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Outline

• Flavor opens a window on new physics 
• e+e- colliders provide good lenses to look 

through the window
• Recent results from:
• BES III
• Babar
• Belle

• The promise of the future: Belle II
• Initial running and performance
• Perspectives
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Note: most links are active, just click on the ad.



Past successes of flavor
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Indirect discoveries of flavor experiments Precision measurement of CKM elements
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The power of flavor
• Explore the origin of CP violation

• Key element for understanding the matter content of our 
present universe 

• Established in the B meson in 2001
• Direct CPV established in B mesons in 2004

• Precisely measure parameters of the standard model
• For example the elements of the CKM quark mixing matrix
• Disentangle the complicated interplay between weak processes 

and strong interaction effects
• Search for the effects of physics beyond the standard 

model in precision measurements
• Potentially large effects on rates of rare decays, time dependent 

asymmetries, lepton flavor violation
• Sensitive to large New Physics scale, as well as to phases and 

size of NP coupling constants
• à Lepton Flavour Universality / Violation tests
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Statistics
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Flavor Physics à BSM
 
�  EW Hierarchy… driven by the top in SM

�  Strong CP problem

�  Origin of weak CP and matter-antimatter 
asymmetry 

�  Flavour puzzle (quarks, charged leptons, neutrinos)

16/5/19 8 

Flavour is the usual graveyard of BSM electroweak theories 

A.Zoccoli and B.Gavela
Summary at European Strategy



Advantages of e+e- flavor production
(compared to hadron machines)

• Coherent and well defined initial state and no additional 
interactions

• Low (physics) backgrounds, high trigger efficiency, little bias
• Excellent neutral reconstruction (ữ, π0, KL)
• Good kinematic and vertex resolution
• High flavor-tagging efficiency with low dilution
• Many channels are unique to e+e- flavor factories
• Absolute branching fractions can be measured. 
• Can look at

• Forbidden decays, invisible decays
• Asymmetries (CP, isospin)
• Angular distribution

• Systematics quite different from hadronic machines. If NP is seen by 
one of the experiments, confirmation by the other would be 
important.
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Price to pay: much 
smaller cross section

Asymmetric energies
to measure Ỏt



Experiments and data sets
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Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e+e� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di⇥erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the � resonances. Most of the data will be collected
at the �(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010 b, c and � pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, �, charm and � yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B(⇥)
s B̄(⇥)

s 7.0⇥ 106 � 6.0⇥ 108

�(1S) 1.0⇥ 108 1.8⇥ 1011

�(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

�(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

�(5S) 3.6⇥ 107 � 3.0⇥ 109

�� 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP
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The Belle + BaBar Era:
The “B Factory” experiments Belle and BaBar ran for ~10 years (2000-2010) and were 
huge successes: 1108 papers published to date, many discoveries (CPV in B0® J/y K0, 
direct CPV in B0® p+p -, D0-D0bar mixing, X(3872), DsJ(2317), etc.), a Nobel Prize 
(Kobayashi and Maskawa, 2008) 

Belle II is a significant upgrade of Belle: new accelerator, new detector, new electronics, 
new DAQ, new trigger. Goal: 50 ab-1 of data

A. J. Schwartz Physics Prospects for Belle II Gordon Research Conference 2019 3

History

2000   2002    2004   2006    2008    2010    2012

Lu
m

in
os

ity
  (

fb
-1

)

>1000 fb-1

550 fb-1

CLEO 11 fb-1

Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e+e� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di⇥erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the � resonances. Most of the data will be collected
at the �(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥
1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010 b, c and � pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, �, charm and � yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B(⇥)
s B̄(⇥)

s 7.0⇥ 106 � 6.0⇥ 108

�(1S) 1.0⇥ 108 1.8⇥ 1011

�(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

�(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

�(5S) 3.6⇥ 107 � 3.0⇥ 109

�� 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2

The Belle + BaBar Era:
The “B Factory” experiments Belle and BaBar ran for ~10 years (2000-2010) and were 
huge successes: 1108 papers published to date, many discoveries (CPV in B0® J/y K0, 
direct CPV in B0® p+p -, D0-D0bar mixing, X(3872), DsJ(2317), etc.), a Nobel Prize 
(Kobayashi and Maskawa, 2008) 

