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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

Hydrogen Halium
1 2
H He
1.008 Key: 4.0026
Lithium Beryllium Element Nama Boron Garbon Nitrogan Cxygen Fluoring Necn
3 4 Atomic number -3 6 7 8 9 10
Li | Be Symbol B | C| N|O| F |Ne
6.94 9.0122 Atomic waight {(mean ralative mass) 10.81 12.011 14.007 16.8999 18.998 20.180
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chiering Argon
1 12 13 14 16 16 17 18
Na | Mg Al | Si| P | S | Cl|Ar
22.990 24.305 26.982 28.085 30.974 32.06 3545 39.948
Potassium GCalcium Scandium Titanium Vanadium ‘Ghromium Manganese Iron Cobalt Nicksl Copper Zinc Gallium Garmanium Arsenic Salenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca Sc Ti  V Cr Mn|Fe Co| Ni | Cu|Zn| Ga|Ge| As| Se | Br | Kr
39.098 40.078(4) 44 956 47 867 50.942 51.996 54.938 55.845[2) 58.933 58.693 63.546(3) 66.38(2) 69.723 72.630(8) 74.922 78.971(8) 79.904 B3.798(2)
Rubidium Strontium Yitrium Zirconium Niobium Molybdenum | Technstium Ruthenium Rhodium Palladium Silver ‘Cadmium Indium Tin Antimony Tellurium lodine Kanon
37 38 39 40 41 42 44 45 46 47 48 49 50 61 52 B3 B4
Rb | Sr Y | Zr |[Nb Mo| Tc |Ru|Rh |Pd |Ag | Cd|In |Sn |Sb | Te | | | Xe
85.468 87.62 88 906 91.224(2) 92 806(2) 96595 [58.906] 101.07(2) 102.941 106.42 107.87 112.44 11482 118.71 12476 127 60{3) 126.90 13129
‘Caesium Barium Lutstium Hafnium Tantalum Tungsten Rhanium Osmium Iridiium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astating Radon
B5 E6 57-70 71 72 73 74 75 76 77 78 79 80 a1 a2 a3 84 85 86
* -

Cs | Ba Lu Hf Ta W Re|Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
13291 137.33 17497 178.48(2) 180.95 183.84 186.21 180.23(2) 19222 195.08 196.97 20059 204 38 2072 20898 [208 58] [209.99] [222.02]
Francium Radium Lawrencium |Rutherfordium|  Dubnium Seaborgium Bohrium Hassium Meaitnerium | Darmstadtium| Roantganium | Coparnicium Nihanium Flarovium Moscovium | Livermorium | Tennessine | Oganesson
87 88 89-102 103 104 106 106 107 108 109 110 111 112 113 114 116 116 117 118

*%
Fr | Ra Lr Rf Db Sg Bh|Hs Mt Ds Rg|Cn| Nh| Fl  [Mc|Lv | Ts | Og
[223.02] [226.03] [262.11] [267.12] [270.13] [269.13] [270.13] [270.13] [278.16] 281.17] 281.17] [285.18] [286.18] [289.19] [289.19] [293.20] [293.21] [284.21]
Lanthanum Carium P nium  MNeodymium | Promethium ‘Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbum Thulium Yitarbium
67 68 59 60 61 62 63 64 66 67 68 69 70
*lanthancids | La | Ce | Pr | Nd Pm |Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb
13891 14012 14081 14424 [144.31] 150.36(2) 151.96 157.25(3) 15883 162 50 16493 167 26 168.93 173.06
Actinium Thoerium Protactinium Uranium Neptunium Piutenium Amaricium Gurium Barkalium Californium | Einsteinium Farmium Mendelevium | MNobalium
89 20 91 92 94 95 926 97 28 29 100 101 102
“actinoids | Ac | Th|Pa| U | [Np|Pu|Am|Cm Bk | Cf | Es |Fm|Md| No
[227.03] 232.04 231.04 238.03 [237.05) [244.06] [243.08] [247.07] [247.07] [251.08] [252.08] [257.10] [258.10] [259.10]
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Halium

1s He

£.0026

Element Nama
Atomic number

2s Symbol 2p

Azomic weight {mean relative mass)

3s 3p

Copper Zinc
29 30

4s 3d 4p

63.546(3) 65.38(2)
iver

547 CaEum
5s Vily * 5p

6s 4f e——) 5d + 6p
7s  5f o) 6 _;11_> 7p
*lanthanoids 4f
**actinoids 5f
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Madelung-Janet filling rule Coulomb filling rule
(a) / Atoms (b) HCIs
2V +5—
6s
5f
5 5 | Z26—2p-
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J. C. Berengut et. al, PRL 105, 120801 (2010)
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Periodic table based on Coulomb filling?

