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CKM metrology
|Viup| AND |Vyp|: FLAGSHIP SM VARIABLES

o V. play critical roles in the unitarity test of Vokwm.
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@ sin 20 (loop) known to better than 2%.

Vs Vs |

e Rare FCNC processes oc |V [W

] = theory uncertainty.
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CKM metrology
|Viup| AND |V3|: PROCEDURES AND TENSIONS

o Leptonic BJ, . = TTv,: theoretically clean, experimentally hard.

1 > q 5 ® Xu,c is exclusive {7, p,w, DX _}. Or
B 5 & Viuctp e inclusive sum of states.

-
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CKM metrology
TO TAG OR NOT TO TAG

e B(B — X.l"vy) ~ 10%. Dominant statistics, but at least one
missing neutrino = hadronic tagging at e™e™ machines.
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SPP({(D« ]/l) ¢ BaBar B — D", U= EV — DPv
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. . . tag |signal .
o BF measurements: calibration for ensuring MC—g — 1 is hard.
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B — D¢ T, [PRD 110, 032018 (2024)]
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B — D¢ T, [PRD 110, 032018 (2024)]

B — D{~7;: ORIGINAL MOTIVATION

o 0y: lepton helicity angle in W* rest frame.

o In SM, (almost) pure sin® 0y. Look for non-zero Fyy and App in
rate o< 2 (1 — Fy)sin? 6, + 1FH + App cos 8, = SM null test.

@ Done at LHCb for
Bt — Ktutu~.

o Unfortunately,
BABAR MC

generated as sin? 6.

Needed flat.
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[JHEP 05 082 (2014)] cos 9 BT — Ktpu* u A

o B — D¢, at BABAR complicated by the fact it’s a sum of 10
different modes with independent backgrounds, angular efficiencies.
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B — D¢ T, [PRD 110, 032018 (2024)]

B — D{U;: ANALYSIS SETUP
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e Full BABAR dataset w/ hadronic
tagging. 2d problem in {q?, cosf;}.

dr _ G%|V6b|2néw k3

dg2dcosf, 3073 | £+ (g*)|?sin? 6,

e Rate factorizes but efficiency and
background correlated.
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BKGD SUBTRACTION VALIDATIONS

£~ D decay mode mode Ny, Npigd

K «t 0 539 63
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BKGD SUBTRACTION VALIDATIONS (CONTD.)
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BaBar B — D(*) ¢~ 7,

e Final @-value fits done with signal /bkgd. shapes fixed from MC.
Within statistics, seen to work quite well. Variations as systematic
uncertainties.

o Comparison between final data and generic BB MC bkgd.:

o Fortunately the MC does a

pretty good job in getting the
shapes right.

@ Detailed mode-by-mode fit

validations in fine 1-d bins in
{q?, cos 0} performed.
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BGL FIT RESULTS

o BGL z-expansion fit to form-factors

f+ and fo (— lattice, time-like)

fi(z) =

e Unbinned non-extended ML 2d fits to BABAR + FNAL/MILC
(Gaussian constraints). dI'/dg? from Belle-16 optionally included.

e Independent [—21n L] from 10 modes summed at the end.
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https://arxiv.org/abs/1503.07237
https://arxiv.org/abs/1510.03657

EFFECT OF N = 3 BGL EXPANSION

Ltot
e From FF fits, [V = |‘/c:|2. [Vep| = Trs from

e BGL fits using BABAR, FNAL/MILC, 125 * 3
Belle-16 (dI'/dg* shape): 1 a
N=2 N=3 £ % ]
o
|Vep| x 103 E 0.9 E
BaBar-10, BV 40.02 £ 1.76 3060+ 1.76 & | ]
BaBar-10, B 38.67 £ 1.41 38.25+1.42 °%
Belle-16, B 41.66 £ 1.21 4122 +1.24  orf
Belle-16, BT 41.27 £1.22 40.82 4+ 1.25
R(D) SM prediction
0.2983 £ 0.0047 | 0.2995 £ 0.0038

o For B — D, mild effect of going from N =2 to N =3 BGL.

e Summer-23 tension in R(D) ~ 20.
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https://arxiv.org/abs/0904.4063
https://arxiv.org/abs/0904.4063
https://arxiv.org/abs/1510.03657
https://arxiv.org/abs/1510.03657

COMMENT: LOW ¢? DIFFICULTY

o low ¢> = data
% 400 1 B —Dlv
o F muons Il B - D*lv .
e B other background o Clean, but very hard to get rid of the
S o 1545we1 60 small remnant background in a
2%% data-driven fashion (no sidebands).
D 200 .
it o o In particular, for muon mode,
: peaking B — Dr B — D shows up as peaking.
100
o @ Possible (Belle IT) to PID-substitute
R = L L u — 7 and kin. fit to nothing missing.
Belle, PRD93,032006(2016) M, (GeV?)

o Current BABAR analysis, we trim at ¢? > 0.5 GeV? to avoid this
peaking component.
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COMMENT: COMPARISONS W/ LATTICE

8F —f.B>D }BaBar+ E
120 = f,B>D J FNAL/MILC fit |
f.BD, ‘
g U s p, [ IPOCD-20 |
§ 17 :2 (ENALILO) 7 — o (Qualitatively) good agreement with
g o / e flavor SU(3) in comparison with
ot E HPQCD.
; : i
7 (GeV?)
1121: ~ N-2,BaBarFNAUMILC : o Also good agreement in the FF shape
© L Neseaparonly /,/ for f, between BABAR-only and
< ot 7 3 BABAR +FNAL/MILC fit.
0'8; _/"/" {
0_7;{\/" 1o Full covariance matrices of BGL fits
0.60: . . E included in the PRD as
7% (GeV?) supplementary material.
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B — D¢ T, [PRD 110, 032018 (2024)]

COMMENT: EXCLUSIVE |V| FROM B — D

Measurement B(B —» D¢",) x 10?

