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FIG. S24: Resolution on Rp!!η + uη in simulated (lines) and experimental (circles) data for Z-boson decays to muons
(left) and electrons (right).

3. Recoil angular resolution

The jet angular resolution depends on the recoil transverse energy, with the jet(s) becoming more collimated at
higher utrue

T resulting in better angular resolution. This trend is illustrated in Fig. S26, which shows distributions
of |φu − φ!! − π| in four p!!T ranges. The resolution of φ!! (determined by tracks) is substantially better than the
resolution of φu, so Fig. S26 demonstrates the variation of the φu resolution.

We parametrize the jet angular smearing σ(φu) by a continuous, piece-wise linear function in the ranges 0 < utrue
T <

15 GeV and 15 < utrue
T < 30 GeV. For utrue

T > 30 GeV we assume a constant σ(φu) where the dependence on utrue
T

does not matter, since we eventually require uT < 15 GeV for the mass-measurement sample. The parameters of this
function are its values at utrue

T = 9.4 GeV, 15 GeV, and 24.5 GeV, respectively, such that the statistical uncertainties
on the parameters are uncorrelated. The parameters α, β, and γ of the piece-wise linear function

σ(φu)− α ∝ 9.4− utrue
T /GeV utrue

T < 15 GeV ,

σ(φu) = β utrue
T = 15 GeV ,

σ(φu)− γ ∝ 24.5− utrue
T /GeV 15 < utrue

T < 30 GeV ,

σ(φu) = constant utrue
T > 30 GeV (S20)

are tuned on the distributions of |φu − φ!! − π| in the four p!!T ranges, shown in Fig. S26. The resulting values are

α = 272.7± 4.1stat mrad ,

β = 185.0± 3.1stat mrad ,

γ = 143.0± 2.4stat mrad . (S21)

The unspecified coefficients in Eq. (S20) are fixed by continuity. The procedure of tuning the recoil angular smearing
model on the distributions of |φu − φ!! − π| is a new feature that incorporates additional information from the data
compared to Ref. [43].

4. Dijet resolution

A small fraction of the W and Z boson events contain multijets recoiling against the boson. In the regime of low
boson pT selected for this analysis, most of the multijet events contain two soft jets. These dijet events contribute a
resolution component perpendicular to the direction of the boson pT . We parametrize the fraction f2 of dijet events
as a linear function of boson pT , with the parameters fa

2 specifying the average dijet fraction and fs
2 specifying the

variation in the fraction with utrue
T . These resolution parameters are tuned on the rms of the pξ-balance as a function

of p!!T , as shown in Fig. S27. The resulting parameter values are

fa
2 = (0.80± 0.04stat)% , fs

2 = (44± 6stat)% . (S22)


