Results reproducibility
with KROME
aka DOCMAKE

eeeeeeeee ugh chemistry
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Documentation

Benchmarking - things that can go wrong with chemistry/microphysics: |

Different chemical species
Different reactions

Different rate coefficients

Missing ingredients (e.g. cosmic rays)

Mismatching data (e.g. enthalpy, binding energies, .. .)
Different photo cross-sections
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Documentation

KROME is

open-source
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Documentation

open-source

because we like

reproducibility
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Documentation

KROME is

open-source

because we like

reproducibility

and we want to do

benchmarks
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Documentation

your network — DOCMAKE — HTML documentation — your server J
® Applications Places £) ] &) i B

KROME rate documentation - Mozilla Firefox

-

KROME rate document... x

€ file:///home/tgrassi/repos/krome/tools/docmake/htmls/indexReactions.html c

KROME docs

Reactions

H + H — H + H + e detals
Hp + & - H +H o+ g detals
H + H —~ Hz + g detalls
H + & - H + e  + g detals
Hz + e - H + 0 detalls
H + HY - H +H details
He” + & — He'™* + &+ g defails
H + g B » detalls
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Documentation

C+He — C +He
we ————KIDA link

search in KIDA
et rate evaluation in JSON format H
I —— Langevin

Langevin rate: 1.71x10°2 cm3s-1 /

Species involved: C, C*, He, He"

rate : 8.58d-17*Tgas**(0.757)

Tmax : LE.2e2 -— F90 rate
rate : 3.25d-17*Tgas**(0.968)

Tmin : >2e2

Tmax : .LE.2e3

rTar:]em 3.27e73d-19*Tgas“(1 597) J o| ntS
evaluation

Tmax 1e8

Evaluated joints:

o

limit1 (Tgas,rate) 200.0 4.73551257895e-15
limit2 (Tgas,rate) 200.0 5.48631067361e-15
extrapolated (Tgas,rate) : 200.0 5.48631067361e-15
15.85%

gas,rate) ; e-
limit2 (Tgas,rate) :2000.0 5.1787467307e-14
extrapolated (Tgas,rate) : 2000.0  5.1787467307e-14

..... 4 c40r A
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Documentation

10 15|
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10771

rate
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10 -20

H+H™ —+H,*

10°

Problem 1 (coupling)

102
Tgas

KROME BOOTCAMP 2018



Documentation

CH
2 enthal
. Vg PY

Enthalpy @ 298.15K: 391.199425643 kJ/mol

@212 A% < —— : HF
Al plots in a single page p0|arlzabl|lty

. reactions
Formation channels

~

CH3" + & CH2 + H details
c + Ho —  CHz details
CH + Hgz - CH2 + H details
(oF + Hp —  CHz + g details
Destruction channels
CH2 + 0 — HCO + H details
CHg + 0 - COo + Hp details
CH2 — CH + H details
CHa + H —~ CH + Hp details
[ ¥ Y -+ n ~H + m AntAaile

a H
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Documentation

1.61e-16 CH2
—— photoionisation (leiden)
1.4 photodissociation (leiden)
1.2
Xsecs
~
E
o 0.8
F
>
0.6
0.4 R
< SE ‘ ates
I
oy nll
0.0 \J
4 6 10 12 14
energy/eV
Photochemical rates (1/s
process database radiation rate (1/s)
photodissociation leiden BB@1e4K 1.07x107°
photodissociation leiden BB@2e4K 6.73x10°10
photodissociation leiden BB@4e3K 2.24x10°9
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Documentation

DOCMAKE creates graphs

CH.CH2+ CH3+ /

HED

Problem 1 (coupling)

E H3+
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Documentation

DOCMAKE creates tables ready for papers

Table Al - continued

No. Reaction Rate coefficient Notes Ref.

