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Heavy Flavors and the CKM Matrix —— woeew

» wide range of topics that could be covered

» Decays, mixings, lifetimes, and CP asymmetries of charmed and b-flavored hadrons
QCD, Hadron Spectroscopy, and Exotics

QCD calculations that aid in the determination of the CKM matrix

Interpretations of non-standard model effects and extensions

BES3, CLEO, BaBar and Belle results

LHC flavor physics results

Rare decays

Lattice QCD calculations of heavy quark physics

» BSM contributions to flavor physics
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» at CIPANP 2021: 10 talks in parallel sessions and 8 more in joint sessions with High Intensities track
» at CIPANP 2025: only one parallel session with two presentations: one by ATLAS, one by Belle Il
» what happened?

» had invited contributions from ALICE, BaBar, BES Ill, CMS, LHCb as well as several theorists

» received feedback that experiments have difficulty to find speakers willing to come to the US

» competing conferences: 23rd FPCP (Flavor Physics and CP Violation) last week in Cincinnati and
30th International Workshop on Weak interactions and Neutrinos this week in Sussex, UK
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Dliferentlal cross-section measurements of D* and
D7T meson production in proton-proton collisions at

S

Vs = 13 TeV with the ATLAS detector

arXivi2412.15742 (submitted to JHEP)
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https://arxiv.org/abs/2412.15742

Andrew Gentry

. . n +
Production cross-section of D= and D7 (University of New Mexico)
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Measurement of the production cross section of J/i
and ¥(25) mesons in pp collisions at y/s = 13 TeV

with the ATLAS detector

EPJC 84, 169 (2024)
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https://doi.org/10.1140/epjc/s10052-024-12439-9

Prompt results

ATLAS

EXPERIMENT

@ Comparisons made to theory for
prompt production w/ 3 different
models

@ Generally good agreement, at
low p worse at high pr for J/¢

@ Some underestimation at low pp
for (2S5
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Theary / Data
S
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Andrew Gentry
(University of New Mexico)
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Non-prompt results

ATLAS

EXPERIMENT

@ Similar results for non-prompt
cross section

Theory / Data.

@ Larger divergence at high-pt for
I/

Frank Meier (Duke University)

Andrew Gentry

(University of New Mexico)
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Precision measurement of the B” meson lifetime
using BY— Jhp K*V decays with the ATLAS detector

arXivi2411.09962 (accepted by EPJC)
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https://arxiv.org/abs/2411.09962

B lifetime with B®— J/i) K*° Andrew Gentry

(University of New Mexico)
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Cabibbo-Kobayashi-Maskawa matrix

» Mass eigenstates # eigenstates of weak interaction

UNIY
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! d v V.. V d
» Superposition described via complex CKM matrix , ud  us ub
. . . S - VCKM s - 1/cd 1/cs Vcb s
» Quark transition proportional to matrix elements Y b Vg Vie Vi b
S
» Irreducible phase of CKM matrix = source of CP
violation
» Unitarity of CKM matrix: 07 — ——— ————
3 Amy& Am 3
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Determination of |V,| using B— D{"v, Decays at

Belle |l

to be submitted to PRD
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Concept
» Differential measurement of B— D{¢T v, decay width as a function of recoil variable w =

» w boundaries

> wWmin =1 for D at rest in B rest frame

P Wrax = ;"Tf;:g’ ~ 1.59 for lepton at rest in B rest frame
dT'(B— D¢* vy

: dw 9 o (w— 1) i (14 65°)G

G*(w) [Vas|®
Py=Py*P,

331 Mey

» Reconstruction of w challenging because of undetected neutrino
» \Weighted average over multiple configurations on cone around Y = D/ system:

Ip,/

2
2Epeam Ey —mp—my
2[pBlIpY |

> Using weights %(1 — pj - Proe) sin” 05
» pHrog: unit vector in CM frame of sum of all particles in
event not used in Y reconstruction

» 0%: angle in CM frame of B meson wrt beam axis
Summary of Heavy Flavors and the CKM Matrix Track
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Signal extraction

» Maximum likelihood fit to 10 bins of cosfgy in range [—4, 2]
» Simultaneously extract signal yield in 10 equidistant w bins for neutral and charged modes
» Fit templates from MC for five components:

» B— D(Ty, signal

» Feed-down background from B— D*¢*u,

» Combinatorial background with correctly reconstructed D meson

» Combinatorial background with fake D meson

» Continuum background

Bl preininar £ 651
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» Signal yield converted to differential decay width via
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Determination of |V,,|
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» Truncate BCL expansion of vector and scalar form factors at N = 3 — five free parameters

L 1 .
> Minimize x? = 2107 (AAI;;

Aw

AT, _ AT AT
- 7%) c! (Aw 778&) + 3 n ek — e rac) D (e — i riac)

» Coefficients of BCL expansion constrained to FLAG average [arxiv:2411.0426] of FNAL/MILC [prD 92, 034506
2015)] and HPQCD [pro 92, 054510 (2015)] calculations of B— D¢* v, form factor

Belle IT Preliminary [ £ dt =365 fb~!

Values

ap  0.89594 0.0092
a; —8.03 £ 0.15
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by —3.38 =+ 0.15

1
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https://doi.org/10.48550/arXiv.2411.04268
https://doi.org/10.1103/PhysRevD.92.034506
https://doi.org/10.1103/PhysRevD.92.034506
https://doi.org/10.1103/PhysRevD.92.054510

Results

[|Vcb| = (39.2+ 0.4 (stat) £ 0.6 (syst) £ 0.5(th)) x 10_3]

D

» Signal branching fractions from sum over w bins: QBE
B(B°— D™ £Tv,) = (2.06 £ 0.05 (stat) = 0.10 (syst))%
B(BT — D0t vy) = (2.31 £ 0.04 (stat) & 0.09 (syst))%

WA: 2,12+ 0.06% (B°— D™ ¢"w,) / 2.21 £ 0.06% (BT — D% wy)

» Test of lepton flavor universality:

B(B— De'v.)

22T € Vel 1020 4 0.020 (stat) = 0.022 (syst)
B(B— Dutv,)
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Measurement of BT — 771, branching ratio with a

hadronic tagging method at Belle |l

arXiv:2502.04885 (submitted to PRD)
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https://arxiv.org/abs/2502.04885

. Du
Overview
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Belle II Simulation
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2 2 2\ 2
In the standard model B(B* — 7*v,) = SE75™ (1 - Zz;) [V |* 75

Allows direct measurement of |V,,,| independent of exclusive and inclusive semileptonic B— X, fv, decays

Branching fraction enhanced (or suppressed) in beyond-the-standard-model physics like models with
charged Higgs or Higgs Doublet Model

Reconstruct 7t — etvev,, 77— ptv, v, 77— 770, and 77— pT T, (72% of 7 decay modes covered)
Reconstruct other B meson in hadronic decays using Full Event Interpretation Comput. Softw. Big Sci. 3 (2019)
Extract branching fraction from 2D fit to residual energy in calorimeter and missing mass squared

Belle II Simulation
0.30 25]] m——
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» signal e channel » bkg e channel » signal 7 channel » bkg m channel
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Results e uOEES
<o
Decay mode Ng B (107%) Belle T —

Valese Vbline
Simultaneous 944 31 1.244 0.41 L Belle 11 (365 -1, hadrono
1.24 £0.41 £0.19 Preliminary
etv v, 13+ 16 0.51+ 0.63 A 1
BaBar (417.6 fb~!, semileptoni
wrv . 40+ 20 1.67+ 0.83 L7 L0802 tmosmaomstior
+7
T Vr 31+ 13 2.28+ 0.93 _ +_ BaBar (426 fb~!, hadronic)
p+ﬁ7_ 6+ 25 0.42+ 1.82 1.8370:33 £0.24  PRD 88(2013)3,031102

ol Belle (711 fb~!, hadronic)

0.72%847 +0.11  PRL110(2013)13,131801
» Assuming SM and fg = (190.0 £ 1.3) MeV
- Belle (711 fb~!, semileptonic)
1.25 +£0.28 £0.27 PRD 92(2015)5,051102

(Waalisr, = (415858 x 102 | | —

0 2 4 6 8
B(B* —7tu,.) (x107%)

