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Interferences are genuine quantum phenomena that appear whenever two seemingly distinct classical trajectories lead to
the same outcome. They are common in elastic scattering but are seldom observable in chemical reactions. Here we report
experimental measurements of the state-to-state angular distribution for the H + D2 reaction using the ‘photoloc’
technique. For products in low rotational and vibrational states, a characteristic oscillation pattern governs backward
scattering. The comparison between the experiments, rigorous quantum calculations and classical trajectories on an
accurate potential energy surface allows us to trace the origin of that structure to the quantum interference between
different quasiclassical mechanisms, a phenomenon analogous to that observed in the double-slit experiment.

Often chemical reactions are described successfully by classical
mechanics in which nuclei follow trajectories governed by an
electronic potential. When valid, this concept has much

appeal to chemists because it provides an intuitive picture of the
reaction mechanism based on the classical mechanics of the
nuclear motions. This approximation is the gist of the quasiclassical
trajectory (QCT) method in which quantum mechanical (QM)
binning is imposed on the results of the classical motions of the
nuclei. For many reactive scattering systems, QCT calculations are
able to reproduce closely the experimental measurements and are
in good accord with rigorous QM calculations1–6. A fully
quantum treatment in which the motions of both electrons and
nuclei are described in QM terms is only feasible for a quite
limited set of reactions that involve just a few light atoms.
Consequently, QCT methods are our most handy option for study-
ing complex systems. Therefore, great interest exists in elucidating
situations in which quasiclassical methods are a poor approximation
or fail entirely.

Typically, the good agreement between the pure quantum and
the quasiclassical methods only breaks down: (1) below the classical
barrier at which the importance of tunnelling is paramount,
(2) where quantum phenomena, such as dynamical resonances, take
over the classical behaviour and (3) at very low collision or recoil
energies where the de Broglie wavelength of the chemical species is
large in comparison with the characteristic length of the potential
energy surface (PES). In addition, interferences between different tra-
jectories, similar to those observed in the double-slit experiment,
constitute a genuine quantum phenomenon that appears quite com-
monly in elastic7–10 and, to a lesser extent, in inelastic collisions10–14.
Some experiments have evinced oscillations in the reaction differen-
tial or integral cross-section as a function of the energy15–17 that are
well accounted for by QM calculations. Dai et al.15 clearly observed
energy-dependent oscillations in the differential cross-section
(DCS) at a fixed backward scattering. These oscillations were
explained as interferences through the network of quantum
bottleneck-state pathways, and are also manifested in the reaction
probabilities. Oscillations in the energy-dependent DCS were also
observed as a consequence of the presence of individual partial

wave resolved resonances for the F + HD reaction17, as well as in
the integral cross-section for the S(1D) + H2 reaction16. However,
interferences between different groups of partial waves are not
observed easily in reactive scattering, as the averaging over collision
energies, initial and/orfinal states, as well as over afinite range of scat-
tering angles (θ), usually blurs any pattern expected to be associated
with interferences. This is the case for the interferences between near-
side and farside trajectories18 that cause peaks in the extreme forward
region of the DCS (similar to the glory scattering interferences found
for inelastic and elastic collisions) but do not survive energy
blurring19.

Here we report experimental state-to-state angular distributions
for the H +D2 reaction at a collision energy of 1.97 eV
(Ecoll = 1.97 eV) that are well reproduced by rigorous QM methods
but, somewhat surprisingly, not by the quasiclassical approach.
Analysis of the classical results reveals that several classical scatter-
ing mechanisms occur simultaneously at the collision energy of the
experiment along with small values of the product rotational
angular momentum. We find that no clear evidence of these mech-
anisms is obvious in the quasiclassical state-to-state DCSs because
their outcomes overlap in the range of scattering angles where
they could be observable. In contrast, when QM calculations are
carried out, structures appear as relatively sharp peaks in the
backward scattering hemisphere, in excellent agreement with
experimental measurements. As is shown later, similarly to the
observations in a double-slit experiment, quantum interferences
between the various mechanisms change and govern the angular
distribution of the HD products. Owing to its quantum nature,
this effect cannot be described in terms of the classical motion of
the nuclei, and the QCT method fails. These mechanisms are
characterized by different values of the total angular momentum
J, which makes it possible to investigate theoretically the effect of
‘closing’ or ‘opening’ one of the slits in the two-slit experiment
and determine the origin of the interferences.

