bold

Code and data availability, The source code used for the
simulations of this study, the Pencil Code (Brandenburg,
2018), is freely available on https://github.com/pencil-code/
(last access: 16 December 2018) The DOI of the code is
https://doi.org/10.5281/zenodo.2315093. The DNS sctup and
the corresponding data (Li et al., 2019) are freely available at 21

https://doi.org/10.5281/zenodo.2538027.
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Data Availability Statement

The inclusion of a Data Availability Statement is a requirement for articles published in
MNRAS. Data Availability Statements provide a standardised format for readers to understand
the availability of data underlying the research results described in the article. The statement
may refer to original data generated in the course of the study or to third-party data analvsed
in the article. The statement should describe and provide means of access, where possible, by
linking to the data or providing the required unique identifier.

The Data Availability Statement should be included in the endmatter of your article under the
heading ‘Data availability’.

More information and example Data Availability Statements can be found under the Data
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Data Citation

MNRAS supports the Force 11 Data Citation Principles and requires that all publicly available
datasets be fully referenced in the reference list with an accession number or unique identifier
such as a digital object identifier (DOI). Data citations should include the minimum
information recommended by DataCite: Author(s), Year, Title, Publisher (repository or archive
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« Example Data Citation
[dataset]* Zheng, ]., 2019, Alice-Zheng/RSD-data: release of RSD data, Zenodo,
http://doi.org/10.5281/zenodo.2538492



Where In 20 years?

Wil the code still be used?

By others than ourselves?

Is our samples still up to the task?
Usage of code/data DOI

Other thoughts?
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