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Here we discuss the following topics: I) the method used &y the experimental

images; Il) the four path model

1 Imageanalysis

The method of data analysis for the differential cross sedthages has been discussed
in detail previously-?, so only the relevant details will be given here. The prolitgbi

of detecting a single scattering evemtjs given by*:

| (Xn,Yn) = &7 (Xn, Yn) Pscat( 6) R//H(enixg), 1)

where« (xn,yn) is the apparatus function for a pixel of positiog, y) on the detector,
Pscat( ) is the angular scattering distribution (proportional te BCS) andR, 4, is the

polarisation dependent transition probability. The Ealegles,xp, can be determined
from the relative orientation of the scattering frame (dedibbyk andk’) and the laser
frame (defined by the electric vector of the light, and thedion of laser propaga-
tion)!. The polarisation dependent transition probability camxgressed in terms of

the Hertel-Stoll renormalized PDDCSs:
Ry /n (60 XD) = 1+ ;péfwn)FJf (XD)- 2)
q

The Fq{ik} (xp) functions are defined in Réfand contain the geometric information
needed to calculate the contribution of a particular PDDXG&e that, when substituted
into Eq. (1), the first term in Eq. (2) corresponds to the philiig of detecting a single

scattering event without polarisation, and is that whicheiguired to determine the

DCS!.



Obtaining the differential cross sections

When fitting the experimental images to obtain the DCSs, tldbp!éf(e) renormal-
ized PDDCSs are assumed to be correct, and are used to adootire polarization
of 5/ following the collision. The DCS can then be expanded in teofiLegendre

polynomials according to:

21+1

Pscat(0) = Z al’R(cosh). ()

wherea(!) are the expansion coefficients aP@cosd) are thd™" Legendre polynomial.

The intensity of the experimental image can then be fit as:

IeXp(Xv vaP) = % Z(Zl + 1)a(I)B| (Xv anP)v (4)

where the basis functions are given by:

B| (Xv vaP) - H (COSG)JZ{(X, y)

1+ ;péf(enwéf (xp>] : (5)
q

The experimental images recorded using horizontally anticedly polarized light
were fitted separately using up to 12 basis functions anditbéits averaged to obtain

the experimental DCSs presented in the main paper.

2 Four path modd

A simple hard shell ellipse model, which approximates thetecing process as oc-
curring via four limiting pathways can be adapted to prethet stereodynamics of
oriented NO + Ar scattering. It has previously been used égligt the position of the

parity dependent oscillations observed in the DCSs of théXy@® Ar systen?*. The

scattering amplitude can be writtén

froi(0) O1+4e (BA-TBR/2) 4 gHimhp/2 | o ibp (6)



whereAp = p’ — p is the change in the total N®] parity, with Ap/2 = 0 in the case
of parity conserving transitions amdgp/2 = 1 for parity changing transition&g, and
Aqy are the relative phase shifts associated with scatteraorg &ither the pointed ‘N’
or ‘O’ ends of the molecule and the flatter midéllé=or a near homonuclear molecule

these phase shifts can be writfef

H
Dgh = (BJ3,— P2 jeost [ ), 7)
Ajgn

wherejg  is the amount of momentum transferred if the XQ(nolecule is struck at

then= N orn= O end of the molecule and scattered though an afigle
. . . (0
Ajgn = AjmaxnSin 5 (8)

andAjmaxn is the maximum amount of momentum transferred if the mokeiper-
fectly backscattered. Assuming a hard shell potential @Agiis the major semi-axis

for endn of the ellipsoid andB, is the minor semi-axis
Ajmax,n = Zk(An - B) ) (9)

wherek = p/h'is the wavevector, angdis the linear momentum.
It follows from Eg. (6) that the parity conserving and chamgscattering ampli-

tudes can be writteh

feond8) O 24 e AN g 1000

fohang8) [ e (ANT) | g ibd0 (10)

These expressions can be used in equation (7) of the maim fmapbtain the expres-



sions for the four path model differential cross sections

do(8) O % [0 {6+ 4(coshgy + COsA) +2cosAgy — Ago) )

+  2B*(1—codApy — Ago)) — 4af (coshgo — coshan)]  (11)
% [a? {6+ 4(CosA@ + COSAG) + 2 coS Ay — Ago) }

+  2B%(1-coSAgn — Ago)) +4af (COsAG — cosAgy)] . (12)

dag (6)

O

As given in the main text, the expression for the normalizéférnce DCSs is there-

fore given by:
4a 3 (cosAgy — CoOA@)

dogir (8) =
i (6) doP(0) +do(8) (13)
with
do(8)+do(8) = a?[6+4(cosham +CosA@) +2cosApy — Ag)]
+ 2B2[1-cos(Agy — Ago)] - (14)
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