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Belle II overview

Particle Identification

Time of Propagation in barrel region


and ARICH in forward region

e+ ( 4 GeV) 

Ref: Belle2 TDR: arXiv: 1011.0352

Central Drift Chamber

 Smaller cells, long lever arm, fast electronics

Vertex Detector 

2 Layers PXD DEPFET and 4 Layers DSSD

KL and muon Detector

Resistive Plate Chamber 


Scintillator + WLSF + MPPC

Electromagnetic Calorimeter 

CsI(Ti), waveform Sampling (barrel)


Pure CsI for end caps

( 7 GeV) e— 
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Projections+of+Integrated+Luminosity+Delivered+by+SuperKEKB to+Belle+II

o Target+scenario:+extrapolation+from+
early+2021+run+including+expected+
improvements

o Base+scenario:+conservative+
extrapolation+of+SuperKEKB
parameters+from+early+2021+run

800fbE1

1300fbE1

600fbE1

900fbE1

Long+Shutdown+1+(LS1)+is+currently+scheduled+to+start+January+2023

If+SuperKEKB performance+indicates+that+insufficient+integrated+luminosity+will+be
collected+before+LS1+or+COVIDE19+travel+restrictions+persist,+the+option+exists+to+
postpone+the+start+of+LS1+to+July+2023
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so far.. 

BelleII charm/  studies focused on  
detector/reconstruction 
performance, resolutions, and 
systematic effects..

τ

3

Belle II data status
as of 

now

Ref: https://confluence.desy.de/display/BI/Belle+II+Luminosity

Continued data-taking through Covid-19 pandemic

Integrated luminosity  Lint  ~223 fb-1 (Nov 18, 2021)

Highest instantaneous luminosity ~3.1 × 1034 cm–2s–1 


New world record archived in June 2021 🥇 ☀︎

SuperKEKB design luminosity: 6.5 × 1035 cm–2s–1 

projection

☀︎Belle highest in June’09 : 2.1 × 1034 cm–2s–1

see Alessandro Gaz’ talk

6 fb−1 4 fb−1

63 fb−1

16 fb−1

123 fb−1

11 fb−1

Date

https://confluence.desy.de/display/BI/Belle+II+Luminosity
https://www.belle2.org/
https://indico.cern.ch/event/891123/timetable/?view=standard#131-present-and-future-ckm-stu
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Powerful SuperKEKB

Charm Physics

B-factory ▶︎ “charm-factory” (60×109 pairs of c with 50 ab-1)


excellent Dalitz plot analysis (uniform efficiency and non-biasing trigger)

better reconstruction of neutrinos

τ Physics

B-factory ▶︎ “τ-factory” (~50×109 events with 50 ab-1)


measure wide range of observables (CP asymmetries, invariant mass spectra, lepton universality etc.)

precision measurements or indirect search of BSM (beyond SM) physics

direct search of forbidden decays

charm/𝜏 opportunities at Belle II

Impact

 50 ab-1 = ~50 x Belle

 e+e- collisions (asymmetric beam energies)


offer stringent kinematic constraints for reconstruction of final states with neutrinos

acceptance and trigger criteria that introduce much less bias on flight length and kinematic properties

 ..more in Physics Book

Ref: Belle2 Physics Book arxiv1808.10567

https://arxiv.org/pdf/1808.10567.pdf)
https://arxiv.org/pdf/1808.10567.pdf)
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New silicon vertex detector provides better vertex resolution

Good PID even with higher beam background environment

More tracking volume♉︎ ⤳ higher Ks efficiency (w.r.t. LHCb)

.. more in TDR and Physics Book

highlights of Belle II

Facilitate measurement of mixing parameters, and CP violations with neutrals in the final state

Belle II performance is expected to improve w.r.t. to Belle; 


improved IP resolution (e.g. x2 better D0 proper time resolution)

reduced statistical uncertainties

..and if systematic uncertainties are reduced

Impact

♉︎from Central Drift Chamber (CDC) and Silicon Vertex Detector(SVD) Ref: Belle2 Physics Book arxiv1808.10567

charm/𝜏 opportunities at Belle II

Charm/τ Physics

https://arxiv.org/abs/1011.0352
https://arxiv.org/pdf/1808.10567.pdf)
https://arxiv.org/pdf/1808.10567.pdf)
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We reconstruct D⇤+ ! D0(! K0
S⇡

+⇡�)⇡+ decays in data collected by Belle II in 2019,2

and corresponding to 9.6 fb�1 of integrated luminosity. A fit to the 2D distribution of3

M(D0) and Q = M(D⇤+)�M(D0)�m⇡+ , displayed in Figure 1, gives a yield per fb�1
4

of 1230 ± 15 (stat.). The purity (98.3%) in the signal region is higher than at Belle5

(95.5%) because of the improved Q resolution. In addition, a fit to the D0 decay-time6

distribution, shown in Figure 2, returns a lifetime of 408± 5 (stat.) fs, in agreement with7

the world-average value (410.1 ± 1.5 fs). The average decay-time resolution is estimated8

to be approximately 145 fs, a factor of about two better than Belle. The Dalitz-plot9

distributions of the data are also displayed in Figure 3, where m2
+ indicates M2(K0

S⇡
+)10

for D0 decays and M2(K0
S⇡

�) for D0 decays, while m2
� indicates M2(K0

S⇡
�) for D0 decays11

and M2(K0
S⇡

+) for D0 decays. Besides, m2
⇡⇡ is an abbreviation for M2(⇡+⇡�), while ✓⇡⇡12

is the helicity angle, indicating the angle between ⇡�(⇡+) and K0
S momenta in ⇡+⇡�-rest13

frame in D0 (D0) decays.14
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Figure 1: Distributions of (left) M(D0) and (right) Q = M(D⇤+) � M(D0) � m⇡+ for
D0 ! K0

S⇡
+⇡� data candidates populating the Q and M(D0) signal regions, respectively,

with fit projection overlaid.

1

D0 → Ksπ+π−

D0 lifetime 

x2 better w.r.t. Belle
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Current Belle II performance
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Fig. 1: Unbinned maximum likelihood 2D fit which is performed with (a)M(KS⇡0) and
(b)�M(M(KS⇡0⇡+) - M(KS⇡0)). To fit the signal component, sum of two gaussian and bifur-
cated gaussian functions is used for M(KS⇡0), whereas sum of gaussian and bifurcated gaussian
functions is used for �M distribution.
Exponential and threshold functions are used to fit a combinatorial background component in
M(KS⇡0) and �M, respectively.
Peaking(in M(KS⇡0)) background which is due to the combination of real D0 candidates and fake
soft pion(⇡s) candidates is fitted by using sum of two gaussian and bifurcated gaussian functions
in M(KS⇡0) whereas this background contribution is fitted with threshold function in �M.
The signal, combinatorial background and random ⇡s background are shown with red dashed,
green dotted and purple dashed lines, respectively.
Observed yield for D⇤+ ! D0⇡+

s , D
0 ! KS⇡0 with Belle II data corresponding to an integrated

luminosity 34.6 fb�1 is 16800 ± 150, where uncertainty is only statistical. Details about this study
are reported in the internal document BELLE2-NOTE-PH-2020-037.
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     Ami Rostomyan                                                                                                                                                                                                                                                                                       ΤAU 2021                                                                                                                                     

The mass 
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Goal: achieve best precision among pseudomass measurements

➡ best result from BES III from pair production at threshold energy 
➡ best measurement from pseudomass technique by Belle

1773 1774 1775 1776 1777 1778 1779 1780 1781

]2 [MeV/cτm

Belle II (2020) 2 0.33 MeV/c± 0.75 ±1777.28 

BaBar (2009) 2 0.41 MeV/c± 0.12 ±1776.68 

Belle (2007) 2 0.35 MeV/c± 0.13 ±1776.61 

ARGUS (1992) 2 1.4 MeV/c± 2.4 ±1776.3 

BES III (2014) 2 0.13 MeV/c± 0.12 ±1776.91 

PDG average 2 0.12 MeV/c±1776.86 

 

➡ match statistical precision of Belle/BaBaR with ~300 fb-1

➡ future improvements of reconstruction efficiency and 
systematic uncertainty

current luminosity 
(213/fb)

