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Motivation

The SM has been succesful in describing particle physics
phenomena with remarkable precision.

Not a complete theory: no explanation for dark matter, matter-
antimatter asymmetry, neutrino masses...

sysenb g

Motivation to look for deviations from its predictions in processes
where uncertainties are under control.

BEW-IUE §+)
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Semileptonic B decays well suited for this purpose.
* They provide clean tests of the SM, and in particular of
Lepton Flavour Universality (LU).

Any significant deviation in these observables could be a clear
indication of new physics beyond the SM.
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Lepton Flavour Universality

Lepton Flavour Universality: In the SM, couplings of the charged leptons — electrons, muons,
and taus — to electroweak gauge bosons are identical.
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The only differences between these particles arise from their masses and associated kinematic
effects.

Two main effects associated with lepton mass:
* Phase space: heavier leptons kinematically suppressed due to reduced phase space (]).
« Helicity suppression: less sever for heavier leptons (7).

Relative rates of processes involving different leptons are precisely predicted within the SM.
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Why taus?

The tau lepton plays a special role due to its large mass.

More sensitive to possible contributions from new physics, especially from scalar or tensor
interactions.
» Scalar contributions proportional to lepton mass.

NP contribution o< m,

Effects that are helicity suppressed for light leptons become much more relevant in processes
involving taus.

Semileptonic B decays to taus are a particularly powerful probe of physics beyond the SM.



Definitions of R(D) and R(D*)

e Definitions: T
( ) ( ) W—/Hj,/-i/ 7.
_BB_)DTV . _BB—>D*‘L'V - B — > e »— C *
Rp = B(B—D!V) Rp+ = B(B—>D*V) t=eu B{ g — 3 - yﬂ. 51 q }D( )

* These ratios directly test LU by comparing tau modes to light-lepton modes
iIn the same decay topology.

« Any deviation from the SM prediction would indicate a violation of LU.

« Among the cleanest probes of LU in the flavour sector.
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Why ratios?

A key feature of these observables is that they are defined as

ratios.

Partial cancellation of hadronic uncertainties, such as form B—Dtv same hadronic system
factors, which are otherwise a major source of theoretical BDPv same form factors
uncertainty. different lepton

On the experimental side, many systematic effects also reduced,

. _ o _ T: |Vcbl|2xFFxphase space
since numerator denominator have very similar topologies.

7: |Vcb|2xFFxphase space

Altogether, this makes these observables particularly clean and
robust tests of LU.
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New physics contributions in b — cfv

A convenient way to describe possible contributions from NP is
through an Effective Field Theory (EFT) framework.

In the SM, the transition is mediated by a single vector operator
with a V-A structure, which strongly constrains the possible helicity
configurations.

However, new physics could introduce additional operators, such as
scalar or tensor operators.

These contributions are particularly enhanced in tau modes due to
its large mass, making R(D) and R(D*) sensitive probes of such
effects.
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NP:
Os = (c"b)(?v)
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Experiments

* R(D)/R(D*) have been measured by several experiments,
in two very different environments. Bolle I

Clean environment

B factories: BaBar, Belle, and now Belle II. "
« e+e- collisions. Full event can often be
reconstructed.

e LHCb:

« hadronic environment, with higher statistics but
more challenging backgrounds.

 These complementary approaches provide independent
and robust measurements of R(D) and R(D*).

« Atthe LHC, B.%, B.* mesons and A.° baryons are also
produced, which allows to perform measurements of other
ratios: R(Dg*), R(J/¥), R(AY)...




First tensions

* First deviations from the SM:

~ 0S5S———m—F———7 7
. BaBar (2012): R(D)/R(D*) S — B PRLIO9.01302001) Ay =10
. Belle (2015): R(D)/R(D*) & 045 T s v sos ol
« LHCb (2015): R(D*). 04f T

* Observed an excess in decays involving taus 035 ~
compared to the SM expectations. 03E E

* When combined, these results showed a 0255— —
discrepancy at the level of about 3-40, generating . 5-‘““-"“‘1:““““ | PO = 55%
significant interest in the community. 055 Y Y Y

R(D)
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Time evolution

Increasing experimental input over time.