THE ORDER OF ELECTRON SHELLS IN IONIZED ATOMS*
By S. A. GoupsMmiT AND PauL I. RicHARDS

BROOKHAVEN NATIONAL LABORATORY, UPTON, NEW YORK, AND
TECHNICAL OPERATIONS, INCORPORATED, BURLINGTON, MASSACHUSETTS

Communicated February 17, 1964

12 12
34 34 5210
5..10 1112 1112  13..18  19.-.28
13..18 19 20 2930 314236 37+:046  47++0:60
21..-30  31.-36 37 38 61 62  63-68  69-+-78  79-+2:92  93..-0.110
39e.e48  49..54 55 56 111112 ete.

57++++70 T1---80 81--86 87 88
89-..-102 ete.

fld dm ps Sz sz ps d).o fli g.lﬁ
a. NEUTRAL ATOMS b. HIGHLY IONIZED ATOMS
F1a. 1.—The “Periodic System’’ for (a) neutral and (b) highly ionized atoms.




1] [ 2]

1 2 ° ° g o

1s° 1 1s° Periodic table for HCI » Split Linto [_ and Ly;

0 pHe00: — KT * d_andp,, f_ and d, are lined together;
2st | 257 [2p1 [ 202 | 2pL | 2p7 | 2p% | 2p% C. Lyu, et. al, * Closed-shell configuration;

Li-like  |Be-like (B-like C-like N-like  [O-like F-like Ne-like . . . .
Li00s | Be00+ | Mn20. | Mn19- | Mn18+ | Mn17+ | Mn16s | Mn154 arXiv:2504.11237 (2025) » Single electron/hole valence configuration;
3 791 3 32 3P1— 3103 3};1 3})3 3-_;331 3'}31 * Multiple electron valence configuration;

N abes | B, * Electron-hole symmetry;

[T ] 20 | (Z1] 77 | 23 | 24 | 25 | 25 | 77 ] (28] o . [ .
3dL [3d2 [3d3 [3d% [3dL [3d2 [3d3 [3d% |34 348 Forbidden transitions;
K-like [Ca-like [Sc-ike |Ti-like V-like r-like  [Mn-like |Fe-like [Co-like NELI»%_+ o

Cs36+ | Cs36+ | Cs34+ 5?1533+ Ag24+ | Ag23+ | Sb26+ | Rh19+ | Rh18+

9G 0

1 2
4s” | 4s
Cu-like |Zn-like
Cu00+ | Zn00+

. _ 4d% | 4d
* 2electron, 4 orbitals Rblike [Srike |Ydike [Zriike |Nb-like Rhlike |Pc-like
* Intotal C2=6 occupations -Eu26e|EuZSe | Eu2d: | BuZs. T &

=

. . 5 8
* The 6 magnetic states for J=0,2 A‘L_g:e Sél_g;— Nil_{g
m; ¥ Ir18+ 17+
3/211/21-1/2|-3/2
M) /2|1/2|-1/2|-3/
2 X X
1 X X
0 X X
0 X X TIO6+ Aul1+
(4 | 1 B0 | 9 | 81] 3 82Y | 1 B3 | 5 !!'I?Iffl 1 BY | o 8O | 9 | 90 | 1 01 | 5 90 | 6 193] 7 | 94 ] s
4 = = =
-1 X X 5= |Bf2 |5f= [5f= | 572 |5f2 |5f1 |5fF |5fF |5f+ [5fF |5f+% | 5f+ |5fF
-2 X X |Au-like  [Hg-like |THike |Pb-like |Bi-like [Po-lke |Fr-like |[Ra-like |Ac-like |Th-like [Pa-like [U-ike |Np-like |Pu-like
Sq25+ | Sg24+ | Hs27+ | Ds28+ | Ds27+ | Nh29+ | Sq19+ | Hs20+ | Mt20+ | Cn22+ | Nh22+ | Lv24+ | Og25+ | Ubu27+