9 H, + Het — He 1 Hy" kg =7 2% 10-15 g

10 Hz+He' —= He+ H+H"  kio=37x10"exp [—-‘,2 8

11 Hyp+ HeT —= Het + H+H k“=3x1n’“\fﬁ";,—wme‘p[—ﬂ.jl‘ﬂ 9

12 Hett t+e —» Hel 4y Ky = = 3{?14)(610_“] = 10
Vo (1+o8) +me!

13 Hie —=H 4y kp_14x1o-“r”°‘5ap[ m 10

135 10731009 0, 325270556 42771 %1077 T2 “’"]

o H o H oy e ke = 1000610 T L0601 4+ 6 9712 10-11 T30 132576 x 10-# 75741 u

15 H+HT — Hi +y kis = 2.1 % 1020(T {30y -4 T < 30K 12
= 107(~18.2 - 3.194 log(T) + 1.786 log(T)’ — 0.2072log(T) ] T 230K

16 Hg" +H —= Hp + H™ kig =6x 10710 13

- o Tt L —in-l cons s - S 1

(Frostholm+2018, arXiv:1809.05541)
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Documentation

KROME-DOCMAKE as a flexible Python class

.~ import load network

docmake

ntw = docmake.network("cloud.csv") reactions as Objects

rea = ntw.reactions[0] /

print "reactants:”, [x.name for x in rea.reactants]
print "reactant ma g: ", [x.mass for x in rea.reactants]

print "name: ", sp.name

print "LaTex: ", sp.nameLatex

print "enthalpy .15 K: ", sp.getEnthalpy(ntw.thermochemicalData), "
print "photorate: ", sp.getPhotoRate("leiden", "photodissociation”, "BB@

sp = ntw.getSpleciesByName("H3+") S ecies aS Ob'ects
5P j

sp.plotXsec("xsec.png")
rea.plotRate(myOptions, "plot.png") - pIOtS
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EXERCISE: COUPLING A 1D
“RADIATIVE TRANSFER” CODE
WITH KROME

Problem 1 (coupling) KROME BOOTCAMP 2018
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Exercises plan

Part 0: stand-alone chemical network with KROME
Part 1: adding chemistry to PROTO

Part 2: adding thermal processes to PROTO

Part 3: adding photochemistry to PROTO

Part 4: adding dust to PROTO

Problem 1 (coupling) KROME BOOTCAMP 2018
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Legacy from yesterday’s exercise
© a chemical network for water formation
® KROME has two stages
® learn how to feed reactions and options to KROME

Aims of today’s exercise
@ learn the basics of PROTO “RT” code
® learn to couple KROME with PROTO
©® add water network to PROTO

Problem 1 (coupling) KROME BOOTCAMP 2018
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preprocessor stage

compilation/run stage

your network

your code

!

H

- (photo) chemistry

1

- cooling/heating

your options

- dust

Problem 1 (coupling)

[
[
, [
Pyton pre-procesing —T library-like fortran
[
[
[

GIGO philosophy!
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The material for the exercises is provided in a bitbucket repository ]

Basic commands for cloning the repository
® git pull origin

e note that modifications on your local version cannot be ovewritten by the pull
command

€ (0 @ Atlassian, Inc. (US) | https://bitbucket.org/tgrassi/krome_bo

o Tommaso Grassi / krome_bootcamp_2016_ex

ACTIONS

&4, Clone
il 1#® Create brank
[%] ﬁ Create pull request
¢ 3L Compare
r < Fork
fac]
~
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PROTOstar

— - -

- -~
_ - - outer envelope ~ ~ — _
P (contains also dust) ~ - dust
s photasphere
7 thick dust envelope (last scattering
/ dust su?face)
/ ) \
/ opacity gap |
(no dust here)
/

dust ‘
S'“"..L,%\;EON __—— destruction !
front |

| h ;
\ Fmax Fmin aceretion /
shock radiative /

\ protostar ~ Precursor /
\ /
\ /
\ 7/
\ _
N _ - —
~ P
~ — -—

see Sect.11 from Sthaler+Palla (2005)
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PROTO

proto_commons.f90 | proto_class.f0 proto_mods.f90

v

PROTO
e Computes simple multi-frequency radiative transfer in 1D
e Single Fortran class named proto
« (i) geometrical attenuation (r—2) and (ii) »-dependent opacity, e~