Results and discussion
QCT results cannot account for the oscillations observed in the
v′ = 1 DCSs but reproduce the v′ = 3 overall behaviour. Figure 1
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presents experimental centre-of-mass angular distributions for
some selected final states of the HD product in the H +D2

reaction at Ecoll = 1.97 eV. Each intensity I(θ) has been multiplied
by sin θ to yield the DCS, which is depicted along with the
corresponding QM and QCT simulations (see Methods). As can
be seen, for HD(v′ = 1, j′ = 0 and 1) there are three characteristic
peaks in the 100–180° angular range. As the product rotational
excitation increases, the number of peaks observed in the DCS
decreases; finally, for HD(v′ = 1, j′ = 5) only one peak is observed.
These results are found to be in very good agreement with
rigorous time-independent QM results carried out on the BKMP2
PES20. The calculations show that these peaks are especially
prominent for the initial D2(v = 0, j = 0). In contrast, QCT
calculations on the same PES fail to reproduce the experimental
behaviour and, regardless of the rotational excitation of the
HD(v′ = 1) product state, we consistently find two relatively
unstructured peaks in the backward region.

Figure 2 shows angular distributions for the formation of HD(v′ = 3,
j′ = 0–3). For j′ = 0, the experimental DCS shows a principal peak in
the backward region 150–180° and a series of oscillations that cover a
broader angular range. For HD(v′ = 3, j′ = 1–3) only a clear backward
peak is present. The most salient feature, however, is that no struc-
tures found for HD(v′ = 1, j′) seem to appear in the backward
region, irrespective of the final rotational state. Except for the
extreme forward region, the experimental DCSs are found to be
consistent with the QM and QCT results. It is remarkable that the
QM/QCT agreement is significantly better for HD(v′ = 3) than for
HD(v′ = 1), in contrast to the deviations that might be expected
between the results from both approaches at low recoil energies.
These findings suggest that the backward peaks in the DCS for
v′ = 1 and 3 may have different origins and, although the peaks
for v′ = 3 could have a classical origin, a pure quantum behaviour
would give rise to the oscillations for v′ = 1.

As mentioned above, classical mechanics has proved to be very
useful for interpreting various observables in reaction dynamics.

Specifically, for the H + D2 reaction, it has long been shown that
Newtonian mechanics accounts almost quantitatively for most of
the experimental and rigorous QM results (see Aoiz et al.1,
Jankunas et al.2,3 and Schnieder et al.4, and references therein).
Therefore, it seems appropriate to resort to nuclear mechanistic
interpretations to dissect the various mechanisms that participate
in the reactive collisions at the collision energy and final states
examined here.

The various regions of the classical deflection function can be
associated with different mechanisms. In Fig. 3a the classical
deflection function, that is, the joint reaction probability (Pr) as a
function of θ and total angular momentum, J (for j = 0 also the
orbital angular momentum), Dr(J, θ) = (2J + 1)Pr(J, θ) sin θ, is
shown in a gradational contour map. The joint distribution is
flanked by the QCT angular distribution on the top and the
opacity function on the left, resulting from the integration of the
joint distribution over J and θ, respectively. The various regions in
which scattering is appreciable are labelled numerically.

Roughly speaking, we can differentiate three regions. That
labelled (1) is associated with low J (small impact parameters)
and scattering angles in the 100–150° range. Analysis of trajectories
that pertain to this region shows that the mechanism can be
characterized approximately by the illustration labelled (1) in
Fig. 3b, namely small impact parameters and attacking angles far
from collinearity. This mechanism, for which the transition state
tends to be T-shaped, only takes place at a sufficiently high collision
energy and has been discussed previously by Greaves et al.21,22 and
termed ‘the Ear’. This mechanism accounts for most of the reactivity
at this collision energy and final states. The region labelled (2) also
corresponds to small impact parameters, but with scattering angles
closer to the extreme backward direction, in the 150–170°
angular range.