: 1 3 3 9 3 5 6.4 (15:9, 8,5,2, (15,9, 6.4
2 2" > 2 3 202032 3|« 7| 64 171,3|64,4,{11,3, | 64| I
2 0 2 0 5\ | 2,0 2 0 5 | 4.2,0|2:2:3 4,200 3 0 2 | 200 |7.8)2]20 7.8 2.0 5 0




1 2 ° ° g o
il el Periodic table for HCI » Splitlintol_andly;

+ + _ : _an , f— an are lined together;
0 pHe00: : i T e d dp, dd, lined togeth
L%Ksel Bezls: B%{:rl_ j NQ-ﬁi C. Lyu, et. al, * Closed-shell configuration;

Li00 | Be00s | Mn20. Min15: arXiv:2504.11237 (2025) « Single electron/hole valence configuration;
3s! | 3s% | 3pL 3pt * Multiple electron valence configuration;
s, M, Pt * Electron-hole symmery;
‘36351 * Forbidden transitions;
e
e T 5
4s™ | 45 |4p-
Cu-like [Zn-lke [Galike |Gelike
Cu00+ | Zn00+ | Nb10+
4dz
Rh-like |Pd-like
Cs10+
a7 | 57 | - 5 | B0 ] 8
4f 4f2 4f7
- Sb-like Nd-like
Ir18+ 17+
e,
Hhs | bs
Pm-like [Sm-like
Pt17+ | W12+
(83 ] E6 | (4 | B0 | 'a:l'llﬂﬁ-; 82Y | B3 | :?_;101_4-[3. BY | 8O | | 90 | 01 | 90 | 193] | 94 ]

1 2 1 2 2 4 5 6 1 2 3 4 5 6 7 8
6s™ | 6s 5= |52 [Bf= |5f= |52 |5f= |5f+ |5fF |5f5 |5f+ |57 |Bf+ | 5f+ |5f+F
At-like  [Rn-like |Au-like  [Hg-like |THike |Pb-like |Bi-like [Po-lke |Fr-like |[Ra-like |Ac-like |Th-like [Pa-like [U-ike |Np-like |Pu-like
Nh28+ | Rf18+ Sg25+ | Sg24+ | Hs27+ | Ds28+ | Ds27+ | Nh29+ | Sq19+ | Hs20+ | Mt20+ | Cn22+ | Nh22+ | Lv24+ | 0g25+ | Ubu27+

(15,9, 8.,5,2,| (15,9,
1 1 3 3 5 9 35 5 7 6,4 6,4 7
5 0 10 2 120 5] 0 2 14,2,0|3:2:3/ 4,20 2 | 0 Z 11,3, 16441113, | O 1 L ()
2 2 2 , 2 2 | S| 2i202 ST 3 2 |20 |75)2|20 |7,5/2] 20 | °




Relativistic effects
&
Electron screenings

Energy (eV)
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GRASP calculations

Mo-like ions [Kr|4d®

-

3
/
/
4d
— 1 56 eV
\
\
\ﬁGO- _ - =
o
gl
20
g |\ [Kr|4d"
=20 M
Mo-like U0+
0 1273 4 5 6
- Potal angular momentum .J
-

| 4dl,4d2), |




Vh-like 542

I Sr-like 4d?
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10
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20 30 40 50 60 7 80 90 100 40 50 G0 70 50 90 100 70 75 80 85 90 95