Fluctuations in central values and tensions.

Highlights the importance of independent
measurements and increasing precision.

Experiment R(D*) R(D) Rescaled Correlation
(stat/total)
BaBar 0.332 +0.024 +£0.018|0.440 £ 0.058 + ||-0.45/-0.27
0.042
BELLE? 0.293 +0.038 £ 0.015[0.375 £ 0.064 + [-0.56/-0.49
0.026
BELLE® 0.270 + 0.035 +0028_ -
0.025
BELLE® 0.283 +0.018 £0.014|0.307 £ 0.037 + |-0.53/-0.51
0.016
LHCbH? 0.281 +0.018 £0.0240.441 £0.060 + (-0.49/-0.43
0.066
LHCEP 0.267 +0.012 £ 0.019]- -
LHCb® 0.402 +0.081 +0.0850.249 + 0.043 + ||-0.48/-0.39
0.047
Belle I1P 0.306 £ 0.034 £ 0.018 0418 £0.074 = |-0.27/-0.22
0.051
Belle I1? 0.242 +0.019 +£0.0160.439 £ 0.055 + ||-0.40/-0.20
0.046
15/04/26

Babar: 1 measurement
Belle: 3 measurements
LHCb: 3 measurements
Belle Il: 2 measurements
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B-factories measurements

BaBar 2013
PRD88 072012 (2013)

Ha‘i}- Tag  R(D)=0440+0.058+0.042 D>
T R(D*)=0.332+0.024+0.018 @
BELLE
Belle 2015 Belle 2018 Belle 2020
PRD92 072014 (2015) PRD97 012004 (2018) PRL124 161803 (2020)
Had. Tag ) 375+0.064:0.026  Sb T+ag+ R(D*)=0.270+0.035¢0.028 1189 T@9" R(5)-0307+0.0370.016
T4 R(D*)=0.293+0.034+0.015 T2T 0" P (D*)=-0.38+0.051£0.021  T=% R(D*)=0.283+0.018+0.014
80
Belle 11 2024 Belle 11 2025 0
Had. T PRL132 211804 (2024) Had. Ta PRD112 032010 (2025 " D
ad- 188 R(x,,)=0.228+0.016+0.036 - 189 R(D)=0.41810.074+0.051 B>
T T R(D*)=0.306+0.034+0.018 2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.072012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.161803
https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
https://journals.aps.org/prd/abstract/10.1103/fmn3-h8fy
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804

LHCb measurements %

LHCb 2015 LHCb 2023

201 PRL115 111803 (2015) supersededby Z0  PRL131111802 (2023)
R(D**)=0.336+0.027+0.030 R(D°)=0.441+0.060+0.066
run1 2011-2012 data R(D*)=0.281+0.018+0.024

run1 2011-2012 data
LHCb 2018 LHCb 2023

2003 PRL120 171802 (2018) combined with 2izm PRD108 012018 (2023)
R(D**)=0.291+0.019+0.026+0.013 . ™ R(D**)=0.247+0.015+0.015+0.012
run1 2011-2012 data run2 2015-2016 data

B B>D'tv g 0.03
LHCb 2025 Bl 3 -D* v = 0.025f
PRL134 061801 (2025) BoDXX 2 oz

L R(D*)=0.249+0.043+0.047 ] g;ng " i/STIDv PI
R(D**)=0.402+0.081+0.085 — g oot
run2 2015-2016 data B oD% uv S 0%

0 1000 2000
E,[MeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801

R(D) and R(D*) measurements

Measurements broadly consistent
across experiments.

* R(D): 7 measurements.

* R(D*): 9 measurements.

Moderate tension with the SM.
* R(D): ~2.50¢ tension with SM.
* R(D*): ~2.30 tension with SM
Larger experimental uncertainties for

R(D).

