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@ Beatomic/molecular datain ERO 4 jULICH

RRRRRRRRRRRRRRRR

ATOMIC:
e lonization, PEC
=»Metastable resolved
« Recombination, elastic collisions with D,

MOLECULAR:
 Be-D release from surface
=>Recent MolDyn simulations
 BeD decay in plasma, BeD light emission (PEC)

ERO model&data benchmark:
« PISCES-B (Be target erosion)
 JET ITER-like wall (ILW solid Be limiter erosion)
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Physical sputtering
(as introduced in ERO)
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@ Sputtering data — margin estimates 4 JULICH

FORSCHUNGSZENTRUM

Be by D* sputtering

I “ I_ - - I
. ,ERO-max* | p s Normal incidence!  ——rrrrrm
'MD + SDTRIMSP! 10/ F >~ _ . .
— = N~ [ J
I | - SO an L aw 2™
___pureBe 15 | o i L
= _ID-E :1‘ ‘ L ]
= E i~ o 118
£ : /o
5 v4%3 s
o : 8
= a L / N
e 10 . ® IPP (RT)
2 : : ngéEéﬂsﬂhEmﬁﬂal (3745°C)
1 = Pl i sif Be
S,ERO-miIn u% - : PISCES poly-c Be (27-477°C)
- : .+« Eckstein 2007
SDTrimSP 0= & : — RO Max
; ERO Mi
50%Be + 50%D : B I R

10 100 1000

lon energy (eV)
The very same limit fits are used for ITER

predictive modelling and benchmark at JET.

24.09.2012 D.Borodin | ADAS WS 2012, Cadarache | Forschungszentrum Jilich No 4



@ Effective sputter yield — angular part !) JULICH

FORSCHUNGSZENTRUM

A(E, o) = Y/Y(E,0), "ERO-Max"
12 4 y ; .
— D on Be, E=100eV Y
=== D on Be, E=300eV o
— Be on Be, E=100eV f

Angular part is of 10}~
Importance, however
it is difficult to take it 8}

Into account w/o

modelling! 6}

Angle of incidence a[°]
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PISCES-B:
Spectroscopy benchmark — He plasma
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@ Be sputtering benchmark 4 )oLicH

PISCES-B
Improvement in sputtering Az
yield uncertainty :
- model testing in PISCES-B

Plasma =~
source / B
YEax i i
Plasma E Simulation
column ' volume
2 T 77T e | T N
, I
|

Perfect for Be sputtering
yields benchmark

1. Target weight loss

2. Witness plate

3. Spectroscopy
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Spectroscopy benchmark
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FORSCHUNGSZENTRUM

Plasma | At axis, z=150mm Biasing ERO ‘name’
‘Pl n,=12*10%cm-3 ‘B1’ V=-50V ‘P1BY’
Te=4.8eV ‘B2’ V=-75V ‘P1B2’
Preutrais= 7 -3mTorr
B0 0152T ‘B3’ V=-100V ‘P1B3’
‘B4’ V=-125V ‘P1B4’
‘P2’ n,=6.5*10%cm-3 ‘B1’ V=-50V ‘P2B1’
Te=r.7€V ‘B2’ V=-75V ‘P2B2’
P reutrais=3-8mTorr
B=0.0152T ‘B3’ V=-100V ‘P2B3’
‘B4’ V=-125V ‘P2B4’
‘P3 n,=4.0*10%cm-3 ‘B1’ V=-50V ‘P3B1’
Te=11.5eV ‘B2’ V=-75V ‘P3B2’
P reutrais=2-2mTorr
B=0.0152T ‘B3’ V=-100V ‘P3B3’
‘B4’ V=-125V ‘P3B4’

Vast material for benchmark!
(3 plasma conditions) x (4 biasing) x (Bel singlet and triplet + Bell profiles)

24.09.2012
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@ Spectroscopy as benchmark 4 jouicH

FORSCHUNGSZENTRUM

Axial Bel light intensity profiles in case of Be target erosion

X 1014 -—'IBTBA(Singlet) X 1015 4573 A (singlet)
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Let’s try to understand first the integrated light near the target!