U L 1 1 1 1 1
0 50 60 70 S0 90 100 95
8 .
15 g | Relike 5d7
10} 4 ,,»—”""""'
51 2 /.—-—-—‘—'_'_'_'
0' O l-----l-----l-----l--
100 70 75 50 85 90 95
s .
15 | Oslike 5d°
0} .
5t 2
ot 0 Cmmmmmemmmm—=a- -
100 70 75 30 85 90 95
z
GRASP calculations C. Lyu, et. al, arXiv:2504.11237 (2025)
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1 2 ° ° 0 g
st 1s° Periodic table for HCI * Splitlintol_andly;
H°°l+ _H9°°2+ TR RPN L WP e e T * d_andp,, f_ andd, are lined together;
2s | 25% | 2p” | 2pZ | 2p3 | 2p% | 2p7 | 2p% C. Lyu, et. al * Closed-shell configuration;
Li-like  |Be-like (B-like C-like N-lke  [O-lke F-like Ne-like _ ’ ’ o S 1 1 /h 1 1 f o .
. arXiv:2504.11237 (2025) ingle electron/hole valence configuration;
: ‘ 9 ‘ ‘ 3p2 | 3pt * Multiple electron valence configuration;
Nmiga M&gig& A|Z-||i1k19h Siz-lii’kﬁ]_ . Plike |Slike [Cllike |Ar-like . e Electron-hole symmetry;
3dL [3d2 [3d3 [3d% [3dL [3d2 [3d3 [3d% |34 348 * Forbidden transitions;
K-ike [Ca-like |[Sc-ike |Ti-like V-like r-like  [Mn-like [Fe-like o-like  |Ni-like L]
1 - Cs36+ | Cs35+ | Cs34+ | Cs33+ | Ag24+ | Ag23+ | Sb26+ | Rh19+ | Rh18+ | Rhi17+
N ————— e T —_——— e
TT . 3d - 3| 3d° |[3p%3d 32 3d* 3d, 3d> 3d 3d4 3d°,
| : "5 E =~ = _ = ===
3
+ + = + - + = + + 66+ 65+
<t U73 | U72 | E U71 ___:U70 BE U69 | _U68 U67+ _ U Il U
Y 3 = = . _
< |o=-= EEiiz. |[zEzEEs. || "zEiaE.. || TEmEEs.-||iFE=emc- -
. - - T 3pi3diadl o = .. _m— - _ - _ -
o0 - - - —==_ -Z:z:-= T | e - _2=3-_ -t -
a) ~-Z=mz-||-=s=z==- ||-==F=- - =TT -7 -
50'5. ii— _ _ ii-:=- _ li__E-:gd_b'?’{f_\ii-::=- L 1| . ; : L B _ L 12 _ L 14
--_- - - _===3d*3d | -2==-_ --==z-._._ -—==_- -—_ - -
b N0l | Lo 122w P e 10 2wl
(15,9,]8,5,2,] (15,9,
1 1 3 3 5 935 5 v | 64,1113 |64,4,[11,3, | 64, 7
3 0 3 O 2 2 0 ) 0 ) 4,2,0 292132 4:,2,0 3 O P} 2,0 7,5)/s2 2!0 7,5)/!2 2’0 3 O
10 [




More than 700 HCI clock transitions
in 24 1solelectronic sequences, in more than 70 elements

Instability

Transition energies,
lifetimes, and
transition matrix
elements are
calculated with the
GRASP2018 code.

(o 8 (T_l/g)

10 14 Txﬁ \

E *AI‘13+

] 5p? gt +

J 4 *Sr7 «Hg
10 3 \d\ s
10716 - 4 Sd/}

I 5d’ Al*

: e L, [

- 4f-§4f3/ A 34Md§. " Cf15+ +
10717 3 4f+5_¢£a- Pr* =Yh

§ 4d+4f§ «4_}%

. g «Th3*

4 ideal clock 3d

10718

10°

A 10° o0 — T T
Qs (HZ/T_?) 10-15
polaerabiH ty

T | !
10710
Aag, (Hz m*/V7)

El polarizability

Currently
20+ clocks

107

C. Lyu, et. al, arXiv:2504.11237 (2025)
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1 2 ° ° g o
il el Periodic table for HCI » Splitlintol_andly;
i00s He00s L : i : — * d_andp,, f_ and d, are lined together;
L%Ksel Bezls: B%{:rl_ j NQ-ﬁi C. Lyu, et. al, * Closed-shell configuration;
Li00 | Be00s | Mn20. Min15: arXiv:2504.11237 (2025) « Single electron/hole valence configuration;
3s! | 3s% | 3pL 3pt * Multiple electron valence configuration;
“Ra00. | Waos | Zni7. * Electron-hole symmetry;
‘36351 * Forbidden transitions;
e
P FET 1 ]
4s™ | 45 |4p-
Cu-like [Zn-lke [Galike |Gelike
Cu00+ | Zn00+ | Nb10+
4d>
Rh-like |Pd-like
Cs10+
57 | - 5 | B0 ] 8
Af5 AF8
Sb-like Nd-like
Ir18+ 17+
e,
5s” | bs
Pm-like [Sm-like
Pt17+ | W12+
TIO6+ Aul1+
(83 ] 1 E6 | 9 (4 | 1 B0 | 9 | 81] 3 82Y | 1 B3 | - !E';l1?[=!’l 1 BY | o 8O | 9 | 90 | 1 01 | 5 90 | 6 193] 7 | 94 ] s
6s™ | 6s 5= |52 [Bf= |5f= |52 |5f= |5f+ |5fF |5f5 |5f+ |57 |Bf+ | 5f+ |5f+F
At-like  [Rn-like |Au-like  [Hg-like |THike |Pb-like |Bi-like [Po-lke |Fr-like |[Ra-like |Ac-like |Th-like [Pa-like [U-ike |Np-like |Pu-like
Nh28+ | Rf18+ Sg25+ | Sg24+ | Hs27+ | Ds28+ | Ds27+ | Nh29+ | Sq19+ | Hs20+ | Mt20+ | Cn22+ | Nh22+ | Lv24+ | 0g25+ | Ubu27+
(15,9, 8.,5,2,| (15,9,
1 1 3 3 5 9 35 5 7 6,4 6,4 7
5 | 0 10 2 120 5] 0 2 142,0(3:23 420 2 | 0 2| o |1L3, 1644113, | D% L ()
2 2 2 , 2 2 | S| 2i202 ST 3 2 |20 |75)2|20 |7,5/2] 20 | °