The slope of this band is opposite to that found for mechanism (1).
The most characteristic feature is that these collisions are ‘farside’
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Figure 1 | Comparison between experimental and theoretically simulated angular distributions for H +D2→ HD(v′ = 1, j′) + D at a mean collision energy
of 1.97 eV. a–f, Results for the state-resolved DCSs (multiplied by sin θ) v′ = 1, j′ = 0–5, respectively. The blue points represent the experimental data.
Experimental data (Exp) are a mean of 3–5 scans and the associated error bars in the ordinate scale correspond to one s.d. The error bars in the abscissae
represent the uncertainty that results from the fundamental limitation of our speed resolution caused by HD+ recoil. Black and red curves correspond to QM
and QCT simulations, respectively, that include the averaging over the experimental collision energy, the D2 rotational state distributions and the angular
resolution. The conspicuous backward oscillations for j′ =0–2 (a–c) disappear with increasing rotational state (f). Although the finger-like pattern is
reproduced well by the QM calculations, the QCT cannot account for the observed structure.
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deflected18,23, that is, the orbital angular momentum changes sign
after the collision. These two mechanisms only take place
at sufficiently high collision energy and low rovibrational states.
The regions labelled (3), (3′) and (4) fall along the main
diagonal that runs from low J values and high θ to high J values
and scattering angles in the forward region. The associated

mechanisms, sketched in Fig. 3b, correspond to progressively
larger impact parameters (or angular momenta) and smaller
scattering angles. This band, with a strong J–θ correlation, was
previously termed21 ‘the Spiral’ and is associated with collinear
transition states. This mechanism can be expected on the simple
grounds for direct bimolecular reactions. It is the mechanism
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Figure 2 | Comparison between experimental and theoretically simulated angular distributions for H +D2→ HD(v′ = 3, j′) + D at an average collision
energy of 1.97 eV. a–d, Results for the state-resolved DCSs v′ = 3, j′ =0–3, respectively. The blue points represent the experimental data. Experimental data
are a mean of 3–5 scans and the associated error bars in the ordinate scale correspond to one s.d. The error bars in the abscissae represent the uncertainty
that results from the fundamental limitation of our speed resolution caused by product recoil. Black and red curves correspond to QM and QCT simulations
that include the averaging over the experimental collision energy, the D2 rotational state distributions and the angular resolution. In contrast to the results for
v′ = 1, regardless of the product rotational excitation, there is only one peak in the backward region of the experimental DCS that is well accounted for by
both QM and QCT approaches.
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Figure 3 | Interpretation of the classical deflection function for the H +D2(v = 0, j = 0) → HD(v′ = 1, j′ = 0) +D reaction at Ecoll = 1.97 eV. a, The classical
deflection function, (2J + 1)Pr (J, θ) sin θ, in terms of the scattering angle and the total angular momentum. The top and the left parts of panel a show the
QCT angular distribution, I(θ) sin θ, and the opacity function, (2J + 1)Pr (J), obtained by integrating over J and θ, respectively. b, Sketches of mechanisms that
correspond to the various regions labelled in the classical deflection function (panel a). deflection angle, χ, is indicated (θ = |χ|).
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that dominates the DCS for the formation of HD at low
collision energies.

There are some interesting features in the J–θ distribution:

• Mechanisms (1) and (2), with the smallest impact parameters, do
not give rise to scattering at extreme backward angles.

• Only mechanism (3), with J ≥ 6, is responsible for scattering at
180°. In contrast to what could be expected, the peak at the
lowest J values does not result in the shoulder of the DCS at the
highest θ, but in a second peak.

• By simple examination of the DCS it is not possible to assign scat-
tering angles to the impact parameters.

• Mechanisms (3) and (3′) share the same scattering angles as (2)
and (1), respectively.

As the oscillations in the DCS are especially prominent for j = 0,
hereinafter we restrict our analysis to this initial state.

Figure 4 comprises the results for the H +D2(v = 0, j = 0) → HD
(v′ = 1, j′ = 0, 3 and 5) + D reactions. In the left panels, the QCT

deflection functions, Dr(J, θ), are depicted for the various states.
For HD(v′ = 1, j′ = 0) (Fig. 4a) there is a clear distinction between
the various mechanisms already discussed. However, as j′ increases
(Fig. 4c,e) several trends can be readily observed. The region labelled
as (1) in Fig. 3 extends to larger impact parameters and tends to
coalesce with the Spiral. Concurrently, the ‘farsided’ mechanism
(2) become less obvious and merges with (3). For j′ = 5 (Fig. 4e),
the range of angular momentum that corresponds to mechanisms
(1) and (3′) become almost contiguous.