See  poster of N. Rad
        slides of M. Villanueva

arXiv:2008.04665

▸  1777.28 ± 0.75 ± 0.33(sys)mτ

τ mass precision 

vs. ℒ

 𝜏 resultsτ

Belle II 2020 

Phys. Rev. Lett. 127, 211801 (2021)

arXiv:2008.04665

https://arxiv.org/abs/2008.04665
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.211801
https://arxiv.org/abs/2008.04665
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 s ↔ u transition
 Experimental measurements

 kaon decays
 traditional (also for form factor) and most accurate among all
 but precision is limited from theory (LCQD) uncertainties (on form factor )

 hyperon decays
 τ decays with strangeness in the final state (today’s focus)

f+(0) & fk /fπ

1 |Vus|status and Belle II prospects
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SciPost Phys. Proc. 1, 001 (2019)
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0.22 0.225
|us|V

CKM unitarity, PDG 2018
 0.0009±0.2256 

 s incl., HFLAV Spring 2017→ τ
 0.0021±0.2186 

 s incl., HFLAV + BABAR 2018→ τ
 0.0019±0.2195 

 s incl., HFLAV + BABAR + kaons→ τ
 0.0018±0.2202 

 s incl., Antonelli 2013→ τ
 0.0027±0.2207 

 s incl., Hudspith 2018→ τ
 0.0004± 0.0027 ±0.2231 

 s incl., Boyle 2018a→ τ
 0.0013± 0.0015 ±0.2228 

 s incl., Boyle 2018b→ τ
 0.0013± 0.0011 ±0.2245 

A.L. elab.
Tau 2018

Figure 1: |Vus|⌧s
determinations obtained in this document, from the top: |Vus|uni

,
|Vus|⌧s

with the HFLAV Spring 2017 fit, after adding the BABAR 2018 data, after adding
both the BABAR 2018 and the kaon indirect predictions, from Ref. [6], from Ref. [21],
and two determinations from Ref. [22].

-2-2

●

|Vus|(τ → K τ → π)

|Vus|(τ → s)

|Vud|CKM
unitarity

fit

0.215

0.220

0.225

0.230

0.973 0.974 0.975 0.976
|Vud|

|V
us
|

Figure 2: Results of a |Vud |-|Vus| simultaneous fit. The bands describe the constraints
corresponding to the |Vud |measurement, the |Vus|⌧s

and the |Vus|⌧K/⇡ determinations
that use the ⌧ measurements. The oblique line corresponds to the CKM matrix uni-
tarity constraint. The ellipse corresponds to 1� uncertainty on the |Vud | and |Vus| fit
results.

1.4
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Chapter 2

With the |Vud| value given in Equation 2.8 this results in

|Vus| = 0.2252 ± 0.0013, ∆rel = 0.6%. (2.47)

with ∆rel
th = 0.50%. This |Vus| value is also consistent with the value derived from CKM

unitarity. This method to determine |Vus| is limited by the theoretical uncertainty,
similarly to |Vus| from the semileptonic kaon decays.

2.4.5. |Vus| from the τ − → K−ντ and τ − → π−ντ decays

An alternative approach to determine |Vus| is to measure the ratio of the τ− → K−ντ

and τ− → π−ντ decays which is given by

Γτ−→K−ντ

Γτ−→π−ντ

=
|Vus|2

|Vud|2
f 2

K

f 2
π

(1 − m2
K/m2

τ )2

(1 − m2
π/m2

τ )2
(1 − δLD), (2.48)

where δLD is a long-distance QED correction.
From the experimental point of view this method is complementary to the deter-

mination of |Vus| from kaon decays. However, the same theoretical uncertainty as for
the leptonic kaon decays related to the ratio fK/fπ has to be considered resulting in
∆rel

th ≈ 0.50%. In a recent BABAR analysis [7], |Vus| has been determined with this
method. fK/fπ = 1.189 ± 0.007 [21] has been used to obtain

|Vus| = 0.2255 ± 0.0031, ∆rel = 1.4%, (2.49)

where the central value is numerically identical to |Vus| from the unitarity condition
(Equation 2.38), and the uncertainty does not yet reach the precision of the Kl3 and
Kl2 decays.

2.4.6. |Vus| from the τ − → K−ντ decay

In the same BABAR analysis |Vus| has also been determined from the relation

B(τ− → K−ντ ) =
G2

F f 2
K |Vus|2m3

τ ττ

16π!

(

1 −
m2

K

m2
τ

)2

SEW , (2.50)

where ττ is the τ lifetime, to

|Vus| = 0.2193 ± 0.0032, ∆rel = 1.6%. (2.51)

The relative theoretical uncertainty of |Vus|, ∆rel
th = 1.27% [22], comes from the uncer-

tainty of the kaon decay constant fK = 157 ± 2 MeV which is theoretically predicted
with a larger uncertainty as the decay constants ratio fK/fπ. The obtained |Vus| value
lies within 2σ with respect to |Vus| resulting from the unitarity of the CKM matrix. In
Chapter 11, this method is used to determine |Vus| from the B(τ− → K−ντ ) measured
in this analysis.
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1. Compare BR ratio:

long-distance 
radiative
corrections

2. via branching fraction:
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2. Theory of hadronic τ decays and experimental status

2.4.7. |Vus| from inclusive τ → s decays

As discussed in Section 2.3.2, |Vus| can be determined from the spectral moments mea-
sured in hadronic strange τ decays. The smallest theoretical uncertainty of |Vus| arises
from the first moments which are identical to the hadronic τ decay width ratios Rns

and Rs. |Vus| is therefore determined from

|Vus| =

√√√√ Rs
Rns

|Vud|2 − δτ
(2.52)

where δτ = 0.240 ± 0.032 is a theoretical SU(3)-symmetry breaking correction (see also
Section 2.3.2) which would vanish if the d and s quarks had the same masses. The
theoretical uncertainty of |Vus| determined with this method amounts to ∆rel

th = 0.46%,
and is of different nature than in all other methods presented in this section. The
inclusive character of the ratios Rns and Rs has the advantage that the above relation
does not depend on form factors and decay constants whose uncertainties dominate
the theoretical uncertainties of the other |Vus| determination methods. This method is
therefore complementary to the |Vus| determinations from Kl3 and Kl2 decays from
both the experimental and theoretical point of view.

The strange decay rate Rs can be obtained from the sum of exclusive strange τ decay
branching fractions divided by the branching fraction of the τ− → e−νeντ decay. A
list of these decays is given in Table 2.5 with their current world average branching
fractions as listed by the PDG [4]. From the sum of the branching fractions one obtains

Rs = 0.1590 ± 0.0043. (2.53)

The non-strange decay rate Rns can in principle also be determined by calculating the
sum of all non-strange hadronic τ decays. Since Rns amounts to 96% of the hadronic
τ decay rate, this has the disadvantage of a relatively large uncertainty on Rns, which
enters the uncertainty of |Vus|, coming from the individual branching fraction mea-
surements. A more convenient way to determine Rns with a minimal uncertainty is to
use

Rns = Rhad − Rs = 3.4811 ± 0.0107 (2.54)

where Rhad = 3.6401 ± 0.0098 is calculated from the precisely known leptonic τ decay
branching fractions (see Equation 2.18). The |Vus| value calculated from the above rates
and δτ is

|Vus| = 0.2154 ± 0.0031, ∆rel = 1.4%. (2.55)

The Heavy Flavor Averaging (HFAG) Tau group has recently presented a slightly
larger and more precise value of the strange decay width ratio, RHFAG

s = 0.1613±0.0028
[23]. This value has been determined in a fit which constrains the sum of the measured
branching fractions to one and which not only takes the branching fractions considered
in the PDG 2010 publication [4] into account, but includes in addition recent results
of the B Factories (some of them being preliminary). Moreover, correlations between
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in the PDG 2010 publication [4] into account, but includes in addition recent results
of the B Factories (some of them being preliminary). Moreover, correlations between
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S (hadron with S = 0)
NS (hadron with S ≠ 0)

electroweak
corrections

 from  decays (methods)|Vus | τ
Exclusive method

Inclusive method

▶︎  = 0.2234 ± 0.0015 (HFLAV 2021 preliminary)
⦿ -2.1σ from CKM unitarity
⦿ but large uncertainties as compared to kaons

|Vus |

▶︎ : 0.2231 ± 0.0006|Vus | (K → l3)

Chapter 2

With the |Vud| value given in Equation 2.8 this results in

|Vus| = 0.2252 ± 0.0013, ∆rel = 0.6%. (2.47)

with ∆rel
th = 0.50%. This |Vus| value is also consistent with the value derived from CKM

unitarity. This method to determine |Vus| is limited by the theoretical uncertainty,
similarly to |Vus| from the semileptonic kaon decays.