Initial population of MS is of importance!!!
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@ Be MS tracking in ERO: effect for PISCES-B O JULICH

FORSCHUNGSZENTRUM
x 0™ 4573 A (singlet) <10 3322A (triplet)
] 5 5 == 100% GS 2 I N =8=100% GS |
E : : ==1100% MS : : =8=1100% MS
sl Mo SRR SRR = = Unresolved | : : = b= Unresolved
: : == GS/MS=1/1 : : == GS/MS=1/1

oy e
\ 1 2

e e
O ar O
-xm *U)
a e
= 3 =
& &
= =
22 a
@ Q
= =
1 L. .
0 - : - : . . N N < N
0 20 40 60 80 0 20 40 60 80
z (along plasma column) [mm] z (along plasma column) [mm]
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@ Be metastable state (MS) tracking in ERO O JULICH

FORSCHUNGSZENTRUM

E,.| Singlets Triplets The system of 2 bala'nce equations
can be solved analytically . ..
| A3 4

p | I L ——— ADAS, T,=1eV, n,=2*10%cm-3

Line of
interest

—

— Equilib.
=&=Dyn., init. 100%GS
—&—Dyn, init. 100%MS

o
(o]

o
~

Realtive population of MS: MS/(MS+GS)
]
(o]

<“GS" 0.2}
12252 18 ok :
Effective rates: L time [g]
1,2) transitions between "GS" and "MS" MS resolved approach allows to treat in ERO

effectively the slow relaxation between triplet

and singlet levels — important if MS

5,6) line intensity (PEC — photon emission population affected by extra processes and
coefficient), contributions from "GS" and "MS" at high plasma parameter gradients

3,4) ionization from "GS" and "MS"
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@ He plasma: determination of initial MS population !) JULICH

FORSCHUNGSZENTRUM

Bel 332nm (Triplet) to Bel 457nm (Singlet) line ratio
35 . b--......ﬁ.._"_._ib_"_"_"‘b‘++ ..................... , ..................... , ..................... .‘; ........ -

2 5k mﬁmmﬁm ..................... 1 ERO MS/GS=1/1 ........ i
: : : i : : - ERO 100%GS |
B MS/GS=1/3

S T R e e SR
P BB Beeen 2P
1 5k ..................... ..................... .................. E-'I:B "?3""‘""""""'"'"'E""""'"""""""'é"'""'"'"""""""'I';'I ...... 4

'L
UL Ll
.....
i ‘.
-

< Plas.ma P2’ > < Plasma P3 >

0 P1B1 P1B2 P1B3 P1B4 P2B1 F’ZBQ F’ZB3 P2B4 PBB1 P3BZ F’SBS P3B4
Conditions

Biasing B -50eV, -75eV, -100eV, -125eV

MS populations should be adjusted! MS:GS=1:3
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@ Intensities near the target: Experiment vs. ERO !) JULICH

FORSCHUNGSZENTRUM

Singlet line, but agreement for triplet is similar! _

% 1015 Intensity near target Bel 457nm
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_ < Plasma P2 > Plasma P3 )
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Conditions

Biasing B1-B4: -50eV, -75eV, -100eV, -125eV

Biasing effect well reproduced!
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PISCES-B:
Spectroscopy benchmark — D plasma
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@ Spectroscopy benchmark

#) )OLICH

FORSCHUNGSZENTRUM

Plasma | At axis, z=150mm Biasing ERO ‘name’
‘N n.=4.9*102cm-3 V=-140V ‘A140’
B=0.0152T V=-80V ABY
Ppiasma = -17€V V=-60V ‘A60’
‘B’ n.=2.6*102cm-3 V=-140V ‘B140’
B=0.0152T V=-100V ‘B100’
Ppiasma = -12€V V=-80V ‘B8O’

Strong influence of BeD release (recently provided in ERO)

Vast material for benchmark!

