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Abstract

We measure the photon energy spectrum of inclusive radiative B — Xzv decays in a sample cor-
responding to 189.3 fb™! of integrated luminosity collected at the 1'(4S) resonance by the Belle II
experiment at the SuperKEKB asymmetric-energy ete™ collider. The tag-side B candidates are
fully reconstructed using a large number of hadronic channels. The partial branching fractions are
measured as a function of photon energy in the decaying B meson rest frame, Ef , in eight bins
above 1.8 GeV. The integrated partial branching fractions for three thresholds of Ef > 1.8 GeV,
2.0GeV and 2.1 GeV agree with the world averages.



1 Approved plots

This section contains additional approved plots that are not included in the main conference
note. They can be used for conferences and presentation of the analysis.

1.1 Off-resonance data

Continuum suppression classifier training plots are given in Figure [T}
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FIG. 1: Plots related to ete™ — ¢g background event suppression. Various
event-topology, B tag kinematics, and vertexing variables are combined in a Boosted
Decision Tree (BDT) classifier to reject non-BB contribution in data. The most
distinguishing variable in the BDT classifier is shown in Figure The BDT classifier
output is shown in Figure They describe the eTe™ — ¢g distribution well and show
good separation of B — X,y events and ete™ — ¢q events.

After all analysis selections, including continuum-suppression, 7° and 7 vetoes, mis-
identified photon removal, the ete™ — ¢g background photon candidate spectrum looks
as shown in Figure [2|
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FIG. 2: The ete™ — ¢q background photon candidate spectrum, after reconstruction and
continuum-suppression, 7° and 7 vetoes, mis-identified photon removal. Simulated
backgrounds show good agreement with data expectations.



1.2 On-resonance data with 7° ad 7 rejection requirements inverted

By inverting the 7% and 7 rejetion requirements we arrive at a sample with an enriched
contribution of photon candidates originating in various processes that lead to 7% — v+ and
1n — v, which are background to the signal photon candidates to B — X v. By retaining
the other standard selections we suppress the ¢g-decay related background photon contri-
bution and misidentified photon contribution. Therefore, this selection allows to compare
background photon distribution originating from BB decays between simulated samples and
data. This is shown in Figure [3]
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FIG. 3: The ete — BB background photon candidate spectrum, after reconstruction
and continuum-suppression, mis-identified photon removal. The regular 7% and 1 veto
rejection requirements are inverted, such that a background enriched sample is obtained.
Simulated backgrounds show good agreement with data expectations.



1.3 Continuum suppression and 7° veto plots in the Ef sideband

Continuum suppression and 7% veto agreement between simulated samples and data in the
photon-energy sideband region (EF € [1.4,1.8] GeV) is shown in Figure .
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FIG. 4: 7° rejection veto (Figure and trained BDT classifier distribution (Figure
for photon energy sideband, compared in simulation and data. Compared to Figure [1B] this
plots shows that higher BDT classifier output values for B B-like events are described well.

1.4 Selection efficiency and photon resolution

The selection efficiency, corrected to represent data and resolution of Ef are shown in

Figure
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FIG. 5: The selection efficiency (Figure and photon Ef resolution (Figure as a

function of photon energy. The efficiency uncertainties include correction and additional

uncertainties derived in data-driven checks. The resolution only shows simulation-based
statistical uncertainties.



1.5 B — X,vy spectra

The B — X vy spectra are are presented in three forms: no overlay, overlaid with the
hybrid-model that we use for unfolding and the hybrid model with the weighted inclusive
and B — K™ ~ ingredients explicitly shown. The three versions of the plot are shown in

Figure [6]
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FIG. 6: The extracted number of B — X7 events, as explained in the main conference

document. Figure [6a] shows the extracted spectrum on data, whereas Figures [6b] and

also overlay the hybrid-model expectation used in this study. The model uncertainty is
based on the inclusive and resonant branching fraction uncertainties as well as the
model-shape parameter uncertainties derived from the reference given in the main

conference document. The inclusive B — X,y and resonant B — K* ~ contributions are

combined using a hybrid modelling technique which reweights the inclusive model as
explained in the main conference note document.



1.6 Fits on all E” bins

Fits on all EZ bins on data in the control regions are shown in Figure . The signal region
fits are also given in Figure [l The latter are equivalent to the plots in the main body. The
legend for these figures is provided in Figure [7] It is equvalent to the legend of Figure [§|

1. Fits on the control regions
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FIG. 7: Fits on all Ef bins within the control regions 1.4 < Ef < 1.8 GeV and
2.7 < Ef GeV.



2. Fits on the signal regions
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FIG. 8: Fits on all EF bins within the signal region 1.8 < EF < 2.7 GeV.
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1.7 Fitted yields on data

This section contains the figures with the extracted yields in data in linear and logarithmic
scale. The figures are given in
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FIG. 9: The peaking-B yields from fits on My, distributions shown in Figures [7] and .
The yields are shown in linear and logarithmic scale.
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2 Analysis numbers

This section contains numbers of extracted peaking-B yields from data fits; corrected and
scaled for luminosity MC peaking-B predictions; efficiency values with uncertainty; and the
unfolding factors. All values are given with corresponding uncertainties. Together they form
all the numbers required to calculate the branching fraction of B — X, according to the

provided equation in the main text of the note.

Corrected, scaled

Corrected efficiency

Ef [GeV ||Data fit (stat. unc.) (tot. unc.) MC background fit (tot. unc.)| (x102) (tot. unc.) Bin-by-bin unfolding factors (tot. unc.)
1.8-20 611 (65) (84) 550 (64) 0.211 (0.025) 0.684 (0.130)

2.0-2.1 242 (35) (41) 174 (22) 0.232 (0.028) 0.791 (0.091)

21-22 116 (27) (31) 101 (15) 0.245 (0.029) 0.905 (0.048)

2223 81 (21) (22) 10 (8) 0.255 (0.031) 1.050 (0.029)

2324 68 (21) (22) 20 (6) 0.263 (0.032) 1.112 (0.093)

2425 88 (17) (17) 19 (6) 0.272 (0.033) 1.207 (0.141)

25— 2.6 53 (9) (9) 2 (3) 0.281 (0.034) 1.626 (0.057)

2.6 — 2.7 3 (4) (5) 0(1) 0.267 (0.032) 0.000 (0.000)
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