KNTW: New Analysis Update and Study on Correlations
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KNTW Data-Driven HVP

Status of ¢ 2 and Data-Driven HVP

\Unclear"

i DHMZ
CMD-2) i KNTW
HVP for g 2 plagued by sat] W psperne
tensions. worl NN
Unexplained why lattice >> L -
pre-2020 dispersive. B I =—— =0
Also unexplained why CMD-3 cMD-3 Porkiipao)
does not match pre-2020 data. 1
We do not know why. No e —
explanation to bridge the gap.  "™™<** fottee
What to do_ RBC/UKQCD-24|
1) Discard data? X oo :
2) Give up on dispersive? X FNAL2) berment : <
3) A thorough new analysis, FNAL23
considering all possible uAL2S
systematic effects, yielding a s 0 + 1

value we can trust...
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KNTW Data-Driven HVP

KNTW Data Compilation

KNTW philosophy is to be data-driven HVPLO 1 Z1 o Y
=) minimal modelling assumptions. a’" = 13 ds  “(s)K (s)
Combination procedure: Sth
All non-defective data used. o .
Radiative corrections from robust Historical - KNT19/DHMZ19
routines. tension mirrors KLOE/BaBar tension.
Clustering - dynamic data-driven . S
combination. Understood to arise from di ering
Fitting - incorporate full correlation treatments of correlations.
information whilst aVOiding bias. ””””I”””I”
Sation i HVP
KNTW compilation (Lr;tegrf;lted for a Update: analysisFORTRANPython, all
(LOand NLO), 5 (M2), ... data and code checked.
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KNTW Data-Driven HVP

KNTW - Blinding and New Analysis

Choices during combination: Need to mitigate and/or quantify these
Radiative correction routines; eects =) KNTW new analysis.
Re-binning procedure; Want to avoid biases in updated
igté?t?oﬁra?i%i‘g?a'm‘igre'at'ons’ procedure 3 KNTW blinded analysis.

' Z, n 0

Error in ation; blind 1 0
Interpolation/integration; a™"™[i] 73 ds (s)K (s)Bi(s)

Additional systematic uncertainties... Sth

KNTW-DHMZ di erence - these clearly
in uence the central value!

Theory Initiative White Paper 2020
KNTW - arXiv:2409.02827, Phys. Rev. D 111, L011901
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KNTW Data-Driven HVP

Updates to the KNTW Combination

\Re-Baselining"
(Minor) Corrections of KNT19 analysis:

Checks of database against literature.
More detailed systematic covariance
matrix construction.

Completions of KNT19 analysis features:

Lagrange polynomial interpolation of

all resonances.

Exclusive/inclusive transition region.
Estimates of KNT19 method
systematics:

Two un xed aspects of procedure.

Systematics would be  4:3% of

KNT19 squared error budget.
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FSR Studies

RevisitedKK - con dent in KNT19
conclusions for scan experiments.
Looking at 3 with input of MH.

Inclusive channel (grey band):
Im%rove 1% syst. with qq treatmeit.

R )= @1+ —
q=uds(c)

Q2 M(ssm)HA R

Datasets often FSR inclusive, hard
correction needed for four datasets.
Estimated 20% drop in h‘r;d_(Mg)
uncertainty!
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Correlation Strength Study

Correlations in the Fit - Data

Key analysis choice: systematic
correlations.

Encoded in covariance matrix:
Gj= jdid |

How do these a ect the combination?

Next few slides, consider:
Mock channel (upper). Toy systematic
covariance matrix inset.
Two-pion channel (BaBar, KLOE
lower). Note: uses WP20-style
supplemented values.
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Correlation Strength Study

Correlations in the Fit - Average

Option: nawe average of data points.
Ignore all correlations (see inset).

Observation: t ‘jumps'. Datasets only
a ect the t in the range they span.

Problem: common systematics concern
normalisations 5 systematic shifts
are often global.

Problem: this also ignores statistical
correlations.
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Correlation Strength Study

Correlations in the Fit - Correlations

Correlations force t to consider data at
other points.

Local optimisation unavailable.

KNTW treatment: full correlation of
each systematic uncertainty.

Subtlety: total uncertainty not fully
correlated.

Observation: DHMZ19 and KNT19
averages< Nasve average 3
Systematic correlations are important!
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Correlation Strength Study

Correlation Study: Motivation & Background

BaBar KLOE

Systematics estimated by experiments )=
correlations inherently uncertain.

Statistics from unfolding; more reliably known.
Clear impact in DHMZ-KNTW di erence.

Historic understanding: full correlation assumptlon
favours KLOE, else BaBar favoured? 3

sys

Analysis choice impacts nal value
#
Quantify systematic for new KNTW analysis

Develop procedure now for use in KNTW202X.
Will then be CMD-3 inclusive.
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Correlation Strength Study

Correlation Variation Procedure

h i
G= G+ )diagG;
0 1

Considers all correlations between full and no correlation systematically.
Preserves diagonal uncertainties.

Valid covariance matrices - coe cient modi ed only.

Correlations still propagated to nal uncertainty.
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Correlation Strength Study

Systematic Correlation E ects in *

Maximum deviation = conservative Still “favours' KLOE - need to explain.
uncertainty: Also does not replicate DHMZ19 or
a[* ]=1:68 10 °@ 4=0:16 nawve' average.
Recall statistical covariance matrices: tn
This is < KNT19 uncertainty. variation of a * sstat' ?

A. Wright (aidan.wright@liverpool.ac.uk) KNTW Update 11 /15



Correlation Strength Study

: The Full Picture

Variation of just sat - minimal e ect. Uncertainty: 1:68 10 - no stat

Emergent e ect when varying stat and variation.
sys together (tot).

Arises from mid-rangeBaBar statistics:
binning.

Signi cant deviations only in a narrow

corner of stat-sys phase space.
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Correlation Strength Study

Implications for KLOE-BaBar

Aside: KNT19 * t:
Reduced chi-squared r2nin /d.of. =1 :26
0 high quality.
Total local 2 error in ation = 14% ()

tensions already captured. KNT - arXiv:1802.02995, Phys. Rev. D 97, 114025
KLOE-BaBar from KNT19: 1:73...

Explanation: global shifts from inclusion of
BaBar stat correlations.

Implication: any relevant related systematic
captured here.
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Correlation Strength Study

Other Channels

Quadrature sum of all maximum

L Extreme case:K*K channel.
deviations:

Large deviation () BaBar/CMD-3
1:95 10 * tension.

Potential to be replicated between

Captures systematic correlation variation .
P Y BaBar and CMD-3in * 2

tension inall channels.
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Conclusions and Outlook

KNTW New Analysis Correlation Strength Study
Still without a solution to dispersive \
tensions. Procedure developed to vary systematic
Impacts of various analysis choices e. correlations (for new analysis).
correlation handling must be \ J
understood before a new value. ( )

KNTW blinded analysis - avoids biase Statistical correlations have been the

to select optimal analysis choices. deciding factors in - * ts.
Systematic uncertainties to quantify
e ects of these choices. KLOE-BaBar-like systematics may be
Will be released, inclusive of all new unnecessary going forwards.

data, when ready. . )
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BACKUP
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Backup -

Datasets Comparisons |
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Backup - Central Region Averages
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