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FIG. S29: Distributions of
√
ΣET for the muon (left) and electron (right) channels, comparing data (blue points)

and simulation (red histogram) for Z (top) and W (bottom) boson candidate events.

cumulants (beyond the rms) of the recoil fluctuations is a new feature of this analysis that incorporates additional
information from the data, as compared to Ref. [43].

5. Spectator and additional pp̄ interactions

In addition to the partons that annihilate to produce the W or Z boson, the colliding proton and antiproton
contain other “spectator” partons that experience strong interactions with each other. The fluctuations in the energy
flow from these spectator-parton interactions and additional pp̄ collisions contribute to the recoil resolution [39, 43].
These fluctuations depend on ΣET , the scalar sum of transverse energies in the calorimeter towers. For simulating
multiple interactions we use

√
ΣET because the hadronic resolution from the multiple interactions is proportional to

this quantity, as shown below. We produce a two-dimensional histogram of
√
ΣET as a function of instantaneous

luminosity, as measured in the zero-bias data. In order to model the distribution of
√
ΣET in simulated W and Z

boson events, we randomly sample the distribution of instantaneous luminosity from the Z boson data, and then
randomly sample the distribution of

√
ΣET corresponding to the given value of instantaneous luminosity in this

two-dimensional histogram. This technique ensures that the resulting simulated distribution of
√
ΣET corresponds

to the instantaneous luminosity profile of the W and Z boson data, and is an improvement over the technique used
in Ref. [43]. The luminosity profiles for the electron and muon channels are sampled separately since the data sets
are derived from independently triggered streams. The distributions of

√
ΣET for data and simulation are shown in

Fig. S29.
The ΣET distribution for spectator interactions is obtained from minimum-bias collision data as described in

Ref. [39]. A ΣET value sampled from this distribution is multiplied by a parameter NV to allow for a difference in