15/04/26

BaBar, had. t: 5 : BaBar, had. : P
D oS s 5 ! = 0333+ 0024 20,018 L
Belle™. had. t : : Belle', had. tag ! o
0§?§+0‘Bbddﬁ}0m ; : U”’;JI3+0013+“00|5 -——0—-: :
Belle®, sl. ta i i g‘ R o c lau) L gt
0.307 4 0,037 0.016 e E‘;“i: ?ﬁzg =002} ; :
LHCb® ' : 0283+ 00180014 =
0.441 = 0.060 = 0.066 ; : * LHCh* ’ d
LHCb® : | cmsl 0,018 + 0.024 ——
0.249 = 0.043 = 0.047 - l l LH had L l :
Belle II" sl tag : : FEGE o fagdropis taw . BT
0418 = 0.074 = 0.051 : - Y 0,081+ 0.085 N
Belle IT*, had. tag 0 0 _ le TI°. sl tag i '
0.439 + 0,055 + 0.046 : i 5508 DotLd28 015 D ———
Average Z ’ Belle IT*, had tag = i
0.358 :ga.cm 5 i 0242+ 001940016  ——tmtms
SM Average i : Average ;
0.296 = 0.004 . 028120.011 | —e—
9400 i SM Aver: P
052 0003 00 . 0354 G065 -
EPJC 80 (2020) 2,74 | IS 30 (2020) 2,74 -
0298 + 0.003 ; PRD 106 (2022) 096015 :
PRD 105 (2022) 034503 - 0.249 x 0.003 -
0.296 = 0.8 T JHEP 01 (2024) 022 :
PRD 106 (2022) 096015 ; 0.258 = 0.012 ——
0.288 = . - PRL 123 (2019)9.091801
JHEP 01 (2024) 022 : 0.253 = 0.005 :
0.304 = 0.003 L] PLB 795 (2019) 386 |
FLAG24 arXiv:2411 04268 = 5
PSS - HFLAV EEIC 4 020 40 - HFLAV
’ i
I | I | | I | P L | L L
0.2 04 0.1 0.2 03 04
R(D) R(D*)
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Combined World average

Combination of combined experimental
results:
« ~3.80 tension with SM.

Measurement of the inclusive ratio R(X,,)
shows no tension.

More data and improved analyses are
needed to clarify this.

+ = with expected SM contributions of D, X, removed

o ~ Q
035} 68.3% CL contours

0.30 F s

R(D™)

PS5 HFLAV 2023
025 N \~\!3(D(*’)

R(D(‘))
0.20

02 03 0.4 05
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[a) 68% CL contours i
-
(a7 » A
I =
035~ ]
03— —
- —
e —
—
025
rF =
- HFLAV SM Prediction 11 e L e
t R(D) = 0,29 + 0,004 Belle II -
02p- R(D*) =0.254 £ 0005 R(D) =0358 = 0024 o
- Y - v <> -t
+ L-QCD FLAG24 (N£=2+1 for R(D*)) n(Ly ’;_‘_’*8‘ =001,
W R(D)=02938 x 0 0054 p=-0. 74 , o
- R(D*) =0.2582 + 0 0051 P(x°) = 27% -
4 I Il A 2 2 4 ' I I 4 4 4 I ' I '
02 0.3 04 05
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Semitauonic B decays at B-factories

« At B-factories (Belle(ll) and BaBar), e*/e™ collisions producing

Y (4S)—BB. e* and e~ with different energies to produce
boosted B'’s.