Belle II is a significant upgrade of Belle: new accelerator, new detector, new electronics, 
new DAQ, new trigger. Goal: 50 ab-1 of data

Beam energy: 1.0-2.3 GeV
Optimum energy: 1.89 GeV
Designed luminosity: 1.00�1033     cm-2s-1

Data taken from: 2009
Achieved luminosity:    1.00�1033    cm-2s-1

10.58GeVCurrent D/Ds/Lc analyses are 
based 2.9/3.2/0.567 fb-1 data at 
3.773/4.178/4.6 GeV



Recent results
• BES III
• Charm Decays
• Lepton Flavor Universality tests

• BABAR
• 4D analysis of BàD*lν decay
• Rare D decays
• Lepton Flavor and Lepton Number 

Violations in D0 decays
• BELLE
• Update on R(K*) and R(K)
• Update on R(D*)
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BES III – Charm decays
• Leptonic and hadronic decays of charmed hadrons (D0, D+, Ds

+, Lc
+) 

provide ideal test-beds to explore weak and strong effects
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3. fD(s)+, f+
K(p) (0): better 

calibrate LQCD
1. |Vcs(d)|: better test on 
CKM matrix unitarity

2. [Semi-]leptonic D(s) decays 
allow for LFU tests



BES III LFU Tests
• Leptonic D(s)

decays

• Semileptonic D 
decays to π & K

• Semileptonic Ds
decays to φ/ỷ

• Semileptonic ờc
decays
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n Important constants

n More results will be coming in the near future

Summary and prospect at BESIII

Constant Systematic error Statistical error

Now Exp.
DfD+/fD+ ~0.9% 2.6% 1.3%
DfDs+/fDs+ ~1% 1.2% 0.6%
DfDàK/fDàK ~0.5% 0.35% 0.18%
DfDàp/fDàp ~0.7% 1.26% 0.63%
|Vcs|Ds+àl+v ~1% 1.2% 0.6%
|Vcs|D0àK-e+v 2.5% (2.4%LQCD) 0.35% 0.18%
|Vcd|D+àµ+v ~0.9% 2.6% 1.3%

|Vcd|D0àp-e+v 4.5% (4.4%LQCD) 1.26% 0.63%

n LFU tests

Decay Syst. Error Statistical error

Now Exp.

D+àl+v [µ/t] ~10% 20% 10%
Ds

+àl+v [µ/t] ~3% 4% 2%
D0àK-l+v [e/µ] ~1% 0.7% 0.35%
D0àp-l+v [e/µ] ~2% 3.3% 1.7%
Ds

+àfl+v [e/µ] ~4% 6% 3%
Ds

+àhl+v [e/µ] ~3% 4% 2%
Ls

+àLl+v [e/µ] ~4% 17% 5%

Now: Current D/Ds/Lc analyses are based 2.9/3.2/0.567 fb-1 data at 3.773/4.178/4.6 GeV

Exp.:  Expected precision is based on 12/12/5 fb-1 data at 3.773/4.178/4.65 GeV
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Babar: BàD*lν tagged full 4d angular analysis
• Persisting tension between inclusive/exclusive Vcb

and Vub.
• Form Factors also important for R(D*)
• First full 4d angular analysis to extract the FF’s. 
• Two parametrizations: BGL, CLN. Test of HQET
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Rare or forbidden !" decays

Abi Soffer

Tel Aviv University
On behalf of the BABAR Collaboration

FPCP 2019, Victoria

Belle II Phillip URQUIJO

Semileptonic Anomalies

 9

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4R
(D

*)

