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• The decay  used for |Vcb| - huge topic with its own puzzles.  

• Not the main focus today, but wanted to flash a couple of recent measurements.

b → cℓν

11

The form factor normalization is constrained at zero-
recoil with hX = hA1

(1) = 0.906 ± 0.013 from Ref. [17]
for our nominal fit scenario. For the BGL form factor
fit, we truncate the series based on the result of a nested
hypothesis test (NHT) [40] with the additional constraint
that the inclusion of additional coe�cients do not result
in correlations of larger than r = 0.95. This leads to the
choice of na = 1, nb = 2, nc = 1 free parameters, with the
constraint for c0 defined in Eq. (12). More details about
the NHT can be found in Appendix B. For the CLN type
parameterization we determine three coe�cients: ⇢2 ,
R1(1), and R2(1).

Both form factor parameterizations are able to describe
the data with p-values of 7% and 6% for BGL and CLN,
respectively, and the extracted |Vcb| values of both deter-
minations are compatible. The fitted shapes are shown
in Fig. 9 (red and blue bands) and the numerical values
for the coe�cients and |Vcb| are listed in Table III and
Table IV for BGL and CLN, respectively. In the figure
we also show the recent beyond zero-recoil prediction of
Ref. [16] as a green band. Its agreement with the mea-
sured spectra has a p-value of 11%. We also perform fits
to our measured B̄0 and B� shapes separately, with the
corresponding external branching fraction input. The re-
sults are compatible with each other, and the individual
extracted |Vcb| values are listed in Table V. We observe a
discrepancy between the |Vcb| values from the charged-
and neutral-only fits (p = 5%). Correcting for the exist-
ing disagreement between the charged and neutral input
branching fractions from HFLAV [11] and comparing the
full set of BGL coe�cients and |Vcb| we recover a p-value
of 20%.

Additionally, we tested explicitly the impact of the
d’Agostini bias [41] on the reported results. The impact
of this bias on our quoted values of |Vcb| and the form
factor parameters is approximately a factor of 30 smaller
than the quoted uncertainties and we thus do not apply
an additional correction.

We also test the impact of the preliminary lattice re-
sults that constrain the B ! D⇤ form factors beyond
zero recoil of Ref. [16] using two scenarios:

1. Inclusion of hA1
beyond zero recoil:

hX ⌘ hA1
(w) ,

2. Inclusion of the full lattice information:
hX ⌘ hX(w) = {hA1

(w), R1(w), R2(w)},

where we consider the points at w = {1.03, 1.10, 1.17}
and use the provided correlations between the lattice
data points. We translate the lattice data points and
propagate their uncertainty and correlation into pre-
dictions of R1(w) = (w + 1)mBmD

⇤g(w)/f(w) and
R2(w) = (w� r)/(w�1)�F1(w)/(mB(w�1)f(w)) with
r = mD

⇤/mB .
Including lattice points for hA1

beyond zero-recoil re-
sults in a good fit (pBGL = 11%, pCLN = 9%) compatible
with our nominal scenario. Including the full lattice in-
formation results in a poor fit (pBGL = 2%, pCLN = 2%),

FIG. 9. The fitted shapes for both BGL (blue) and CLN (or-
ange) parametrization. Both parametrizations are able to ex-
plain the data, and are compatible with each other. Note that
the BGL (blue) band almost completely overlays the CLN
(orange) band. The green band is the prediction using BGL
coe�cients from lattice QCD calculations in [16].

TABLE III. Fitted BGL121 coe�cients and correlations.

Value Correlation

a0 ⇥ 103 25.98± 1.40 1.00 0.26 �0.23 0.28 �0.31

b0 ⇥ 103 13.11± 0.18 0.26 1.00 �0.01 �0.01 �0.62

b1 ⇥ 103 �7.86± 12.51 �0.23 �0.01 1.00 0.26 �0.47

c1 ⇥ 103 �0.92± 0.97 0.28 �0.01 0.26 1.00 �0.49

|Vcb|⇥ 103 40.55± 0.91 �0.31 �0.62 �0.47 �0.49 1.00

where the disagreement is predominantly generated in
R2(w). The extracted |Vcb| values in the di↵erent lat-
tice scenarios are compatible with each other, as shown
in Table VI. We also investigate the beyond zero-recoil
lattice data for an equivalent number of BGL coe�cients
Na = 3, Nb = 3, Nc = 2 as used in Ref. [16]. We find a
much higher value of |Vcb| = (42.67 ± 0.98) ⇥ 10�3 with
a p-value of 5%. The full details of the fit can be found
in Appendix C.
Using on our measured cos ✓` shapes we determine

the forward-backward asymmetry over the full w phase-
space,

AFB =

R 1
0 d cos` d�/d cos` �

R 0
�1 d cos` d�/d cos`R 1

0 d cos` d�/d cos` +
R 0
�1 d cos` d�/d cos`

, (32)

TABLE IV. Fitted CLN coe�cients and correlations.

