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Databases

Atomic Spectra Database

Version 5.0.0 (July 2012)

950 spectra

194,000 transition wavelengths

106,000 energy levels

Auxiliary tools
Grotrian diagram
Saha-equil. radiation plot for arbitrary plasma parameters
Line ID plot
FLYCHK spectral modeling

~1000 queries/day

Bibliographic Databases
Energy Levels and Wavelengths
Atomic transition probabilities
Line shapes and shifts

NIST
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NIST Aromic Spectra Darabase

Version 5

Welcome to the NIST Atomic Spectra Database, NIST Standard Reference Database £78.

The spectroscopic data may be selected and displayed according to wavelengths or
energy levels by choosing one of the following options:

Spectral lines and associated energy levels
displayed in wavelength order with all selected
spectra intermixed or in multiplet order. Transition
probabilities for the lines are also displayed where
available.

LinEs

Levers

Energy levels of a particular atom or ion displayed
in order of energy above the ground state.

GroNnd states and ionization energies of atoms
and ptomic ions.

GROUND STATES &

IONIZATION ENERGIES

Additiona Fbout the database may be obtained through the following links:

Outlines basic atomic physics concepts, explains
terminology and notation.

Atomic Spectroscopy
Intro

ASD Intro & Contents  Introduction to and contents of the Atomic Spectra

Database.
Bibliography Bibliography of data sources used for this database.
Help On-line help in using the database.

This database provides access and search capability for NIST critically evaluated data on

£ minifilm? /2010 Shutterstock.cem

NIST ASD Team

Principal Developers (Currently Active):
Alexander Kramida, Yuri Ralchenko, and loseph
Reader

Data Compilers (Currently Active):
Alexander Kramida, Edward B. Saloman,
lean E. Sansonetti, John 1. Curry, Jeffrey R. Fuhr,
Larissa 1. Podobedova, and Wolfgang L. Wiese

Database Developers (Currently Active):
Alexander Kramida, Yuri Ralchenko,
and Karen Qlsen

Students contributing to data entry:
Eric Carpentier, Thomas Carpentier,
Amy Zimmerman, Adrian Hamins-Puertolas,
Marko Hamins-Puertolas, Anna Sharova
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NIST Atomic Spectra Database lonization Energies Form

Best viewed with the latest versions of V

This form provides access to NIST critically evaluated data on ground states and ionization energies of atoms and
atomic ions.

Default Values Retrieve Data

Format outpis
Ordered by £ &
Ordered by sequence )

<] [<] [£] [<] [<]
<] [<] [] [<]

@hizaimaﬂgy
O Total binding energy

[¥] Uncertainty

Default Values Retrieve Data
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PROBLEM WITH: “Systematic calculation of total atomic energies of ground
state configurations,” Rodrigues, Indelicato, Santos, Patte, and Parente,
Atomic Data and Nuclear Data Tables 86, 117-233 (2004).

Assumed ground state configurations clearly incorrect for many ions (neglect
of shell collapse at beginning of lanthanide and actinide series).

Example:
For W2%*  Rodrigues et al. : IP=484 eV
NIST 543.4+1.4 eV

ABOUT 1000 CASES



Data——  Informarion
1ates &
CLines Levels 5 ionivion Farne Biblioguaphy Help

NIST Atomic Spectra Database Lines Form

Best viewed with the latest versions of Web browsers and JavaScript enabled

Resetinput | Retievs Das |

Line Identification Plot: O l

Java subwindow size:
Saha-LTE Spectrum: () O 610z640 O 2002640 @ 1024x768 O 1280z 1024

Doppler Broadening Parameters Ll G“"!"’Yﬂﬂ'ﬁglﬂﬁﬂﬂsll:lﬁmnlﬁﬁdy
[ Show only radiatively linked levels

Electron Temperature TgeV): |:| MNumber of points: I:l (< 20000)
Electron Density Ne(em™: | ||Ton Temperature Ti(eV):| | @#Ti#To)

Format output: | HTML (formatted) + | Lines: @ An
) Ot it transition nrohailties

[ Make Grotrian Diagram ] (requires Javal)




