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Additionally, we consider this validation separately for the four bins of pT(µ1, µ2) and Lxy/sLxy
.

In Fig. 3, the comparison of the observed yields in region A of the low-pT validation region with
the predicted yields as evaluated with the ABCD method is shown. The Run 2 data is shown
with the nominal DSA isolation requirements, whereas the 2022 data is shown with relaxed
DSA isolation requirements to increase the statistical power of the validation. The observed
yields are compatible with the prediction except for bin 2 in the Run 2 analysis. This excess
of data over ABCD prediction can be explained by photon conversion events: low-pT photons
produced in hadronic jets can convert into two muons when interacting with the detector ma-
terial, thereby generating genuinely displaced muon pairs that are not accounted for by the
ABCD method. Since this process has a steeply falling pT distribution of photons from jets, the
contribution is expected to be negligible at high pT, i.e. in the signal region.
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Figure 3: Observed (black points) and predicted (blue histograms) yields in the low-pT vali-
dation region in Run 2 (left) and in 2022 with relaxed DSA isolation requirements (right). The
grey bands represent the statistical uncertainty in the background prediction. The lower panels
show the ratio between observed and predicted yields in each bin. Both predicted and observed
yields are exactly zero in the last two bins by construction of the low-pT validation region.

To confirm the hypothesis that the photon conversion background is negligible in the signal
region, we consider the sideband of the low-pT validation and signal regions where one or both
of the DSA muons fails the Ich requirement. The results are shown in Fig. 4. In the sideband of
the low-pT validation region, an excess over the background prediction is observed for bin 2,
similar to Fig. 3 (left). In contrast, good agreement is found in all bins in sideband of the signal
region, confirming that this discrepancy is negligible in the high-pT selection, consistent with
the expectation that the excess is caused by photon conversion events. Nevertheless, we assign
a systematic uncertainty for the observed non-closure in the low-pT validation region, also
considering the low statistical power of the validation with the inverted isolation requirement,
as detailed in Section 7.

6.2 Validation with inverted tracker veto

As an additional validation, we consider the inverted tracker veto (i.e. the criterion used to
define regions B and D) to define a control region. Referring to the global or tracker muon that
overlaps with µ1 as veto muon, we define a criterion on the c2 of the track fit of the tracker veto
and use this together with the reduced signal selection to define a set of ABCD regions (labelled
B0, B00, D0, D00) as shown in Table 7. Events with c2 > 1.5 (regions B0, D0) have a poorer track
quality compared to events with c2 < 1.5 (regions B00, D00), and thus mimic the background in
the signal region where no match with a veto muon is found.