HFLAV average

Average of SM predictions

 = 1.0 contours2χΔ

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Winter 2019

) = 27%2χP(

σ3

LHCb15

LHCb18

Belle17

Belle19 Belle15

BaBar12

HFLAV
Spring 2019

34 36 38 40 42 44
]-3| [10cb|V

2.5

3

3.5

4

4.5

5]
-3

| [
10

ub
|V

ν D* l →B 
ν D l →B 
ν l π →B 
ν µ p → bΛ

Average 68% C.L.
=12χΔAverage 

) = 7.7%2χP(

Inclusive
|: GGOUub |V
|: global fit in KScb |V

HFLAVSpring 2019

HFLAV
Spring 2019

485. Study of $B\to D^{(*)} l \nu$ decays with a full angular 
analysis at $BABAR$, Biplab Dey

|Vcb|
af0 ⇥ 10

2 af1 ⇥ 10

2 aF1
1 ⇥ 10

2 ag0 ⇥ 10

2 ag1 ⇥ 10

2 |Vcb|⇥ 10

3

1.29± 0.03 1.63± 1.00 0.03± 0.11 2.74± 0.11 8.33± 6.67 38.36± 0.90

⇢2D⇤ R1(1) R2(1) |Vcb|⇥ 10

3

0.96± 0.08 1.29± 0.04 0.99± 0.04 38.40± 0.84

0 5 10
)2 (GeV2q

0.6

0.8

 

1A

0 5 10
)2 (GeV2q

0.4

0.6

0.8

1

 

2A

0 5 10
)2 (GeV2q

0.8
1

1.2
1.4

 

V

LCSR'08
CLN BaBar
BGL BaBar
CLN WA

p

|Vcb| |Vcb|excl.
|Vcb|incl.

B ! D⇤`�⌫` 12th

• Effect of increasing the error on the 
R(D*) prediction

• Also polarizations are very 
sensitive to FF (and NP)

⇠ 15%
P
1

(1)

F
1

(w
max

)

R(D⇤
)

0.295± 0.014
0.252± 0.003
0.257± 0.003
0.260± 0.008
0.258± 0.005
0.253± 0.005

⇠ 2.8� R(D⇤)

⌧/D⇤

P⌧ �0.483± 0.027 �0.38± 0.51+0.21
�0.16

FD⇤

L +0.454± 0.011| {z }
predictions

+0.60± 0.08± 0.035| {z }
measurements

B ! D⇤`�⌫` 12th



Babar rare D decays
Rare or forbidden processes 
in the SM that provide 
windows on new physics
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Rare or forbidden !" decays

Abi Soffer

Tel Aviv University
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FPCP 2019, Victoria

Observation. First study in 
non resonant regionObservation of !" → $%&'('(%

PRL 122 (2019) 081802

“Short-distance”                                              “Long-distance () = +", -, ., ./, 0 … )”
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• In the SM: (Cappiello et al, JHEP 1304, 135) find that the LD diagram (!" → =$∗"+") 
dominates, expecting ?@ = 1.6× 10%F

• Due to the 4-body decay, various asymmetries (forward-backward, triple-product) can be 
used to study new physics

• Previous limit (E791, PRL 86, 3969) is Br !" → $%&'('(% < 3.85×10%M

• LHCb (PLB 757, 558) measured Br !" → $%&'N'N% = (4.17 ± 0.12 ± 0.40)×10%T
in 675 < U NN < 875MeV (i.e., U ℓℓ ∼ UW)

A. Soffer, FPCP 2019

!" → $%&'('(% analysis
• Reconstruct !∗' → !"&'

• Energy of photons radiated from the electrons is added to the !" candidate
• * (( > 200 MeV to reject photon conversion and !" → $%&'&"
• Particle identification (PID) is applied to the tracks
• Discard !" candidates if mass is consistent with 4-hadron decay
• !" momentum in center-of-mass frame > 2.4 GeV