[Vep| x 10°

BABAR-10 [14] By = (2.15+0.11 £ 0.14)
BABAR-10 [14] By = (2.16 +0.08 +0.13)
Belle-16 [15] By = (2.33 £ 0.04 £ 0.11)
Belle-16 [15] By = (2.46 £ 0.04 £ 0.12)

40.02 £1.76
38.67 £ 141
41.66 £ 1.22
41.27+£1.23

o This analysis relies on external BF
input for the overall |V
normalization.

o Belle-16 systematically higher
than BABAR-10

e Naively, B — D |V] is closer to inclusive+in tension with
B — D*, but this being driven by the Belle-16 input.

e Note: prelim. Belle IT untagged B — D |V,| = (38.3 +1.2) x 1073

(FPCP?23).
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https://inspirehep.net/literature/2723592

B — D*f_fg

[PRL123,091801(2019) + 24XX.XXXX|
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Data sample
RECAP OF BABAR-19 B — D* PAPER (PaL123, 091801 (2019)]

e First full 4-d B — D*/~ v, angular analysis with hadronic tagging.

o As for B — D, overall normalization from external BF.

o Extremely clean. Background

eoo:}b‘at‘a‘ - ‘(a‘)‘ ] subtraction from generic BB MC +
r 4Signal 1 ;
> - mBkod 7 systematic.
= 400¢ 1 e ~ 6000 signal events. N =2 (linear)
% I ] BGL fit adequate.
g 200 ] [Vep| = (38.36 £ 0.90) x 1073,
, e Negligible effect on extracted V|
Ol P between BGL and CLN FF
-01 O 0.1 parameterisations.
U (GeV)
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https://arxiv.org/abs/1903.10002

HQET and A1
HQET FF’S AND THE RATIO OBSERVABLES

o H) amplitudes are written in terms of four form-factors.

o HQET: FF’s only depend on w, the gamma-factor between B and
recoiling D*.

* (o)) =] w+ 1
<D (U 7E)|V IB(U)> _ ihv(w)e‘uuaﬁE;’U;’U’@ A = 2 rlhAl
mpBmp=
_ rha, +h Rah
(D* (', €) | A" [B(v)) " g Az= R =
=ha, (w)(w+ 1)e"™ — ha, (w)(e® -v)v r r
vmpmp= V= hy _ thAl
) o V=T =

e HQS limit: {hy,ha,,ha,} — ((w) and hg, — 0.
e The two ratio observables 1?1 » have reduced hadronic uncertainties.
e BGL basis { fo, F1, g, Fo}: rewrites hy.a, A, A5

e Small RH admixture ep: add (1 £ eg) factor for the vector (g) and
axial-vector (f, F1) FFs, respectively.
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HQET and Ry2
BABAR-19: CONUNDRUMS IN R o

————r ———— e Figure as is, from

1.4} Rl e N 1 Rz . the BABAR-19 paper
' s T - using BGL fits.
19 L 1? ................................... 1 o “CLN-WA” used
| HFLAV16 numbers.
" —BGLBaBar | 0.9 g
1_’ CLNWA | oo —
— CLN'G7 08— — { e CLN’97: original
—_— —_— paper w/o
1 1.2 1.4 1 1.2 1.4 uncertainties_
w w

e R;(1) moved from 1.404 + 0.032 (HFLAV16) to 1.269 £+ 0.026
(HFLAV21, BABAR-19 not included). Almost 3.30 change! Latest
number is close to BABAR-19.

e HFLAV21 (excluding BABAR-19) quotes Ra(1) ~ 0.85.

@ These are BABAR-only BGL. BABAR lattice fits important.
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ONGOING DEVELOPMENT AT BABAR

New w > 1 lattice data: FNAL/MILC and JLQCD (B — D*) and

o Preliminary joint BABAR +lattice B — D™ fits were shown at
ICHEP’22. Being finalized.

o Available unbinned B — D data being added to joint B — D)
BABAR +lattice HQET fits.

Angular moments analysis of B — {D*, p°}/~7, in ¢? bins.
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https://arxiv.org/abs/2105.11433
https://inspirehep.net/literature/2667537
https://arxiv.org/abs/2105.11433
https://agenda.infn.it/event/28874/contributions/169319/

SUMMARY

e Hadronic tagged BABAR SL still a unique dataset. Excellent for
unbinned full angular analyses.

e For B — D: FF’s seem quite stable and getting more precise.
Normalization remains a concern.

e For B — D*: still much to understand about the FFs. Apparent
)

|Vep| exclusive discrepancies among By — Dg) concerning.
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