Value Correlation

⇢2 1.22± 0.09 1.00 0.58 �0.88 0.37

R1(1) 1.37± 0.08 0.58 1.00 �0.66 �0.03

R2(1) 0.88± 0.07 �0.88 �0.66 1.00 �0.14

|Vcb|⇥ 103 40.11± 0.85 0.37 �0.03 �0.14 1.00

• Great interest in seeing how these measurements compare to lattice when/if data is released.

Belle, https://arxiv.org/abs/2301.07529
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Untagged B0 → D*+ℓ-ν decay

● |Vcb| value is determined from measured partial rates ΔΓ

Experimental 
observation

Experimental 
covariance

Theoretical 
prediction

Written in terms of |Vcb| 
and FF parameters

Minimizing χ2

|Vcb|BGL = (40.9 ± 0.3stat ± 1.0syst ± 0.6theo) ×10
-3

|Vcb|CLN = (40.4 ± 0.3stat ± 1.0syst ± 0.6theo) ×10
-3

Caprini-Lellouch-Neubert parameterization

Boyd-Grinstein-Lebed parameterization

Preliminary

Preliminary

Preliminary

Preliminary

ー

Phys.Rev.D 56 (1997) 6895-6911

Nucl.Phys.B 530 (1998) 153-181

Belle II, ALPS 2023

• I will instead talk about the semitauonic measurements, focussing on recent updates.

https://arxiv.org/abs/2301.07529
https://indico.cern.ch/event/1204084/contributions/5298272/attachments/2618736/4527101/Chaoyi%20ALPS%202023.pdf
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Semitauonic status as of 2021
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Note I: Ellipses cover at 39% so measurements less compatible 
than they actually are. 

(No, it would not make sense to enlarge them to 68% due to 
comparison with 1D measurements).

• I will cover two recent updates on two τ decay channels from LHCb: 

• LHCb-PAPER-2022-039, measurement of R(D) and R(D*) with  [3 fb-1]. 

• LHCb-PAPER-2022-052, measurement of R(D*) with  [4.5 fb-1].

τ → μνν

τ → 3π(X)ν

Note II: WA significantly more precise than most precise single 
measurement: Global significance has large inertia to new 
measurements (don’t expect the 3σ tension to move much).

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-039.html
https://indico.cern.ch/event/1231797/attachments/2615232/4524828/RDstarHad_CERNSeminar.pdf
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A word on neutrinos at a hadron collider
• For semitauonics, at least two neutrinos in the final state. 

• Signal and backgrounds have broad overlapping shapes.

4

A Challenge to Lepton Universality in B Meson Decays — 3/10

Figure 2. Belle (a) and LHCb (b) single event displays illustrating the reconstruction of semileptonic B meson decays: Trajectories
of charged particles are shown as colored solid lines, energy deposits in the calorimeters are depicted by red bars. The Belle display is
an end view perpendicular to the beam axis with the silicon detector in the center (small orange circle) and the device measuring the
particle velocity (dark purple polygon). This is a ° (4S) ! B

+
B
� event, with B

� ! D
0t�n̄t , D

0 ! K
�p+ and t� ! e

�nt n̄e, and the
B

+ decaying to five charged particles (white solid lines) and two photons. The trajectories of undetected neutrinos are marked as
dashed yellow lines. The LHCb display is a side view with the proton beams indicated as a white horizontal line with the interaction
point far to the left, followed by the dipole magnet (white trapezoid) and the Cherenkov detector (red lines). The area close to the
interaction point is enlarged above, showing the tracks of the charged particles produced in the pp interaction, the B

0 path (dotted
orange line), and its decay B̄0 ! D

⇤+t�n̄t with D
⇤+ ! D

0p+ and D
0 ! K

�p+, plus the µ� from the decay of a very short-lived t�.

typically produced at small angles to the beam and with high
momenta, features that determined the design of the LHCb detec-
tor [25, 26], a single arm forward spectrometer, covering the polar
angle range of 3�23 degrees. The high momentum and relatively
long B hadron lifetime result in decay distances of several cm.
Very precise measurements of the pp interaction point, combined
with the detection of charged particle trajectories from B decays
which do not intersect this point, are the very effective, primary
method to separate B decays from background.