> |Vulsm (exclusive): (3.75 £ 0.06 +0.19) x 1073
> |V.lsm (inclusive): (4.06 £0.12+0.11) x 1073
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Measurement of the branching fraction, polarization,
and time-dependent CP asymmetry in B'— pTp~

decays and constraint on the CKM angle ¢,

PRD 111, 092001 (2025)
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https://doi.org/10.1103/PhysRevD.111.092001
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Time-dependent CP violation measurement

q
p —
> CP violation in the interference between ~ B° ——— B’
> i d
direct decay N » A,
» decay after mixing
fop

(E“(A/) — fcp) — F(B()(A/) — fcp)
(BY(AL) = fep) + T(BY(AL) = fop)
Initial flavor — flavor tagging

A(At) = ? — Sy sin(Am At) — C; cos(Am At)

v

» Introduces diluting mistag fraction
» Proper-time difference — reconstruction of distance between Bsq and Biag vertices

» Requires description of proper-time resolution, often via per-event uncertainties oa¢
» (P observables — parameters of interest

> Spsumda = V1 — C?sin(2¢2 + A¢p2): loop amplitude obstructs clean extraction of ¢

v

Mixing parameters — from external measurements
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Time-dependent CP-asymmetry fit
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Results of B”— p™p )

Belle I
[ Belle IT | ; 150 FBelle T B / 150 FBelle 1T B 1.0 Belle IT B—>/)/) ( WA + Belle IT (2024))
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BB = ptp) = (2.891’0‘22 (stat) 020 (syst)) % 10 |
» two solutions, though second excluded by
f1 = 09217092 (stat) 001 (syst) é1, é3, and unitarity
. _ +4.5\0 _ +3.8\0
» Combining results from Belle, BaBar, and LHCb of > g2 =(92.607)° Ap2=( 24I37)
BO + - BO 0 0 n B+ + 0
AN —>pp,ad PP > _ +4.7\0 _ +3.7\0
> Uncertainty dominated by S parameters of B® — —45 —3-8
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Conclusion
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theoretical

layers
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Cross Section uncertainty related measurements”
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Full Event Interpretation Comput. Softw. Big Sci. 3 (2019)

» Fully reconstruct one of the B mesons (tag-side) in many exclusive modes

» Train BDT for each stage
= signal probability

» Fraction of 1°(4S) events with correctly
reconstructed charged Bi,g candidate = 0.30%
with purity of 29%

» Reduce misreconstructed events with
requirements on beam-constrained mass My
and energy difference AE

My = \/ (EI:eam)2 - Iﬁ?ag|2

AE = E;ag - El);eam
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https://link.springer.com/article/10.1007/s41781-019-0021-8

: Duke
Fit of BT — 771,

16o[ Belle 1T Preliminary | - sig ] Bkg Unc. | Belle I Proliminary | - sig ] Bkg Unc.
i e i I S Ther e > Simultaneous binned maximum likelihood
M7 10 6! 120 M 710 GVt 1 fit to all the four 7 categories
) =100 + H H 1§
& & ; > Floating parameters in fit: B(B* — 77v,)
5 g and background yields of each category
[5] [55]
o 1 ] » Signal yields related via efficiencies
20f Bl 201 |
0.0 0.2 OEEE!‘;:,) (Geglﬁ 0.8 1.0 0.0 0.2 OEEE!‘;:,) (Geglﬁ 0.8 1.0 SOUTCe SySt (%)
T T T T T T T T Simulation statistics 13.3
[ Belle II Preliminary = Sig Bkg Unc. J o relimin ) e
7Ok feav=365 -t — Bkg + Data loo,jn::f:;; []b,, - = ,S;kgq + e ] Fit variables PDF corrections 5.5
607;2‘"‘;’;6 Ve — T ] T =ptT — Tot Decays branching fractions in MC 4.1
v M > 0.8 GoVi/e! Tag B~ reconstruction efficiency 2.2
s 1 Continuum reweighting 1.9
a + & 70 reconstruction efficiency 0.9
24 1 g - Continuum normalization 0.7
S0 2 Particle identification 0.6
2 + Number of produced 7°(45) 15
Fraction of BT B~ pairs 2.1
10F 9 Tracking efficiency 0.2
8.0 0.2 oy 06 08 T.0 8o 02 07 05 08 .0 Total 155
EgH (GeV) EZS (GeV)
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