e Wiki https://bitbucket.org/tgrassi/krome_bootcamp_

2018_ex/wiki/Home

Problem 1 (coupling) KROME BOOTCAMP 2018
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https://bitbucket.org/tgrassi/krome_bootcamp_2018_ex/wiki/Home
https://bitbucket.org/tgrassi/krome_bootcamp_2018_ex/wiki/Home

proto_commons.f90 F | proto_class.f90 proto_mods.fo0

\—/’/

main.f90

This is the main program file that contains:

a call to the class constructor

various calls to initialization procedures (incl. chemistry)
the loop over time (as yesterday’s exercise)

calls to output procedures

o = = = E DaA®
Problem 1 (coupling) KROME BOOTCAMP 2018 21



proto_commons.f90 F | proto_class.f90 proto_mods.f90

\_,//

proto_commons.f90

Contains common variables used by the class and by main.f90:
¢ ncells: the number of cells (i.e. grid points)

¢ nchemistry: the number of chemical species (passive scalars)
e ndust: the number of dust bins (passive scalars)
e nenergy: the number of photo bins (in energy) .

12N Ge

Problem 1 (coupling) KROME BOOTCAMP 2018 22



proto_commons.f90 F | proto_class.f90 proto_mods.f90

\—/’/

proto_class.f90

The class file. It contains attributes and procedures, like
« density: array of mass densities (g cm~3, ncells)
e X: passive scalars, mass fractions, ncells x nchemistry
e new_proto: class constructor
e load_parameters_from_file: guess

Problem 1 (coupling)
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How to access a class attribute/method

in Fortran
subroutine init_chemistry (this)
implicit none

class (proto),intent (inout) : :this
this%$x(:, :) = 0dO

end subroutine init_chemistry

equivalent of Pythonesque
def init_chemistry(self):
self.x[:, :] = 0e0

or C++
void init_chemistry () {
this->x = 0e0;

Problem 1 (coupling) KROME BOOTCAMP 2018
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PROTO

proto_commons.f90 | proto_class.f0

proto_mods.f90

This is where you will add most of the modifications

e dump_density_profile: dump almost everything

Problem 1 (coupling)

e dump_radiation_flux: dump radiance (eV/cm2) V energy and cell
e init_chemistry: where chemistry is initialized
e solve_chemistry: where chemistry is advan%ed gy At

KROME BOOTCAMP 2018

12N Ge

25



Use the wiki:

Recap:

* Relevant excerpt from Stahler+Palla (2005) (PDF);
e List of files, procedures, attributes;
* Yariables data structure (schematic);

* Connections within PROTO and to KROME (schematic);

* How to access class procedures and attributes;
* How to add a new procedure to the class;

e Qutput procedures and default file format;

* How the Makefile works.

Problem 1 (coupling) KROME BOOTCAMP 2018
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simulation box

0 radius, radius (ncells)

radius .,

T T T
l density(ncells) |
1 1 L

'
chemical

species
(nchemistry)

energymin

energy
(nenergy)

ENergymax

dust

[ xdust(ncells,ndust) ~ | density

— B (ndust)
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KROME Bootcamp 2018 - proTO

PROTO

proto_commons.f90 || proto_class.fo0 proto_mods.f90 krome_user_commons

krome_main krome_user

In proto_mods.f90 you find init_chemistry and
solve_chemistry

init_chemistry is called once by main.£90
solve_chemistry is called by the loop on time in main. £90

Problem 1 (coupling) KROME BOOTCAMP 2018
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KROME Bootcamp 2018 - proTO

e in proto/ folder make and run . /proto

e PROTO already produces two output files density.out and
radiation.out

Output format
« time/s, radius/cm, density/(g cm—3), T/K, x(:)/#
« time/s, radius/cm, energy/eV, J/(eV cm~2), opacity/#
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p.plot2()
p.plot3()
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KROME Bootcamp 2018 - proTO

What to do
© run KROME and copy required files into PROTO folder
® set passive scalars in PROTO
® modify init_chemistry
@ modify solve_chemistry

Aim: Add water chemistry from Problem 0 to PROTO using KROME

Problem 1 (coupling) KROME BOOTCAMP 2018
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GOOD WORK!
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