• Fit for a signal peak over a polynomial background in the variables 
*. ≡ * $%&'('(%
Δ* = *.∗ − *.

which are uncorrelated,
fit function = 2-sided normal dist. (“bifurcated gaussian”)  (% 3%34 5/789,;5

• Br measured wrt. the “normalization” mode  !" → $%&'&'&%,
which is reconstructed in a similar way

A. Soffer, FPCP 2019

→ $%&'('(%

→ ('(%<

yield is 3.8þ2.7
−1.9 , where the uncertainty is statistical only; the

statistical significance S is 1.8σ. The branching fraction is
determined to be ð2.2þ1.5

−1.1 # 0.6Þ × 10−7, where the second
uncertainty is systematic and is dominated by the uncer-
tainty on the model parametrization. We use the frequentist
approach of Feldman and Cousins [40] to determine a
90% C.L. branching fraction upper limit of 0.5 × 10−6.
We repeat the fit to Δm and mðK−πþeþe−Þ in the

continuummðeþe−Þ region that is predicted to be relatively
unaffected by intermediates states, and is defined by
excluding the followingmðeþe−Þmass ranges:mðeþe−Þ <
0.2 GeV=c2, 0.675 < mðeþe−Þ < 0.875 GeV=c2, 0.491 <
mðeþe−Þ < 0.560 GeV=c2, 0.902<mðeþe−Þ<0.964GeV=
c2, and 1.005 < mðeþe−Þ < 1.035 GeV=c2. These corre-
spond to ranges dominated by the decays of the π0 and
ρ0=ω mesons or potentially affected by the decays of η, η0,
and ϕ mesons, respectively. Simulation samples of D0 →
K−πþη andD0 → K−πþη0, with η=η0 → eþe−γ, are used to
determine the asymmetric mðeþe−Þ mass ranges centered
on the known η and η0 masses. Thesemðeþe−Þmass ranges
exclude 90% of any remaining simulated η and η0 candi-
dates that pass the selection criteria. The number of
background decays from intermediate states in the con-
tinuum region is predicted to be 9.9# 0.9, dominated
by the decay ρ0=ω → eþe− with mðeþe−Þ less than
0.675 GeV=c2. The fitted yield in the continuum region,
after the subtraction of this background, is 19# 7, with a
statistical significance S ¼ 2.6σ. This corresponds to a
branching fraction ð1.6# 0.6# 0.7Þ × 10−6, where the
second uncertainty is systematic and is dominated by
our knowledge of the model parametrization. The result
is not significant and we determine a 90% C.L. branching
fraction upper limit of 3.1 × 10−6.
In summary, we have presented the first observation

of the decay D0 → K−πþeþe−. The branching fraction in
the mass range 0.675 < mðeþe−Þ < 0.875 GeV=c2 is

ð4.0# 0.5# 0.2# 0.1Þ × 10−6, compatible with the result
for BðD0 → K−πþμþμ−Þ [21], and with theoretical pre-
dictions for the SM contribution [6] for this mass region.
We have placed 90% C.L. branching fraction upper limits
on the decayD0 → K−πþeþe− in themðeþe−Þmass region
of the ϕ meson and in mðeþe−Þ mass regions where long-
distance effects are potentially small.
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K^-\pi^+e^+e^-$, Fergus Wilson

PRL 122, 081802 (2019) 

Results for !" #$ → &'()*)*'

• For + ** ∈ 675, 875 MeV:
!" = 4.0 ± 0.5 ± 0.2 ± 0.1 ×10'>

• For + ** ∈ 1005, 1035 MeV:
!" = 0.11 )$.@A'$.@@ ± 0.06 ×10'>

– Significance = 1.8B
– 90% CL UL: Br < 0.5×10'>

• For + ** in the non-resonant range (unshaded):
– Cleaner probe of short-distance contributions (and hence new physics)
– 19 ± 7 events after subtraction of 9.9 ± 0.9 events expected from the G$ tail
– !" = 1.6 ± 0.6 ± 0.7 ×10'>, Significance = 2.6B
– 90% CL UL: Br < 3.1×10'>