12



Theoretical predictions: 60
many XUV clock 1]
transitions in HCIs 4d T

(b)

40fp 60 i
— 53
-
T 2D3_«7 T T T T T \q__,/ 50
or | 1 £ 30
40 1P Ds 2Py ) b :"'"D 4.12
2z Gy | =
o Dy, ‘. L = 4,08
—~30 = J _
z ﬁ/ 20f 404 -
=25 5/2 _
>
5 20f . "
ST J
5 10 -
o [Kaldd Nb-like Phél+ o
5 B 7 . -
0 ‘B, Nb-like ions [Kr]4d®
i 1 1 1 1 1 1 1 1 O - 1 L 1 1 1 =]
J=1/2  J=3/2 I=5/2 J=7/2 J=9/2 J=11/2 J=13/2 A0 50 60 70 20 90

VA

Multiconfiguration Dirac-Hatree-Fock calculations with the GRASP2018 codes
C. Lyu, et. al, Commun. Phys. 8, 3 (2025)
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Theoretical predictions: o
——J =9/2
J—1/2
many XUV clock Phis | D/ _
transitions 1n HCIs /
T (b)) +21186774Hy Trap2
ol ‘ ‘ | ‘ - % 1771", L 208ppAL+ ,_.203pb*41~_00
D32 4.31(87) x 10~ 7 =1 S osl
40 P 4p 2@ . . S
> 4D3 2 _5L2 1q 9 4&/2 21_111/2 g v
\G-)/ 30 | _L 7/ | 0.38 | | |
6350 1 —| & S
t}>f) < 1()’13 8 - > &
g 20 A N g § (¢) x1071°
mg +=— Pentatrap N 32 . % I 3| ' ' ' 1 ' ; ]
10| | = MCDHF1 0@ ) 1 - - ; {h ﬂ% {
4 AD 311 g s . S
a— MCDHF?2 P5/2 + | | = g ’JIH T iy
Op | | L ° | | | — :c?l’ﬂ iia '{ﬂﬂ ﬁ?f“ t
- 1] "
1/2  3/2 5/2 7/2 9/2 11/2 : R e Y ey
J — Q@Q Q‘b\} é’@ é°'{b Q@M 60.;3

Multiconfiguration Dirac-Hatree-Fock calculations with the GRASP2018 codes

K. Kromer, C. Lyu, et. al, PRL.131.223002(2023)
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Energy (eV)

Energy (eV)

N

»

T
&

15 Sr-like 4d” n:4 gl Yb-hike 502 n=
0

10t
ol / . /
0f af 2
O ——_ e e e —_— 1 0 Pl Sl i i T b O -————— == = - Rl Pl
20 30 40 50 60 70 80 90 100 40 50 60 70 80 90 100 70 75 80 85 90

Cr-like 3d° 7_ 0

20 b ]
0 ]
0t " = --p--p--g--1 1 Of, ; " " " "
20 30 40 50 60 70O 80 90 100 40 50 60 70 30 90 100
8 .
6 Re-like 5d"

0 e ——————
100 70 75 80 85 90

8 .

