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« NIST Atomic Database(s)
» EBIT spectra and modeling
= X-ray
= EUV
= Dielectronic resonances
« Validation and verification of CR models

» Conclusions
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HCl atomic physics: peculiarities

Atomic collisions

Perturbative methods
(distorted waves, Coulomb-
Born) work very well
Relativistic effects may
become important
Dielectronic recombination
becomes the most important
recombination channel
Charge exchange with neutrals
in laboratory plasmas may be
important

RMP (FAC, HULLAC), RDW,
CB,...

« Atomic structure
nl electrons become more
“hydrogenic” with ion charge
increase...
...but “highly-charged” may
still mean “many-electron”
o W50+ 3523p63d6
Effect of correlations is still
very important
« Complex (same n)! °
Relativistic and QED effects
= Forbidden transitions become

stronger “
= MCDHF, RRPA, RMBPT, RMP

(FAC, HULLAC),...
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FLYCHK: online CR code at http://nlte.nist.gov/FLY/
I

FLTEET

FLYCHK provides a capability to

Total number of FLYCHK users: 706

generate atomic level populations and User ID:
charge state distributions for low-Zto  Password:
‘mid-Z elements under NLTE conditions.
Login
Reference: FLICHK:
elements, H.-K. Chung, M.H. Chen, W.L. Morgan, Yu. Ralchenko, and R.W. Lee, High 3
(2008)
Manual: 1995(PDF) 2008(PDF) README EXAMPLES Q&A
FLYCHE at13FA CHK IR L Contactus
(aserid request etc)
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Why highly-charg

ITER: W plates in the divertor

-

QED tests

ed high-Z elements?

EUV lithography

-
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Au hohlraums,
National Ignition Facility ~ B
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Atomic and plasma data services at NIST

http://pml.nist.gov/data

Sn1%*, Gd20*

New atomic clocks of
exceptional accuracy
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NIST Home > PHL > Physical Reference Data

Physical Reference Data

Elemental Data Index
Provides access to the holdings of NIST Physical Mesurement Laboratory online ¢
erganized by element

Periodic Table: Atomic Properties of the Elements
Contains NIST critcaly-evaluated data on atomic propertes of the elemer
Suitable for high-resolution color printing for desk or wall-chart displey.
Physical Constants

Contains values of the undamental physical constants and a related biblisgraphic

Atomic Spectroscopy Data | >

Containg datsbases for aneray level, wavelenging, 2nd franston probabiines for
2né ons and related biblographic databases.

Molecular Spectroscopic Data

Includes databases contaiing spectroscopic datafor small molecules, hydrocarber
In sdion, there eguations
underpinring theory for molecular spectroscopy.

Atomic and Molecular Data

properiss o gases,
of atoms & molecules), potental energy scrfaces of group I imers, 3nd atamic
2né sotopic composisions.

X-Ray and Gamma-Ray Data

Atomic Spectroscopy Databases

Atomic Spectra Database

Handbook of Basic Atomic Spectroscopic Data

Energy Levels of Hydrogen and Deuterium

Ground Levels and Tonization Energies

NLTE Databases and Codes
FLYCHK Collisional-Radiative Code

= SAHA Plasma Population Kinetics Database

NLTE4 Plasma Population Kinetics Database

Spectrum of Platinum Lamp for Ultraviolet Spectrograph Calibration

Spectrum of Th-Ar Hollow Cathode Lamps

X-ray Transition Energies

Atomic Spectra Bibliographic Databases
Bibliographic Database on Atomic Transition Probabilities

Bibliographic Database on Atomic Spectral Line Broadening and Shifts

Bibliographic Database on Atomic Energy Levels and Spectra

inceraction of x.

compounds.

Radiation Dosimetry Data
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[ NIST Aromic Specra Darabase |

Version 5

157 Standard Refecens

ntatinge £78

Welcome to the NIST Atomic Spectra Databas;
The spectroscopic data may be selected and {

levels by choosing one of the following optior|

Spectral lir
in wavelen]

Spectra:

eg.Fa TorNaorH-Ds TorMgé orAl3s ormg v, vi-VIII: 8 V-xiior
Fa ne-1ike-8-1ikeorNe-Fo I-I1TorNi-1ike orki-11ke-Ne-1ike

Ordored by sequence

intermixed
probabilte
available.