NIST Atomic Spectra Database Lines Data

W XLVI: 9 Lines of Data Found

Z =174, Cu isoelectronic sequence

Wavelength range: 1.72 - *® nm

Wavelength in: vacuum below 200 nm, air between 200 and 2000 nm, vacuum above 2000 nm

Highest relative intensity: 150

Primary data sources

Example of hov
Kramida, A, Ra
Spectra Databa
February 26]. N

Query MNIST Bibliographic Databases for

W45+ (new window)

Energy Levels: Kramida 2011 Wds+ Energy Levels
Lines: Kramida 2011 Wdas+ Line Wavelenagths and Classification
W45+ Transition Probabilities
| ——
, T ——
1.7229 1.7229 150j < 4 337 200 10 141 000 3d"4f P 7, 3dm5g G L10390>
[ —— . ] [
11,7827 1.7933 i 2 293 550 8 570 000 TaAd D | 3d"5p Zpe 3:‘2 L10390
1.8635 1.8634 j 2 B19 &00 '8 186 000] 3d"%4g D 3;‘2 3d105p Zpe 1;‘2 L10390
4,9208 4,9208 50 787 410 2 818 §00 3d104p 2pe 1:‘2 3d"%4d D 3:‘2 L11159
6.2336 6.2336 | 100 0 1 604 210 3d"%s s '| 3d"4p P° % 111933
&.7852 6.7852 50 2 819 600 4 293 400 3d"%d D | 3d"4F P b L10390
7.1876 7.1877 70 1 604 210 2 993 550 3dm4p 2pe 3:‘2 3d"4d D 5:‘2 L10390
7.4426 7.4428 50 2 933 550 4 337 200 3d"%d D *| 3d"4F P L10390
17,6998 12.6398 20] 0 787 410 3d"%s S 1:‘2 3d104p 2pe 1:‘2 L10390

Query time: 0.3 sec

f you did not find the data you need, please inform the ASD Team. >




(<] | |' Google

(- &% physics.nist.gov/cgi-bin/ASD fines1.pl

(8] Most visited 4 Getting Started | 5| Latest Headines

e! - | O Yahoo! Search

| IS NIST ASD Output: Lines +

https: /fwww.nfc.usda... W wikipedia, the free en... Google

s - |2 B.m-B-EE -8

NIST Atomic Spectra Database Lines Data

W XLVI: 9 Lines of Data Found

Z =74, Cu isoelectronic sequg

Wavelength range: 1.72 - ** nm
Wavelength in: vacuum below 200 nm, a

Highest relative intensity: 150

?) Energy Levels and Wavelengths Reference for W XLVl - Mozilla Firefox
Eile Edit View History Bookmarks Yshoo! Tools Help

| &% physics.nist.gov/cgi-bin /ASBib1/get_ASEib_ref cgi?db=el&db_id=11159&comment_code =&element=\\&spectr_charge=46&ref=111598type=

NIST Energy Levels and Wavelengths Bibliographic Reference # 11159

Extra data for NIST internal use: Abstract PDF

Electron-Beam Ion-Trap Spectra of Tungsten in the EUV,
S. B Utter, P. Beiersdorfer, and E. Trébert,
Can. J. Phys. 80, 1503-1515 (2002)
DOI:10.1139/P02-132

Example of how to reference these results:

Kramida, A., Ralchenko, Yu., Reader, J., and NIST ASD Team (2012). NIST Atomic
Spectra Database (ver. 5.0), [Online]. Available: http:/iphysics.nist.govasd [2013,
February 26] National Institute of Standards and Technology, Gaithersburg, MD

evels

hd Classification

babilities

Get all bibliography on W XILVI wavelengths (new window’

