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H colrad or the CRM in Eirene

« Based on the collisional radiative model by Sawada (1995)
« Resolve population coefficients for each Eirene cell

 Derive effective rates such as effective ionization and recombination rates to be
used in EIRENE

* Provide population densities of excited species as a bulk ion species for the
Photon tracing module
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CRM for atomic hydrogen

dny(p) _
dt

Z(A(p,q) +F (p,q)ne) T SpyNe + z C(p,q)"e] NH(p) Tt Z C(q,p)Me NH(q<p)
p>q r<q q<p

+ Z [Agp) T Fgp) Nel Muigsp) +[a(p)n, + £(p)] ne ny+ + Tap)
q>p

A = Spontaneous emission rate

F = De-excitation rate coefficient

S = ionization rate coefficient

C = Excitation rate coefficient

a = 3-body recombination rate coefficient
[ = radiative recombination rate
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CRM In steady-state, matrix form

— (S + XC1) ne Aipy T Fapne A,g) T Fagne (a@yne + Bayne 11 ny T —Ty ]
Ci1p) Me —Ap) — Sy + Fap) T Cpg)dne A T Fpgne (@@yne + Bp)ne |[mup) | _ | T
Cirg) Me Cipg) Me —2A4@) = S T LF@Ine  (aTe + bgIne ||M@| | ~Th
Same SyTe S@Te ~(Qane + T JL M1 L Ty
—Aap) — Sy + Fap) + Cpgdne Apg T Fp.ghe ] [nmp) [Cu ») "e] L |@@me + ﬁ(pﬂne] R + [—FH(m
C(p,q) Ne _ZA(q) — (S(q) + ZF(q))ne NH(q) C(l q) Ne (a(p)ne + ﬁ(p))ne _FH(Q)
NH(p)
[nH(q) = RlnH + ROnH+ + Rext

R,;, Ry and R, are population coefficients
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General EIRENE test case for testing rate coefficients

 EIRENE 2D grid with ne and Te varied along x and y dimensions
* Ne, 20 points, ~1e8 — 1el16 cm3

« Te, 200 points, ~0.5 — 1e4 eV

Aalto-yliopisto
Aalto-universitetet

B  Aalto University



The effective ionization rate of H colrad line perfectly with

AMJUEL

Effective ionization rate S :

Aq
Serf =5+ Z (C(l,m ~Rigpy(Fpy + n—)>
e
p

Eirene CR -> H colrad
Eirene AMJUEL -> using AMJUEL
rates within Eirene

AMJUEL - last update entry: May
18
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AMJUEL H.4 2.1.5, Ne = 3.981e+20

---- Eirene CR
------ Eirene AMJUEL
— AMJUEL
[ T T T V'Y
Te (eV)




The H colrad recombination rate starts to diverge at Te > 400 eV

Effective recombination rate a . : AMJUEL H.4 2.1.8 Ne = 3.981e+20

-==- Eirene CR
--o-  Eirene AMJUEL

A1 | °~:1\
derr — 1N + 181 + § RO(p) (F(p,l) + n ) 10_11_? ‘\::‘11:‘ —— AMJUEL
e ] \::1.
D !

 Discrepancy can be due to the :10

different expressions of the - o
recombination rate coefficient <
S 10-15
10—16
10—17
10 10 102 103 10
Te (eV)
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The effective ionization cooling rate of H colrad line perfectly with
AMJUEL

AMJUEL H.10 2.1.5 Ne = 3.981e+20

Effective ionization cooling rate SE
1077 -

SEerr = SayEa + z (Ra)(SpEp-a +Caup) Ep))
p

+ Z (Rl(p)Cp,qu—q - Rl(q)F(p,q)Ep—q)
q>p

SE.s (eV cm3 s71)
5 -

| o

o &

=

o

|
=
w

—== Eirene CR
--o- Eirene AMJUEL
— AMJUEL

B T ST T T SRR T'T
Te (eV)

Aalto-yliopisto
Aalto-universitetet
B  Aalto University



The H colrad recombination cooling rate starts to diverge at
Te > 400 eV

AMJUEL H.10 2.1.8 Ne = 3.981e+20

Effective recombination cooling rate aE

o Erene AMIUEL
_ 10-10 - LY —— AMJUEL
AEerr = B1Eq —a(1) Neky \
+Z Rop) (SpEp—a + ﬂpgp o “p”eEp—a) T 10711
p mm
5
+ Z(RO(p)Cp,qu—q - RO(q)F(p,q)Ep—q) > 10712
q>p e
%
3
. . = 10_13
 Directly derived from recombination
rate, SO same discrepancy occurs Lo-14.
0 1ot 12 100 100
Te (eV)
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Proposed CRM structure in Eirene (H Colrad)