All three experiments rely on several layers of finely seg-
mented silicon strip detectors to locate the beam-beam interaction
point and decay vertices of long-lived particles. A combination
of silicon strip detectors and multiple layers of gaseous detec-
tors measure the trajectories of charged particles, and determine
their momenta from the deflection in a magnetic field. Examples
of reconstructed signal events recorded by the LHCb and Belle
experiments are shown in Figure 2.

For a given momentum, charged particles of different masses,
primarily pions and kaons, are identified by their different ve-
locities. All three experiments make use of devices which sense
Cherenkov radiation, emitted by particles with velocities that ex-
ceed the speed of light in a chosen radiator material. For lower
velocity particles, Belle complements this with time-of-flight
measurements. BABAR and Belle also measure the velocity-
dependent energy loss due to ionization in the tracking detectors.
Arrays of cesium iodide crystals measure the energy of photons

and identify electrons in BABAR and Belle. Muons are identified
as particles penetrating a stack of steel absorbers interleaved with
large area gaseous detectors.

Measurements of B
� ! t�nt decays

The decays B
� ! t�nt with two or three neutrinos in the final

state have only been observed by BABAR and Belle. These
two experiments exploit the BB pair production at the ° (4S)
resonance via the process e

+
e
� !° (4S) ! BB. These BB pairs

can be tagged by the reconstruction of a hadronic or semileptonic
decay of one of the two B mesons, referred to as Btag. If this
decay is correctly reconstructed, all remaining particles in the
event originate from the other B decay.

BABAR and Belle have independently developed two sets of
algorithms to tag BB events. The hadronic tag algorithms [27, 28]
search for the best match between one of more than a thousand
possible decay chains and a subset of all detected particles in
the event. The efficiency for finding a correctly matched Btag is
unfortunately quite small, 0.3%. The benefit of reconstructing
all final state particles is that the total energy, Emiss, and vector
momentum, ~pmiss, of all undetected particles of the other B decay
can be inferred from energy and momentum conservation. The
invariant mass squared of all undetected particles, m

2
miss = E

2
miss�

~p2
miss, is used to distinguish events with one neutrino (m2

miss ⇡ 0)
from events with multiple neutrinos or other missing particles
(m2

miss > 0).

Nature volume 546, pages 227–233 

• Difficult to reconstruct B rest frame.

• Gain some information using the direction of 
the primary and secondary vertices.

• This with rest frame approximations allows to 
reconstruct kinematic observables.
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Semitauonic analyses in a nutshell
1. Simulate signal and backgrounds, e.g: 

3. Correct simulation for data/MC differences (e.g. PID). 

4. Design selection to select signal. 

5. Use control regions to further correct details of backgrounds (decay model). 

6. Perform multi-dimensional template fit to extract signal. 

7. Determine efficiency using corrected simulation. 

8. For three-prong decays: use external normalisation to convert to LFU ratio.

5

B ! D⇤`⌫
B ! D⇤⇤`⌫
B ! D⇤DX
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Tau decays

We start with the measurements using  τ → μνν

⌧ ! µ⌫⌫

Large statistics

Efficiency largely cancels 
with muonic mode

More kinematic 
information

Precise tau flight 
information

No background from 
muonic modes

⌧ ! 3⇡⌫

Tau decay well understood

⌧ ! ⇡⌫

Tau decay well understood

Good polarimeter(a)

𝜋−

𝜏−

 𝑝𝜏

/𝜌

𝜃𝜏𝑑
𝜃hel

𝑊∗ rest frame pseudo 𝜏 rest frame

𝜏−

𝜋−

(b)

Figure 3.2: Illustration of the decay topology and the boost of the rest frame of W ⇤.
(a) Decay topology of B̄ ! D⇤⌧�⌫̄⌧ in the rest frame of W ⇤. The arrow indicates the
direction of the momentum vector of each particle (length is not to scale). Every particle
except for B̄sig is indicated at the end of the vector. The dashed arrow expresses the ⌧
momentum, which is on the cone with the opening angle ✓⌧d around the ⇡� momentum.
(b) Transformation from the rest frame of W (left) to the pseudo ⌧ rest frame (right). The
boost axis is taken as the horizontal solid arrow in the left panel, the magnitude of which
is equal to |~p⌧ |. The direction of the boost vector is indicated as the horizontal dashed
line in the right side. As the frame obtained by this boost is not necessarily consistent
with the rest frame of ⌧ , we name this frame “pseudo” ⌧ rest frame.