1.7229 1.7229 | 150] —— —— Er—r— reT—r— —r——
1.7927 1.7933 ] 2 993 550 - & 570 000 3d"%d D sz 3d105p 2pe 3:’2 L10380
1.8635 1.8634 j 2 819 600 = [8& 186 000] 3d"%d D Bdep pe L10390
4.9208 4.9208 a0 78T 210 - 2 819 800 3dw4p 2pe 112 3d"%4d “D 3;’2 L11159
6.2336 6.2336 | 100 o - 1604210 3d"s s | 3d"™p P %k L11933
6.7852 6.7852 50 2 819 600 — 4 293 400 3d"%d D | 3d"4f F %L L10390
7.1976 7.1977 70 1 604 210 - 2 993 550 36104,0 e 31'2 3d"%4d “D 51’2 L10390
7.4426 7.4436 a0 2 993 550 - 4 337 200 3d"%d D 51'2 3d"%F %F° 7:’2 L10390
12.6998 12.6999 20 0 - 787 410 3d"%s s 3d1°4p pe L10390

Query time: 0.3 sec

If you did not find the data you need, pl inform the ASD Team.

:’,’ start & \\elwood. nist.gov & \\elwood.nist.gov & \\elwood.nist.gov (@ Inbox - Microsoft Out...

([ Microsoft PowerPoint ... Microsoft Office Pictu...

>




Spectral Data for Negative lons
(important for neutral beam injection applications)

New in Bibliography Database

Spectra and Energy Levels of Negative lons



H and Li

*Non-Statistical Simulations for Neutral Beam Spectroscopy in Fusion Plasmas,0. Marchuk,
Yu. Ralchenko, D. R. Schultz, E. Delabie, A. M. Urnov, W. Biel, R. K. Janev, and T. Schlummer,
AIP Conf. Proc. 1438, 169-174 (2012)

* A Non-Statistical Atomic Model for Beam Emission and Motional Stark Effect Diagnostics in
Fusion Plasmas,Yu. Ralchenko, O. Marchuk, W. Biel, T. Schlummer, D. R. Schultz, and
E. Stambulchik, Rev. Sci. Instrum. 83, p. 10D504 (2012)

e Non-Statistical Population Distributions for Hydrogen Beams in Fusion Plasmas,O. Marchuk,
Yu. Ralchenko, and D. R. Schultz, Plasma Phys. Controlled Fusion 54, 095010 (2012)

e Absolute Transition Frequencies and Quantum Interference in a Frequency Comb Based
Measurement of the ®’Li D Lines,C. J. Sansonetti, C. E. Simien, J. D. Gillaspy, J. N. Tan,
S. M. Brewer, R. C. Brown, S.-J. Wu, and J. V. Porto, Phys. Rev. Lett. 107, 023001 (2011)

*Quantum Interference and Light Polarization Effects in Unresolvable Atomic Lines:
Application to a Precise Measurement of the 6,7Li D2 Lines, R.C. Brown, S. Wu, J.V. Porto,
C.J. Sansonetti, C.E. Simien, S.M. Brewer, J.N. Tan, and J.D. Gillaspy, Phys. Rev. A 87, 032504
(2013).



http://dx.doi.org/10.1063/1.4707873
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=O. Marchuk&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=Yu. Ralchenko&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=D. R. Schultz&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=E. Delabie&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=A. M. Urnov&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=W. Biel&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=R. K. Janev&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=T. Schlummer&order=1&setspans=1
http://proceedings.aip.org/proceedings/volume.jsp?key=APCPCS
http://rsi.aip.org/resource/1/rsinak/v83/i10/p10D504_s1
http://rsi.aip.org/resource/1/rsinak/v83/i10/p10D504_s1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=Yu. Ralchenko&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=O. Marchuk&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=W. Biel&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=T. Schlummer&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=D. R. Schultz&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=E. Stambulchik&order=1&setspans=1
http://scitation.aip.org/dbt/dbt.jsp?KEY=RSINAK
http://iopscience.iop.org/0741-3335/54/9/095010/
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=O. Marchuk&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=Yu. Ralchenko&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=D. R. Schultz&order=1&setspans=1
http://iopscience.iop.org/0741-3335
http://link.aps.org/doi/10.1103/PhysRevLett.107.023001
http://link.aps.org/doi/10.1103/PhysRevLett.107.023001
http://link.aps.org/doi/10.1103/PhysRevLett.107.023001
http://link.aps.org/doi/10.1103/PhysRevLett.107.023001
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=C. J. Sansonetti&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=C. E. Simien&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=J. D. Gillaspy&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=J. N. Tan&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=S. M. Brewer&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=R. C. Brown&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=S.-J. Wu&order=1&setspans=1
http://physics.nist.gov/cgi-bin/ASBib1/Elevbib/make_query.cgi?author=J. V. Porto&order=1&setspans=1
http://prola.aps.org/
http://link.aps.org/doi/10.1103/PhysRevLett.107.023001
http://link.aps.org/doi/10.1103/PhysRevLett.107.023001