« B-tagging allows to constrain the momentum of the B-signal:

- Hadronic B-tag: precise measurement of pg 4. Good
determination of g2 and m,.? (eff. ~0.3%)

- SL B-tag: weaker constraint on pg (eff. ~1%)

« The missing mass (neutrinos) can be measured with high
precision. 2501

— — ¥ Data
L ook [Ogtmen Belle hadronic tagging r+_'$+
% E E|§O—>p+€v ‘
(05 150— B-X,tv
S F Nes
> 100 B
o r
0: I ';» —_\.\\~§\\_\_\\_\\__ .........................
-2 -1
2 4)
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Semitauonic measurements at LHCDb

Muonic tau decays Hadronic tau decays

4 . N .
* Measurement using T—u"v,v,; decays. (. Measurement using t™—m *n~(n°)v, decays. A
« 3 neutrinos present in B—D* “t*v, « Only 2 neutrinos present in B%— D* 7%y,
« Important contributions from exclusive B°— D*~ « tau vertex is known (3 vertex). This gives
p'v, (normalisation) and inclusive B—D*"u*y, X access to the tau decay time, which can be used
decays, i.e. (D*™*—D*rm). to discriminate between signal and background.
« Important contribution from doubly-charmed B— « No contamination from semileptonic
D*"D(X) decays with D—Xu'v,. B—D*"u*v,(X) decays.
* R(D*¥) directly measured from the same data « Large contribution from doubly-charmed
sample (D* u"). B—D*"D(X) decays with D—r*r n*X.
\l ) _ : :
« Measure BR(B°—D*"t*v,) with respect to, i.e.
B —D*n*r n*. Then, use WA BR(B®— D* u'*v,)
to obtain R(D*).

(& )
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R(D®): Muonic reconstruction

« AtLHCb, B momentum cannot be constrained
from beam energy (no Y(4S) — BB decay as in

o
o
co

B-factories) T a =
-factories).
g MC truth go.os §04_
04 B°—D*r*v, <004 < N
H B%— D"w, 0.02 0'2:_:\&\ :
- ] | NN ;\\‘:t}
p \P—V/ p e v 0 I 0 IS e ! Gt} \? N \:\f:l\\ :f\\ \\. \\.\ X0
. . . 0 5 10 500 1000 1500 2000 2500 0 5 10
» Approximation used to estimate B momentum: 2, (GeV/c?): Epy (MeV/c}) ¢ (GeVIc?y
B boost along z >> boost of decay products in B
rest frame. g0 g of
my £ Eoosf N £
(¥B.)p = (yﬁ)D*‘u = (p,)p = " (p, )D*u g 3 NN g
m(D* u) * [ ROy ]S
« ~18% resolution on pg, still good enough to ol SN
preserve signal and background discrimination. . BEESEAN
o 5 10 7500 '\'i'(\)lom(;\fs*obx 2000 2500
m2,  (GeV/c?) E.., MeV/c?) @ (GeV/c2)?

- 3D template fit to: m?;, E,* and g2.
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R(D*)/R(D**) muonic at LHCb ~ eauras e cnes

Measurement of R(D*) and R(D**) using D* —
K n*n* decay (D*t - D*n¥/y).

Visible final state K ntntu~.

Candidates / (1.18 GeV?/c¢?)
(=]
(3]

Candidates / (0.67 GeV%/c?)

. . . . . 2[GeV¥c4]
Use of charged isolation to isolate signal candidates ' ~
and produce background-enriched control samples. B30Ty 2 oo
B 3Dy S oo
B—D'X.X 2 0f
Simultaneous fit to 4 samples, with enhanced _— ?:;nifn i/STI‘DV g ooist
sensitivity to specific components. Dy ER
* Slgnal Sample-l- D+#_' - P “r - 0 1000 2000
e 1msample: D u n~. _ _ E,[MeV/c)
P _ +,u_ L Main systematics:
e 2 sample: D u n . ¢
. 1K le: DY yu— Kt « Form factors.
sampie. Ui ' « B - D™1/tv.
Results: R(D) = 0.249 4 0.043 40047 : Dc_)ullgly-charmed cTeE %
' R(D*™) = 0.402 + 0.081 + 0.085 MISTL.

* Simulation size
15/04/26 A. Romero Vidal 18


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801

R(D**) hadronic at LHCb

« Whatis measure:

iy

BR(B'0 D* t'v) _ NB'L D¥ *(0 r'n a" ("), )v,) - 1 . &B'0 D¥ nx'n)

K, (D*)=
(D7) BR(B'] D* n'n rh) NB'U D¥ ' rn'n) BR(z'0 n'na’(x’)Wv,) &B'0 D¥ ¢’ (0 n'n n(x")v.)v,)

« Signal and normalization share same visible final state (D1 mr-117%).

