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Test of lepton flavour universality
e New measurements from BELLE |l and LHCb added
« Plotting modified to have contours as 68% CL
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Fits to CP angles

e In particular fits to CP angle y has seen new measurements
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Fits to CP angles

In particular fits to CP angle y has seen new measurements
LHCb Run2: B+ — DK*0 with D° - Ksh*h (GGSZ) and D° — h*h- (GLW/ADS)
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Tau Lepton Flavour Violation decays

. ElFLAV now provides and overview of the many searches for LFV tau
ecays

— Many updates from BELLE Il to merge with previous limits expected

90% CL upper limits on T LFV decays
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Tau Lepton Flavour Universality

« Tau coupling to u/e can be 0.17901
recast into a comparison of tau SN
lifetime to the partial width to T
electrons

« New measurement from Belle Il *""**]
of tau mass makes this test
much stronger
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CP violation in B oscillations

DO 8 fb—1 %
0.13 68% CL contours
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CP violation in B oscillations
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CP violation in B oscillations
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Charm osclllations and CPV

 The source of indirect CPV in the charm sector
— Single and double tagged measurements from LHCb leads to improvement
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PDG versus HFLAV

« IS HFLAV just duplicating the work of the Particle Data Group for no gain?
- Many averages published by PDG are in fact provided by HFLAV

o In depth reviews often depends on complicated HFLAV fits
« Many branching fraction fits compared and multiple issues identified




Multiple results in the PDG are provided by HFLAV

For a discussion of CP violation, see the review on “ CP Violation” in the

— J/P(18) K .

VALUE DOCUMENT ID

0.710 + 0.011 OUR EVALUATION ¢ [Produced by HFLAY)

0.710 + 0.013 QOUR AVERAGE Error includes scale factor of 1.2.




Multiple results in the PDG are provided by HFLAV

V| % F(1) (from B — D* £ 1v)

VALUE (1077 == ENT ID TECN COMMENT
OUR EVALUATIS (Produced by HFLAY) withdh® = 1.139 £0.020 and a correlation 0.268. The fitted x* is 63.2 for 27 degrees of
3.522 + 0.037 st
om.

3.62 = 0.05 QUR AVERAGE Error includes scale factor of 1.6, See the ideogram below.
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Multiple results in the PDG are provided by HFLAV

17 76. Semileptonic b-Hadron Decays, Determination of Vep, Vip

Table 76.2: |V,;| (in units of 1079) from inclusive B — X, /iy measurements. The first uncer-
tainty on |Vy| is experimental, while the second includes both theoretical and HQE parameter
uncertainties. The values are generally listed in order of increasing kinematic acceptance, f, (0.19
to 0.90), except for the BABAR E. >0.8 GeV measurement; those below the horizontal bar are
based on recoil methods. The Belle 2023 measurement is not yet included in the combination.

Ref. cut (GeV) BLNP GGOU DGE

CLEO [181] E.>21 4224977 423+£497 2 386+£45 T 2
BABAR [184] B, - ¢ 471 £32 7 3 not available 435 £ 29 T 23
Belle [182] E.>19 49344675 495446, 482+45 1 )
BABAR [183]  E.>08 44141272 396+107 17 385+11 1%
BABAR [186] WiZt; 43222373 43342373 4244227 1

BABAR [186] P. <0.66 409+2572 4254926720 q17+425+2
BABAR [186] my <17 403+22733 410423 "1 4224923 3
BABAR [186]  Ey>13 433224710 444424 F % gu5 4t L2
Belle [173) E =1 405+23 758 415+24 75 a16+24F 1
Belle [176] E;>1 415+24 T 42549257 5 426 +25 1 1)

< HFLAV [6] \)mbination 428 +13 720 419+12+ 1 392+10 9

e
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Multiple results in the PDG are provided by HFLAV

7 DECAY MODES

71 modes are charge conjugates of the modes belov

**Neutrals" stands for v's and/or 7%'s.

Mode
* Modes with one charged particle

T particle™ = 0 neutrals = 0K" v, (**1-prong"')
The following data is related to the above value:

I'(7~ — particle™ > 0 neufrals > 0K° v, (**1-pror

1"1 JI'T' = [I‘3+ I‘5+ 1"9+ I‘1|'l|+ I‘14+ I‘15+ rm+ I‘23+ r27'+ r-g,s+ T
0.71 946]‘15[|+ 0.71 946I‘152+ 0.71 ?46I‘154+ 0.71 946I‘155+ 0.

VALUE (%) EVTS DOCUN

85.24 + 0.06 OUR FIT ((Preduced by HFLAY)
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Multiple results in the PDG are provided by HFLAV

Amp =m By — Mgy

. . =0 - iy .
Amp is a measure of 27 times the BY — B, oscillation frequency in time-dependent mixing experiments.