F and Ne (completed to be added to ASD)

* ‘Accurate atomic transition probabilities for fluorine,” W. Wiese and J. Fuhr
°F V —allowed lines — 413
*F VI — allowed lines — 255
*F VI- forbidden lines — 32
*F VIl — allowed lines — 18
*F VIIl — allowed lines — 76

*‘Accurate atomic transition probabilities for neon,” W. Wiese and J. Fuhr

*Ne VI - allowed lines — 621
*Ne VIl — allowed lines — 606
*Ne VII - forbidden lines — 32
*Ne VIIl - allowed lines — 18
*Ne IX- allowed lines — 80



Reports of Bibliographic References for

International Bulletin on Atomic and
Molecular Data for Fusion

Alexander Kramida

Last Issue: Number 69 — January 2013

Chapter 3 — Bibliography

3.1 Structure and Spectra - 196 papers on energy

levels and spectra; 103 papers on transition
probabilities
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New Papers for Light Elements

EXPERIMENTAL



Light Elements - Energy Levels and Spectra - Experiment (since 2010)

18235 O VI Recombination Lines in Ultraviolet and Visible Spectra of RR Telescopii, P. R. Young, Astrophys. J. 749, 1 (2012)

17989 Stark Effect of Atomic Helium Singlet Lines,L. Windholz, T. J. Wasowicz, R. Drozdowski, and J. Kwela, J. Opt. Soc. Am. B 29, 934-943 (2012)

17711 Forbidden and Intercombination Lines of RR Telescopii: Wavelength Measurements and Energy Levels, P. R. Young, U. Feldman, and A. Lobel,
Astrophys. J., Suppl. Ser. 196, 23 (2011)

17793 Energy Levels, Auger Branching Ratios, and Radiative Rates of the Core-Excited States of B-like Carbon, Y. Sun, F. Chen, and B. C. Gou, J. Chem.
Phys. 135, 124309 (2011)

17231 K-Shell X-ray Spectroscopy of Atomic Nitrogen, M. M. Sant'/Anna, A. S. Schlachter, G. Ohrwall, W. C. Stolte, D. W. Lindle, and B. M. McLaughlin,
Phys. Rev. Lett. 107, 033001 (2011)

17179 A Visible Spectral Survey from the Alcator C-Mod Tokamak, A. T. Graf, M. J. May, P. Beiersdorfer, and J. L. Terry, Can. J. Phys. 89, 615-626
(2011); Erratum: 89, 825 (2011)

17742 Absolute Frequencies of the 87Li 2S 2SM—BS 2Sm Transitions, Y.-H. Lien, K.-J. Lo, H.-C. Chen, J.-R. Chen, J.-Y. Tian, J.-T. Shy, and Y.-W. Liu, Phys.

Rev. A 84, 042511 (2011)

16330 High-Resolution Photodetachment Spectroscopy from the Lowest Threshold of O, A. Joiner, R. H. Mohr, and J. N. Yukich, Phys. Rev. A 83, 035401
(2011)

17701 K-Shell Photoionization of Singly lonized Atomic Nitrogen: Experiment and Theory, M. F. Gharaibeh, J. M. Bizau, D. Cubaynes, S. Guilbaud,
N. El Hassan, M. M. Al Shorman, C. Miron, C. Nicolas, E. Robert, C. Blancard, and B. M. McLaughlin, J. Phys. B 44, 175208 (2011)

18052 Emission Lines of Boron, Carbon, Oxygen and Iron in Tokamak Plasma, L. Di, J.-R. Shi, S.-J. Wang, Q.-L. Dong, J. Zhao, Y.-T. Li, J. Fu, F.-
D. Wang, Y.-J. Shi, B.-N. Wan, G. Zhao, and J. Zhang, Chin. Phys. Lett. 28, 075201 (2011)

15497 Saturation Spectra of Low Lying States of Nitrogen: Reconciling Experiment with Theory, T. Carette, M. Nemouchi, P. Jonsson, and M. Godefroid, Eur.