« Most of the systematic uncertainties cancel in the ratio (PID, trigger ...).
BR(BO [ ] D*_jz'+72'_7z'+) [~4% precision]
0 o 9% orecisi
BR(B 1D U Vu) [ precision]

+ R(D*) obtained from: R(D*)=K, ,(D*)L

«  N(B°-D™1rm*1m) from a un-binned likelihood fit to m(D™~1r*mr11*).
«  N(B—-D*1 (-1t m(mo)v,)v, from a 3D template fit.

15/04/26 A. Romero Vidal 19
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Displaced tau vertex

The most abundant background is due
to (“prompt”) B—=D*atrn*(+X) where
the 3 pions come from the B vertex
(about 100 times higher than signal).

Suppressed by requiring minimum
distance between B and t vertices
(>40).

This background suppressed by ~3
orders of magnitude. 35% efficient on
signal.

Possible due to the excellent LHCb
vertex precision.



o
=
=}
=]

R(D*+) hadrOniC at LHCb PRD108 012018 (2023)

Main background in signal sample due to B—D* D_"X decays.
« Anti-Ds* BDT trained and used in fit.

=}
f=4
[=3
(=]

s
=}
(=]
(=]

[
f=1
[=}
=)

Candidates / (0.117)

3D binned fit to data in (g2, T decay time, BDT) with (8,8,4) bins.

Candidates / (1.375 GeV*/c?)

<

10000 1

5000

0.2 0 02 0.4

Model: Anti~D? BDT output
1. Signal B’-D*t*v: 7™ —n n*nv, and T ntn %, (ratio
constrained according to known BF’s). Free in the fit. o oDy, D,
. . 0 . . g — B:D:ng( X) E B:D’:D;( X)
: tF|_de) to the expected yield, 11% of signal (assign : EEE;X 50"}
syst. uncertainty). 2 ] o
3. Doubly-charmed B decays: c = — s T
a) B—-D*D.*X. Includes B>-»D"D*, B>-D" D", e e
B>-D"Dy ", B°>D "Dy, B —~D"D"X, B—D"Ds"X. Main systematics:
Shape constrained from control sample. - "Doubly-charmed B — DDX.

b) B—D*D%X. Yield fixed from control sample.
c) B—D*D*X. Free in the fit.
Yield constrained from control sample.
5. Comb. background. Yield fixed from control sample.

 Simulation size.
» Form factors.

R(D*")=0.247+0.015(stat) £0.015(syst) £0.012(ext)
15/04/26 A. Romero Vidal
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018

PRD110 092007 (2024)

Other LHCb measurements: F (D**)  &igk

D rest frame

* Measurement of F,(D**) at LHCb using 3-prong hadronic tau decays.

« B > D* 1ty o?
1 dr , ag,(q°) + ¢q,(4°)

- —a + ¢y (g*)cos?0p,,  FP'(g?) = 2 2

I"dg*dcos @) (@) + €6, (1) ° L (4) 3ay, (¢*) + Coy, (9%)

ag,: unpolarized signal fraction
cg,- polarized signal fraction S

LHCb Run 2 (2 fb™) 3

FP" = 0.43 +0.06 (stat) & 0.03 (syst)

FP™ = 0.60 = 0.08(stat) = 0.04(syst) ¢ >7GeVct

D

« Compatible with the SM arXiv:1903.03102 Pl |
FP* =0.441 +0.006 [PRD 98 (2018) 095018] BELLE E

FP* =0.457 £0.010 [Eur. Phys. J. C 79, 268 (2019)

Candidates / (0.333)

FP* =0.467 +0.009 [Eur. Phys. ). C 80, 347 (2020)] 1E i

FP'[q* < 7GeV?/c*] = 0.495 + 0.017 [arXiv:2310.03680]

FP*[g% > 7GeV?/c*] = 0.383 +0.006 [arXiv:2310.03680] _ -1 0 1-1 0 1
L le eviicl A. Romero Vidal
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092007
https://arxiv.org/abs/1903.03102

New BaBar R(D)/R(D*) measurement

First Babar (2013) analysis used hadronic tagging.