– First study of #$ → &'()ℓ)ℓ' in non-resonant region

Signal + ** distribution (Splot)

PDG uncert. on !" #$ → &'()()('
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Probing short distance and potential NP



Violations in D0à hh’ll’

• No signal, but 
large 
improvements 
w.r.t. previous 
limits
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Rare or forbidden !" decays

Abi Soffer

Tel Aviv University
On behalf of the BABAR Collaboration

FPCP 2019, Victoria

!" → ℎℎ%ℓℓ%: LFV & LNV

• Lepton-flavor violating (LFV):
– '(')*±,∓,    .(')*±,∓,    .(.)*±,∓

• Lepton-number violating (LNV):
– '('(*)*),    '('(,),),    '('(*),)
– .('(*)*),    .('(,),),    .('(*),)
– .(.(*)*),    .(.(,),),    .(.*),)

• Similar selections to those shown earlier, and:
• Background from *)*( → multi-leptons: suppressed with PID cuts on the ℎℎ%
• Background from semileptonic charm decays in which a hadron is 

misidentified as a lepton: suppressed with a Fisher discriminant of 9 kinematic & 
event-shape variables.

arXiv:1905.00608./' */,

A. Soffer, FPCP 2019

!" → ℎℎ%ℓℓ% yields

• Signal yield determined for each 
mode from fit to Δ( distribution 

• Fit function = )* +*+, -/[012,4- 562,4 +*+, -]
(“Cruijff” function)

• No significant signal seen

• Signal Br and upper limits determined wrt. 
normalization mode D" → ℎℎ%99

A. Soffer, FPCP 2019

yields

!" → ℎℎ%ℓℓ% Br limits

• BABAR results:

A. Soffer, FPCP 2019

Previous best limit
×10*+
1120    
290
790
150

2060
3900
2180
5530
1520
950
570

1800

E791, PRL 86 3969 (2001)

arXiv:1905.00608v1



Belle RK*

• Test of lepton flavor 
universality
• Theoretically clean
• Sensitive to new physics
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R(K ⇤)

Test of lepton flavor universality via:

RK⇤ =
B(B ! K⇤µ+µ�)

B(B ! K⇤e+e�)
⇡ 1

Clean theoretical predictions.

Currently O(2.3�) tension.

New physics can change this ratio.

Decay modes used in this analysis:

B0 ! K⇤0
`+`�

B+ ! K⇤+`+`�

K⇤0 ! K+⇡�

K⇤+ ! K+⇡0

K⇤+ ! K0
S⇡

+

b s

d d

`�

`+

W+ Z0/�

B K⇤

b s

d d

`�

`+

Z0

B K⇤
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• All measured 
values are in 
accordance with 
the SM and 
other recent 
measurements.

First measurement 
of R(K*+).
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All modes

R(K ⇤): Fit on Data

Example fit for q

2 > 0.045GeV2.

103.0+13.4
�12.7 (139.0+16.0

�15.4) events in the electron (muon) modes.
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Test of LFU (Rú
K ) for B æ K ú¸¸

LHCb measurement of
RKú = BR(B æ Kúµ+µ≠)

BR(B æ Kúe+e≠)
shows deviations from SM expectation.

RKú (0.045 < q2 < 1.1 GeV2/c4) = 0.66+0.11
≠0.07 ± 0.03

RKú (1.1 < q2 < 6 GeV2/c4) = 0.69+0.11
≠0.07 ± 0.05

Compatibility with the SM estimated to be at the level of 2.1 ≠ 2.3‡ for low q2 and 2.4 ≠ 2.5‡ at
central q2 for a data sample of 3fb≠1.
Belle [605 fb≠1] measurement for whole q2 region, RKú = 0.83±0.17±0.08, is consistent with SM
prediction.
BaBar measured for low and high q2 bins and are consistent with SM with large uncertainty.