Phys. J. D 60, 231-242 (2010)

15488 State-Resolved Valence Shell Photoionization of Be-like lons: Experiment and Theory, A. Miller, S. Schippers, R. A. Phaneuf, A. L. D. Kilcoyne,
H. Bréuning, A. S. Schlachter, M. Lu, and B. M. McLaughlin, J. Phys. B 43, 225201 (2010)

15262 K-Shell Photoionization of Ground-State Li-like Boron lons [B?*]: Experiment and Theory, A. Miller, S. Schippers, R. A. Phaneuf, S. W. J. Scully,
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TRANSITION PROBABILITIES



Light Elements -Transition Probabilities - Experiment (since 2010)
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J. Opt. Soc. Am. B 29, 3386-3392 (2012)
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Light Elements - Transition Probabilities — Theory (since 2010)
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P. Rynkun, P. Jénsson, G. Gaigalas, and C. Froese Fischer, At. Data Nucl. Data Tables 98, 481-556 (2012)
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(2012)
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N. Ben Nessib, Mon. Not. R. Astron. Soc. 417, 2624-2630 (2011)
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MOTIONAL STARK EFFECT FOR

DIAGNOSTICS OF LOCAL MAGNETIC FIELDS
And
LOCAL PLASMA CONDITIONS



="INJECT BEAMS OF NEUTRAL HYDROGEN ATOMS

=" NO-FIELD WAVE FUNCTIONS INCLUDE PRODUCTS
OF SPHERICAL HARMONICS

=*INDUCED ELECTRIC FIELD E=v x B MIXES THE
SPHERICAL STATES AND SPLITS THE LINE MULTIPLETS

=sNEW STATES ARE SOLVABLE IN PARABOLIC
COORDINATES

=COLLISIONAL RADIATIVE MODELING WITH
PARABOLIC STATES



+1
N= 0,:':2
+1

n=2 +1

ro fiel
:Izeo eld

T N
STT TIT T

Stark effect in Balmer H alpha line of Hydrogen — 656 nm



= MEASUREMENT OF SPLITTINGS GIVES
INFORMATION ABOUT MAGNETIC FIELD
STRENGTH

"PROBLEM TO REPRODUCE INTENSITIES OF
COMPONENTS

=GIVES INFORMATION ABOUT POPULATIONS
OF LEVELS IN THE n=3 CONFIGURATIONS



= PARABOLIC STATES EXPANDED IN TERMS OF
SPHERICAL STATES

="COLLISIONAL RADIATIVE MODELING GIVES
NON-BOLTZMANN POPULATIONS OF EXCITED
STATES

=REPRODUCES COMPONENT RATIOS
OBSERVED IN JET PLASMA



Cross sections for parabolic states

T

. o = 1/2 for MSE

parabolic states n .k

Radiative channel \7
nikim;=> n;km,
T — components with Am=0

o — components with Am= 1

/ nl:im.— spherical states

_P

Parabolic states expanded as linear combination of spherical states
Marchuk et al (2009), Delabie et al (2010), Marchuk et al (2011), Ralchenko et al (2012)
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FIGURE 1. Bcam cmission spectrum of D, line measured on the JET tokamak | 10]. The experimental
spectrum is shown by a line with pluses, the fit components are shown by solid lines. The PCX and ACX
components of D, and H, lines are observed at 656 nm. The multiplet of C 11 edge lines is identified at 658
nm. The overlapping Doppler-shifted MSE lines of the first, second and third energy beam components
extend between 658 and 661 nm. Inset b} shows the statistical intensities of o- and sr-components [11] of
H, line multiplet at the observation angle of 90°.