Umts: oV -
order of en{ Ordered by Z ®

L5815
L5815
L5815
L5815
13934
L5815
L1770

L1770
L1770
L1770
L1770

116264c99
112128

L7188

National Institute of

Standards and Technology
U.S. Depariment of Commerce



Dara Inf

Lines Levels  shitis (oot farmey  Biblioguaphy  Help

Dara Information
Lines Levels bt (omovia farm s, Biblioguaphy Help

NIST Atomic Spectra Database - Levels Holdings NIST Atomic Spectra Database - Lines Holdings
1[2 [3[4[5[6]7 8]0 [10[1[12][13[14[ 15 [16[17 ] 18 12 [3[4]5[6]7[8]9[10[11[12][13[14[15 [16[17 [ 18]
g 7 T 7
H He H
= - 5ol 7 [s]° ™ T
Li | Be B|C|[N]|O|F |Ne Li | Be
G N L B Bl A B
Na | Mg Allsi| P |s]|cl]|Ar |! ]
Ol G e A O A R w2 = ]
K | Ca|Sc|Ti|V|Cr|Mn|Fe |Co|Ni [Cu|Zn|Ga|Ge| As |Se| Br | Kr K | Ca \% Ni
37 E] 39 [ 40 | 41 | 42 | 43 a | & a6 | 47 | 48 | 48 50 51 52 53 Bl 37 E] 30 [ 40 | &1 | 42 | 43 | 44 | &5 a6
Rb | Sr | Y |Zr [Nb[Mo|Tc |Ru|Rh|Pd [Ag|Cd|In [Sn|Sb |Te| | | Xe Rb | Sr | Y |Zr|Nb|Mo| Tc |Ru|Rh |Pd
ER R P A A R A B EN S B w7 (7| @
Cs | Ba Hf |Ta| W [Re |Os | Ir [ Pt |Au|Hg| Tl [Pb| Bi [Po| At | Rn ! Ba Hf [ Ta |Re |Os| Ir [ Pt
87 88 104 (105 [ 106 | 107 | 108 | 108 | 110 [ 111 [ 112 | 113 [ 14 | 115 [ 116 [ 117 18 7 88 104 [ 105 [ 106 [ 107 | 108 [ 109 | 110
Fr |Ra | * |Rf|Db|Sg [Bh |Hs | Mt [ Ds |Rg|Cn|Uut| FI |Uup [Lv |Uus |Uuo Fr |Ra | * |Rf |Db|Sg Hs | Mt | Ds
i o B T B B B B B B I B v.5.2 k AR A S v.5.2
Lanthanides| | ; | Ce | Pr [Nd |Pm|Sm | Eu |Gd | Tb|Dy|Ho | Er | Tm |Yb| Lu Lanthanides| | 5 | Ce | Pr [Nd |Pm|Sm | Eu | Gd
7 (W (o [ [ [ % [ (o[ %% || e (w] e = wlw[w[e 6w 5%
Actinides | A¢ [Th |Pa| U [Np | Pu|Am|Cm|Bk | Cf|Es |Fm| Md |No| Lr Actinides | Ac | Th |Pa| U |Np | Pu |[Am|Cm
Colorvs. number of fvels Colorvs. number of nes
WA S100  S200 <500 <1000 <2000 <5000 >5000 WA =100 5200 <500 <1000 <2000 <5000  >5000
| | — 1| — |
Current total number of level: NISI- Current total number of Iine NISI-
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NIST EBIT spectra of 3d" lons of W: M1 lines