3.2 Data Sample

In the data analysis, we use two types of the data samples. The real data sample, or
simply referred to as data, are the sample accumulated in the actual experiment with
the Belle detector. The second one is the MC simulation sample produced on computers,
which is used to estimate the signal reconstruction e�ciency and study the background.

41

B ! D⇤(⌧ ! µ⌫⌫)⌫ B ! D⇤µ⌫vs
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Main differences in new muonic result
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LHCb-PAPER-2015-025 LHCb-PAPER-2022-052

 400k  candidatesD*+μ−X 2M  +  candidatesD*+μ−X D0μ−XSignature

Mis-ID treatment

Simulation 

Form factors

Full Fast

Standard PID selection Custom PID with updated 
unfolding methods.

CLN (D(*)) and LLSW (D**)

Data/MC 
agreement Very good Almost perfect

BGL (D(*)) and BLR (D**)

https://arxiv.org/pdf/1506.08614.pdf
https://indico.cern.ch/event/1231797/attachments/2615232/4524828/RDstarHad_CERNSeminar.pdf
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Signal increase
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Figure 1: Distributions of m2
miss (left) and E⇤

µ (right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.

6

 400k  candidatesD*+μ−X 2M  +  candidatesD*+μ−X D0μ−X
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Signal increase
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Figure 1: Distributions of m2
miss (left) and E⇤

µ (right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.
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Simulation
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• LHC takes 25ns to produce an event, full simulation takes O(10s). 

• Roughly 1 in 200 bunch crossings have bb pair. 

• Visible branching fractions are O(10-3) level. 

• Leaves 4 orders of magnitude difference in the production rate between simulation and data. 

• Producing enough simulation is difficult, and usually requires lots of tricks. Two main methods:

Simulate less of detector (e.g. tracker-only) Reuse rest of the event for many candidates
Simulation with ReDecay

p

PV

p

p
-

p
+

p
+

n
t

D0

B0

p
-

B0
® D*-

t
+
n

t

p
-

K +

t
+

n
t

D*-

Many 

underlying 

tracks !!!

[EPJC 78, 1009 (2018)]

1 Generate 1 complete event: signal +

underlying event

2 Re-generate the B decay 100 times

and merge each with the underlying

event

3 Repeat 1 and 2 N times

Resmi P K (Oxford) CERN Seminar 25

Annarita Buonaura

MC production

7

‣ Instead of ReDecay, muonic tau analyses tend to use RICHless/TrackerOnly simulation.
- Photon interactions in RICH and shower developments in CALO switched off (Not set to passive material, as is 

often stated).
- RICHless saved the  analysis ~40% CPU time 
- TrackerOnly saves 85% CPU and also 40% disk space. (Numbers for sim09, will change as simulation develops).

‣ Main complications:
- Necessity to emulate trigger (see next slide)
- PIDCorr unusable.

‣ Tracker-only has been demonstrated to work well in several analyses, but no showstopper found to prevent using 
or combining with ReDecay in future.

R(D0)

Trigger strategy and MC simulation

• In order not to bias the muon kinematics, the event
is triggered fully hadronically Trigger

• L0: Hadron TOS (D+) or Global TIS

• HLT1: Hlt1TrackMVA or Hlt1TwoTrackMVA TOS
(D+)

• One of the main systematics in RunI R(D⇤) was
due to MC statistics

• We are using a 3B MC sample produced with
Tracker Only simulation

• Enables a speed up factor of 8 in CPU time and
40% reduction in size

• We need to emulate PID response and Trigger response

Simone Meloni (Milano Bicocca University) Muonic R(D+,⇤) Analysis June 17, 2021 6 / 34

C Appendix: Tracker-only vs full MC templates2082
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Figure 124: Comparison between tracker-only and full MC templates on the fit variables.
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Data/MC agreement 
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• Agreement is excellent, particularly in the variables which differ between muonic and tauonic modes.

