Energy above the ground state (cm™!) — non-uniform scale
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Titanium

Ti (Ti ).

Ti* ionisation limit 55072.50 cm™1 =

Key transitions

Transition
a3F, -°Dg

a3F, - y3F3
a°Fs - y>GQ
a’Fy - y°G?
a’F3 -y°GS
a°F, - y°GS
a’F; - y°GS
a°Fs - y°G?
a’F4 - y°Gg
a°F3 - y>GS
a’F; - y°GS
a>Fs - °Dg

35F5 - ZSGg

A vac (nm)

391.5443
399.9767
498.3120
499.2458
500.0898
500.8606
501.5675
501.7560
502.1426
502.4269
502.6246
524.0044

1039.9649

6.82812 eV (181.579 nm)

Strongest classified transitions below 2 um (NIST): 74 levels, 88 lines.

Arrow label: vacuum wavelength | reduced dipole matrix element |{/| er|J’})| in eaq

Matrix elements are measured or NIST values; * = high-accuracy theory, = = model or semi-empirical calculation.

Arrow width grows with the Einstein coefficient A. Dotted: forbidden (clock, M1, E2). Dashed: Rydberg excitation, n = 70.
Level caption: energy (NIST, or a measurement of the last 20 years where one exists) and measured lifetime (where one exists).

Arrow colour =

300 400

A air (nm)

391.4334
399.8636
498.1730
499.1066
499.9503
500.7209
501.4276
501.6161
502.0026
502.2868
502.4844
523.8586

1039.6800

v (THz)
765.6668
749.5248
601.6159
600.4906
599.4773
598.5547
597.7111
597.4865
597.0265
596.6887
596.4540
572.1182
288.2717

|Uller[l)}] (eao)
0.783
3.709
7.869
6.827
5.869
4.957
4.235
2.328
2.786
2.777
2.218
0.506*
0.938

a3F, 0.000

A (s7') TI/2m up. (MHz)
2.300e+06 -
4.840e+07 8.697
7.800e+07 12.43
6.900e+07 12.24
6.200e+07 12.15
5.660e+07 11.97
5.760e+07 11.88
7.900e+06 12.24
1.380e+07 12.15
1.760e+07 11.97
1.570e+07 11.88
4.000e+05 -
1.220e+05 0.01941

branch (%)
88.6
100
89.7
81.2
75.3
77.2
10.3
18.1
23.4
21

100

Use

optical pumping a3F4 -> y5D4 -> a5F5

400 nm

broad laser-cooling line of metastable Ti

a5F4 - y5G5 line of the laser-cooling multiplet
a5F3 - y5G4 line of the laser-cooling multiplet
a5F2 - y5G3 line of the laser-cooling multiplet
a5F1 - y5G2 line of the laser-cooling multiplet
a5F5 - y5G5 line of the laser-cooling multiplet
a5F4 - y5G4 line of the laser-cooling multiplet
a5F3 - y5G3 line of the laser-cooling multiplet
a5F2 - y5G2 line of the laser-cooling multiplet
decay channel y5D4 -> a5F5

narrow laser-cooling line
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03D$ 44233.620 cm

3G9 44155.596 cm™!

03DS 44079.761 cm™

r3F2 43744793 cm™

r3FS 43583.355 cm?
3DO _1
q°D3 42311264 cm™! T<8.42ns
S3FQ 41624.219 cm™?
S3FS 41457.639 cm™?
3DO 1
S D3 39715.439cm™ t1<8.34ns
3Fo
t°Fj

r3FS 43467.537 cm

S3DS 39685.964 (m™! T <823 ns

s3D? 39662.081 cm™' T<8.33ns

38670.723 cm™!

t3FS 38544316 (m™ T<5.88"ns
/ f; ) /
3 38159.461 cm T<4.1lns
V3GO -1
4 37617.894 cm T<877ns

V3G9 37555.058 cm™ < 9.93'ns

/ v 3,:2 34204.985 cm™ T <5.02ns
V3FS 34078.606 cm™ T < 4.8 ns
/ w3F2" 33700.884 cm
W 3FS 433680.248 cm™1 T < 47.6 ns

7.

w3G$"31373%807cm ! 1 <6.62ns

& 2 : ;
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3O m £ —

W >D3%29912.286 cm |

T<59ns

t3F9 38451.309¢m™ <509 Ms

7

u3DS 37976.589 cm™?

T<4.08 ns

V3FS 33980.653¢m™1 1< 4.8ns

T<46.8ns

31489.476 cm™~!