2.4.5. |Vus| from the τ − → K−ντ and τ − → π−ντ decays

An alternative approach to determine |Vus| is to measure the ratio of the τ− → K−ντ

and τ− → π−ντ decays which is given by

Γτ−→K−ντ

Γτ−→π−ντ

=
|Vus|2

|Vud|2
f 2

K

f 2
π

(1 − m2
K/m2

τ )2

(1 − m2
π/m2

τ )2
(1 − δLD), (2.48)

where δLD is a long-distance QED correction.
From the experimental point of view this method is complementary to the deter-

mination of |Vus| from kaon decays. However, the same theoretical uncertainty as for
the leptonic kaon decays related to the ratio fK/fπ has to be considered resulting in
∆rel

th ≈ 0.50%. In a recent BABAR analysis [7], |Vus| has been determined with this
method. fK/fπ = 1.189 ± 0.007 [21] has been used to obtain

|Vus| = 0.2255 ± 0.0031, ∆rel = 1.4%, (2.49)

where the central value is numerically identical to |Vus| from the unitarity condition
(Equation 2.38), and the uncertainty does not yet reach the precision of the Kl3 and
Kl2 decays.

2.4.6. |Vus| from the τ − → K−ντ decay

In the same BABAR analysis |Vus| has also been determined from the relation

B(τ− → K−ντ ) =
G2

F f 2
K |Vus|2m3

τ ττ

16π!

(

1 −
m2

K

m2
τ

)2

SEW , (2.50)

where ττ is the τ lifetime, to

|Vus| = 0.2193 ± 0.0032, ∆rel = 1.6%. (2.51)

The relative theoretical uncertainty of |Vus|, ∆rel
th = 1.27% [22], comes from the uncer-

tainty of the kaon decay constant fK = 157 ± 2 MeV which is theoretically predicted
with a larger uncertainty as the decay constants ratio fK/fπ. The obtained |Vus| value
lies within 2σ with respect to |Vus| resulting from the unitarity of the CKM matrix. In
Chapter 11, this method is used to determine |Vus| from the B(τ− → K−ντ ) measured
in this analysis.
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⦿ alternate methods [1], [2]: consistent with K and CKM unitarity

▶︎  = 0.2226 ± 0.0015 (HFLAV 2021 preliminary)
⦿ -2.6σ from CKM unitarity 
⦿ but large uncertainties as compared to kaons

|Vus |

▶︎  = 0.2192 ± 0.0019 (HFLAV 2021 preliminary)
⦿ -3.6σ lower from CKM unitarity
|Vus |

▶︎ : 0.2231 ± 0.0006|Vus | (K → l3)

SciPost Phys. Proc. 1, 001 (2019)

https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://arxiv.org/abs/1702.01767
https://www.epj-conferences.org/articles/epjconf/abs/2018/10/epjconf_lattice2018_13011/epjconf_lattice2018_13011.html
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://scipost.org/SciPostPhysProc.1.001/pdf
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Updated preliminary determinations of |Vus | with tau decays using the HFLAV fit

2021 update on |Vud | - |Vus |, HFLAV 2021 prelim., C. & N. 2011 RC

|Vud |
I J.C.Hardy & Ii.S.Towner, PRC 102, 045501 (2020)

I revised experimental inputs

I
Marciano and Sirlin 2006 2:361 ± 0:038
Seng et al. 2018/2019 2:467 ± 0:022
Czarnecki, Marciano and Sirlin 2019 2:426 ± 0:032

Adopted value for �
V
R 2:454 ± 0:019

I increased systematic uncertainty

(new nuclear corrections)

|Vus | from kaons

I improved Ke3 radiative corrections,

Seng, Gorchtein & Ramsey-Musolf,

arXiv:2103.04843 [hep-ph]

I new calculation of |Vus |K‘3
Seng, Galviz, Marciano, Meißner,

arXiv:2107.14708 [hep-ph]

|Vus | from tau

I using 2021 update |Vud | (minor)

I Cirigliano & Neufeld 2011 radiative corrections

0.22 0.225
|us|V

 = 2+1+1, 2021 updatef, Nl3K
 0.0006±0.2231 

 = 2+1+1, PDG 2020f, Nl2K
 0.0005±0.2252 
 of 2021 update

ud
using V

 0.0013±0.2277 
, HFLAV 2021 prelim.νs X→ τ
 0.0019±0.2192 

, HFLAV 2021 prelim.ν i→ τ / ν K→ τ
 0.0015±0.2234 

, HFLAV 2021 prelim.ν K→ τ
 0.0015±0.2226 

 average, HFLAV 2021 prelim.τ
 0.0013±0.2217 

A.L. elab.
Sep 2021

I |Vud | - |Vus |K anomaly ⇠3�

I no scale factor on |Vus |K
I ⇠5� without increased |Vud | systematics

Alberto Lusiani (SNS & INFN Pisa) – Tau 2021, 27 September 2021 – 1 October 2021 8 / 9

9

Kaon decays (HFLAV 2021 preliminary)

     Ami Rostomyan                                                                                                                                                                                                                                                                                       ΤAU 2021                                                                                                                                     

 from τ decays @Belle IIVus

15

1.2  Test of QCD and EW interactions 

•  Inclusive τ-decays : full hadron spectra, perturbative tools: OPE… 
          fundamental SM parameters:  
          QCD studies 

 

•  Exclusive τ-decays : specific hadron spectrum, non perturbative tools 
        Study of ffs, resonance parameters (MR, ΓR) 
        Hadronization of QCD currents 

 
 

•  τ-decays: tool to search for New Physics in inclusive and exclusive decays :  
 

   Unitarity test, CPV, LFV, EDMs, etc. 
 

 

Emilie Passemar 

+
SUSY loops, 
Leptoquarks, 
Z’, Charged Higgs, 
Right-Handed 
Currents,…. 

τ

u

,d s

τν

W

( ),ud us ττ ν→

( ), , ...PP PPP ττ ν→

( ) ,  ,  S us sm V mτα

9 

SciPost Phys. Proc. 1, 001 (2019)

-2-2

0.22 0.225
|us|V

CKM unitarity, PDG 2018
 0.0009±0.2256 

 s incl., HFLAV Spring 2017→ τ
 0.0021±0.2186 

 s incl., HFLAV + BABAR 2018→ τ
 0.0019±0.2195 

 s incl., HFLAV + BABAR + kaons→ τ
 0.0018±0.2202 

 s incl., Antonelli 2013→ τ
 0.0027±0.2207 

 s incl., Hudspith 2018→ τ
 0.0004± 0.0027 ±0.2231 

 s incl., Boyle 2018a→ τ
 0.0013± 0.0015 ±0.2228 

 s incl., Boyle 2018b→ τ
 0.0013± 0.0011 ±0.2245 

A.L. elab.
Tau 2018

Figure 1: |Vus|⌧s
determinations obtained in this document, from the top: |Vus|uni

,
|Vus|⌧s

with the HFLAV Spring 2017 fit, after adding the BABAR 2018 data, after adding
both the BABAR 2018 and the kaon indirect predictions, from Ref. [6], from Ref. [21],
and two determinations from Ref. [22].

-2-2

●

|Vus|(τ → K τ → π)

|Vus|(τ → s)

|Vud|CKM
unitarity

fit

0.215

0.220

0.225

0.230

0.973 0.974 0.975 0.976
|Vud|

|V
us
|

Figure 2: Results of a |Vud |-|Vus| simultaneous fit. The bands describe the constraints
corresponding to the |Vud |measurement, the |Vus|⌧s

and the |Vus|⌧K/⇡ determinations
that use the ⌧ measurements. The oblique line corresponds to the CKM matrix uni-
tarity constraint. The ellipse corresponds to 1� uncertainty on the |Vud | and |Vus| fit
results.

1.4

SciPost Phys. Proc. 1, 001 (2019) 

3σ tension between from the CKM matrix 
unitarity and . 

|Vus |
τ → s

What can we do @BelleII?
➡ larger data sample will be available
➡ similar to LFU analysis use 3x1 and 1x1 topologies
➡ improve the understanding of the detector (PID, trigger, … )5. K-EFFICIENCY AND ⇡-MIS-ID RATE IN MOMENTUM/POLAR ANGLE

BINS
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K ID efficiency (data)
K ID efficiency (MC)

 mis-ID rate (data)π
 mis-ID rate (MC)π

-1Ldt = 71.2 fb∫
 preliminaryBelle II

FIG. 4: Kaon e�ciency and pion mis-ID rate for the PID criterion RK/⇡ > 0.5 using the
decay D⇤+ ! D0[K�⇡+]⇡+ in the bins of laboratory frame momentum of the tracks.