3. Data/MC 36/44
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Results
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4. Result 42/44
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Tau decays
⌧ ! µ⌫⌫

Large statistics

Efficiency largely cancels 
with muonic mode

More kinematic 
information

Precise tau flight 
information

No background from 
muonic modes

⌧ ! 3⇡⌫

Tau decay well understood

⌧ ! ⇡⌫

Tau decay well understood

Good polarimeter(a)

𝜋−

𝜏−

 𝑝𝜏

/𝜌

𝜃𝜏𝑑
𝜃hel

𝑊∗ rest frame pseudo 𝜏 rest frame

𝜏−

𝜋−

(b)

Figure 3.2: Illustration of the decay topology and the boost of the rest frame of W ⇤.
(a) Decay topology of B̄ ! D⇤⌧�⌫̄⌧ in the rest frame of W ⇤. The arrow indicates the
direction of the momentum vector of each particle (length is not to scale). Every particle
except for B̄sig is indicated at the end of the vector. The dashed arrow expresses the ⌧
momentum, which is on the cone with the opening angle ✓⌧d around the ⇡� momentum.
(b) Transformation from the rest frame of W (left) to the pseudo ⌧ rest frame (right). The
boost axis is taken as the horizontal solid arrow in the left panel, the magnitude of which
is equal to |~p⌧ |. The direction of the boost vector is indicated as the horizontal dashed
line in the right side. As the frame obtained by this boost is not necessarily consistent
with the rest frame of ⌧ , we name this frame “pseudo” ⌧ rest frame.

3.2 Data Sample

In the data analysis, we use two types of the data samples. The real data sample, or
simply referred to as data, are the sample accumulated in the actual experiment with
the Belle detector. The second one is the MC simulation sample produced on computers,
which is used to estimate the signal reconstruction e�ciency and study the background.

41

B ! D⇤(⌧ ! µ⌫⌫)⌫ B ! D⇤µ⌫vs
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Three-prong measurement
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• Update of R(D*) with  with 4.5 fb-1. 

• Normalise to hadronic mode . 

• Why not normalise directly to muonic mode? In that case we would suffer systematic uncertainties on 
the efficiency

τ → 3πν(X)

B0 → D*−3π±

R(D⇤) with hadronic ⌧ decays

K(D⇤) =
B(B0

! D
⇤�⌧+⌫⌧ )

B(B0! D⇤�3⇡±)
= 1.700 ± 0.101(stat)+0.105

�0.100(syst)

• The absolute branching fraction of B0
! D

⇤�⌧+⌫⌧ decays

B(B0! D⇤�⌧+⌫⌧ ) = (1.23 ± 0.07 (stat) ± 0.08 (syst) ± 0.05(ext)) ⇥ 10�2

R(D⇤) = K(D⇤)
B(B0

! D
⇤�3⇡±)

B(B0! D⇤�µ+⌫µ)
• The BFs of B0

! D
⇤�3⇡± and B

0
! D

⇤�µ+⌫µ - external inputs

R(D⇤) = 0.247 ± 0.015(stat) ± 0.015(syst) ± 0.012(ext)

In agreement with Run 1 result

• Combining with the Run 1 result

R(D⇤)2011�2016 = 0.257 ± 0.012 (stat) ± 0.014 (syst) ± 0.012 (ext)

Agreement within 1� to SM R(D⇤)SM = 0.254± 0.005 [HFLAV]

Resmi P K (Oxford) CERN Seminar 45

R(D⇤) with hadronic ⌧ decays

• Hadronic ⌧+
! ⇡+⇡�⇡+(⇡0)⌫̄⌧

• LHCb partial Run 2 data : 2 fb�1 at
p
s= 13 TeV, 2015-16

(⇠ 1.5⇥ Run 1 sample)

• We determine the ratio of BFs for the signal and normalisation decays as

K(D⇤) =
B(B0

! D
⇤�⌧+⌫⌧ )

B(B0! D⇤�3⇡±)
=

Nsig

Nnorm

"norm
"sig

1

B(⌧+! 3⇡±(⇡0)⌫⌧ )

• This is converted to R(D⇤) with external inputs as

R(D⇤) = K(D⇤)

⇢
B(B0

! D
⇤�3⇡±)

B(B0! D⇤�µ+⌫µ)

�

ext. input

Resmi P K (Oxford) CERN Seminar 18
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Key selection of analysis
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• Reminder that key selection is to reject the huge  background.B0 → D*−3π±X
Background contributions

• The most dominant background is
B ! D

⇤�3⇡±
X

• The 3⇡± directly from B meson
• Around ⇠ 100⇥ signal decays

• The second largest contribution from
B ! D

⇤�
DX decays - termed as

“double charm” decays
• D = D

+
s ,D+,D0

• Signal like topology with a detached

vertex due to non-negligible lifetime
• B ! D

⇤�
D

+
s X ⇠ 10⇥ signal decays

B0 →D*−τ +ντ

π − K +

π −

π −
π +

π +

D0

B0

π 0...

