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Linear spectra

The expressions for the linear spectra are
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Here, i, are the one-exciton transition dipole moments, i, =Y., cku,, and P{? is the excited-state quasi-stationary equili-

brium population of the k —rh excitonic state (calculated by Boltzmann equilibrium, i.e. no nonsecular effects). The .7, ,

are the lineshapes arising from the propagation of the optical coherences py,(r) with the bath in the ground/excited state:
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Pump-probe spectra

The broadband pump-probe spectra are calculated in the doorway-window picture similar to? ? :
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Here, the contributions are GSB, SE and ESA, respectively, (e),, denotes the orientational average, dependent on the pola-
rization sequence employed. For the broadband pump-probe experiment parallel pulse orientation was used, (a, b, c,d>” =
i ((a-b)(c-d)+(a-c)(b-d)+(a-d)(b-c)). The lineshape for the two-one-exciton coherences is given by
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where
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is the 2-exciton lifetime broadening of the 2-1 exciton coherence, without the pure dephasing which is governed by the
cumulant expansion. The lineshape functions transform as
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rowband pump, broadband probe spectrum was calculated as
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Here, the selection of the doorway by the narrowband pump pulse is given by the lineshape including its apparent broa-
dening by interaction with the finite pulse:

Zop(0p, @) = /oodtei(wP—wkg)f—gkkkk(f)—%f—a%. (8)
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This expression is valid for Gaussian pump pulses centered around @wp and of the envelope o e~ This is obtained by
integrating the doorway in Eq. A2 of’ over ¢ and holds only in strict factorization of the three propagation intervals
in the 3rd-order nonlinear response calculation (e.g. no rise of the signal in the waiting time 7 due to finite pulse
duration). The angle between the pump and probe was set to the magic angle 54.7° , yielding the isotropic contribution
(a,b,c,d),,, = 4 (a-b)(c-d). Both the narrow- and broadband calculated pump-probe traces are finally convoluted with a
ﬁrpulw wide Gaussian pulse to account for the initial signal decay during the action of the pulse. As we do not calculate
the negative-time pathways, we plot only the 7 > 0 part.

We note that, including the orientational averaging and averaging over an energetic disorder, the above-described
calculation is on the edge of what is achievable on a modern desktop computer.
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Fig. S1 Energy relaxation in case of halved (blue) or doubled (green) inter-pigment coupling and doubled B800 ring energy disorder (red). Left:
calculated relaxation time distribution excited at 800 nm, right: average relaxation time across the excitonic manifold.
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Fig. S2 Correlation of thermally averaged B800->B850 intra-ring energy transfer with the quantities presented in Fig. 5 of the main text. The ellipses

are 95% confidence ellipses, the numbers are Pearson’s correlation coefficients, red values are p = 0.05 significant correlations. The intra-ring transfer
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Fig. S3 Measured broad- and narrowband transient absorption spectra

2500 -+

2000 -+

1500

10004 | —=— Recorded data

—— Fitted effective model
| I |

500 A
{
] | -
: :

I
0 25 50 75 100 125
Time (s)

Intensity (cps)

Fig. S4 An exemplary intensity trace of a single LH2 exhibiting blinking behavior and stepwise photobleaching. The dark states are only briefly visited,
the LH2 spends most time in the bright state.
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Fig. S7 Pulse spectra used for the narrowband P-

(a) Pump spectrum



