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Experimental Details

In this experiment in total four dye lasers were used. The pump laser (204.9 nm, ~0.05 

cm-1 bandwidth, 6 ns pulse width) was used to excite NO ground state (X21/2) to the first 

electronically excited A2+ state by (2-0) band via the R11(0.5) transition. The dump laser 

(318.9 nm, ~0.05 cm-1 bandwidth, 6 ns pulse width) , which was pumped by the same Nd:YAG 

laser, was used to stimulate the emission from the A2+ state to the electronic ground state but 

vibrationally excited v=10 level by (2-10) band via the R11(0.5) transition. Both of these beams 

were combined and loosely focused to the interaction region using a UV fused silica lens 

(f=500 mm). The beam diameters at the interaction region were found to be around 2 mm. The 

laser powers of the pump and dump colors were kept at 0.9 mJ/pulse and 5 mJ/pulse 

respectively. The probe laser (278.6 nm, ~0.05 cm-1 bandwidth, 6 ns pulse width) excited the 

scattered products from the indicated rotational  doublet levels to the A2+ state via the (4-

10) band. The ionization was induced by another dye laser (327 nm, ~0.10 cm-1 bandwidth, 8 

ns pulse width) near threshold to prevent excess recoil from the electron to the ion. The laser 

powers at this instance was maintained at 130 J/pulse for the probe and 5 mJ/pulse for the 

ionization laser to prevent any direct (1+1) REMPI from the probe alone. These laser beams 

were also loosely focused to the interaction region using a UV fused silica lens (f=500 mm). 

The DC slice imaging setup in this machine consists of four lenses. The voltages given 

to these lenses were changed going from high collision to low collision energies to achieve the 

appropriate focusing conditions and resolution. For the high collision energy experiment 

voltages of 1000 V, 880 V, 773 V were applied to the repeller, first extractor lens and the 

second extractor lens. The third extractor lens was grounded. For the low collision energy 

experiment, it was changed to 400 V, 352 V, 309 V for the repeller, first extractor and the 

second extractor lenses. The images were recorded using a CCD camera (IDS UI- 2230 M, 

1024x768 pixels) and the centroiding and event counting was done by our home built NuAcq 



acquisition software. A scattering image for a particular rotational level has been recorded 

within a single day with 300,000 laser shots to get sufficient statistics. Images were typically 

recorded with 60000 laser shots and summed together to prevent blurring effects from the valve 

heating or other experimental conditions. The experimental center-of-mass DCS was plotted 

by integrating the edge of the raw scattering image without any reconstruction. 

Newton diagrams

Newton diagrams for the high collision and low collision energy experiments are given in Fig. 

S1. The initial velocities of NO and Ar as well as the center-of-mass (COM) velocity is 

indicated in the image. The scattering images presented in the main text and here are rotated 

so that the relative velocity vector is vertical.      

Fig. S1 Newton diagrams for the scattering images of high collision energy (Left) and low 
collision energy (Right) scattering of NO + Ar resulting in NO X21/2 (v = 10, j = 9.5, +f) and 
NO X21/2 (v = 10, j = 1.5, -f) respectively, indicating the initial velocities of NO and Ar and 
the COM velocity.  



Theory 

In this study both the  and  full dimensional PES’s were mapped out using 𝑉(𝐴′) 𝑉(𝐴")

the internally contracted, explicitly correlated, multi-reference configuration-interaction 

method with the Davidson correction (MRCI-F12+Q). Spin-orbit conserving collisions are 

usually governed by the summed potential ( ). For comparison we 𝑉𝑠𝑢𝑚 =  𝑉(𝐴′) +𝑉(𝐴")

present  for v=0 and v=10 in Fig. S2. Δ𝐸 =  𝑉𝑠𝑢𝑚(𝐴𝑟𝑁𝑂) ― 𝑉𝑠𝑢𝑚(𝐴𝑟 + 𝑁𝑂)

Fig. S2. Cuts through of  PESs for (top) v=0 Δ𝐸 =  𝑉𝑠𝑢𝑚(𝐴𝑟𝑁𝑂) ― 𝑉𝑠𝑢𝑚(𝐴𝑟 + 𝑁𝑂)
at the NO equilibrium bond length of 2.1863 bohr. (middle) v=10 at the average NO 
bond length of 2.3708 bohr. (bottom) v=10 at the outer turning point of the N-O 
potential