PV

pp

B0 →D*−π +π −π +X
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Background contributions
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B ! D
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• Compared to last time, 
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Signal fits

16

• Run I dataset not reanalysed and instead averaged with run II, taking into account systematic correlations.

• Different background composition between run periods due to the improved selection (compare the Y-axis scales).
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Signal extraction

• 3D binned template fit to:
• q

2
⌘ (pB0 � pD⇤)2

• ⌧+ decay time
• Anti-D+

s BDT output
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• Total 16 components in the fit
• Templates for 13 of them derived from simulation samples
• Rest of them (combinatorial backgrounds) derived from data

• Contribution from excited D
⇤⇤ states estimated from simulation and corrected

with weights calculated using theoretical inputs [Rev. Mod. Phys. 94, 015003 (2022)]
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Signal extraction
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0

DComb. 
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N(B0! D⇤�⌧+⌫⌧ ) = 2469 ± 154

Run 1 yield = 1296 ± 86
I Larger dataset

I Improved selection
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LHCb-PAPER-2022-052LHCb-PAPER-2017-017/027

https://indico.cern.ch/event/1231797/attachments/2615232/4524828/RDstarHad_CERNSeminar.pdf
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2017-017.html1797/attachments/2615232/4524828/RDstarHad_CERNSeminar.pdf
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Main control channel
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• Controlling the orange B—>DDs means inverting the BDT selection. 

• Both aspects of the decay controlled in data and look good.
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• Good agreement between model and

data for the fit variables

Resmi P K (Oxford) CERN Seminar 38

B—>DDs(*) decay Ds—>3pi(X)

D
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• The fractions of various modes extracted and simulation corrected accordingly
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Results
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• Run I dataset not reanalysed and instead averaged with run II, taking into account systematic correlations.

LHCb-PAPER-2022-052

R(D⇤) with hadronic ⌧ decays

K(D⇤) =
B(B0

! D
⇤�⌧+⌫⌧ )

B(B0! D⇤�3⇡±)
= 1.700 ± 0.101(stat)+0.105

�0.100(syst)

• The absolute branching fraction of B0
! D

⇤�⌧+⌫⌧ decays

B(B0! D⇤�⌧+⌫⌧ ) = (1.23 ± 0.07 (stat) ± 0.08 (syst) ± 0.05(ext)) ⇥ 10�2

R(D⇤) = K(D⇤)
B(B0

! D
⇤�3⇡±)

B(B0! D⇤�µ+⌫µ)
• The BFs of B0

! D
⇤�3⇡± and B

0
! D

⇤�µ+⌫µ - external inputs

R(D⇤) = 0.247 ± 0.015(stat) ± 0.015(syst) ± 0.012(ext)

In agreement with Run 1 result

• Combining with the Run 1 result

R(D⇤)2011�2016 = 0.257 ± 0.012 (stat) ± 0.014 (syst) ± 0.012 (ext)

Agreement within 1� to SM R(D⇤)SM = 0.254± 0.005 [HFLAV]
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• Using external measurements of normalisation and muonic mode:
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Resmi P K (Oxford) CERN Seminar 45

R(D⇤) with hadronic ⌧ decays

K(D⇤) =
B(B0

! D
⇤�⌧+⌫⌧ )

B(B0! D⇤�3⇡±)
= 1.700 ± 0.101(stat)+0.105

�0.100(syst)

• The absolute branching fraction of B0
! D

⇤�⌧+⌫⌧ decays

B(B0! D⇤�⌧+⌫⌧ ) = (1.23 ± 0.07 (stat) ± 0.08 (syst) ± 0.05(ext)) ⇥ 10�2

R(D⇤) = K(D⇤)
B(B0

! D
⇤�3⇡±)

