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Semileptonic B decays and LEUS Syttt

/- SL decays described by three level /- A
diagrams: theoretical clean
* All leptons couplings to gauge bosons 7
are identical in the SM W
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f' Tau leptons test coupling to third generation: \
Sensitive to New Physics
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https://inspirehep.net/literature/1842210
https://inspirehep.net/literature/2830230

Semileptonic B decays and

_ B(B — Dtvr) o
R(D) = B(B — D¢tv,)’ R(D") =

C=ecorpu

B(B — D*tv;)
B(E — D*EW})
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https://hflav-eos.web.cern.ch/hflav-eos/semi/ichep26/html/RDsDsstar/RDRDs.html

Status at ICHEP2026

* First tension with SM in 2012 by BaBar at 3.4 sigma

BaBar 2012
Phys.Rev.D 88, 072012 (2013)
Phys. Rev. Lett. 109, 101802 (2012)

* Wide spread of experimental (and theoretical) efforts

e Combined deviations from SMis at 3.70

HELAV ICHEP26
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BaBar detector 1999-2008
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Analysis strategy

* Reconstruct the tag side Btag With @

semileptonic decays

e Reconstruct Bsig:

e signal B — D(*) Tv and
normalization B — D(*) £ v

i )
Only T decays into leptons 2 VD

« Background contributions: BF ~35%

e Semileptonic decays into excited D mesons: B — D** {/tv

* Other: combinatorics from generic Y(4S) — BB decays, and background from
e'e” — qq

 Construct multivariate classifiers to:

* separate signal+normalization from background
 separate B—>D(*) Tv from B — D(*){v
* Fit the classifiers output to extract signal and background yields

* Minimize the usage of the MC

RDRDs - BaBar 6



Y(4S) . Btag Bsig

* A correctly reconstructed Btag is defined to have -

cosBBy in the range of [-2,1]

QEbeamED(*)ﬁ —m

2

107,

COS QB—D(*)Z =

In each event with a selected Btag we search
for D(*) £ among the remaining tracks and
calorimeter clusters in four tags

-D°¢,D* ¢, D* ¢, D** £

smallest Eextra

No additional charged tracks, K, or 7= candidates

Density

RDRDs - BaBar

1 B-D™tv,

T B-DWy

Extra energy in calorimeter due to noise or background to be Eextra < 1.2 GeV
Continuum bkg reduced with Fox-Wolfram moment shape variable, R2 < 0.4

8.7% of the events have more than one Y(4S) candidate: we retain that with




Signal extraction strategy

* Signal extracted from 2-D unbinned Maximum Likelihood

e C1: z1is the output of a BDT to separate B — D(*) £/t v from background
e C2: z2is the output of a BDT to separate B — D(*) v fromB — D(*){v

z=(2z1,22)

f(Z) = Ppt° fDT (Z) + Pp*r - _fl?*'r (Z)

Z
Nermalizad Signal
e + Ppi * fo1(2) + pp*r - fpr (2)

Background t 000 fo(2) + Dotner * fotner(2)

Events

Z2
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Classifier input variables
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Signal extraction PDF

* The z1 and z, component densities are smoothed through an adaptive
kernel-density estimation (KDE) with local bandwidth adjusted to the event
density