N BIP [EPJC 76 (2016) 440]
H CDHMV [JHEP 04 (2017) 016]
⌅ EOS [PRD 95 (2017) 035029]
⌥ flav. io [EPJC 77 (2017) 377]
• JC [PRD 93 (2016) 014028]

• LHCb [JHEP 08(2017) 055]
⌅ BaBar [PRD 86 (2012) 032012]
N Belle [PRL 103 (2009) 171801]
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S. Choudhury, Measurement of Lepton Flavor Universality in B 
decays at Belle, Flavor and CP Violation, Friday 14:50

arXiv:1904.02440 



Belle R(K)
• New measurement with 711 fb-1

(was 605 fb-1)
• Both charged and neutral mode
• Multidimensional Mbc ỎE fit to 

extract the yield
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Test of LFU (RK ) for B æ K¸¸

SM prediction is very accurate. R(SM)
K = 1 ± O (10≠2)

LHCb [PRL 113, 151601(2014)] shows deviation from SM

RK = BR(B+ æ K+µ+µ≠)
BR(B+ æ K+e+e≠)

= 0.745+0.090
≠0.074 ± 0.036

in q2 = [1 ≠ 6] GeV2/c4 : 2.6‡ tension for 3fb≠1 data sample (2011-12 data).

LHCb [arXiv: 1903.09252] shows RK ([1.1 ≠ 6]) = 0.846+0.016 +0.060
≠0.054 ≠0.014, 2.5‡ deviation for 5 fb≠1

data sample (2011 - 2016 data).

The value of RK for Belle [arXiv: 0904.0770] was consistent with unity within the uncertainty limit
measured for a data sample of 605fb≠1.
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Bin RK Collaboration
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1.1 < q2 < 6 0.846+0.060+0.016
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whole q2 1.03 ± 0.19 ± 0.06 Belle

0.10 < q2 < 8.12 0.74+0.40
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q2 > 10.11 1.43+0.65
≠0.44 ± 0.12 BaBar
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≠0.054 ≠0.014, 2.5‡ deviation for 5 fb≠1

data sample (2011 - 2016 data).
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Fit results for B æ K¸¸ [New]

Extended maximum likelihood fit is performed in 3-dimensions i .e., M
bc

, �E and OÕ.
B æ KJ/Â(æ ¸¸) is used as a control sample to calibrate the signal PDF of B æ K¸¸.
Example fit of B+ æ K+µµ and B+ æ K+e+e≠ for q2 > 0.1 GeV2/c4.
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137 ± 14, 138 ± 15 events in B+ æ K+µ+µ≠, B+ æ K+e+e≠ modes.

27.3+6.6
≠5.8 and 21.8+7.0

≠6.1 events in B0 æ K 0
S µ+µ≠ and B0 æ K 0

S e+e≠ modes.
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Previous results



Belle R(K)
• New measurement with 711 fb-1

(was 605 fb-1)
• Both charged and neutral mode
• Multidimensional Mbc ỎE fit to 

extract the yield
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Test of LFU (RK ) for B æ K¸¸

SM prediction is very accurate. R(SM)
K = 1 ± O (10≠2)

LHCb [PRL 113, 151601(2014)] shows deviation from SM

RK = BR(B+ æ K+µ+µ≠)
BR(B+ æ K+e+e≠)

= 0.745+0.090
≠0.074 ± 0.036

in q2 = [1 ≠ 6] GeV2/c4 : 2.6‡ tension for 3fb≠1 data sample (2011-12 data).

LHCb [arXiv: 1903.09252] shows RK ([1.1 ≠ 6]) = 0.846+0.016 +0.060
≠0.054 ≠0.014, 2.5‡ deviation for 5 fb≠1

data sample (2011 - 2016 data).