B(B0! D⇤�µ+⌫µ)
• The BFs of B0

! D
⇤�3⇡± and B

0
! D

⇤�µ+⌫µ - external inputs

R(D⇤) = 0.247 ± 0.015(stat) ± 0.015(syst) ± 0.012(ext)

In agreement with Run 1 result

• Combining with the Run 1 result

R(D⇤)2011�2016 = 0.257 ± 0.012 (stat) ± 0.014 (syst) ± 0.012 (ext)

Agreement within 1� to SM R(D⇤)SM = 0.254± 0.005 [HFLAV]

Resmi P K (Oxford) CERN Seminar 45

• Doing the average with the run 1 result:

• Very consistent with SM prediction. 

R(D⇤) with hadronic ⌧ decays
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https://indico.cern.ch/event/1231797/attachments/2615232/4524828/RDstarHad_CERNSeminar.pdf
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Latest combination
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0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
R(D)

0.2
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0.35

0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

 = 1.0 contours2χΔ

World Average
total 0.029±R(D) = 0.356 

total 0.013±R(D*) = 0.284 
 = -0.37ρ

) = 25%2χP(

HFLAV

PRELIMINARY

σ3

LHCb22LHCb23

Belle17

Belle19

Belle15
BaBar12

Average

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2, 74
PRD 105 (2022) 034503

HFLAV

2021

HFLAV
Prelim. 2023 • Three-prong measurement strong 

consistency with SM has led to some fairly 
hyperbolic proclamations that the anomaly 
is going away. 

• However, latest significance remains at 
3.2σ, very similar to pre-2022.
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Measurements at the B-factories
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• Doubly biased towards LHCb in this talk due recency and my own wheelhouse.

• B-factory measurements have big advantages with respect to LHCb on the purity and resolution.

• Kinematic tagging helps hugely to clean up signal, 
improved by factor ~2 for Belle II 
[arXiv:1807.08680]
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• For example measuring the polarisation of the tau 
using .τ → πν 15
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FIG. 10. Comparison of our result (star for the best-fit value
and 1�, 2�, 3� contours) with the SM prediction (triangle).
The white region corresponds to > 3�. The shaded vertical
band shows the world average as of early 2016 [20].

world average is estimated to be 0.304 ± 0.013(stat) ±
0.007(syst) [63].

The three results of R(D⇤) with the full data sample of
Belle are statistically independent. The average R(D⇤)
measured by Belle is estimated to be 0.292±0.020(stat)±
0.012(syst). In this average, correlation in the uncertain-
ties arising from background semileptonic B decays is
taken into account and other uncertainties are regarded
as independent. The relative error in the average R(D⇤)
is 7.5%, which is the most precise result by a single ex-
periment. Compared to the SM prediction [23], the esti-
mated value is 1.7� higher. Including R(D) measured by
Belle [13], compatibility with the SM predictions is 2.5�,
corresponding to a p-value of 0.042.

IX. CONCLUSION

We report the measurement of R(D⇤) with hadronic ⌧
decay modes ⌧

�
! ⇡

�
⌫⌧ and ⌧

�
! ⇢

�
⌫⌧ , and the first

measurement of P⌧ (D⇤) in the decay B̄ ! D
⇤
⌧
�
⌫̄⌧ , using

772⇥ 106 BB̄ data accumulated with the Belle detector.
Our results are

R(D⇤) = 0.270± 0.035(stat)+0.028
�0.025(syst), (21)

P⌧ (D
⇤) = �0.38± 0.51(stat)+0.21

�0.16(syst), (22)

which are consistent with the SM predictions. The result
excludes P⌧ (D⇤) > +0.5 at 90% C.L. This is the first
measurement of the ⌧ polarization in the semitaounic de-
cays, providing a new dimension in the search for NP in
semitauonic B decays.
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• Eagerly awaiting Belle-II measurements

https://arxiv.org/abs/1807.08680
https://arxiv.org/abs/1709.00129
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• Semileptonic analyses are complicated, take time to complete. 

• Since last BFA progress made in R(D(*)) for two different τ 
decay modes at LHCb. 

• Significance doesn’t move much as its combination of many 
measurements of equal precision. 

• It will take a long time to clarify the situation. 

• There’s plenty more b->clu measurements that I didn’t cover here 
today. Take a look at last week’s semileptonic workshop for a nice 
overview: https://agenda.infn.it/event/34419/timetable/
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