NIST ASD Holdin ) )
S S 0 d gS o - Data available for 55 ions ts000 —
* 14510 spectral lines e T
4510 spectratlanes 4500 eV w0
! wi 7040 | = 13277 with designations ol |
. P F a0 o ] )
- wil 2838 |, ¢ 779 with transition oot L i ~ o e =
probabilities s ity Lk L s
ol : : I
M 2229 energy levels oo %0 - n ] L aod das g J' ‘l" | )
swop 5 R e
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autolonizing Sl NIST EBIT X-ray measurements (E, = 4 keV)
jonization limit /3/ Radlatlve 1= Experiment _| Main|y Ni-like W46+

° Model o 34 3d10-3d%s |
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1600
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204l -
CR model: NOMAD
02 - —_— (Ralchenko & Maron,
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Density-Sensitive Ratios for Fusion

Theory vs Experiment (E = 5.25 keV) Plasmas: W50+

210"
EXP: 5250 | 100 Errmm—rr— T T
1 second order F . [ 1
s | r 50+ 50+
£ e | | . L enw [Caw™" Collisional-radiative
7 5x10° i J{ l ! ] All lines: M1 | 1928013187 =10 model f_or EBIT can
‘ J X “ o 10F ] be applied to
[ | | LW \} M A J\ J 1 g F17.133/13.137, 1 Maxwellian fusion
0 fspes "MM”MMWMU ‘“‘”}’\J SN TRA “‘L*.J"k, R 1 lasmas
E l ‘ I ‘ I ] ‘ Ls2e | R [ 19.239/14.193 R P
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Intensity (10° ADU)

Intensity (arb.un.)
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D-doublet in Na-like W, Hf, Ta, and Au

@ J.D. Gillaspy et al, Phys.
Rev. A 80, 010501 (2009)

Experiment

D2

E, ~ 12 keV

Gcirwal

21 22 23 24 25 26
EAY e bbbt A

D1: 354, = 3py)
] D2:3sy,-3pse

[ Hf

Isoelectronic analysis

Three lines:
W61+’ W63+, W62+
L T, diagnostics
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W5 3d?,_, — 3d?%_3 4
W55+ 3dy, — 3ds),

Dielectronic resonances in W>#*

L [ noDR
o exporiment

THEORY:
no DR

Line intensity ratio
N
T
I
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Beam energy (eV)
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Non-LTE Code Comparison Workshops

« GOAL: valldatlon and Typically more than 15 codes
verification of collisional- Very different structure
radiative codes - Averaged atom

« Pre-workshop calculation of
plasma population kinetics
parameters and spectra for the
same plasma conditions

= Pinpoint problems and discuss
possible explanations of
differences

« 7 workshops since 1996

= Superconfiguration

= Configuration

= Hybrid

= Detailed level accounting
- Different sources of atomic

data and different

approximations
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Conclusions

« Significant progress in production and evaluation
of basic atomic spectroscopic data for W and
other high-Z elements

« Collisional-radiative modeling of highly-charged
high-Z ions is currently capable of providing very
detailed analysis of measured spectra

- Evaluation of atomic structure data for fusion is in
jeopardy because of the lack of funding
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Ratios of M1 lines can be used to
detect dielectronic resonances
« DRs are normally not important/produced in nearly

monoenergetic beams in EBITs: require precise match of
energies to produce them

3d"ions in W: energies of high abundance are good for LMN
(2p—31, el —41’) resonances

» DR shifts ionization balance that can be detected in M1 line
ratios

» Goal: measure 10,000 eV resonances with ~80 eV M1 lines in

EUV by scanning the beam energy
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[Ca] / [K] Non-Maxwellian (40-eV Gaussian)
collisional-radiative model: ~18,000 levels +

accurate account of anisotropy

W54+ 3d2]:2 — 3d21:3 47
W55+ 3d; ), — 3ds, ol ——
compiete
sl | o epormen
THEORY:
no DR
isotropic DR 4

anisotropic DR

Line intensity ratio
N
T

J — m=+J {L 1
[— 0
. — m=J N
atomic E|
level 0
degenerate 5600 5700 5800 5900 6000 6100 6200 6300
magnetic Beam energy (eV)
sublevels
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l Impact beam electrons are monodirectional l

W at NLTE workshops: example

70 .
654 Nedike2p’ . 1
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Temperature (eV)