Marchuk, Ralchenko, Schultz, Janey, et al. AIP Conf. Proc. 1438, 169 (2012)



Theory vs Experiment

Ratio between the spectral lines

Ratio between the spectral lines

o —_
oo N

<
~

Electron density, cm®

* Experiment 1993 - JET

 W. Mandl et al. Plasma Phys. Contr. Fusion
35,1373 (1993)

*Solid: Z =1

* Horizontal dashed: statistical limit
 Dashed w/ symbols: Z . = 2 (C%*)

* Experiment 2010 - JET

* E. Delabie et al. Plasma Phys. Contr. Fusion

* 53, 125008 (2010)

*Solid: Z =1

* Horizontal dashed: statistical limit

* NEW EXP. ALCATOR C-MOD TO TEST CONFIRM
PREDICTED LINE RATIOS



New Papers on W



W Energy Levels and Spectra-Experiment
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Tungsten and Related Heavy Elements — new NIST papers

® FUV Spectra of Rb-like to Cu-like Gadolinium lons in an Electron-Beam lon

Trap,D. Kilbane, G. O'Sullivan, J. D. Gillaspy, Yu. Ralchenko, and J. Reader, Phys. Rev. A
86, 042503 (2012)

*EUV Magnetic-Dipole Lines from Highly-Charged High-Z lons with an Open 3d
Shell,D. Osin, J. D. Gillaspy, J. Reader, and Yu. Ralchenko, Eur. Phys. J. D 66, 286 (2012)

*Extreme Ultraviolet Spectra of Highly Charged Xenon Observed with an Electron Beam
lon Trap,D. Osin, J. Reader, J. D. Gillaspy, and Yu. Ralchenko, J. Phys. B 45, 245001
(2012)

*Recent Progress in Spectroscopy of Tungsten,A. Kramida, Can. J. Phys. 89, 551-570
(2011)

eSpectroscopy of Diagnostically Important Magnetic-Dipole Lines in Highly Charged 3d"
lons of Tungsten,Yu. Ralchenko, I. N. Dragani¢, D. Osin, J. D. Gillaspy, and J. Reader, Phys.
Rev. A 83, 032517 (2011)

*Multiconfiguration Dirac-Hartree-Fock energy levels and transition probabilities for
W XXXVIII, C. Froese Fischer and G. Gaigalas, Phys. Rev. A 85, 042501 (2012)
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New M1 lines observed — uncertainty 0.002 nm

Hf- 42 lines Hf%>* to Hf>4*
Ta- 49 lines Ta**to Ta>’*

Au- 41 lines AuCltto Au®o*



MODELING DIELECTRONIC RECOMBINATION IN
TOKAMAKS

LMN DIELECTRONIC RESONANCES IN 3d" IONS
OF TUNGSTEN

“Magnetic-dipole lines in 3d" ions of high-Z elements:
identification, diagnostic potential, and dielectronic
resonances,” Yu. Ralchenko, J.D. Gillaspy, J. Reader, D. Osin, J.J.
Curry, and Y.A. Podpaly, Phys. Scr. (2013), to be published



DIELECTRONIC CAPTURE INTO CONTINUUM
K-like W (2p®3s23p®3d) + (EBIT)e > Ca-like W(2p>3s23p®3d?4¢)
(discrete states in the continuum)
AUTOIONIZATION to K-like W with EMISSION OF ELECTRON

Ca-like W(2p>3s23p®3d24¢) >K-like W(2p®3s23p®3d) + e

RADIATIVE STABILIZATION

Ca-like W(2p>3s23p®3d?4¢) -
DR
Ca-like W(2p®3s23p®3d4d) + hv (~9 keV)
Ca-like W(2p®3s3p®3d?4¢) + hv (~8 keV)
Ca-like W(2p®3s23p®3d?) + hv (~11 keV)



Beam energy: 6057 ¢V
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e Use intensity ratios of M1 lines in 3d" ions to

analyze modifications of the ionization balance due

to dielectronic recombination

* Simultaneous measurement for several ions: Sc/Ca

e Large-scale CR modeling shows importance of

anisotropic effects
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