New analysis, presented at Moriond 2026 (24/03/2026), uses SL e /4/( '\.S p®

tagging. D(*)// KK /@
0 ,
Signal: B -» D™ty with T — fvv. ni V\i\ ¢ v \ |
T LT

Normalisation: B - D™ ¢v with £ = y, v. 5
r ‘i
+
3 backgrounds: 1)’ _yv ¢ © y
 D** events: At least one B decays to D**(t) /#v. e A Y
- Combinatorial: BB events other than signal/normalisation. Y ; “Tag B”

“Signal B” (B —» D ‘
« Continuum: qg events with g # b. - ( ™) (B—D%v)

Analysis statistically independent of 2013 analysis.
« Does not supersede previous analysis.

?
)
2
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Signal, normalisation and background discrimination

2
e )
« Two BDT classifiers trained: %
« 21 to discriminate signal/normalisation Background U
from background. SENE
« z2 to discriminate signal from
normalisation. 22
« 4 datasets used: ‘. BoDt 7, gj B - DI™ v, il'g S D**(z\)v
+ D*,D%¢,D**¢,D"%, : iy i
- Yields obtained from a simultaneous ] gl - o H - b +7 | I
maximum likelihood fit to the 4 datasets in the - Dl |t j - Dk - Dl }-
z1/z2 plane. Qé:'! IR Ty e e
é B - D't ¥, , B - D", 3 Other backgrounds -
« 2D PDFs obtained using Adaptive Kernel o4 . (BB, continuum)
Density Estimation (KDE). ~ ; A — c
! - - :
15/04/26 D"l - D Jil (((( D



I

T

Fit projections
« 21 discriminates signal/normalisation from background.
« 22 discriminates signal from normalisation.
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Yields and uncertainties

* Yields are extracted separately for the
4 datasets and then are combined.

» All components are free to vary in the fit.

Measurement dominated by statistical
uncertainty.

Dominant systematics:
 PDF shapes and MC statistics.

« B — D**fv shape and branching fractions.

« Data-driven corrections and background

vy

Subset | Component Extracted Yield
B — Dtv 117 + 44
B — D*rv 191 £ 57
DHl B — Dlv 1965 + 110
B — D*lv 1261 £ 146
B — D™lv 3248 + 233
Other Bkgs 7258 + 182
B — Dtv 726 + 273
B — D*tv 2452 + 285
Do B — Dlv 12012 + 555
B — D*lv 22808 + 648
B — D**lv 15594 + 445
Other Bkgs 22065 + 307
B — D*Ttv 110 £ 17
B — Dlv 614 + 127
D**l | B— D*lv 1246 + 139
B — D**lv 292 + 54
Other Bkgs 665 + 42
B — D*rv 175 + 25
B — Dlv 479 + 126
D*°l | B— D*lv 2154 + 149
B —- D**lv 1387 + 101
Other Bkgs 1415 + 70

calibration.

Source \ AR(D) (%) AR(D*) (%) Correlation
B — Dlv form factor 0.42 0.13 -0.18
B — D*lv form factor 0.92 0.31 -0.19
B — D**lv form factor 0.48 0.18 -0.90
B(B — DWlv) 0.47 0.38 0.97
B(b — cc) 0.34 0.13 1
B(B — D**lv) 2.83 1.60 -0.97
B(D) 0.84 0.70 -0.40
PDF shapes MC statistics 4.12 4.37 -0.15
On-peak background calibration 2.45 0.44 -0.05
B(T(45)) 0.48 0.43 1
PID efficiency 0.29 0.40 1
Soft ¥ efficiency 0.84 1.25 1
B(r = " iv;) 0.16 0.16 1
Systematic Total 5.86 4.96 -0.20
Statistical Uncertainty 19.8 9.9 -0.92
Total 20.65 11.07 -0.82

