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Fig. 1. Schematic illustration of laser control in the photodissociation process of CH,BrCl. (a) The model showcasing the photo-
dissociation dynamics involving the ground electronic state So(a'A’), as well as the excited adiabatic electronic states S(blA’)
and S2(c'A’). (b) Photodissociation channel along the Br—CH, reaction coordinate for different initial vibrational states |v'v'’) .
(c) The channel along the CI—CH, reaction coordinate for the same initial states [v/v’'). The black, red, and blue solid lines rep-
resent the adiabatic potential energy curves of ground electronic state S()(Véid) , the first excited electronic state Sl(Vfd) , and the
second excited electronic state So (V;d) , respectively. Notably, the red-dashed line and the black-dashed line represent the non-
adiabatic potential Vldi and VQdi.
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Fig. 2. For the initial vibrational states of |00), |01) and |02), (a)—(c) two-dimensional vibrational eigenfunction density distribu-
tions; (d)—(f) the dissociation probabilities of Br+CH,Cl and Cl+CH,Br channels in the weak-field limit (marked with PP and
PCl | respectively), and (g)—(i) the corresponding time-dependent dissociation branching ratios R; (j)—(1) and (m)—(o) as well as in

the strong-field limit.
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Fig. 3. For the initial vibrational states of |00), |01) and |02), (a)-(c) two-dimensional vibrational eigenfunction density distribu-
tions; (d)—(f) the dissociation probabilities of Br+CH,Cl and Cl+CH,Br channels in the weak-field limit (marked with PB" and

PC | respectively), and (g)—(i) the corresponding time-dependent dissociation branching ratios R; (j)—(1) and (m)—(o) as well as in

the strong-field limit.
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Fig. 4. Dependence of (a)—(f) total dissociation probability and (g)—(1) branching ratio of CH,BrCl on the chirp rate So and differ-

ent initial state |v/v”") in the weak-field limit.
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Fig. 5. (a)—(f) Total dissociation probability and (g)—(1) branching ratio in CH,BrCl as a function of chirp rate 89 and different ini-

tial state |v/v"’) in the strong-field limit.
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Fig. 8. Resonance Raman scattering phenomenon of the vibrational states of the ground electronic state induced by a chirped pulse

in the strong-field limit. For the initial vibrational states of |00), |10) and |20), (a)—(i) the time-dependent populations of the ini-

tial state P,/ , the total of remaining vibrational states of the ground electronic state P(t), and the two excited electronic states

Py and P, with three different chirp rates 8o =0, +30 fs%
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Fig. 9. Resonance Raman scattering phenomenon of the vibrational states of the ground electronic state induced by a chirped pulse

in the strong-field limit. For the initial vibrational states of |01), |02) and |11), (a)—(i) the time-dependent populations of the ini-

tial state P,/ , the total of the remaining vibrational states of the ground electronic state P(t), and the two excited electronic

states P; and P, with three different chirp rates 8o =0, +30 fs%
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Dissociation of chlorobromomethane molecules coherently
controlled by ultrafast strong field”

Jing Wen-Quan Y?#  Jia Li-JuanP#  Sun Zhao-Peng?
Zhao Song-Feng?® Shu Chuan-Cun V!
1) (Hunan Key Laboratory of Super Microstructure and Ultrafast Process, School of Physics,
Central South University, Changsha 410083, China)
2) (Key Laboratory of Atomic and Molecular Physics and Functional Materials of Gansu Province, College of Physics and Electronic
Engineering, Northwest Normal University, Lanzhou 730070, China)
3) (Institute of Theoretical Physics, School of Physics and Optoelectric Engineering, Ludong University, Yantai 264025, China)

( Received 8 October 2024; revised manuscript received 13 November 2024 )

Abstract

Coherent, control of molecular dissociation in ultrafast strong fields has received considerable attention in
various scientific disciplines, such as atomic and molecular physics, physical chemistry, and quantum control.
Many fundamental issues still exist regarding the understanding of phenomena, exploration of mechanisms, and
development of control strategies. Recent progress has shown that manipulating the spectral phase distribution
of a single ultrafast strong ultraviolet laser pulse while maintaining the same spectral amplitude distribution can
effectively control the total dissociation probability and branching ratio of molecules initially in the ground
state. In this work, the spectral phase control of the photodissociation reaction of chlorobromomethane
(CH,Br(Cl) is studied in depth by using a time-dependent quantum wave packet method, focusing on the
influence of the initial vibrational state on the dissociation reaction. The results show that modifying the
spectral phase of a single ultrafast pulse does not influence the total dissociation probability or branching ratio
in the weak field limit. However, these factors exhibit significant dependence on the spectral phase of the single
ultrafast pulse in the strong field limit. By analyzing the population distribution of vibrational states in the
ground electronic state, we observe that chirped pulses can effectively control the resonance Raman scattering
(RRS) phenomenon induced in strong fields, thereby selectively affecting the dissociation probability and
branching ratio based on initial vibrational states. Furthermore, we demonstrate that by selecting an
appropriate initial vibration state and controlling both the value and sign of the chirp rate, it is possible to
achieve preferential cleavage of Cl4+CH,Br bonds. This study provides new insights into understanding of

ultrafast coherent control of photodissociation reactions in polyatomic molecules.

Keywords: photodissociation, coherent control, initial vibrational states, resonance Raman scattering
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