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Introduction: the helium dimer

*He, X 'S} extremely weakly bound, only one quantum state (v =0, J=0)
(D, =7.650(3) cm™!, r. =2.968(6) A, Dy =0.00120(3) cm™1)
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*He, [(10g)*(10y)]|2s0, a °Lf: T, =17.86 eV, long lifetime (18 s)
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early calculations: ry =1.085 A, D, =2.47 eV
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extrapolation from He, Rydberg states (v =0: N* <21, vF =1: Nt < 15):
We=1698.6 cm™!, B.=7.211cm™ !, r.=1.0806 A:

To = 34302.3(10) cm™! (wrt Hep a °X )
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Experimental setup
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Performance of the pulsed discharge
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Pulsed-field-ionization zero-kinetic-energy photoelectron spectroscopy
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PFI-ZEKE photoelectron spectrum of *He}
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PFI-ZEKE photoelectron spectrum of 2He}
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photoionization spectrum of *He}
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ion signal (arb. units)
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4H62 3H€2

v, vt =0 v, vt =1 v vt =2 v, vt =0
T, (cm™) 0.0 1732.1615° 3386.50247 0.0
B, (cm™!) 7.589142 7.348742 7.101752 10.0386(95)
D, (107* cm™1) 5.61537 5.6538° 5.74397 9.90°
H, (1078 cm™1) 3.227 2.847 3.31?
Tr—T,(cm™1)  34302.236(20) 34198.390(24)  34102.102(46) 34292.298(27)
T, —T5 (cm™) 0.0 1628.416 3186.469 0.0
B (cm™1) 7.09796(25) 6.87394(52) 6.6528(27) 90.3884(91)
DF (107* cm™1) 5.012(5) 5.094(18) 5.79(28) 9.051(94)

4 Fixed to the values of C. Focsa, P.F. Bernath, R. Colin, J. Mol. Spectrosc. 191, 209 (1998).

b Derived from the value of “Hes.

*Hel: B.=7.20997(46) cm™1, r.=1.08102(3) A [HT: r.=1.052 A]
We = 1698.578(106) cm™ !, wexe =35.131(40) cm™, k=340 Nm™!  [HI: k=160 Nm™!]
Lit.: B.=7.211cm™!, r,=1.0806 A (theor.: 1.0811(3) A)
We = 1698.6 cm™!, wex. =35.25 cm™!; T — To = 34302.3(10) cm™*



Conclusion

e Improved molecular constants for X* 23 state of *“Hed (incl. v =2)
e First spectroscopic data for *He; a °X and He} X* 21 states

e PFI-ZEKE data consistent with results from MQDT analysis of photoionization
spectrum

Published in: J. Chem. Phys. 128, 164310 (2008).



Symmetries and selection rules

Doh(M) | E (12) E* (12)
/\g +s | 1 1 1 1
AF 4all -1 1 -1
A, —all -1 -1 1
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N=2T1A,. (M=%,,-s)
lrRya  +s £ even
—s £ odd
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Symmetries and selection rules

Doh(M) | E (12) E* (12)
/\gL +s | 1 1 1 1
Ab 4all -1 1 -1
A, —a|l -1 -1 1
A, —s | 1 1 -1 -1
N=2T1LA,.. (M*=%;,-s)

[rRyg +s £ even
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—a N odd

/_nspin +s w= (2/ + 1)(/ + 1)
+a w=(2/+1)/

[int +s  for bosonic nuclei
+a for fermionic nuclel

electric dipole transitions: (/‘éspin:/‘éfspin)
[e® e D —S
photolonization:
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2sa Ll = np LT N —N"=+1
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(p photoelectron: Nt — N" =0, +2)



lonization from 2so, orbital with dominant s character (N* — N” = 0 strong) and
small d contribution (Nt — N"” = £2 weak)
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