gl Oslike 5d°

4

2

0 | mmmmmmmmme==== -=
100 70 75 30 85 90

z



Two different scaling law in Ne-like ions

3D 3C 3D' 3C

et Fe
1 .I.-;...-.lL..l.llﬁJ.]L. e Co
| ...I.l_.lll-.n_lllj..mlil.llll.. . 1 ...._.._Ni //////// ////////
o M, Cu
C e e, 70 3d,——@ 3d,
g N 3d- 3d.—9
g Lol il Ge
:"E e I,.,,,...]._.J....llel_h.H“J.._.l-.l.JthLl. L. As
= vl o bl Se 3D 3C
= N | ____.;.Jl....;..uul.ul“hl..h_ ._uJI-jnIhILL la . .. Br
R DT ) o1 [T TSP 1 (O PO 2, -@—O—@—@- 2+ -@-0—@—@-
. | T .u.nl.hh”":.l._h_ J.._J.uL.lh.IlI.lu.__lu.. , _Rb
il bl 1 ST 2p. —@ o 2p- —O ®

} I.._.“JL_J‘..._“..HJLJ-LIh]ll LI.I. i thI.IJIL. |.. .‘Y
-60 -40 -20 0 20 40 60 80 100
Excitation energy relative to E(3C) (eV)

M. Tagawa, C. Lyu, et. al, under review
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Two different scaling law in Ne-like ions =« s

3d,—@ 3d,
3D 3C 3D' 3C' M W

ol i, Fe
1 .I.-;...-.lL..l.llﬁJ.]L. ... Co
I ..I oo dalb MJ.ldlmllL.. N
R SR | O AT P .

| _n.llll...hJJL.”J_ ul...ld.ﬁ.“]; T T Zn ol Kr26*: first excitation 3C

. : 3D
o bl b, L ca 1 /\/\
. | I |.||| L.l ll]ll.lJ__Il..l.jLi.lllLl.h L a Ge 0 , , . . . .

1

1600 1650 1700 w50 1800 1850 1900 1050
. _ l...J...lJlL._LIu.H“J A, uJJ..thI. ||J . As
P RN .|.L|.uuu].| LUL‘LHLL |u. . _.Se

Transition rate

) -. | ] _L.J...... .lLu.nLlIll”l I.I A .1.-_; uth.llllu ||l.- . Rb
i .I,___J._Lu._u..d,hlh" l..ll.l,.. . ;an.u..I.llLu., lo. ST

Spectrum calculated with

- I.._.“JL_J‘..._“..HJLJ-LIh]ll LI.I._L. thI.IJIL. |.. .Y
T 60 40 20 0 20 40 60 8o 100 the GRASP2018 codes

Excitation energy relative to E(3C) (eV)

M. Tagawa, C. Lyu, et. al, under review
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Two different scaling law in Ne-like ions <«

Transition rate

3D 3C 3D' 3C'
e

Fe

| I R U“J]L )
I ...I b e talbe LIJ.MIH“L.. i
I ......Ll...-.hlﬂ...uj.uu‘ll“.l.l e .y

Co
Ni
Cu

LLLLLL LS

3d,——@
3d_

3d,
34—

3D 3C

7 9009 ¥ -0ee—e

2p_ —y—y— 2p. —O—@—

72
5 )

- _n.lill.thJL.tIJJ_ M]Jl AP T Zn ol Kr26*: first excitation 3D 3C |
il bl G | M _
. | I |.||| L.l ll]ll.lJ__Il..l.jLi.lllLl.h L a Ge 0 , , . — . . .
1600 16560 1700 1750 1800 1850 1900 1950 2000
o ]...J....IJlL-.IJ.H“J A ..d..llln.h L. As v ' ' ' ' ' 3 '
| | uL uIJLIJ L Se ;:‘m_ Kr26*: second excitation 3D . i
| ..J......Jﬂlu.._.....uJMI.. L Br £ ' 5 i
L | - _]___L_._l _L].|JJ_L|'|_th_I] [ L“.lliullh- | B . Kr 10600 ‘IGI.‘]D 'l?IOO 1?“50 ;3‘00 1850 1900 1050 2000
. | . - .lLu.nLlIll”l I.I . _,.nJth.llllu du . Rb
Sr . 3d+_. 3d,
I‘I““L‘L“‘jdl"‘h'ul NI “L‘hmlb:lt lI Spectrum calculated with W  u——8—
A ol owedBIAERL . Lk .
20 40 20 0 20 40 60 8o 100 the GRASP2018 codes 3D 3¢

Excitation energy relative to E(3C) (eV)

M. Tagawa, C. Lyu, et. al, under review



Rates (10 1/s)

Different nonlinear ionization channels

Single resonance two ionization
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Efficient two-photon ionizations

Fluorescence yield (arb. units)
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