6

D*+ → D0[K−π+]π+

Current status

Belle II prospects

— will perform LFU like analysis (use 3x1 and 1x1 topologies)
— statistical uncertainties will be improved with larger data-set
— also improved systematics from 

— PID1, trigger efficiency from detector upgrades 
— MC inputs (background estimation, modeling of decays2)

 decays (average HFLAV 2021 preliminary)τ

By Alberto Lusiani in Tau 2021 NEW

1. PID (scale factor uncertainty will scale inverse to the statistics of the data sets)

2.  Modeling of decays in the generator (KKMC, Tauola)

Belle II PID performance 
(efficiency/fake rates)

 from  decays (status)|Vus | τ

 -2.1σ

 -2.6σ

 -3.6σ
▶︎ : see latest numbers on plot for

            ⦿  anomaly ∼3σ 
             ▶︎ ∼5σ without increased |Vud | systematics 

|Vus | → l3 & l2
|Vud | − |Vus |K

▶︎  = 0.2217 ± 0.0013
            ⦿  : -3.6σ lower from CKM unitarity

|Vus |
τ → s

https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
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 Cabibbo-favoured (c → s transition)
 Experimental measurements

with D and Ds meson decays (today’s focus)
— Leptonic ( ) decay 

                   Decay constants  is required from Lattice QCD
— Semi-leptonic decay ( )

                   Form factor   is required from Lattice QCD

charm baryon and  decays

Ds → ℓν
fD

D → Kℓν
f (q2)

W±

⤳ simplest and theoretically cleanest processes

2 |Vcs| status and Belle II prospects
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Γ(D+
(s) → ℓ+ν) =

G2
F

8π
f 2
D+

(s)
|Vcd(s) |

2 MD+
(s)

M2
ℓ+ 1 −

M2
ℓ+

M2
D+

(s)

2

via leptonic decay: |Vcs | Ds → ℓν

decay modes:   

decay suppressed by helicity conservation hence decay rates ∝  


      branching fraction is very small ~ 10-7

      is favored over 

→ μν, → eν & → τν
m2

l

→ eν
→ τν μν

D+, D0, Λ+
c D*+, D*0& π, K(even), p

e+e− → cc̄ → DtagXfragKfragD*−
s ( → D−

s γ)

Step1: reconstruct tag side , build  and then extract  via missing mass analysis

             ⤳ missing mass peak at ~  mass

Dtag Xfrag D−
s

D−
s

1. take  from Lattice QCD 

    ⤳ extract  and compare w/ CKM unitarity 

fDs

Vus

2. take  from CKM unitarity 

    ⤳ extract  and compare w/ Lattice QCD 

Vus

fDs

Step3:  calculate   from step 2, then two approach fDs
Vus

Step2: used signal from step 1 and search/extract  yield for  D−
s → μν, → eν & → τν

D
+
s decay mode Signal yield fbias · " [%] B [%]

K
�
K

+
⇡
+ 4094± 123 85.8 5.06± 0.15± 0.21

K
0
K

+ 2018± 75 72.5 2.95± 0.11± 0.09

⌘⇡
+ 788± 59 45.8 1.82± 0.14± 0.07

µ
+
⌫µ 492± 26 98.2 0.531± 0.028± 0.020

⌧
+
⌫⌧ (e mode) 952± 59 18.8 5.37± 0.33+0.35

�0.31

⌧
+
⌫⌧ (µ mode) 758± 48 13.7 5.86± 0.37+0.34

�0.59

⌧
+
⌫⌧ (⇡ mode) 496± 35 8.7 6.04± 0.43+0.46

�0.40

⌧
+
⌫⌧ (combined) 2217± 83 41.2 5.70± 0.21+0.31

�0.30

Table 4. Signal yields, tag bias corrected efficiencies and measured branching fractions for all five
studied D

+
s decay modes. The first uncertainty is statistical and the second is systematic. In the

case of D+
s ! ⌧

+
⌫⌧ decays the efficiencies include the branching fractions of the ⌧

+ decay modes.

6 Determination of absolute branching fractions

For a given final state f , the absolute branching fraction of the D
+
s ! f decay is given by

B(D+
s ! f) =

N(D+
s ! f)

N
inc
Ds

· fbias · "(D
+
s ! f |incl. D+

s )
. (6.1)

Here, N inc
Ds

is the number of inclusively reconstructed D
+
s mesons (see section 4), N(D+

s !

f) is the number of reconstructed D
+
s ! f decays within the inclusive D

+
s sample (see

section 5), and "(D+
s ! f |inc. D+

s ) is the efficiency of reconstructing a D
+
s ! f decay

within the inclusive D
+
s sample. MC studies show that the D

+
s inclusive reconstruction

efficiency depends on the D
+
s decay mode and therefore the inclusively reconstructed D

+
s

sample does not represent a truly inclusive sample of D+
s mesons. To take this effect into

account, a ratio of D+
s inclusive reconstruction efficiency for D

+
s ! f decays, "incDs!f , and

the average D
+
s inclusive reconstruction efficiency, "incDs

=
P

i B(D
+
s ! i)"incDs!i, is included

in the denominator of eq. (6.1): fbias = "
inc
Ds!f/"

inc
Ds

. The ratio fbias is taken from the MC
sample.

Measured absolute branching fractions of the D
+
s ! K

�
K

+
⇡
+, K0

K
+, ⌘⇡+, µ+

⌫µ,
and ⌧

+
⌫⌧ decays are summarized together with the corresponding signal yields and tag bias

corrected efficiencies in table 4.

7 Systematic uncertainties

Systematic uncertainties in the calculation of the branching fractions arise due to imperfect
knowledge of the size of the inclusive D

+
s sample, the reconstruction efficiencies and the

modeling of signal and background contributions in the fits from which the signal yields
of D+

s ! f decays are extracted. The estimated systematic uncertainties are itemized in
table 5 and described below.

– 22 –

▶︎

analysis method (Belle)

 ⤳ measure branching fraction

Overview

Tag: Tagged decays

Frag: Fragmented particles
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Systematics Summary (Belle)

Source µ⌫ [%] ⌧(e)⌫ [%] ⌧(µ)⌫ [%] ⌧(⇡)⌫ [%] ⌧⌫ [%]

Statistical ±5.32 ±6.18 ±6.33 ±7.04 ±3.75
Normalization ±1.95 ±1.95 ±1.95 ±1.95 ±1.95
Tag bias ±1.37 ±1.37 ±1.37 ±1.37 ±1.37
Tracking ±0.35 ±0.35 ±0.35 ±0.35 ±0.35
E�ciency ±1.78 ±1.28 ±1.51 ±1.88 ±0.84
PID ±1.96 ±2.03 ±1.93 ±0.88 ±1.70
Ds background ±0.82 ±3.88 ±3.56 ±3.15 ±2.84
Comb. bkg. PDF ±0.02 +0.11 �8.31 +0.92 �2.54
Signal PDF – +3.46 +1.96 +3.43 +2.95
⌧ cross-feed – ±0.36 ±0.24 ±3.71 ±0.94
B(⌧ ! X ) – ±0.22 ±0.23 ±0.64 ±0.19
PDF stat. – ±2.16 ±2.19 ±3.05 ±1.44

Total syst. ±3.67 +6.59
�5.61

+5.76
�9.92

+7.49
�6.60

+5.40
�5.19

Stat. + Syst. ±6.46 +9.03
�8.35

+8.56
�11.8

+10.3
�9.65

+6.57
�6.40

Contributions in red are 100% correlated between di↵erent decay modes.

