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[Task 5.3] Make the most of (all) data - and more

ldentify and document sound statistical methods to combine results from different experiments

Pros

e Faster science: maximize informing/constraining power of data — accelerate progress

e Better science: Discussion, sharing, and comparison of experiment-specific practices fosters
cross-fertlization. Converge toward standard scientific practices (the good ones, hopefully)

e Open, persistent science: combining lots of highly multidimensional data forces experiments to
think in advance about standard formats, and document them sufficiently

* Seeding future science: inter-experiment interaction and collaboration generates scientific and
personal bounds that will yield future ideas, collaborations etc

Caveats

¢ Risk for bias/group-think: compartimentation and competition among experiments has a solid
scientific motivation: diversity of approaches and forced self-reliance reduces the risk of
experimenters’ biases in the final results ==> important that combinations happen *after*
Individual results are approved and reported publicly.

e Risk of temporary inefficiencies/slow-downs: more careful analysis design from the get go (e.g.,
think in advance / agree on coherent classification of systematic sources, statistical inference
etc)

¢ Risk of proliferation/incoherence: structured groups devoted to combinations of published
results exist. Need to interact/collaborate with them to avoid proliferation of conflicting resufts



Selle || and 12K approach: learning-by-doing



The early attempits...

First publication of Belle+Bellell
combination

Combined analysis of Belle and Belle Il data to
determine the CKM angle ¢3 using
Bt — D(K2hth™)h' decays
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BELLE Belle IT

The Belle and Belle Il collaborations

E-mail: niharikarout@physics.iitm.ac.in, coll-publications@belle2.org

ABSTRACT: We present a measurement of the Cabibbo-Kobayashi-Maskawa unitarity
triangle angle ¢3 (also known as <) using a model-independent Dalitz plot analysis of
Bt — D (K%h*th~) ht, where D is either a D® or D° meson and h is either a 7 or K. This
is the first measurement that simultaneously uses Belle and Belle IT data, combining samples
corresponding to integrated luminosities of 711 fb~! and 128 fb1, respectively. All data were
accumulated from energy-asymmetric e*e™ collisions at a centre-of-mass energy correspond-
ing to the mass of the YT(45) resonance. We measure ¢3 = (78.4 £+ 11.4 + 0.5 + 1.0)°, where
the first uncertainty is statistical, the second is the experimental systematic uncertainty and
the third is from the uncertainties on external measurements of the D-decay strong-phase
parameters.
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Combination of neutrinos from cosmic rays

(SuperKamiokande) and from accelerator (T2K):
big boost in sensitivity!
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Sensitivity presented at Neutrino 2022
conference: DOI 10.5281/zeno0d0.6683820
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...have become the new standard
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Measurement of CP asymmetries and
branching-fraction ratios for B¥* — DK* and Dn*
with D — Ké’Ki‘fﬁ using Belle and Belle Il data

Measurement of branching-fraction ratios and C P
asymmetries in B¥ — DCPiKi decays at Belle and
Belle Il
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ABSTRACT: We report results from a study of B* 5 DK* decays followed by D decaying to
the C'P-even final state K* K~ and C' P-odd final state Kgﬂ'o, where D is an admixture of
D° and D° states. These decays are sensitive to the Cabibbo-Kobayashi-Maskawa unitarity-
triangle angle ¢3. The results are based on a combined analysis of the final data set of
772 x 10° BB pairs collected by the Belle experiment and a data set of 198 x 10°BB pairs
collected by the Belle IT experiment, both in electron-positron collisions at the T (4.5) resonance.
We measure the CP asymmetries to be Agpy = (+12.5+5.8+1.4)% and Acp_ = (—16.7+
5.7 4 0.6)%, and the ratios of branching fractions to be Rop, = 1.164 £ 0.081 + 0.036 and
Rep— =1.151 £0.074 £ 0.019. The first contribution to the uncertainties is statistical, and
the second is systematic. The asymmetries Acp, and Agp_ have similar magnitudes and
opposite signs; their difference corresponds to 3.5 standard deviations. From these values
we calculate 68.3% confidence intervals of (8.5° < ¢3 < 16.5°) or (84.5° < ¢3 < 95.5°) or
(163.3° < ¢3 < 171.5°) and 0.321 < rg < 0.465.
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...the new standard...
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...the new standard...
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| essons |learned

The task is just as challenging as previous anticipated (but not more challenging).

The benefits surpass our anticipations.

In addition to increasing knowedge by sharing, impact on physics results oftentimes exceeds

naive expectations.

When data are scarce and likelihoods far from the asymptotic regime, combinations of data
sets enable precision gains that exceed, sometimes significantly the expected ~1/sqrt(N) as
solution degeneracies are lifted and non-Gaussian likelihoods become more Gaussian.

The second aspect that requires further checks is our better-than-expected sensitivity

to ¢3 [40]. We investigate this by studying separately the contribution of the individual
inputs to the ¢3 precision, as shown in Table 5. The precision on ¢3 improves significantly,
from 11° to 8.2°, when the ADS inputs from BT — D(— Ktn~)h" are combined with the
BPGGSZ inputs. This enhancement is driven by the Raps observable of the Bt — Dt
channel. The relation of this observable with hadronic parameters is

Rﬁg’SKW = (rB™?2 + (rB™)2 + 2rE™rE™ cos(68™ + 65™) cos ¢3. (6.1)
Substitution in the above equation of our rg” value, the auxiliary input rg”, and their
uncertainties, greatly enhances the precision on the interference (last) term as compared to
the BT — DK™ case. Furthermore, our value (5}5?” ~ 347° leads to a precise determination
of cos(65™ + 65™) close to one. The combined effect of both factors improves the precision
of our ¢3 result. The ADS contribution to the sensitivity of ¢3 is primarily attributed to
three elements: the small relative uncertainty of the large r5™ value favoured by Belle and
Belle IT measurements, the availability of a precise value of 'r'g” from global averages, and
the large 5™ value favoured by Belle and Belle I measurements.
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FIG. 1. The (sin® a3, dcp) credible regions obtained with the
SK, T2K, and combined datasets. The MO is marginalized
over and a prior uniform in dcp is used.



In parallel: data preservation becoming a standard too

@ HEPData O About @ Submission Help [ File Formats #) Signin
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(l) i - Determination of | V3| using B — D**{~, decays with Belle Il
2021 2023 The Belle-ll collaboration Adachi, . ; Adamczyk, K. ; Aggarwal, L. ; et al.

Phys.Rev.D 108 (2023) 092013, 2023.
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_0
e determine the CKM matrix-element magnitude | V3| using B — D**£~ 1, decays reconstructed in 189 fb! of collision data collected by the Belle Il experiment, located at the SuperKEKB

* = collider. Partial decav rates are renorted as fuinctions of the recoil narameter  and three decav ansles senaratelv for electron and muon final states. We obtain using the Rovd-Grinstei. ..
SUbJeCt—areas B8 8 data tables
hep-ex 6 Table 2 Measured partial decay rates AT (in units of 1072° GeV)
=) —0

Table 2 Average of normalized decay ratesover B — D**e"p.and B — D** 1", decays
Phrases normalized

rates
BSM 1 0 0
FCNC N Fig.9 Full experimental (statistical and systematic) correlations (in \%) of the partial decay rates forthe B — D**e " ,and B — D*" W~ D, decays.
Long-lived 1 More...
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Now and next

Distilling the lessons into a coherent set of guidelines, good practices, and caveats and reverse
them in a short document
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