15/04/26
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R(D)/R(D*) results

New preliminary BaBar result:

R(D) =0.316+0.062 (stat) £ 0.019 (syst)

R(D¥)

HFLAV average (CKM 2025) 0.35

excluding new BABAR result

R(D) = 0.358 + 0.024

R(D* = 0.281 + 0.011 02
p=-0.374

0.25

0.2

R(D*) = 0.226 + 0.022 (stat) £ 0.012 (syst)

p=-0.82

Consistent with SM at ~1.5¢.

New WA consistent with the SM at
~20.

15/04/26

0.40

0.35f

0.301

R(D*)

0.25F

0.201
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Prospects on R(D)/R(D*)

LHCDb
Run 2 Run 3 Run4 Run 5 Run 6
18t :
16}
R 14} '
E 12
= L
£ 10t
8 .
g SEEN\\\ T -
-~ g
.—mq 6_ ...........
46 e PR & o e e B N R e e e R R
[—‘ 4. SRRl \ | N R v, (N e, ST aas
2: Optimistic AN | ML
ERLHCD unofficial = = B ~ &
O ..........................
TSI SISy
N N v Oy & O Oy & O Oy O & O &
Data sample up to year
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Belle |l
v T = T
18/ —— R(X) (had FEI, lep 7)
16: - R(x) (had FEI)
— } —— R(D) (had FEI, lep 7) \
R 14} ---- R(D) (SL FEI, lep 7)
2 120 R(D*) (had FEI, lep 7)
_g ===+ R(D*) (SL FEI, lep 7)
£ 10F e R(D*) (had FEI, had 7)
§ L ~
=
=
S

F. Bernlochner, M. Franco Sevilla, D.
Robinson, G. Wormser

arXiv:2101.08326, Review of Modern Physics

Belle Il Collaboration
arXiv:2207.06307, Snowmass White Paper

The inclusion of more data will reduce both the statistical and systematic uncertainties.

Data sample in ab ™!

A. Romero Vidal
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Conclusions

Lepton flavour universality provides a powerful test of the SM.
Measurements of R(D)/R(D*) shows presently a tension of ~4 o.

After the new preliminary BaBar R(D)/R(D*) result, the RD/RD* tension with the
SMis reduced to ~2¢.

However, precision in measurements still needs to improve to provide a definite
picture.

Belle Il and LHCDb run3 data will help to improve the current precision.

15/04/26 A. Romero Vidal
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The (old) LHCDb detector

a « In pp collisions b/b pairs produced with
- o = very small opening angle. LHCb
S T 2% detector is a forward spectrometer.

« Vertex detector (VELO):
» Excellent vertex resolution: 20um
resolution on impact parameter.
» Decay time resolution ~45ps.

» Tracking system (plus a 4T magnet):
«  Momentum resolution Ap/p~0.4%-0.6%

» RICH detectors:
» Excellent K/m/p separation.

» Calorimeter systems:
« Energy measurement (i.e:n° v ).

 Muon system:
* Very high efficiency for muons.
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Signal reconstruction

4-fold ambiguity: i )/?93“

L (3 +m2) || cos & B/ (2 — m2, )2 — 4m2|f, ? sin® 0 N

P= (%, — [for o052 0) Say

- (sz-T + szO)lﬁDawl Cos @Dﬂ' \/(m230 - m2Dmr)2 - 4m230 lﬁDt‘r|2 Sill2 0’ * Lab. fl'al'rle

|pBU| = 2(E2 . |5Dg |2 0052 9,) D T

Dst T BO e'

Can be approximated by doing: S

NV
. mg - mg'rr / . m230 o m%)*'r
Omaz = arcsin = 6 . = arcsin -
2m7‘ |p31l'| QmBO |pD*'r |

Possible to reconstruct rest frame variables such as tau decay time and g2.

These variables have negligible biases, and sufficient resolution to preserve
good discrimination between signal and background.
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