Rates (Sawada 95 model)

Cross-sections and
rate coefficients
(Johnson 1972, Vriens
1980, Bethe 1957)

A

Rates (Yacora)

Cross-sections and
rate coefficients
(Yacora dataset)
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EIRENE_H_colrad (T,n)

Output:
+ [Effective ion. and rec.
rates

« Effective ion. and rec.
energy loss rates

* Population coeff. of
H(n) (for photon
sources)

l

EIRENE_colrad (icrm)

PHOTON (T,,¢)
Output:
It as CRM
source terms

Reaction input (Block 4)

l

EIRENE_rate coeff (icell)
 Rate coefficient for
EIRENE calculations




Proposed H2 Colrad structure in Eirene (currently non-existent)

L * res

o ! EIRENE H2 colrad (T.n 112
. Rates (Sawada 2005 model) ! - - ( ?)

'« Cross-sections and - Output:

: rate coefficients (Janev : - Effective ion. and rec. rates -~ , | PHOTON (Tgyt)
: 2003. Miles 72 - Effective ion. and rec. energy  ?

Celiberto, etc) L — lossrates

b - « Effective dissociation rates

SRR * Pop. Coefficients of Hy(n)

i : «  Pop. Coefficients of H,(v)

i Rates (Yacora) i . 0

.« Cross-sections and Reaction input (Block 4)
rate coefficients L

: (Yacora dataset) ; I l

DT T T T e i EIRENE_colrad (icrm) «—— | EIRENE_rate_coeff (icell)

. Tabulated data? !
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The previous (2002) photon tracing model (Reiter et al., PPCF
2002) was revisted

The photon tracing routine in EIRENE is analogous to neutral particle tracing,
with v=c and E=hv, differences:

* Bulk ions are now excited species (photon sources)

« Rate coefficients for sources and photon-background interaction must take into
account line shapes (natural, Doppler, Zeeman, etc)

Determine opacity with local population escape factors
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Determining the population escape factor

E—-G G —— absorption
0, = —1——

E E — emission

—1 f.Q fline C((X,){) L)[(X,A, -Q-) dll d.Q.

0. =
P Jo i €06, 4) dA dQ

Behringer K 1998 Escape factors for line emission and population calculations MPI-Garching Report, IPP 10/11
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Gp INn Eirene

E—-G G —— absorption
0, = =1 ——

E E — emission

G is simply the number of absorbed photons i.e volume photon sink tallies

E is the volume photon source

Thus ©, can be evaluated per cell of Eirene
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Photon tracing test case 00"

Cylindrical test case, 20 radial points

Homogeneous plasma and atomic density

180°

T,=1eV,n,=10%cm3,b=5cm

Simulated Ly-a and Ly-b photons (2e6) with
volumetric sources (H(n=2,3) as bulk ions)

270°

Line shape only doppler broadening
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Population escape factor aligns with analytical function for
Ly-a and Ly-f

0, = f(7)(solid blue line)

100§ \ S ::zg
R N T=a(l)b
% Lo ] is the optical depth or ‘thickness’
5 Hollow points with ~106 photons
g0 Solid points with ~10° photons
\ Agreement for Ly-a at better statistics
o T e o e o
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2D (or 1D) profiles of the population escape factor: Ly-a and
Ly-B opadue at the center

population escape factor, Ly-a population escape factor, Ly-B
90" gUD
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1800 1800
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Current project state

Whats on hand:

 H colrad, He colrad

 Photon module

* A&M and photon cylinder test
cases

Whats planned:

e CRM-photon coupling (for
Planck test)

Application to JET 81472

* H colrad data update
* He colrad testing

H, colrad creation
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A

EIRENE-Photon
17 March 2022

EIRENE-CRM_Hs

18 August 2022

JET81472 Ly-a
case

EIRENE-Photon
18 August 2022

Cyl test case
2D A&Mtest case
19 August 2022

Validation, photon:
Pop. esc Ly
(DR PPCF 2002)

AMJUEL

Validation, CRM:

CRM-Photon
coupling

V alidation, photon:
Planck

(DR PPCF 2002)

He merge

-------- He cases ?

EIRENE-CRM_HZ

CRM_He - Photon
coupling