W3'Gf1J T<6.32ns

X3Gg 29971.086 cm™ T<10.7 ns
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o/
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T < 8.91 ns
,bQ
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X >D%f 29855255 cm’? t'< 7709 ns

X°D§ 29829.112"cm~?

T<7.19ns

28702.778 cm™~1

638.841cm™! T <8.91ns

y °F2/28596,373 ¢m"!
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Q
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o8& 27498.982 cm™1

26892.936 cm™!

T<15.8ns

Y >G3p36657.416 cm™! T <13.1ns

Z~

Y °G$,36564.400 cm™! 1< 13.3 ns

TP, £

y>GS,26494.330 cmi? <134 ns 72
0 eao
79 /
% o

81°

°D$ 25936.771 cm ?

y3DS" 25643.701Cm"

P d

222cm~! 1 <16.9ns

1

T < 18.5ns

3F9 25227.

Isotope shifts

*’Ti hyperfine structure (/ = 5/2)

A, v from NIST level energies unless a measured frequency for this isotope is available. A: measured value or NIST.
/2m: natural linewidth of the upper level, 1/(2mT).

Level A (MHz) B (MHz) Shift of each F level from the centre of gravity (MHz) Transition A vac (nm) Isotopes Shift (MHz)
a3F3 -52.9047(7) 28.082(9) F=1/2: +545.90 F=3/2: +458.96 F=5/2: +316.87 F=7/2: +123.84 F=9/2:-114.23 F=11/2: -389.76 a3F, -°D} 391.544 46-48 -943(3)
a3F, -37.9918(6) 37.681(10) F=3/2: +493.40 F=5/2: +387.32 F=7/2: +243.04 F=9/2: +64.81 F=11/2:-141.92 F=13/2:-370.50 a3F, -°D2 391.544 50-48 884(3)
a°Fs -74.8450(25) -28.67(5) F=5/2: +1110.25 F=7/2: +856.99 F=9/2: +527.93 F=11/2: +120.49 F=13/2:-368.49 F=15/2:-942.73 a3F, -°D} 391.544 47-48 -448(3)
z°G? -85(9) 77(5) F=7/2: +1518.12 F=9/2: +1112.00 F=11/2: +625.25 F=13/2: +63.65 F=15/2:-565.98 F=17/2:-1255.75 a3F, -°D? 391.544 49-48 474(3)
°Dg -96.60(20) -0(3) F=3/2: +1207.38 F=5/2: +965.95 F=7/2: +627.92 F=9/2: +193.27 F=11/2:-338.04 F=13/2:-966.06 a°Fs - y>G? 498.312 46-48 -716.2(4)
y>G2 -14.2(3) -1(7) F=7/2: +248.06 F=9/2: +184.50 F=11/2: +106.67 F=13/2: +14.51 F=15/2:-92.11 F=17/2:-213.28 a°Fs - y>G? 498.312 50-48 671.6(21)
Measured A, B constants; sources in the data file. a°Fs - y>G? 498.312 47-48 -346(3)
a°Fs - y>G? 498.312 49-48 355(3)

a’F4 - y°Ge 499.246 46-48 -706.7(9)

a°F, - y>G? 499.246 50-48 669.4(4)

a°F3 -y°GS 500.090 46-48 -703.2(12)

a°F3 - y>G? 500.090 50-48 660.1(6)

a’F, - y°GS 500.861 46-48 -691.3(23)

a°F, - y>GY 500.861 50-48 652.0(5)

a°F1 - y>G9 501.567 46-48 -682.7(3)

a’F; - y°GS 501.567 50-48 642.1(4)

a°Fs - y>G? 501.756 46-48 -714.0(6)

a°Fs - y°G? 501.756 50-48 682.9(6)

a’F4 - y°GjS 502.143 46-48 -702(5)

a°F, - y°G} 502.143 50-48 670.6(11)

a°F3 - y>GY 502.427 46-48 -690.1(5)

a°F3 - y>GY 502.427 50-48 660.29(28)

3G? 41341.543cm™ T<12.9ns

V3G 37690327 cm™! T<8.69ns

W3G2 31628.688 cm™' T < 6.08 ns

X3G?2 30039.170 cm™! T <10.8 ns

y>G? 27750.135cm™ T<10.3ns

y>G2 26910709 cm™! t<12.8ns

y>G?2 26772.968 cm™* T <13 ns

Shift = v(first isotope) — v(second isotope).
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938 eao
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Z>GQ 16458.671cm™! T=82ys

2000