The shape of the DCS is governed by the quantum interference
between different classical mechanisms that give rise to
scattering at the same angle. The deflection function is an ill-
defined concept in QM as the angular distribution depends on
the coherences between the different values of J caused by the
cross terms in the expansion of partial waves. Indeed, the
random-phase approximation, which neglects the coherences
between different J values, gives rise to a symmetric angular
distribution24. However, it is possible to calculate the DCS for a
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Figure 4 | Origin of multiple peaks in backward scattering of HD(v′ = 1, j′ = 0, 3, 5) products. a,c,e The joint QCT J–θ distribution,
(2J + 1)Pr (J, θ) sin θ, analogous to that displayed in Fig. 3a, for the v′ = 1, j′ =0, 3, 5 HD states, respectively. b,d,f, The decomposition of the QM angular
distributions from the contributions of various sets of J for the same final states. The notation DCS(J1−J2) means that the DCS is constructed by including
partial waves in the range [J1, J2] and the corresponding cross terms (see Supplementary Methods for details). Regardless of the rotational state considered,
most of the QM reactivity comes from small values of J. However, the sole consideration of those partial waves does not account for the finger-like structure
shown in the backward scattering region. Quite the contrary, coherences between different groups of partial waves are necessary. Therefore, it is not
surprising that QCT calculations cannot reproduce the oscillations in the QM and experimental DCSs.
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given range of J values. Accordingly, each of the lines drawn in the
right panels of Fig. 4 and labelled as DCS(J1−J2) represents the DCS
(multiplied by sin θ), including the contributions of all partial waves
in the [J1, J2] interval (see the Supplementary Methods). The total
angular distribution, whose expansion includes all partial waves
until convergence, is labelled as DCS.

Typically, this analysis reveals a strong correlation of the various fea-
tures in eachDCSwith specific ranges of J, and that coherences between
groups with different J values are usually not relevant (see, for instance,
Panda et al.25). This is the expected behaviour3 for direct ‘classical
billiard-ball’ collisions for which we find an almost one-to-one corre-
spondence between θ and J and, indeed, it is the behaviour observed
for the case in which the Spiral is the only mechanism.

Nevertheless, when we analyse the DCSs for HD(v′ = 1) for
different groups of J (panels on the right in Fig. 4), we observe a

completely different scenario. First, for low j′ states, almost all the
reactivity comes invariably from low values of J that correlate with
the Ear mechanism (in good agreement with the QCT picture).
Remarkably, if only the small values of J are included in the
expansion, the resulting DCSs (blue lines in Fig. 4b,d,f ) are
dramatically different from the actual DCS, and effectively
resemble the QCT DCSs. Second, collisions with larger J (the
Spiral) barely contribute to the reactivity (orange and green lines
in Fig. 4b,d,f ). However, these partial waves exert an enormous
repercussion on the shape of the total DCS and give rise to the
characteristic pattern found in the experimental and QM
angular distributions.

When the classical mechanisms are characterized by significantly
different values of J, as in Fig. 4a for the HD(v′ = 1, j′ = 0) formation,
they interfere, which results in the presence of several finger-like
peaks in the DCS. Thus, the interferences between mechanisms
(1) and (3′) and between (2) and (3) would be responsible for the
pattern in the angular distribution. Accordingly, the DCSs built
up with all the partial waves from J = 0 to 21 reproduce almost
exactly the DCS in the 110–180° angular range. In turn, scattering
in the forward hemisphere is exclusively caused by J ≥ 22 partial
waves, mechanism (4).

To examine in more detail the origin of each of the peaks that
appear in the backward hemisphere of the angular distribution
for HD(v′ = 1, j′ = 0), we disentangled the various regions, as
shown in Fig. 5. Figure 5a displays the DCS calculated when only
the J values that correspond to regions (1) and (2) (J = 0–8) and
the part of the Spiral labelled as (3) (J = 9–14) are coherently
summed. The resulting DCS(J = 0−14) reproduces the two most
backward finger-like peaks, but fails to account for the magnitude
of the peak centred at ∼125°. Figure 5c shows the DCS(J = 0−8,
15−21) obtained when the partial waves associated with (1) and
(2) and the second part, (3′), of the Spiral (J = 15−21) are included.
In this case, the resulting DCS reproduces the peak at ∼125°, but
fails to replicate the peak in the most backward direction. Finally,
the DCS built up from:

DCSsum = DCS(J = 0–14) + DCS(J = 0–8, 15–21) − DCS(J = 0–8)

is represented as a green line in Fig. 5b. The DCS(J = 0–8) is sub-
tracted in the equation so as not to count it twice. There are
several implications in the almost perfect agreement between the
fully converged DCS and that derived from the equation. First, to
reproduce the converged DCS, it is necessary to include the two
groups of interferences: one comprises mechanisms (1) with (2)
and the other is constituted by (1) with (3′). Second, there are no
interferences between the two groups. The first is responsible for
the most backward peak almost exclusively, whereas the second
accounts for the peak at ∼125°. Third, although the major contri-
bution to the total DCS comes from J = 0–8 (red dashed line in
Fig. 5b), its shape is altered strongly by interferences that arise
from minor mechanisms.