(2 plasma conditions) x (4 biasing) x (Bel singlet and triplet + Bell +BeD profiles )

24.09.2012
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@ BeD implementation in ERO

#) )OLICH

FORSCHUNGSZENTRUM

0.3 | T T T T T T
_ B BeD molecules
= BeD yield: 025 | W Be atoms -
= 17% of total Be sputtering 5 ]
yield in current experiment 8 o1s Release energy
= |f surface T controlled, BeD S o
fraction is ion energy 0.05
dependent 0.0
] ] 0 5 10 15 20
= Sputtering and reflection: Energy (eV)
. 0.4 ——mr—+——-"r—"—T—"—"T—"—"T-"—"T"—"T—"T—
= MD: BeD sputters as single | Single Be atoms ;
. . 0'35_ B BeD molecules l
Be and has a low sticking 0s | Dcos(o) i
= Reactions in plasma: o Release angle
.. B 02
= BeD + e collision rates £k
calculated o
0.05
0.0
0 10 20 30 40 50 60 70 80 90
Angle to surface normal @ (°)
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@ ERO input: BeD reactions in plasma

#) )OLICH

FORSCHUNGSZENTRUM

BeD + e collision rates depend
on T, and vibrational state v

= Assume v=1 and transitions

Av=0

_| Photon emission coefficient |

Important reactions

e + BeD —» e + BeD*
e + BeD — e + BeD*

e + BeD —
e + BeD*

— e + Be(3p)+D(1s)

~Metastable now!

— lonization of BeD
----- Dissociation of BeD

7
0 ¢ e L Diss. recomb. of BeD+
mﬂ - mE"’_ 10° o
g [Nishijima ef{al. 2008] § A
@ 10° | - 2 [Roos etlal. 2009]
[+ © 9 4
o o 10° / , /
;
—— Calc. excitation rate /
O Exp. photon emission | / g
o Fit 1O eXp. 1070 /
10-‘3 s 0 - 1 » 1 - 1 . 1 - 1 o, 1 o 1 5 1 ...I.’J " M I I A M M B A
2 4 6 8 10 12 14 16 18 20 1 10 100
Te (eV) Te (eV)

24.09.2012
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@ Comparison of BeD light #) J0LICH

FORSCHUNGSZENTRUM

= BeD (497.3 - 499.2nm) light emission profiles agree well with
experiments

1.0
0.8
0.6
0.4

0.2

Normalized light emission (A.U.)

10 20 30 40 50 60 70 80
z (along plasma column) (mm)
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@ comparison of BeD light #) JULICH

FORSCHUNGSZENTRUM

= BeD (497.3 - 499.2nm) light emission profiles agree well with
experiments

= 10"
Py
(8]
£
L
Z 10"
-
o
D
n
E
® 10"
'E, Range
- including
uncertainties
.H]H L M L " L M .
“0 20 30 40 50 e 70 s MncandT,

Can be explained by
uncertainties in
sputtering yields or
spectroscopic data

z (along plasma column) (mm)
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@ D plasma: line ratios> MS population #) JULICH

FORSCHUNGSZENTRUM

Bel intensity ratios near target 1(322nm)/I(457nm)

291N SR SR S S— —_— A— T -
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Rk . :
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2 _.... .............. "b' ERO MSGS:1 2 ............. q..........""ﬂ.".."""".5.::::,:,;“""% ........... -
-+ ERO MS:GS=1:3
1 5 __ .............. ERO MSGS=1 :1 ................ _ ................................ ............. -

0.5 S— S AN SN — _—
(: Plasma ‘A’ > <. E’Iasma BI .>

| |
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Conditions T
Biasing [eV

MS populations should be adjusted! MS:GS=1:3
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@ D plasma: intensities at target 4 JULICH

FORSCHUNGSZENTRUM

x 10" Intensity near target Bel 457nm

. g s P~ ERO MS:GS=1:3||
....... ) ., B Exp x20

=
o
T
‘;o
3

@

(&) P
1
i
o
i i

¥
*
*
L
o, '
..

!

i

F

i

i
P

o

o

’.-

L

o

F

i

]

-
™,
.
.'
-
*y
*a
*

!

4

i

: o M

H - »

. ™
o -
rH

|

-
»
e

| [Ph/(s*sr*cm?)]]
Mo
()]
v
i

L¥)
L
"""""
hy
»

—
N N
! !
H R
H H -
RO -
: ool
i
i i
o
| |

[
.....
x

A140 A120 A80 A60 B140 B120 B1Q0 B80
Conditions . .
Biasing [eV

[an)]

on
gol
@ |:
» |
3 |
D |
2
oy
o |
9 |;
3|
D |
ool

i

o

24.09.2012 D.Borodin | ADAS WS 2012, Cadarache | Forschungszentrum Jilich No 21



Spectroscopy benchmark at JET ILW
(plasma density scan)
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i %4 JULICH

FORSCHUNGSZENTRUM

1. JET-ILW leted - 8" May 2011

o
-

toroidal
direction

X ol T
A a
BT
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Line-of-sight integration

#) )OLICH

FORSCHUNGSZENTRUM

Z (to plasma center)

Z (to plasma center) [mm]

1580
100

n
[==]

250
200
150
100

50

0
-400

-300

200

-100

0 100

Emiss. int. [th(sr*s*cmz)] of Bel 457nm

0
-400

2300 -200

Cylindrical -\
spot — 3D!