The value of RK for Belle [arXiv: 0904.0770] was consistent with unity within the uncertainty limit
measured for a data sample of 605fb≠1.
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RK , RK+ and RK 0 results from Belle [New]
RK+ , RK 0 and RK are measured for [0.1 , 4.0], [4.0 , 8.12], [1.0 , 6.0], > 14.18 and > 0.1 q2 bins.

RK is taken as weighted average of RK+ and RK 0 .

)4/c2 (GeV2q
0 5 10 15 20

K
+

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

R
K

+

)4/c2 (GeV2q
0 5 10 15 20

K
0

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

R
K

0

)4/c2 (GeV2q
0 5 10 15 20

K
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

R
K

The measurements are found to be consistent with SM prediction as well as LHCb result.
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Fit results for B æ K¸¸ [New]

Extended maximum likelihood fit is performed in 3-dimensions i .e., M
bc

, �E and OÕ.
B æ KJ/Â(æ ¸¸) is used as a control sample to calibrate the signal PDF of B æ K¸¸.
Example fit of B+ æ K+µµ and B+ æ K+e+e≠ for q2 > 0.1 GeV2/c4.
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137 ± 14, 138 ± 15 events in B+ æ K+µ+µ≠, B+ æ K+e+e≠ modes.

27.3+6.6
≠5.8 and 21.8+7.0

≠6.1 events in B0 æ K 0
S µ+µ≠ and B0 æ K 0

S e+e≠ modes.
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New result: no discrepancy

Color corresponds to 
different binning

442. Measurement of Lepton Flavor 
Universality in B decays at Belle, 
Seema Choudhury



Belle R(D(*))

• Long standing tension with 
SM prediction (was 3.8σ)
• New measurement using 

semileptonic tag (first 
measurement for R(D))
• Single most precise result: 

compatible with SM @ 1.2σ
• Still statistically limited

• R(D)-R(D*) exp. world 
average tension with SM 
decreases to 3.1σ
Jul 16, 2019 F.Forti, Belle II & Flavor 18
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Lepton Universality with R(K⇤) at Belle
Moriond EW 2019

Markus Prim for the Belle Collaboration | 22nd March 2019
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where ℓ = e,μ 
3.8σ discrepancy

2

Experiment Tag method τ mode R(D) R(D*)
Babar ‘12 Hadronic ℓν ν 0.440 ± 0.058 ± 0.042 0.332 ± 0.024 ± 0.018
Belle ‘15 Hadronic ℓν ν 0.375 ± 0.064 ± 0.026 0.293 ± 0.038 ± 0.015
LHCb ‘15 - ℓν ν - 0.336 ± 0.027 ± 0.030
Belle ‘16 Semileptonic ℓν ν - 0.302 ± 0.030 ± 0.011
Belle ‘17 Hadronic π ν, ρ ν - 0.270 ± 0.035 ± 0.027
LHCb ‘18 - π π π - 0.291 ± 0.019 ± 0.029  
Average - - 0.407 ± 0.039 ± 0.024 0.306 ± 0.013 ± 0.007 
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Conclusion / Preliminary R(D(*)) averages
• Most precise measurement of 

R(D) and R(D*) to date 

• First R(D) measurement 
performed with a semileptonic 
tag

• Results compatible with SM 
expectation within 1.2σ

8

Chapter 71522

Results and Discussion1523

7.1 Results1524

After performing the fit and evaluating the systematic uncertainty, we extract the results:

R(D) = 0.307 ± 0.037 ± 0.016 (7.1)

R(D⇤) = 0.283 ± 0.018 ± 0.014, (7.2)

where the first uncertainty is statistical and provided by the fit, and the second error is1525

systematic. A break-down of electron and muon channel results is given in Table 7.1. We1526

exploited the isospin symmetry between B0 and B+ to impose the relationship R(D(⇤)) =1527

R(D(⇤)+) = R(D(⇤)0) in the fit. The fit projection on the EECL axis and on the classifier axis,1528

for both the whole 2D fit region and for the signal region defined by class > 0.9, are shown1529

in Figures 7.2 to 7.8. The correlation matrix for all floating parameters of the fit is shown in1530

Figure 7.9. As expected, we find a statistical correlation factor of �0.53 between R(D⇤) and1531

R(D) .