DOCUMENT ID TECN COMMENT

VALUE (10" R s~ Clg

17.765 + 0.006 OUR EVALUATIONE (Produced by HFLAV)

17.765 + 0.005 OUR AVERAGE




Multiple results in the PDG are provided by HFLAV

Tablé{70.7: HFLAV global § results (see text) [15].

Parameter No CP No subleading  No subleading AllCP 95% C.L. Interval
violation amplitudes for  amplitudes in violation (CPV allowed)
indirect CPV  CEF+DCS decays allowed
Fit (a) Fit (b) Fit (c) Fit (d)
x (%) 043170130 0407 £0.044 - 0.407 £0.044  [0.320, 0.493)
y (%)  0.646 £0.024  0.643 THH2 - 0.645 70031 [0.600, 0.692]
S (%) 115736 113138 10.9 738 114458 (3.7, 18.2]
Ry (%) 0344 £0.002 0344 £0.002 0344 £0.002  0.344 =0.002  [0.340, 0.347)
Ay, (%) — - - —0.77 £0.35  [—1.46, —0.08]
lq/pl - 1.005 +0.007 - 0.994 TH018 [0.96, 1.02]
o (%) - —0.19 +0.26 — —2.6+H [—4.88, —0.37]
Sgenn (°) 23.1 1224 24.5 %204 2447343 24.6 1214 [-20.1, 65.7]
AL (%) - 0.202 £0.059  0.200 +0.059  0.218 £ 0.060 [0.10, 0.34]
A (%) - 0.045 £0.053  0.043 £0.053 0062 £0.054  [-0.04, 0.17]
x5 (%) — 0.407 £0.044  0.407 +0.044 — [0.321, 0.494]
vz (%) - 0.643 70033 0.641 70032 - [0.595, 0.687]
?15(%) - 0.65 003 - - [~1.13, 2.49]
o3’ (%) - - 0.48 +0.92 - [~1.35, 2.32)
oL (°) - - 240712 - [-0.61, 5.45]
/dof  100.6/(63—5) 68.9/(63—8)  66.5/(63—9)  65.4/(63—10)
= 1.74 =125 =1.23 =1.23

e
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Multiple results in the PDG are provided by HFLAV

B mean life (B, — D] D;)

VALUE (10712 5)

1.379 + 0.031 OUR EVALUATION( (Produced by HF@




Multiple results in the PDG are provided by HFLAV

Parameter

17

7 DECAY MODES

71 modes are charge conjugates of the modes belov
' *Neutrals" stands for 4's and/or ¥'s.

TR Qomilontanin hoHadran Nosnse  Nod

Table 70.7: HFLAV global fit results (see text) [15].

No C'P
violation

Fit (a)

B mean life (B, — D} D;)

x (%) 0434701 1. "

y (%) 0.646 1?)}(;2)4 pr ("1-prong")

Sper (°) 11,5538 s valus:

Rp (%) 0.344 +0.002 vaive.

. A, (%) - -
Amp isa p -
: la/pl - 1.005 -

on - 1o ls = 0K v, (" 1-prot

Spenn (%) 23112248 24.5
VALUE (10" P - 221 VALUE(10712s) ;

K 'tu e 16+ T-){|+ F-}c;+ F->7'+ T-}S-I-
17.765 + 0. Ty (%) - 0.107 o 5+ - 2 s g :

e (%) - o6s3) 1.379 + 0.031 OUR EVALUATION  (Produced by HFLAV) 1461+ 0.71946T 554 0.
17.765 + 0. B15(° - 0.65 :

(;'é”(“) - 0.48 +0.92 - |-1.35, 2.32|

5(°) - - 240118 - [—0.61, 5.45] JE (%) FVTS DOCUN

V/dof  100.6/(63—5) 68.9/(63—8)  66.5/(63—9)  65.4/(63—10) 27 dogreos of
=1.74 =125 =1.23 =1.23
__.4440.06 QUR FIT  {Produced by HFLAY)
3.62 + 0.05 Ol Arinmon L niuuuss suws o i 1. USS IS IS TSR
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Links in PDG to HFLAV

e Linkis still just to HFLAV webpage

- Ofteln many clicks away from a web page that gives the background to the
result

- Sometimes there is in fact nowhere to find the information about which
papers were used, which theory parameters etc.

& z =0 i it L G
Ampg is a measure of 2 fimes the B' — B oscillation frequency in fime-dependent mixing experiments.

“OUR EVALUATION" is an average using rescaled values of the data listed below. The averaging/rescaling procedure fakes into account correlations
between the measurements and includes Am,; calculated from x; measured at 7'(45).

