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1 Amplitudes of transitions are substantial
To demonstrate that there is a substantial contribution to phonon-
to-exciton transitions from each of the two phonons, Figures 1
and 2 show a small sample of the data. The curves show the full
model and the model with one phonon deleted. The model is de-
termined from the full transient absorption spectrum of 113,894
data points. In Figure 1, both phonons contribute. In Figure 2,
only the B phonon contributes to phonon-to-exciton transitions.
Since the B phonon has more energy, it induced absorption fur-
ther below the bandgap.
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Fig. 1 Points: Transient absorption data at 600 nm taken from Fig. 3 in
the main text. Curves: Model, with and without the contributions of the A
and B phonons.
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Fig. 2 Points: Transient absorption at 620 nm. Curves: Model, with and
without the contribution of the B phonon.

2 Evaluation of calculated standard errors
We calculated lifetimes and standard errors using a regression
and 113,894 measurements of transient absorption. To demon-
strate that the calculated standard errors are reasonable, we sim-
ulated 100 experiments by recalculating the lifetimes and stan-
dard errors from random samples of 25,000 (22%) measurements
out of the full data set. The results are not normally distributed
because time constants are non-negative. The result from a ran-
dom sample was judged to have a good standard error if the sam-
ple time constant was within two sample standard errors of the
overall time constant:

τn=113,894 < τn=25,000 +2∆τn=25,000 (1)

and

τn=113,894 > τn=25,000 −2∆τn=25,000. (2)

For τA, the two critera were met 59% of the time. For τB, the
criteria were met 95% of the time. Therefore we conclude that
the standard errors are reasonably reliable. In Figure 3 we show
how the calculated value of τA varies for different sample sizes.
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Figure 4 shows the same information for τB. If the sample size
is less than about 20,000, the model may not converge owing to
insufficient information.
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Fig. 3 The value of τA computed for various random sample sizes.
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Fig. 4 The value of τB computed for various random sample sizes.
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