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Initial applications of threshold photoelectron-photoion
coincidence velocity imaging technique
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Abstract: Threshold photoelectron-photoion coincidence ( TPEPICO ) velocity imaging based on
synchrotron radiation ionization utilizes a double velocity map imaging to simulateneously control the
trajectories of electron and ion, thus improving their collection efficiencies and energy resolutions. Using
this technique, some experimental investigations of atoms and molecules were performed, and the
corresponding threshold photoelectron spectroscopy (TPES), TPEPICO time-of-flight mass spectroscopy
TPEPICO spectroscopy, and TPEPICO velocity imaging were measured. Therefore, this novel technique
can be applied to studies of ionic structure, identification of components in mixture and dissociation
dynamics of state-selected ions.
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A total of 21 electrodes are design for ions. The trajectories
from center to outside are for the ions with 0 eV (green),
0.1 eV (blue) and 0.8 eV (purple) kinetic energies, respectively.

The extraction electric field in simulation was 14 V « cm™!

E1 ZZEREEHERTEMAREERNEFM
BFEHRELEF-ABFHEEERGIEMNAN
SIMION #l& % 1T i
Fig. 1 Geometric diagram of the velocity focusing optics
and simulated trajectories for both electrons and ions
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Simulated results for hot electrons and ions with different Kinetic energies.

1

hot electron

ion

ionization region

kinetic energy/meV  radius/mm

ratio of electron

kinetic energy/meV  radius/mm resolution Av/ v

10 5.3

20 7.3
1 mm X4 mm

30 8.8

50 11.3

6.3%
4.4%
3.6%
2.8%

0.1 6.4 0.5%
0.5 14.2 0.6%
0.8 17.8 0.9%
1.0 19.8 0.9%
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Tab.2 Assignment and ionization energy of the threshold photoelectron spectrum of N, O (A2X1)
ionization energy/eV
assignment

TPES* TPESP PFI-PES* Held

16. 390 16. 391 16. 3905 16. 40 (0,0,0)A?ST<(0,0,0)X'ST

16. 560 16. 560 16. 5574 16. 56 (1,0,00A?ST<(0,0,0)0X'ST

16. 700 16. 698 16. 6943 16. 66 (0,0,1)A?ST<(0,0,0)X'ST

16. 730 16. 728 16.7221 16.73 (2,0,00A?ST<(0,0,0)0X'ST

16. 865 16. 864 16. 8575 (1,0, 1)A?ST<(0,0,0)0X'ST

16. 895 16. 892 16. 8861 (3,0,00A?ST<(0,0,0)X'ST
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Fig. 4 Threshold photoelectron-photoion coincidence
time-of-flight mass spectrum of Ne isotopes

at the photon energy of 21.565 eV
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Fig. 5 Threshold photoelectron-photoion coincidence
time-of-flight mass spectrum from NO molecule,
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Fig.7 (a) Threshold photoelectron-photoion coincidence
velocity image of Net , hy =21.565 eV.

(b) Threshold photoelectron-photoion coincidence
time-sliced image of N fragment ion dissociated

from energy-selected NO* (¢*TI.vt =0) ion, hv =21.722 eV
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