VALUE(10™ fis~") DOCUMENT ID TECN COMMENT
OUR EVALUATION  (Produced by HFLAV)

2 Al
3 AAl
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Making HFLAV FAIR

« From a purely scientific point of view it Is unsatisfactory that specific
HFLAV results are often hard to find full and accurate documentation for

— PDG has as an example made huge improvements in this area

 The principles we should aim for are encapsulated in the acronym “FAIR”
— Findable
— Accessible
— Interoperable
- Reusable

MONASH

% University



A first example of FAIR implementation

« The tau results for the latest write-up
has been up oaded here as

d0i:10.5072/zen0do0.13989054 T e

HFLAV Tau averages

+ Averaging Group &

Heavy Flavor Averag
L] L] L]
« Specific tau results can be cited as ” -
HFLAYV results for Tau mass, lifetime and branching fractions through August 2024
Cite the
Sw. B n, c-hadron, ar

results presented as

Sw. Banerjee et al., Averages of b-hadron, c-hadron,
and tau-lepton properties as of 2023,
[arXiv:2411.18639], with specific result from
doi:10.5072/zenodo.13989054.

« Nomore “... and updates from web page” ..
Cltatl O n S MVHEAIE-T:Id_AV Tau averages

Averages performed by the Tau sub-group of the Heavy Flavour Averaging Group. Information on the averaging

MONASH
2 University



https://doi.org/10.5072/zenodo.13989054
https://doi.org/10.5072/zenodo.13989054.

Status and work ahead
o Latest full write-up from HFLAV - arXiv:2411.18639

 Continuous updates on website as well — www.cern.ch/hflav

« Work on FAIR principles to ensure better reuse, better traceability and
better persistence has started

« Many of us are here at CKM, so come and talk to us with comments,
suggestions, complaints, ....



https://arxiv.org/abs/2411.18639
https://hflav.web.cern.ch/

Conclusion
 Astrong collective effort from the full team

Membership

The co-leaders of HFLAV are Mirco Dorigo (INFN Trieste, Belle IT) mirco.dorigo@ts.infn.it and Ulrik Egede (Monash University, LHCb)  Semileptonic
ulrik.egede@monash.edu
The current members of the HFLAV groups are listed below with convenors in bold.

« Concezio Bozzi (INFN Ferrara, BABAR / LHCb)

« Lu Cao (Fudan University, Belle II)

« Lucia Grillo (Glasgow University, LHCh)

« Markus Prim (Bonn, Belle II)

Oscillations « Jolanta Brodzicka (Polish Academy of Sciences, LHCh) « Marcello Rotondo (INFN Frascati, BABAR / LHCh)

* Marco Gersabeck (Freiburg, LHCb) « Christoph Schwanda (Austrian Academy of Sciences, Belle IT)
« Alan Schwartz (Cincinnati, Belle / Belle II)

Charm Oscillations and CP violation

« Marcella Bona (Queen Mary University of London, ATLAS)
« Veronika Chobanova (University of A Corufia, LHCb)

: § Rare Decays
e Thibaud Humair (DESY, Belle IT)

S : Tau Physics . e
« Olivier Leroy (CPPM Marseille, LHCb) o Flavio Archilli (INFN Roma Tor Vergata, LHCb)
» Martino Margoni (Padova, CMS) « Swagato Banerjee (University of Louisville, Belle-IT) « Emilie Bertholet (Tel Aviv, Belle IT)
» Olivier Schneider (EPFL Lausanne, Belle / LHCb) » Marcin Chrzaszez (CERN, LHCD) « Eli Ben-Haim (LPNHE-Paris, BABAR / LHCb)
« Kivoshi Hayasaka (Niigata University, Belle) « Pablo Goldenzweig (Karlsruhe, Belle IT)
Unitarity Triangle « Hisaki Hayashii (Nara Woman's University, Belle) « Justine Serrano (CPPM Marseille, Belle IT)
: « Alberto Lusiani (Scuola Normale Superiore and INFN Pisa, BABAR
e Jordy Butter (Cambridge, LHCb) : R S
e « Mike Roney (University of Victoria, BABAR / Belle II) B To Charm
« Alessandro Gaz (University of Padova, Belle IT) i
. Bl « Boris Shwartz (BINP, Belle) ; e
« Tim Gershon (Warwick, BABAR / LHCh) « Daniel Johnson (Birmingham, LHCDb)
« Matthew Kenzie (Cambridge, LHCh) Charm Decays « Thomas Kuhr (Ludwig-Maximilians-University, Belle IT)
« Michele Veronesi (Iowa State, Belle IT) « Roman Mizuk (ICJLab, Belle IT)

« Bai-Cian Ke (Zhengzhou, BES-IIT)
» Hailong Ma (IHEP, BES-III)

« Paras Naik (Liverpool, LHCb)

« John Yelton (Florida, Belle / Belle IT)

« Luka Santelj (Ljubljana, Belle IT)
« Mark Whitehead (Glasgow, LHCh)

MONASH
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An explainer: Zenodo

Communities My dashboard

Featured communities

Machine Learning for Particle Physics  Browse

Recent uploads

a2 v 3 oataet | &-oven |

Processed JUMP Datasets: For Web and programmatic exploration.
Alan F. Mufioz

This dataset provides multiple tables for JUMP exploration:- Full datasets contain precomputed analysis: - significance - is the phenotypic activity of a given value (see broad.iof
crispr_feature for a formal definition), while distance contains the cosine distance of all perturbations vs all other perturbations within a given dataset.- The...