- —

Be?, high density

.................

-100

0 100

200
Emiss. int. [Pha’{sr*s*cmz)] of Bell 467nm

— Limiter
===FLES
===Spot

Be*, high density

Limiter
----FLFS
===:Spot

-300 -200

24.09.2012

-100

0 100

X (toroidal direction) [mm]

400
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direction
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— Sep. 81015
—— Sep. 80836
=== Shots density scan 50s

2500 3000
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2000
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@ ERO&Experiment: Bell light !)JULICH

FORSCHUNGSZENTRUM

5 Bell 527nm
167 : =3 ! ! ! w1
+ Experiment RCE
14 H * ERO-Max .................................... .................................... ................................... ,.*.?.'..’.T.'. ............................. : ................. .
ERO-Max, no s-sput| - * 1
--- Dens. 1(80836) | - o
12H === Dens. 2 (81015) | iwrmsemmsncn S—— S S—— R -
iy I RN I
=] g [1] S E——— LT O S .‘._...-:.f ................. i T— #+ ............................................................ R .
®, I + I
= : * p T :
@ i % ﬁ ' i
8 e ——— U beneeresinrereenes JE M R, =« o O Benreerree s . -
@ : » T - g : : ]
I= [ or + 1
© L g FEY
5 6 : ........ - ....+.'.$-I- o S Self Sputtenng by Be |mpur|ty
: *; '%! improves match of ERO simulated
A d— e i ........ .................................... ..................... trend Wlth experlmental Ones
ERO/experlmentresuIts 7 S SS===T=====-t-o=---
are normalizedto  |... T e To get effect strong enough s- sputter:
. . | i i
match at this point . | | yield doubled, Be comes as Be3*. ..
ol i | i __i_____i____i__T__I____
2 3 4 3) 6 7 8 9
Interferometer: ne[m'z] « 10"

24.09.2012 D.Borodin | ADAS WS 2012, Cadarache | Forschungszentrum Jilich No 25



@ ERO&Experiment: Bell line ratiQJUUCH

FORSCHUNGSZENTRUM

Bell, line ratios

20

I+ Exp., I(4(:‘>I?nm)fl(52‘.7nrln) % !
18H % Exp., 1(467nm)/1(483nm) J* Absolute values!
- ERO, (467nm)/(527nm) x .
16}H ERO, (467nm)/I(483nm) " i
--- Dens. 1 (80836) « xxx%" i
14H--- Dens. 2 (81015) Y i
: ool X7 X !
" e I _— —
O o | i Ratios inside
5 10 i i Bel and
o : : Bel/Bell are
i E also within
6 | | factor 2!
4 E E
1 1
- R R i
2 "'E""'*""""'#"'#* ............... B C— L o — i
a i
0= 3 4 5 6 7 8 9
Interferometer: ne[m'Z] X 1019

Indicates that atomic data (ADAS ‘96’) and simulated Be
transport (3D density pattern) are reasonable!
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i Summary #) JOLICH

FORSCHUNGSZENTRUM

« The ADAS MS-resolved atomic data for Be Is implemented

In ERO and being validated with experiments.
» Benchmark at PISCES-B and JET
» MS-effect is demonstrated to be of importance
» MS population just after sputtering determined

 The Be-D molecules release, transport in plasma and light
emission are introduced in ERO.
» Benchmark on PISCES-B goes on succesfully

» Benchmark at JET expected
» Still missing: BeD, release, Be-D formation in plasma . . .

ADAS:
* |t would be very useful to have a molecular extension . . .

« ERO can surve as a useful bridge for ADAS data
benchmark with experiments
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FORSCHUNGSZENTRUM

The End
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