Interestingly, the sole consideration of the QCT DCS and opacity
function does not allow one to disentangle the contributions from
the different mechanisms. The participation of these mechanisms
is revealed by the QM results via interferences. In a way, the situ-
ation is analogous to that of a double-slit experiment: the analysis
of the diffraction pattern allows us to determine the double-slit
characteristics more precisely than would have happened if the be-
haviour was purely classical.

Similar results were found for other rotational states of the v′ = 1
manifold. With increasing product rotation, some of the mechan-
isms lose their specific identity and some of the interferences pro-
gressively disappear. As a result, the number of finger-like
structures decreases gradually. The breakdown of the backward
interferences for HD(v′ = 1, j′ = 3) is shown in Supplementary Fig. 1.

DCS(J = 0–14)

DCSsum
DCS(J = 0–8)

DCS(J = 0–8, 15–21)

90 120 150 180

Scattering angle (°)

90 120 150 180

90 120 150 180

0.0

0.2

0.6

0.6

I(
θ)

 s
in

θ 
×

 1
03

 (Å
2 )

0.0

0.2

0.4

0.6

I(
θ)

 s
in

θ 
×

 1
03

 (Å
2 )

0.0

0.2

0.4

0.6

I(
θ)

 s
in

θ 
×

 1
03

 (Å
2 )

v´ = 1, j´ = 0

J = 0–8 

J = 15–21 

90
0

5

10

20

15

25

120 150 180

J = 15–21

J = 0–8 

J = 15–21 

0

5

10

20

15

25

90 120 150 180

a

b

c

Figure 5 | The interference between different classical mechanisms that
scatter at the same angle causes the multiple peaks observed in the
experimental DCSs for HD(v′ = 1, j′ = 0). The different panels illustrate how
interferences between the various mechanisms give rise to the finger-like
structures. a, The DCS(J = 0–14) (solid magenta line), which corresponds to
the first two groups of J, compared with the total DCS (grey-shaded curve
drawn in each panel). The DCS(J =0–14) can reproduce most of the two
last backward peaks. b, The DCS that corresponds to the J =0–8 group of
partial waves. Although most of the reactivity comes from these angular
momenta, the DCS(J =0–8) is very different from the actual DCS. The green
line shows the DCSsum, which includes all the coherences but those
between J = 9–14 and J = 15–21. The almost perfect agreement between
DCSsum and the actual DCS reveals that interferences between those two
groups are negligible. c, The DCS(J =0−8, 15−21) (blue line) overlaid on the
overall DCS. In this case, the first peak is well accounted for. Similar
analyses for HD(v′ = 1, j′ = 3) are given in Supplementary Fig. 1.
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For v′ = 3, the deflection function indicates that there are no
interferences between classical mechanisms. For v′ = 3, the
scenario is completely different, as shown in Fig. 6, and the only
surviving mechanism is that of the Spiral. Partial waves with the
lowest impact parameters now give rise to extreme backward
scattering and no clear interferences occur. Therefore, in spite of
the much smaller recoil velocity (and hence larger de Broglie
wavelength), scattering in v′ = 3 is ‘more classical’ than that in
v′ = 1. Actually, the DCS built with partial waves in the [0, 10]
interval agrees fairly well with the backscattered peak in the fully
converged one. For j′ = 1 only some interferences between partial
waves in the [0, 10] and [11, 21] J intervals cause a slight
displacement in the location of the maximum. Although QCT
calculations overestimate the backward peak, the overall shape and
magnitude is fairly well reproduced by the classical approach.

Conclusions
Even though the H +H2 reaction system and its isotopic variations
have been studied for a long time1, we still find new insights2,3. In
this study, we show that the major features of the differential scatter-
ing cross-section for certain HD products cannot be described ade-
quately in semiclassical terms, but require a full quantum treatment
for their explication. In summary, the analysis of the structures
found in the experimental angular distribution in the backward
region for the H + D2 → HD(v′ = 1, j′) + D reaction at high collision
energies shows unequivocally that they are caused by interferences
of groups of partial waves that span different ranges of total
angular momentum. The various groups can be assigned to different
classical mechanisms that take place under certain conditions.
Interestingly, the analysis of the quantum interferences serves
to identify those classical mechanisms. For higher vibrational
and/or rotational product states, some of these mechanisms

become no longer feasible and the interferences disappear. It is
expected that these kinds of interferences will not be restricted to
the H +D2 reaction.

