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FIG. S22: Mean value of Rrec ≡ −!uT · p̂ !!
T /p!!T , which approximates the recoil response R, as a function of dimuon

pT (left) and dielectron pT (right). The distributions motivate the logarithmic parametrization of the response in
Eq. (S15). The simulation (red lines) models the data (blue circles) accurately.
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FIG. S23: Distribution of Rp!!η + uη for Z-boson decays to muons (left) and electrons (right) as a function of
Z-boson pT in simulated (lines) and experimental (circles) data. The detector response parameters a and b
(Eq. S15) are obtained by minimizing the combined χ2 of these distributions.

with the notion that event-to-event variations are prominent for very soft recoil, and are damped as the particle
multiplicity in the recoil increases.

The exponential distribution of fπ0 is parametrized by its values at utrue
T = 4 GeV and utrue

T = 15 GeV, provid-
ing uncorrelated parameters. We fit the one-dimensional distributions of the pη-balance separately for subsamples
restricted to p!!T < 8 GeV and 8 < p!!T < 30 GeV for these parameters, obtaining the values

f4
π0 = (89.1± 1.3stat)% , f15

π0 = (6.43± 0.35stat)% . (S19)

The fits to the pη-balance distributions are shown in Fig. S25. Other functional forms for fπ0 yield similar results
for observable distributions with no difference in fit quality. The procedure of tuning the kurtosis of the recoil energy
resolution on the distributions of pη-balance is a new feature that incorporates additional information from the data
compared to Ref. [43].