In future the limiting systematic will be due to the Ds peaking backgrounds, if
they’re not measured with better precision

Ds ! K0
L `⌫ in Ds ! ⌧(`)⌫ and Ds ! ⌘⇡+, ⇢K+

normalisation systematics partly scales with luminosity and can be reduced by
using only the cleanest Xfrag modes

A. Zupanc (JSI & UL) Leptonic Decays at Belle II B2TiP, 30/10/2014 12 / 20

D+
s ! µ+⌫µ

1 charged track pointing to the IP passing muon PID requirements

Fit to the M2
miss(DtagKXfrag�µ±) =

q
|pe+e� � pDtag � pK � pXfrag

� p� � pµ|2

J
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P
0
9
(
2
0
1
3
)
1
3
9

-0.2 0 0.2 0.4 0.6

 )
4

/c
2

E
v

e
n

ts
 /

 (
 0

.0
1

 G
e

V

0

20

40

60

)4/c2) (GeVµγfragXfragK
tag

(D2
missM

-0.2 0 0.2 0.4 0.6

P
u

ll

-5

0

5

Figure 5. The M2
miss(DtagKfragXfrag�µ) distribution of exclusively reconstructed D+

s ! µ+⌫µ

decays within the inclusive D+
s sample superimposed fit results (solid blue line). The solid green line

shows the contribution of signal, the red dashed line the contribution of combinatorial background,
while the contributions of D+

s ! ⌧+⌫� and D+
s ! K0K+ or �⇡+ decays are indicated by the full

blue and dark gray histograms, respectively.

The distribution of Mmiss(DtagKfragXfrag�µ) with superimposed fit is shown in figure 5.

The number of reconstructed D+
s ! µ+⌫µ decays is

N(D+
s ! µ+⌫µ) = 492 ± 26, (5.5)

where the error is statistical only.

5.5 D+
s � �+��

The reconstruction of D+
s ! ⌧+⌫⌧ requires one charged track in the rest of the event

that is identified as an electron, muon or a pion (denoted as D+
s ! ⌧+(X+)⌫⌧ where

X+ = e+, µ+ or ⇡+) indicating the subsequent decay of the ⌧+ lepton to e+⌫e⌫⌧ , µ+⌫µ⌫⌧

or ⇡+⌫⌧ .5 Due to the multiple neutrinos in the final state, these decays do not peak in the

missing-mass-squared distribution:

M2
miss(DtagKfragXfrag�X) = p2

miss(DtagKfragXfrag�X),

where the missing four-momentum is given by

pmiss(DtagKfragXfrag�X) = pe+ + pe� � pDtag � pKfrag � pXfrag � p� � pX .

5The three decay modes cover almost half of all possible tau decays.

– 17 –

Nexcl
Ds!µ⌫ = 492 ± 26

Belle (most precise measurement up to date)

B(D
+
s ! µ+⌫µ) = (0.531 ± 0.028(stat.) ± 0.020(syst.))%

A. Zupanc (JSI & UL) Leptonic Decays at Belle II B2TiP, 30/10/2014 10 / 20

Ds → μν
492 ± 26 (913 fb-1)

12

via leptonic decay: |Vcs | Ds → ℓν

Ds → μν
several results in past years by BaBar, Belle, BESIII[1] [2][latest] and CLEO-c
the most precise result from BESIII (2021) with 6.2 fb-1

Belle performed analysis with 913 fb-1 

⤳ improved stats. uncertainty

Current status

Belle II prospects 50 ab-1

average with 
 = 249.9 ± 0.5 MeV (LQCD)  = 0.2% precision

Ds → τν
fDs

◉ |Vcs| = 0.9839 ± 0.0115(exp.) ± 0.0020(LQCD)

 (stat.)
 (stat.) MeV 

δ( |Vcs | ) = ± 0.004
δ( | fDs

| ) = ± 0.9

global fit: |Vcs | = 0.973394+0.000074
−0.000096

◉   =  252.6 ± 3.0 MeVfDs

A. J. Schwartz CKM 2018 Semileptonic/leptonic D decays at Belle II 11

Semileptonic Decays Widhalm et al., PRL 97, 061804 (2006)

D® (K,p) l +n:

dΓ

dq2
=

G2
F p3

h

24π3
|Vcs,cd|2

∣∣∣f+(q2)
∣∣∣
2

• To maximize q2 resolution, fully reconstruct tag 
side, require a D , D*+, D*0

• define PD* = Pe+ + Pe- - PDtag – PX

• require (PD*)2 = (MD*)2

• require (PD*   - Pp slow )2 = (MD0)2

• Identify (K or p) and (µ or e),  and require 
|(PD* - Pp slow – P (K,p ) – P(µ,e))2|  < 0.05 (GeV/c2)2 

Belle yields 
(282 fb-1, 79% purity):

D0 ® K+µ-n:  1249
D0 ® K+e-n:  1318
D0 ® p+µ-n:    106
D0 ® p+e-n:    126

BaBar yields 
(380 fb-1, 53% purity):

D0 ® p+e-n:  5303

Belle II yields (50 ab-1 ):
D0 ® K+l-n:  455000
D0 ® p+l-n:    41100

53% purity:
D0 ® p+e-n:  698000
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Γ(D+
(s) → ℓ+ν) =

G2
F

8π
f 2
D+

(s)
|Vcd(s) |

2 MD+
(s)

M2
ℓ+ 1 −

M2
ℓ+

M2
D+

(s)

2

 YieldDs → μν

⤳ systematics uncertainty (possible improvements)
with precision measurement of peaking backgrounds
in normalization (err. scaled with luminosity and are reducible with clean Xtag)

Recoil Ds sample

e+e�
! cc ! DtagXfragKD⇤+

s

⇣
! D+

s �
⌘

JHEP09(2013)139
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Figure 1. The Mmiss(DtagKfragXfrag�) distributions for all seven Xfrag modes with superimposed
fit results (solid blue line). Within each panel, the curves show, from bottom to top, the cumulative
contributions of background candidates where the signal � originates from a ⇡0 that does not itself
originate from a D⇤

(s) decay, background candidates with wrong �, background candidates where the
signal � originates from a ⇡0 decay produced in D⇤

(s) ! D(s)⇡
0 decays, background candidates where

the signal � candidate originates from a D⇤0
! D0� decays or mis-reconstructed signal candidates,

and signal candidates. The two blue dashed vertical lines indicate the Mmiss(DtagKfragXfrag�)
signal region. The normalized fit residual (referred in this and all other figures as “Pull”) is defined
as (Nobserved � Nfit)/

�
Nobserved.

– 10 –

Xfrag mode Ninc
Ds

nothing 23460 ± 280
⇡± 23390 ± 350
⇡0 8030 ± 480
⇡±⇡0 9290 ± 550
⇡±⇡⌥ 14930 ± 450
⇡±⇡⌥⇡± 5680 ± 330
⇡±⇡⌥⇡0 9580 ± 820

Sum 94360 ± 1310

Yield per luminosity

B-factory (Belle) 100·103 per ab�1

Charm-factory (CLEO-c) 73·103 per fb�1
p

s = 4.17 GeV

Charm-factory (BESIII) 22·103 per fb�1
p

s = 4.01 GeV

NOTE: �(DsDs ) @ 4.01 GeV ⇠ 1
3 �(DsD

⇤
s ) @ 4.17 GeV
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Systematics Summary (Belle)

Source µ⌫ [%] ⌧(e)⌫ [%] ⌧(µ)⌫ [%] ⌧(⇡)⌫ [%] ⌧⌫ [%]

Statistical ±5.32 ±6.18 ±6.33 ±7.04 ±3.75
Normalization ±1.95 ±1.95 ±1.95 ±1.95 ±1.95
Tag bias ±1.37 ±1.37 ±1.37 ±1.37 ±1.37
Tracking ±0.35 ±0.35 ±0.35 ±0.35 ±0.35
E�ciency ±1.78 ±1.28 ±1.51 ±1.88 ±0.84
PID ±1.96 ±2.03 ±1.93 ±0.88 ±1.70
Ds background ±0.82 ±3.88 ±3.56 ±3.15 ±2.84
Comb. bkg. PDF ±0.02 +0.11 �8.31 +0.92 �2.54
Signal PDF – +3.46 +1.96 +3.43 +2.95
⌧ cross-feed – ±0.36 ±0.24 ±3.71 ±0.94
B(⌧ ! X ) – ±0.22 ±0.23 ±0.64 ±0.19
PDF stat. – ±2.16 ±2.19 ±3.05 ±1.44

Total syst. ±3.67 +6.59
�5.61

+5.76
�9.92

+7.49
�6.60

+5.40
�5.19

Stat. + Syst. ±6.46 +9.03
�8.35

+8.56
�11.8

+10.3
�9.65

+6.57
�6.40

Contributions in red are 100% correlated between di↵erent decay modes.