Methods
Experiment. The DCSs of HD(v′ = 1 and 3, j′) states were recorded using a
three-dimensional ion imaging apparatus using the photoloc technique described
in detail in previous publications26,27. In brief, a mixture of 3–5% HBr in D2 was
expanded supersonically into a vacuum chamber through a 10 Hz pulsed valve,
which leads to the internal and translational cooling of reactants. D2 is prepared
almost exclusively in the (v = 0, j ≤ 2) internal states. The reaction was initiated by
using a pump laser that photolysed HBr at 199 nm to produce fast H atoms
(Ecoll = 1.97 eV), which reacted with D2 to produce HD products. The resulting
HD products were state-selectively ionized by a probe laser via a [2 + 1] resonance-
enhanced multiphoton ionization. They were detected in a Wiley–Mclaren
time-of-flight instrument equipped with a position-sensitive detector. The
conversion of the time-of-flight profiles to DCSs is described elsewhere26.

Theory. Time-independent quantum mechanics calculations were carried out on
the BKMP220 surface using the coupled-channel hyperspherical method
implemented in the ABC code28. To simulate the experimental conditions, the S
matrix was obtained for 90 different collision energies in the 1.85–2.12 eV range for
j = 0, and similarly for j = 1 and 2 (Etot = Ecoll + Ev,j = 2.04–2.31 eV) to cover fully the
experimental Gaussian distribution centred at Ecoll = 1.97 eV, with a full-width at
half-maximum (FWHM) of 0.1 eV (see Supplementary Fig. 2). The propagation
was performed in 250 sectors from 0.8 to 24.0a0. The basis included all the
diatomic energy levels up to 3.15 eV and Ωmax = 18 (where Ω is the helicity, the
projection of J onto the approach direction). All the partial waves up to J = 40
were included.

One batch of 15 million QCTs was carried out at Ecoll = 1.97 eV for the H + D2

(v = 0, j = 0) following the procedures described in Aoiz et al.29. In addition, to
simulate the experimental conditions, three batches of five million trajectories each
were run at j = 0–2 initial rotational states and the collision energy sampled
according to the experimental distribution. The integration step of 5 × 10−17 s and a
maximum impact parameter b = 1.3 Å were used in the calculations. The
rovibrational energies of the HD product molecules were calculated by semiclassical
quantization of the action and their values were fitted to Dunham expansions in
(v′ +½) and j′( j′ + 1). The (real) j′ value was assigned by equating the square of the
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Figure 6 | Coherences between different groups of partial waves for HD(v′ = 3, j′ =0, 1) products. a–d, The joint QCT J–θ distribution, (2J + 1)Pr (J, θ) sin θ,
for v′ = 3 and j′ =0 and 1 (a,c), and the corresponding build-up of the QM angular distributions (b,d). For v′ = 3 the Earmechanism has vanished (a,c) and
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classical HD rotational angular momentum to j′( j′ + 1)ћ2. The v′ value was obtained
by equating the internal energy to a rovibrational Dunham expansion for the given j′.
The trajectories were weighted according to Gaussian functions centred on the
integer QM vibrational action. In this work, we used the standard-value FWHM of
0.1 eV for the Gaussian functions. This method, called Gaussian binning, is
described in detail in Bonnet and Rayez30 and Bañares et al.31.

To simulate the experiments with the calculated QM and the QCT DCSs, shown
in Figs 1 and 2, we performed three averages: (1) over the experimental collision-
energy spread, which is well represented by a Gaussian function centred at
Ecoll = 1.97 eV and 0.1 eV FWHM (shown in Supplementary Fig. 2), (2) averaging
over the experimental D2 rotational distribution (0.39, 0.31 and 0.29 for j = 0, 1 and
2, respectively) and (3) averaging over the spread that results from the finite angular
resolution of the instrument. The effect of blurring the angular distributions
(averaging over the experimental conditions) is shown in Supplementary Fig. 3 for
the reaction that leads to v′ = 1, j′ = 0.
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