“ z B o p 8
S = Eie, o ko — 1 . _—— 5] —5
% . =i E TS DT_I:’ 0.06 9_ ol el B — D*T ) 7 b % . B— DI ¥, F — Dtg_lj 0.16
al 0.05 4l (feed = dOWﬂ) e 4 ks
0.12
7 0.04 B 0.01 0.04 2 @ e
1 o 7N I8 005
%, = ‘ 10.03 o s/ 0.03 0.08
q) 40.02 0.02 0.06
— _af _af N ..
D BABAR BABAR BABAR
C | simulation ‘| simulation “l  simulation
GJ 83 —6 ) ) 0 2 4 6 - 8% —6 —4 —2 0 2 4 6 o 8% 5 -y —5 i} % vy T3 —
-O 27 score 27 Score 25 Score
S
+D g 8 P 0.12 g 8 0.035 g 8 0.055
g | B=D — i 2 B—D¥(t/l)™v — o 3 Other bkg. 0.030
= S B e D*f v 0.10 7 ¢ B — D* *f (T )l/ ooso 7 Other 0.045
O 1 ) d backgrounds
Y= oo (feed _d OWﬂ) 0.025 0.040
G) ok ’&\ 008 2 2l 0.035
—_— { b 0.020
Q— OF \:‘“* 0.04 ’ v§' 0.06 o w b ! or i
E T — i 10.025
2 2 \ -2 H0.020
gg BABAR B ABAR BaABAR
LIJ oo | Jo.010
B simulation . simulation B simulation | |}
5% ~5 =1 =2 [} 3 i 6 - -85 5 Y ) o 3 1 & — -85 5 Y ) i 2 1 6 .
Z2 score Zp Score 27 Score

RDRDs - BaBar 10



Projections on z1 and z2 of fit re
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Data/MC validation for normal

Normalisation enriched region z; > 2,
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Data/MC validation for backgro
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Result (& systematics)
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B — D™lv form factor 0.92 0.31 -0.19
B — D™ [v form factor 0.48 0.18 -0.90
B(B — D™v) 0.47 0.38 0.97
B(b — cc) 0.34 0.13 1
B(B — D*"lv) 2.83 1.60 -0.97
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https://zenodo.org/records/23924846
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* New preliminary simultaneous measurement of R(D) and R(D*)
from BaBar with SL tagging

e Significant impact on global average: reduced tension with the SM

 Compatibility with BaBar12 is at the p~ 1.4 x 10 level
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* New preliminary simultaneous measurement of R(D) and R(D*)
from BaBar with SL tagging

e Significant impact on global average: reduced tension with the SM

 Compatibility with BaBar12 is at the p~ 1.4 x 10 level

> Status: post Internal Circulation, several additional cross checks to
verify the results, a reevaluation of systematic uncertainties is
ongoing

> Plan: finish the internal review and release the paper as soon as
possible!
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Event reconstruction

e |dentify K=, £* with loose PID criteria
» 710 - yy candidates with mass € [115, 150] MeV

* K. —» nn~ candidates with mass € [472.67, 522.67] MeV

« DY and D* candidates:

Decay Modes Branching Fraction (%) N
Dt - K—ntnt 9.46 + 0.24 B Only 7 decays into leptons
D+ - Kgrt 1.53 £ 0.06 BF ~35%
- > ~20%
Dt — Kgntn® 7.24 + 0.17
Dt — K-K+g+ 0.99 + 0.026 .
DY 5 K-t 3.88 £ 0.05 )
DY » K—ntqY 14.3 £ 0.80
DY S K n'n 1 8.06 + 0.23 L ~30%
DY 5 Kentn™ 2.85 4+ 0.20
DY — Kon® 1.20 = 0.04
DY 5 KK+t 0.40 = 0.007 -
[-15,15] MeV, non®
Imp — PDG| € { [—45,30] MeV, DO — r°

[—36,24] MeV, D* — 0

*+ 0+ N+.0
D™ - D"r™,D™m G| < |25 MeV, DOr*
D** - DO mps =mp = PDGI <10 Mev D0
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Check of BF(B — D(*)vg )

* Since we simultaneously extract the signal and normalisation yield we can compare the
normalisation BF with other result (a check not performed in previous R(D") measurements)

« Qur fitted measurement of BF(B — D“¢~ ) does not agree with the WA:

Source B(B — Dtv) (%) B(B — D*tv) (%) 1?;3((%%1?))

This analysis 3 = 1) e S.0c ED 28 4.24 +0.91

World average 2.16 £0.04 Sl k]| 2 £
gt V211 + 2.40 + Zilo

- If BF(B - D“¢~ i,) is constrained to the WA in MC, the z;, 2, still look good, and R(D™)
change by only a few % ()
* MC studies showed that this stability arises from the correlation pattern

BB Dy« BB D ey

I+ > ]

B(B > D1™V) +—— B(B- D*17V)
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