In future the limiting systematic will be due to the Ds peaking backgrounds, if
they’re not measured with better precision

Ds ! K0
L `⌫ in Ds ! ⌧(`)⌫ and Ds ! ⌘⇡+, ⇢K+

normalisation systematics partly scales with luminosity and can be reduced by
using only the cleanest Xfrag modes
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via leptonic decay: |Vcs | Ds → ℓν

Ds → τν
several results in past years by BaBar, Belle, BESIII[1] (new: [2][3]) 
and CLEO-c
Belle modes;  

signal  extraction via fit to excess 
→ e+νν, → μ+νν, → π+ν
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Current status

average with 
 = 249.9 ± 0.5 MeV (LQCD)

Ds → μν
fDs

◉ |Vcs| = 0.9839 ± 0.0115(exp.) ± 0.0020(LQCD)

global fit: |Vcs | = 0.973394+0.000074
−0.000096

◉  =  252.6 ± 3.0 MeVfDs

 (stat.)  ⤳ comparable to theory err.
 (stat.) MeV ⤳ comparable to theory err.

δ( |Vcs | ) = ± 0.003
δ( | fDs

| ) = ± 0.6

A. J. Schwartz CKM 2018 Semileptonic/leptonic D decays at Belle II 11

Semileptonic Decays Widhalm et al., PRL 97, 061804 (2006)

D® (K,p) l +n:

dΓ

dq2
=

G2
F p3

h

24π3
|Vcs,cd|2

∣∣∣f+(q2)
∣∣∣
2

• To maximize q2 resolution, fully reconstruct tag 
side, require a D , D*+, D*0

• define PD* = Pe+ + Pe- - PDtag – PX

• require (PD*)2 = (MD*)2

• require (PD*   - Pp slow )2 = (MD0)2

• Identify (K or p) and (µ or e),  and require 
|(PD* - Pp slow – P (K,p ) – P(µ,e))2|  < 0.05 (GeV/c2)2 

Belle yields 
(282 fb-1, 79% purity):

D0 ® K+µ-n:  1249
D0 ® K+e-n:  1318
D0 ® p+µ-n:    106
D0 ® p+e-n:    126

BaBar yields 
(380 fb-1, 53% purity):

D0 ® p+e-n:  5303

Belle II yields (50 ab-1 ):
D0 ® K+l-n:  455000
D0 ® p+l-n:    41100

53% purity:
D0 ® p+e-n:  698000
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Belle II prospects 50 ab-1

⤳ improved stats. uncertainty

HFLAV 2021

 YieldDs → τν

⤳ systematics uncertainty (possible improvements)
with precision measurement of peaking backgrounds
in normalization (err. scaled with luminosity and are reducible with clean Xtag)
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D → Kℓν
several results in past years by BaBar, Belle, BESIII and CLEO-c

via semi-leptonic decay: |Vcs | D → Kℓν
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FIG. 2: Form factors for (a) D0 → K−!+ν, in q2 bins of 0.067 GeV2/c2 and (b) D0 → π−!+ν, in q2

bins of 0.3 GeV2/c2. Overlaid are the predictions of the simple pole model using the physical pole
mass (dashed), and a quenched ([3], light gray) and unquenched ([2], dark grey) LQCD calculation.
Each LQCD curve is obtained by fitting a parabola to values calculated at specific q2 points. The

shaded band reflects the theoretical uncertainty (without the BK-ansatz error for [2]) and is shown
within the range of q2 for which calculations are reported.
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against the DtagXfrag system. Next, the search for semileptonic decays of the D0
sig is con-

ducted by reconstructing the mass recoiling against the DtagXfrag⇡�
s hl system, where ⇡s is

the slow pion from the D⇤ decay. The four-momentum of the missing neutrino is determined

by the equation

Pmiss = Pe+ + Pe� � PDtag
� PXfrag

� Ph � Pl. (420)

Then, the missing mass is constructed as Mmiss =
q

P 2
miss , or, alternatively, the missing

energy as Umiss = Emiss � |~pmiss|. For correctly reconstructed events, both Mmiss and Umiss

peak at zero. Due to its superior resolution, Umiss is used in this analysis.

With relatively few selection criteria, it is possible to get a clean Umiss spectrum. In each

event, the reconstructed charged tracks must originate at the interaction point (|z0| < 4 cm,

|d0| < 2 cm) and survive a loose cut on the track fit quality. Hadrons must satisfy a stan-

dard requirement on the particle identification likelihood L (L(K) > 0.50, L(⇡) > 0.50),

while leptons must satisfy only a loose requirement (L(µ) > 0.10, L(e) > 0.10). Each K0
S is

reconstructed from ⇡+⇡� pairs, subjected to a vertex fit, and required to have an invariant

mass within 20 MeV/c2 of the nominal K0
S mass [77].

Each Dtag candidate within a 30 MeV/c2 mass window of the nominal D mass is subjected

to a vertex fit. The mass recoiling against the Dtag candidate and fragmentation particles

must fall within a 500 MeV/c2 window of the nominal D⇤ mass. Finally, the di↵erence

in recoil masses for the DtagXfrag and DtagXfrag⇡s system (equivalent to the di↵erence in

invariant mass of the D⇤ and D0 candidates) must be less than 0.15 GeV/c2.

Additional selection criteria are still under investigation but will possibly include restric-

tions on the PID likelihood ratio for leptons, lepton momenta, the number of extra tracks

in the event, and the unassociated ECL energy in the event. Imposing loose restrictions on

these values, one obtains the Mmiss and Umiss distributions shown in Fig. 147. The miss-

ing mass resolution is comparable to that of the most recent Belle analysis [942]. A similar

analysis of Belle II MC light quark continuum samples yields no events, indicating that the

continuum background for this analysis will be small.
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Fig. 147: Umiss (top) and missing mass squared (bottom) for semileptonic charm decays

reconstructed using a 1 ab�1 sample of generic cc̄ events using basf2 release-00-07-00. Only

a single tag mode, D0
tag ! K�⇡+ and a single fragmentation pion, is reconstructed.

388/688
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Table 111: Belle’s D�
s ! µ�⌫̄ [934] and inclusive D0 [939] signal yields, and the yields

expected for Belle II. The latter are obtained by either scaling the Belle results or from

MC simulation studies.

Mode Belle Belle II

(0.91, 0.92 ab�1) (50 ab�1)

D�
s ! µ�⌫̄ 492 ± 26 27000

D� ! µ�⌫̄ � 1250

inclusive D0 ! anything (695 ± 2) ⇥ 103 38 ⇥ 106

Semileptonic decays D ! h`+⌫. Both Belle and BaBar have measured semileptonic D

decays. An early Belle analysis used 280 fb�1 of data to reconstruct 126 ± 12 (106 ± 12)

⇡e⌫ (⇡µ⌫) decays with an average purity of S/(S + B) = 79% [940]. A more e�cient BaBar

analysis used 380 fb�1 of data to reconstruct 5303 ± 121 ⇡e⌫ decays, but with more back-

ground: S/(S + B) = 53% [941]. However, the systematic error on the branching fraction for

the BaBar result was in fact less than that of Belle. Scaling the BaBar result to the expected

Belle II integrated luminosity, one predicts for Belle II a very large sample of 7.0 ⇥ 105 ⇡e⌫

decays in 50 ab�1 of data.

As a feasibility study, semileptonic charm decays have been studied using the 1 ab�1 sample

of cc̄ MC. Events are reconstructed according to the reaction e+e� ! cc̄ ! D0/+
tag D⇤�X+/0

frag ,

where D⇤� ! D0
sig⇡

� (charge conjugation is assumed throughout). Finally, the D0
sig decays

to the hl⌫ final state, where h = K, ⇡ and l = e, µ. The Dtag can be either a D0 or D+

reconstructed in several decay modes. The number and charge of fragmentation particles

depends on the charge of the Dtag. A preliminary list of tag and fragmentation modes to be

implemented is given in Table 112.

Table 112: List of tag modes and Xfrag used for analysis of D0 semileptonic decays at Belle II.