Uploaded on January 15, 2025

Part of Broad Institute Imaging Platform

@ 1484 & 5639

46 more versions exist for this record

 Adigital repository that allows
for the update of nearly any
type of data.

About Zenodo

Passionate about Open Science!
Built and developed by researchers, to ensure that everyone can join in Open Science.

The OpenAIRE project, in the vanguard of the open access and open data movemnents in Europe was
commissioned by the EC to support their nascent Open Data policy by providing a catch-all repository for
EC funded research. CERN, an OpenAIRE partner and picneer in open source, open access and open data,
provided this capability and Zenodo was launched in May 2013,

In support of its research programme CERN has developed tools for Big Data management and extended
Digital Library capabilities for Open Data. Through Zencdo these Big Science tools could be effectively
shared with the long-tail of research.

@ MONASH
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Gitlab CI for publishing results to Zenodo

« Atemplate hasbeen
created to show how this is
done

« Template can be forked for == e
an IndIVIdual Set Of li?zlziijazzre:iLAV results in Zenodo
measurements

HFLAV results for Unitarity Triangle March 2024

 Upload to Zenodo works by =

Y. Amhis et al., "Averages of b-hadron, ¢-hadron, and tau-lepton properties as of 2021°, [Phys.Rev. D107 (2023), 052008](https:/
doi.org/10.1103/PhysRevD.107.052008), [arXiv:2206.07501](https//arxiv.org/abs/2206.07501), with specific result from [doi:10.5072/

. .
S I m p |y C r e atl n g a n eW zenodo.12087576](https://doi.org/10.5072/zenodo. 12087576).

Alternatively use the bibtex record

N | " G .tl b
re e aS e I n I a. @article{HeavyFlavorAveragingGroup: 2822wzx,

author = "Amhis, Yasmine Sara and others”,

collaboration = "Heavy Flavor Averaging Group, HFLAV",
title = "{Averages of b-hadron, c-hadron, and \ensuremath{\tau}-lepton properties as of 2621}",
eprint = "2206.67501",

[~ + - & ulrik.eged... -

[Geg Share

32 36

@ VIEWS & DOWNLOADS

» Show more details

Versions

Version 1.1.0 Jun 18, 2024
10.5281/zencdo. 12087576

Cite all versions? You can cite all versions by
using the DOI 10.5281/zenodo.12087575. This DOl
represents all versions, and will always resolve to
the latest one. Read more



https://gitlab.cern.ch/hflav/shared/zenodo-template

Making HFLAV FAIR
« The FAIR principle implies that research should be:

« Findable
- F1. (Meta)data are assigned a globally unique and persistent identifier
— F2. Data are described with rich metadata (defined by R1 below)

- F3. Metadata clearly and explicitly include the identifier of the data they
describe

- F4. (Meta)data are registered or indexed in a searchable resource

« We can do this by registering individual (groups of) results in Zenodo
where they will get a persistent DOI

MONASH
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https://www.go-fair.org/fair-principles/

Making HFLAV FAIR
« The FAIR principle implies that research should be:

e Accessible

- Al (Meta)data are retrievable by their identifier using a standardised
communications protocol

— Al.1 The protocol is open, free, and universally implementable

— Al.2 The protocol allows for an authentication and authorisation procedure,
where necessary

— A2. Metadata are accessible, even when the data are no longer available
« Zenodo gives us all this for free

A, MONASH

University


https://www.go-fair.org/fair-principles/

Making HFLAV FAIR
« The FAIR principle implies that research should be:

e Interoperable

- 11. (Meta)data use a formal, accessible, shared, and broadly applicable
language for knowledge representation.

- 12. (Meta)data use vocabularies that follow FAIR principles
- 13. (Meta)data include qualified references to other (meta)data

e The use of JSON files is a good choice here and matches up with
what the PDG is doing

MONASH

% University


https://www.go-fair.org/fair-principles/

Making HFLAV FAIR
« The FAIR principle implies that research should be:

e Reusable

- R1. (Meta)data are richly described with a plurality of accurate and relevant
attributes

- R1.1. (Meta)data are released with a clear and accessible data usage license
- R1.2. (Meta)data are associated with detailed provenance
- R1.3. (Meta)data meet domain-relevant community standards

e The CC-BY-4 licence is good for this but we need to do better on
software availability and documentation



https://www.go-fair.org/fair-principles/
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