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@ Understand how photobinning works

® How to include photochemical reactions in KROME
@® Get opacity from KROME




KROME Bootcamp 2018 - Equations first

Photochemistry equations (thin)
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KROME Bootcamp 2018 - So may I introduce to you the bins

Photochemistry equations (thin)
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Bins in KROME
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KROME Bootcamp 2018 - I(E) bins

Binning: why and how J

I(E) = [cmzi\ll—lzsr] = [Cneiysr] J
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KROME Bootcamp 2018 - Left / Right

left mid right
L 1 ]

(E) = Emia = 0.5 (Egeft + Eignt)

use krome_user
call krome_set_photoBinE_1lr (arrayL(:), arrayR(:))
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KROME Bootcamp 2018 - Get / Set

./krome —-n network.ntw —-usePhotoBins=2

1 2

13.6 14.6 15.6

> E

use krome_user

realx8::arrayL (krome_nPhotoBins)

real*8::arrayR (krome_nPhotoBins)

arrayL(:) = (/13.6d0, 14.6d0/) !'ev

arrayR(:) = (/14.6d0, 15.6d0/) !ev

call krome_set_photobinE_1lr (arrayL(:), arrayR(:))
arrayR(:) = krome_get_photoBinE_right ()

print x,arrayR(:)

14.6000000 15.6000000
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KROME Bootcamp 2018 - Left / Right

Why left and right?
Left / Right allow to customize intervals (including empty)
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KROME Bootcamp 2018 - Custom bins (example)

./krome —-n network.ntw —-usePhotoBins=2

13.6 143 154 15.6
»E

realx8::arrayL (krome_nPhotoBins)

real*8::arrayR (krome_nPhotoBins)

arrayL(:) = (/13.6d0, 15.4d0/) !'ev

arrayR(:) = (/14.3d0, 15.6d0/) !ev

call krome_set_photobinE_1lr (arrayL(:), arrayR(:))
mid(:) = krome_get_photoBinE_mid ()

print x,mid(:)

13.9500000000000 15.5000000000000
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KROME Bootcamp 2018 - Automatic bins (example)

./krome —-n network.ntw —-usePhotoBins=3 )
Io+w up

1 1 ] 2 ] 3 ]
1 1 1 1
1 2 3

Ll ] ]
i 1 1

> E

low = 1d0, up = 1d3 !eVv

call krome_set_photobinE_lin (low, up)
call print =*, krome_get_photoBinE_mid/()
call krome_set_photobinE_log(low, up)
call print *, krome_get_photoBinE_mid/()

167.5000000 500.5000000 833.5000000
5.500000000 55.00000000 550.0000000
T. Grassi (USM/LMU) KROME BOOTCAMP 2018 November 2018 10/24




KROME Bootcamp 2018 - I(E) bins (example)

3-10*

IE) 2.10°

i 1
13.6 14.0 144 16.0

arrayL(:) (/13.6d0, 14.4d0/) !ev
arrayR (:) (/14.0d0, 16.0d0/) !'ev
arraydJ (:) (/3d4, 2d4/) 'eV/cm2/sr
call krome_set_photoBinE_1lr (arrayL(:), arrayR(:))

call krome_set_photoBind (arrayJ(:))
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KROME Bootcamp 2018 - Automatic I(E)

I(E)

low up
low = 5d0 !eV
up = 2dl1 !ev
Tbb = 3d4 !K

call krome_set_photoBin_BBlog(low, up, Tbb)
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KROME Bootcamp 2018 - Automatic I(E)/2
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low = 5d0 !eV
up = 12d0 !'ev
call krome_set_photoBin_draineLog (low, up)
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KROME Bootcamp 2018 - Photo networks

How to add a photoreaction to a network file

H +y—-H+e"

@format:idx,R,P,P,Tmin, Tmax, rate

@photo_begin

42,H-,H,E,0.755,1d3,2.11d-16% (energy_eV—.755) «x (1.5)
*energy_eVxx* (=3)

@photo_end

Automatic o(E)

C+y—Ch+e
@photo_begin
11,C,C+,E,auto
@photo_end

NOTE: KROME is not a reaction database (GIGO)!

T. Grassi (USM/LMU) KROME BOOTCAMP 2018 November 2018 14 /24



KROME Bootcamp 2018 - Cross sections (SWRI database)

http://phidrates.space.swri.edu/
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KROME Bootcamp 2018 - Cross sections (SWRI database/2)

External cross section (network)

@photo_start

1,H-,H,H, @xsecFile=SWRI
@photo_end

data/database/swri_xsecs/H-.dat

External cross section (data file)

Branching ratio for H-

Lambda
1.

5.
10.
15.
20.

o U1 O N O

Total

2.
.11E-25
.60E-24
.40E-23
.53E-23

g N ooy

00E-27

2 branches

Total
H+/2e H/e
0.00E+00 2.00E-27
4.58E-28 6.11E-25
9.00E-27 ©5.59E-24
6.22E-26 2.39E-23
1.87E-25 ©5.51E-23
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(External cross section (network)
@photo_start
1,C,C+,E,@xsecFile=photoC.dat
@photo_end
(External cross section (datafie)
#LEFT (eV) RIGHT (eV) XSEC (cm2)
14.6 14.8 1.3d-18
20.2 20.5

7.3d-19

«0O0>» «F» «)>» « Q>
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Opacity

I'(E) = I(E)e"(En)

T(E,n) — T = Z a,-jnij
jereact
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KROME Bootcamp 2018 - Opacity/2

No size information (assumes geometry)
./krome -n mynetwork.ntw —-columnDensityMethod JEANS
krome_get_opacity(n(:), Tgas)

Use table for dust opacity (size-based)
krome_load_opacity_table (fileName)
krome_get_opacity_size_d2g(n(:), Tgas, dx, dust2gas)

4

Fully-consistent (size-based)

krome_get_opacity_size(n(:), Tgas, dx)
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LAMPRAY (Frostholm, Haugbglle, & TG, arXiv:1809.05541)
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Pick next direction

v
> Pick next point source
r
Build ray hash table L
Test intersections for point source
r
Test intersections for diffuse field Y
A

Solve for radiation field
Solve for radiation field

Yes

Apply total field to gas / chemistry
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@ KROME photobinning

® Include photochemical reactions in KROME (cross sections)
@® How to get opacity from KROME

(Thank you for your attention!)
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