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Figure 1 Layout of Dalian coherent light source (DCLS) (color online).
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Table 2 Operation time statistics of DCLS

F B (h) F UL () R HLI o (%) WL FFH #(%) (%)

2019 7061.5 5726.4 81 76 37

2020 6319.2 5601.8 88.6 97.3 61

2021 5795.4 3028.5 523 90 65

2022 7380.2 5897.6 79.9 92.9 63
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Figure 2 Gain curve of FEL-1 with tapered undulator. The highest

single pulse energy can reach 1 mJ (@120 nm) (color online).

Total 1+1' REMPI energy (eV)

186. 165 164 16.3 16.2 16,1 160 159
3000 A’N (v'=1, nd) «— A5 (v'=1)
Cutler et al. T T 1
8 i
2 2500 : Cutler et al.
2 i
2 : N (v'=0, nd) ~ A’E (v'=1)
g 2000 Barretal. § s ?’5
> : ” |
G |« .
2 |
§ 15004 | 1
£ i r ‘\ (A
= : 'S | | o | o
S 1000 : \[‘, [ L
o H 1] 2 : [ )
5 [ &« ¢% | 1t 0 [ 4
L= S : 3 S A | A | Nl
. ; / | \ e
o ’ s o |
TR S W o .S ! e
5 . s OR o vt ol e

. T T T T T T T T
101.0 102.0 103.0 104.0 105.0 106.0 107.0 108.0
VUV wavelength (nm)

Bl 3 OHH HAE(1+1)REMPINE. [ i T OGBS IR
o B A (4 ROR )
Figure 3 1+1° REMPI spectra of OH. The FEL wavelength is
continuously tunable in a wide range, which is essential to get the
spectra of radicals [4] (color online).
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Figure 4 (a) The schematic diagram of the VUV FEL based molecular photochemistry station [6]; (b) the OH internal energy distribution from the

H,O photodissociation at 115.2 and 117.5 nm [7] (color online).
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Figure 5 Comparison of mass spectra of vanillin ionized by the
tabletop (a) FWM (118 nm) and (b, ¢) the VUV-FEL (118 and 135 nm).
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Figure 6 Photoionization mass spectrum of the compounds generated
from the reactions of a-pinene ozonolysis by VUV-FEL.
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Abstract: A free electron laser with high brightness, and ultrafast laser pulses in the vacuum ultraviolet (VUV)
wavelength region is an ideal light source for the excitation of valence electrons and ionization of molecular systems
with very high efficiency. It is quite helpful for studies of important dynamic processes in physical, chemical and
biological systems. Dalian coherent light source (DCLS), as the unique VUV light source from 50—150 nm in the world,
has delivered bright optical beams in picoseconds or 100 femtoseconds for such researches 24 h per day since first lasing
in 2017. After 5 years operation DCLS has become a highly distinctive facility with high brightness and short pulse in
the VUV range, which enables researchers from diverse fields to carry on scientific research. This article focused on the
typical method and research at DCLS.

Keywords: free electron laser, cluster, photochemistry, biomolecule photodissociation, energy catalysis, ultrafast
excited state molecular dynamics
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