Tag side: D0 D+

Final

state:

K�⇡+

K�⇡+⇡0

K�⇡+⇡+⇡�

K�⇡+⇡+⇡�⇡0

K0
S ⇡+⇡�

K0
S ⇡+⇡�⇡0

K�⇡+⇡+

K�⇡+⇡+⇡0

K0
S ⇡+

K0
S ⇡+⇡0

K0
S ⇡+⇡+⇡�

K+K�⇡+

Xfrag :

⇡+

⇡+⇡0

⇡+⇡+⇡�

none

⇡0

⇡+⇡�

⇡+⇡�⇡0

The details of the missing neutrino are determined using the recoil reconstruction method,

as described above for leptonic D+ ! `+⌫ decays. For semileptonic decays at Belle II, the

reconstruction proceeds in two steps. First, the signal D⇤ is reconstructed using the recoil

387/688

Belle results @ 282 fb-1 
~2567 D → Kℓν

e+e− → cc̄ → D(*)
tagXfragD*−

sig ( → D̄0
sigπ

−
s )

against the DtagXfrag system. Next, the search for semileptonic decays of the D0
sig is con-

ducted by reconstructing the mass recoiling against the DtagXfrag⇡�
s hl system, where ⇡s is

the slow pion from the D⇤ decay. The four-momentum of the missing neutrino is determined

by the equation

Pmiss = Pe+ + Pe� � PDtag
� PXfrag

� Ph � Pl. (420)

Then, the missing mass is constructed as Mmiss =
q

P 2
miss , or, alternatively, the missing

energy as Umiss = Emiss � |~pmiss|. For correctly reconstructed events, both Mmiss and Umiss

peak at zero. Due to its superior resolution, Umiss is used in this analysis.

With relatively few selection criteria, it is possible to get a clean Umiss spectrum. In each

event, the reconstructed charged tracks must originate at the interaction point (|z0| < 4 cm,

|d0| < 2 cm) and survive a loose cut on the track fit quality. Hadrons must satisfy a stan-

dard requirement on the particle identification likelihood L (L(K) > 0.50, L(⇡) > 0.50),

while leptons must satisfy only a loose requirement (L(µ) > 0.10, L(e) > 0.10). Each K0
S is

reconstructed from ⇡+⇡� pairs, subjected to a vertex fit, and required to have an invariant

mass within 20 MeV/c2 of the nominal K0
S mass [77].

Each Dtag candidate within a 30 MeV/c2 mass window of the nominal D mass is subjected

to a vertex fit. The mass recoiling against the Dtag candidate and fragmentation particles

must fall within a 500 MeV/c2 window of the nominal D⇤ mass. Finally, the di↵erence

in recoil masses for the DtagXfrag and DtagXfrag⇡s system (equivalent to the di↵erence in

invariant mass of the D⇤ and D0 candidates) must be less than 0.15 GeV/c2.

Additional selection criteria are still under investigation but will possibly include restric-

tions on the PID likelihood ratio for leptons, lepton momenta, the number of extra tracks

in the event, and the unassociated ECL energy in the event. Imposing loose restrictions on

these values, one obtains the Mmiss and Umiss distributions shown in Fig. 147. The miss-

ing mass resolution is comparable to that of the most recent Belle analysis [942]. A similar

analysis of Belle II MC light quark continuum samples yields no events, indicating that the

continuum background for this analysis will be small.
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Fig. 147: Umiss (top) and missing mass squared (bottom) for semileptonic charm decays

reconstructed using a 1 ab�1 sample of generic cc̄ events using basf2 release-00-07-00. Only

a single tag mode, D0
tag ! K�⇡+ and a single fragmentation pion, is reconstructed.
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MC studies with 1 ab-1

based on 
missing mass resolution is comparable with Belle 
small continuum background contribution 

M2
miss = P2

miss & Umiss = Emiss − Pmiss

with 50 ab-1 data
   — larger data (~4.55 x 105 ) 
           ⤳ reduced stat. uncertainties  

D → Kℓν

Current status

Belle II prospects

◉ |Vcs| = 0.9447 ± 0.0043(exp.) ± 0.0137(LQCD) 

◉ Form factors     fDK
+ (0) = 0.765 ± 0.0031 (ETM 17D, 18)

Belle II

simulation

Belle II

simulation

A. J. Schwartz CKM 2018 Semileptonic/leptonic D decays at Belle II 11

Semileptonic Decays Widhalm et al., PRL 97, 061804 (2006)

D® (K,p) l +n:

dΓ

dq2
=

G2
F p3

h

24π3
|Vcs,cd|2

∣∣∣f+(q2)
∣∣∣
2

• To maximize q2 resolution, fully reconstruct tag 
side, require a D , D*+, D*0

• define PD* = Pe+ + Pe- - PDtag – PX

• require (PD*)2 = (MD*)2

• require (PD*   - Pp slow )2 = (MD0)2

• Identify (K or p) and (µ or e),  and require 
|(PD* - Pp slow – P (K,p ) – P(µ,e))2|  < 0.05 (GeV/c2)2 

Belle yields 
(282 fb-1, 79% purity):

D0 ® K+µ-n:  1249
D0 ® K+e-n:  1318
D0 ® p+µ-n:    106
D0 ® p+e-n:    126

BaBar yields 
(380 fb-1, 53% purity):

D0 ® p+e-n:  5303

Belle II yields (50 ab-1 ):
D0 ® K+l-n:  455000
D0 ® p+l-n:    41100

53% purity:
D0 ® p+e-n:  698000
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D0 ® K+l-n

D0 ® p+l-n

HFLAV 2021 ~0.4% precision

scenario with charm factory experiments (e.g. BESIII)
 challenging to compete with BESIII (with 20 fb-1 data plans)
 but Belle II will add important confirmation/constraints 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.052005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.061804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.032005
https://hflav-eos.web.cern.ch/hflav-eos/charm/Vcs/june21/Vcs%20from%20leptonic%20Ds%20decays.html
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 Cabibbo-suppressed (c → d transition)

 Experimental measurements


Early study via neutrino production of charm (𝛎𝛮)

More precise results using D meson decays (today’s focus)


Leptonic ( ) decay 


Semi-leptonic decay ( )

D+ → ℓ+ν

D → πℓν
Decay constant   is required from (e.g. Lattice QCD)fD

Form factor   is required from theory (e.g. Lattice QCD)f (q2)

|Vcd| status and prospects3
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decay modes:   

Belle II analysis method will be similar to  analysis

→ μν, → eν & → τν
Ds → ℓν

 : so far from charm factories onlyfD· |Vcd |
— 

—  

—  

μ+νμ
τ+ντ
e+νe

▸ CLEO-c(2008) and BESIII (2014)
▸ CLEO-c(2008) for upper limit on BR and BESIII (2019) 
▸ CLEO-c(2008) for upper limit on BR

⦿ world average  = 46.1 ± 1.0 ± 0.3 ± 0.2 ( from  )
⦿ ratio of  is compatible with SM prediction 

fD· |Vcd | μ+νμ
BR(μ+νμ)/BR(τ+ντ)

— 
fD+▸  MeV= 212.7 ± 0.7
⦿ average from FNAL/MILC 17 and ETM 14E

⦿ Vcd = 0.2181 ± 0.0049(exp.) ± 0.0007(LQCD)
⦿ also consistent with semi-leptonic measurement  decays (in slide #18)D → πlν

 decay constants  from LQCDfD+

|Vcd|D→ lν  HFLAV (June 2021)

 via leptonic decay: |Vcd | D+ → ℓ+ν

| (MeV)
cd

|VDf
45 50

νµCLEO-c, 

νµBESIII, 

ντBESIII, 

Average

0.6±2.1±47.2

0.4±1.2±45.7

2.5±5.0±50.4

0.4±1.0±46.2

HFLAV
2021

Current status

Overview

Γ(D+
(s) → ℓ+ν) =

G2
F

8π
f 2
D+

(s)
|Vcd(s) |

2 MD+
(s)

M2
ℓ+ 1 −

M2
ℓ+

M2
D+

(s)

2

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.052003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.051104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.052003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.211802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.052003
https://arxiv.org/pdf/1712.09262.pdf
https://arxiv.org/pdf/1411.7908v2.pdf
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Recoil D+
yield

e
+
e

�
! cc ! DtagXfragD

⇤+
⇣

! D
+ ⇡0

slow

⌘

) [GeV]
slow

πfragX
tag

(DmissM
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ts
 p
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 M
e
V

50
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310×

]-1MC Simulation [5.5 ab

+Recoil D
Background

Signal = 3.92e+05

S/N    = 1.1

Yield per luminosity

B-factory (Belle) 71·10
3

per ab
�1

Charm-factory (BESIII) 583·10
3

per fb
�1

A. Zupanc (JSI & UL) Leptonic Decays at Belle II B2TiP, 30/10/2014 16 / 20

D+
! µ+⌫µ

1 charged track pointing to the IP passing muon PID requirements

Yield per luminosity

B-factory (Belle) 25 per ab�1

Charm-factory (BESIII) 140 per fb�1

Assuming similar systematics as in D+
s ! µ+⌫µ measurement:

B: �(stat.)/B ⇠ 4.5 (3)% at 20 (50) ab�1 and �(syst.)/B ⇠ 1 � 3%

BESIII @ 2.9 fb�1: �/B ⇠ 5.1(stat.) ± 1.6(syst.)%

A. Zupanc (JSI & UL) Leptonic Decays at Belle II B2TiP, 30/10/2014 17 / 20

 via leptonic decay  |Vcd | D+ → ℓ+ν

MC studies ▸ Belle II MC: 5.5 ab-1

Belle II (50 ab-1)
▸ : inclusive (exclusive) decays ⤳ 3.5 x 106 (1250)      

▸ Statistical error on  = 0.65 MeV (which currently dominates in WA)


D+ → μ+νμ
δ( fD· |Vcd | )

D+ → μ+νBelle II prospects

▸ Fit to missing mass  

▸ Require 1 charged track from IP and with µ-ID requirement

D̄Xfragμπ0
slow

μ+νμe+e− → cc̄ → D̄XfragD*+ ( → D+π0
slow)Method

Signal = 3.92 x 105


S/N = 1.0

Γ(D+
(s) → ℓ+ν) =

G2
F

8π
f 2
D+

(s)
|Vcd(s) |

2 MD+
(s)

M2
ℓ+ 1 −

M2
ℓ+

M2
D+

(s)

2

⤳ also compititive to BESIII plans with 20 fb-1 (~current x7) planned over next two years
                ⤳ improved by factor of 2 w.r.t. to current measurement from CLEOc (1.9) and BESIII (1.2)

https://indico.cern.ch/event/891123/contributions/4612583/attachments/2350088/4008397/ckm2021-Liaoyuan.pdf
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decay modes: πeν & πμν

 Several results in past years by BaBar, Belle, BESIII and CLEO-c

dΓ
dq2

=
G2

F p3
h

24π3
|Vcd |2 | f+(q2) |2

 Belle results @ 282 fb-1 
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FIG. 2: Form factors for (a) D0 → K−!+ν, in q2 bins of 0.067 GeV2/c2 and (b) D0 → π−!+ν, in q2

bins of 0.3 GeV2/c2. Overlaid are the predictions of the simple pole model using the physical pole
mass (dashed), and a quenched ([3], light gray) and unquenched ([2], dark grey) LQCD calculation.
Each LQCD curve is obtained by fitting a parabola to values calculated at specific q2 points. The

shaded band reflects the theoretical uncertainty (without the BK-ansatz error for [2]) and is shown
within the range of q2 for which calculations are reported.
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Belle II MC studies with 1 ab-1 (method discussed at slide: #11)
   — missing mass resolution is comparable with Belle

with 50 ab-1 data-set
   — larger sample ~7 x 105 (projected w/ BaBar analysis) of  
       ⤳ reduced stat. error

Ds → πℓν

 via semi-leptonic decay: |Vcd | D0 → π−ℓ+ν

Current status

Belle II prospects

◉ |Vcd| = 0.2249 ± 0.0028(exp.) ± 0.0055(LQCD) 
= 0.612 ± 0.035 (ETM 17D, 18)◉ Form factors     f πK

+ (0)

A. J. Schwartz CKM 2018 Semileptonic/leptonic D decays at Belle II 11

Semileptonic Decays Widhalm et al., PRL 97, 061804 (2006)

D® (K,p) l +n:

dΓ

dq2
=

G2
F p3

h

24π3
|Vcs,cd|2

∣∣∣f+(q2)
∣∣∣
2

• To maximize q2 resolution, fully reconstruct tag 
side, require a D , D*+, D*0

• define PD* = Pe+ + Pe- - PDtag – PX

• require (PD*)2 = (MD*)2

• require (PD*   - Pp slow )2 = (MD0)2

• Identify (K or p) and (µ or e),  and require 
|(PD* - Pp slow – P (K,p ) – P(µ,e))2|  < 0.05 (GeV/c2)2 

Belle yields 
(282 fb-1, 79% purity):

D0 ® K+µ-n:  1249
D0 ® K+e-n:  1318
D0 ® p+µ-n:    106
D0 ® p+e-n:    126

BaBar yields 
(380 fb-1, 53% purity):

D0 ® p+e-n:  5303

Belle II yields (50 ab-1 ):
D0 ® K+l-n:  455000
D0 ® p+l-n:    41100

53% purity:
D0 ® p+e-n:  698000
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D0 ® K+l-n

D0 ® p+l-n

|
cd

|V
0.15 0.2 0.25 0.3

νµ→D

νlπ→D

Average
ν)lπ(→D

Nν

Indirect

0.0007±0.0049±0.2181

0.0055±0.0028±0.2249

0.0039±0.2208

0.011±0.230

-0.00032
+0.000410.22529

HFLAV
2021

less precision > 2%

— Belle has higher purity (79% but ~21K signal @ 50ab-1 ) as compare to BaBaR (53% purity) 
— But Belle measurement have larger systematic err.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.052022
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.061804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.012002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.032005
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SuperKEKB and Belle II provide an excellent platform for charm/  measurementsτ

CKM parameters with full 50 ab-1

⦿ |Vus| (from )τ

⦿|Vcs| and |Vcd| (from charm)

Belle II will provide an important insight to the current discrepancy of |Vus| 

from kaon decays and 𝜏 decays (also inclusive vs exclusive)

also will add important input to the current 3σ  anomaly|Vud | − |Vus |K

Statistically improved results from leptonic and semi-leptonic D/Ds decays

Belle II will also measure |Vcd| from  decays (first attempt in B-factory)D+ → μ+ν

Summary

Phys. Rev. Lett. 127, 211801 (2021)— a good start .. 

 World’s best: D0 decay time resolution (x2 better than that of Belle/BaBar) 


— more exciting results to come soon with larger luminosity in coming years.

▶︎

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.211801
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Thank you
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CKM Matrix
 In SM: the coupling of the quarks via the charged

 weak current is described by CKM matrix

October 4th 2019 A. Gaz 3

The CKM Matrix
● The coupling of the quarks via the 
charged weak current

is described by the Cabibbo-Kobayashi-Maskawa matrix:

● The CKM Matrix is a 3x3 complex matrix;
● The condition that the Matrix must be unitarity and the freedom to rede-ne the 
complex phase of -ve out of six quark -elds, reduces the number of degrees of 
freedom to 4 (not predicted by the Theory).

q

q’

W-

V
qq’
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The CKM Matrix
● The coupling of the quarks via the 
charged weak current

is described by the Cabibbo-Kobayashi-Maskawa matrix:

● The CKM Matrix is a 3x3 complex matrix;
● The condition that the Matrix must be unitarity and the freedom to rede-ne the 
complex phase of -ve out of six quark -elds, reduces the number of degrees of 
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u,c,t

d,s,b
Cabibbo-Kobayashi-Maskawa

(CKM) matrix elements
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The CKM Matrix
● The coupling of the quarks via the 
charged weak current

is described by the Cabibbo-Kobayashi-Maskawa matrix:

● The CKM Matrix is a 3x3 complex matrix;
● The condition that the Matrix must be unitarity and the freedom to rede-ne the 
complex phase of -ve out of six quark -elds, reduces the number of degrees of 
freedom to 4 (not predicted by the Theory).

q

q’

W-

V
qq’

▶︎ Unitarity constraints + freedom to redefine the    

     complex phase (⤳ 4 parameters == 3 mixing 

     angle and 1 phase  ⇒ CPV )

October 4th 2019 A. Gaz 4

The CKM Matrix
● The CKM Matrix can be parameterized as:

● Strong hierarchical structure: the 
coupling between quarks of di:erent 
generations is suppressed;

● There can be a weak phase, a:ecting only 
the smallest elements of the Matrix, at -rst 
order;

● This weak phase is the origin of all CP Violating phenomena we have 
observed so far in the quark sector.

Wolfenstein 
parameterization
l: expansion parameter, 
aka sine of Cabibbo angle,

l ~ 0.22

d         s          b

u

c

t

3x3 unitarity complex matrix

with Wolfenstein parameterization
 ▶︎  = sin( ) = 0.22λ θc

unitarity triangles
▶︎ 

▶︎ q≠q’: 6 triangle relations (∑3 complex number = 0)

Vqq′￼V†
qq′￼= V†

qq′￼Vqq′￼= 1

VudV*us + VcdV*cs + VtdV*ts = 0

V*ud′￼Vus′￼

V*cd′￼Vcs′￼

V*td′￼Vts′￼