Table 7.1: Fit results for the electron, muon and sum of electron and muon channels.

R(D, `) 0.307 ± 0.037 ± 0.016

R(D, e) 0.281 ± 0.042 ± 0.017

R(D, µ) 0.373 ± 0.068 ± 0.030

R(D⇤, `) 0.283 ± 0.018 ± 0.014

R(D⇤, e) 0.304 ± 0.022 ± 0.016

R(D⇤, µ) 0.245 ± 0.035 ± 0.020

1532

The 2D combination of the R(D⇤) and R(D) results, together with their correlation and1533

the SM expectation is shown in Figure 7.10.1534
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Conclusion1560

This thesis presents the measurement of the branching ratio of B̄ ! D(⇤)⌧�⌫̄⌧ relative to1561

B̄ ! D(⇤)`�⌫̄` decays – where ` is either e or µ – using semileptonic tagging channels and1562

leptonic ⌧ decays exclusively. It is performed on the full dataset on the ⌥(4S ) resonance of1563

the Belle experiment.1564

In the past these measurements have been carried out using hadronic tags, and this work1565

is the first analysis that uses a semileptonic tag for a combined measurement of R(D) and1566

R(D⇤) . Furthermore, with respect to the previous semileptonic measurement of R(D⇤+) by1567

Belle [44], this analysis uses a larger number of Btag channels, which directly translates to a1568

larger analysis dataset.1569

Our results are

R(D) = 0.307 ± 0.037 ± 0.016 (8.1)

R(D⇤) = 0.283 ± 0.018 ± 0.014, (8.2)

where the first uncertainty is statistical and provided by the fit, and the second error is1570

systematic. This is the single most precise measurement of R(D) and R(D⇤) ever performed.1571

The results are in agreement with the previous Belle measurement of R(D⇤) performed with1572

a semileptonic tag, which is now superseded.1573

The goal was to test the compatibility of this experimental data with the SM, whose
expectation values are

R(D) SM = 0.299 ± 0.003 (8.3)

R(D⇤) SM = 0.258 ± 0.005. (8.4)

Our results for R(D) and R(D⇤) are in agreement with the SM predictions within 0.2� and1574

1.1� respectively. The combination of our R(D) and R(D⇤) results is compatible with the1575

SM within 1.3�. Before these results, the experimental R(D) and R(D⇤) world average1576

showed a discrepancy of approximately 4� with the SM expectations. However, given the1577

compatibility of our results with the SM and their high precision, this discrepancy is reduced1578

to 3� when including these latest results.1579
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The promise for the future 
Belle II @ SuperKEKB
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Belle



The intensity frontier
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SuperKEKB is the e+e- intensity frontier

40 times higher 
luminosity

����

KEKB

PEP-II

8

SuperKEKB
cm

-2
s-1

BEPC-II



The path to higher luminosity
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A. J. Schwartz Physics Prospects for Belle II Gordon Research Conference 2019 6

How to get 40x instantaneous luminosity?

From KEKB to SuperKEKB

Factor ~ 40-50 in the luminosity

3

Nano-beam scheme firstly proposed by P. Raimondi for SuperB

- Radiation damage
- Occupancy in inner detectors 
- Fake hits and pile-upRadiative Bhabha

Touschek 

Beam-gas 2-photon-processes

Higher backgrounds

L~8x1035 cm-2 s-1

50 ab-1beam size:
100 μm(H) x 2 μm(V) 

→ 10 μm(H) x 59 nm(V)

Belle-II Goal: 
40 x Belle = 8 x 1035 

Final focus 
quadrupole 
being inserted:

• Nano-beams and more beam current to increase luminosity 
• Large crossing angle

• Change beam energies to solve the 
problem of short lifetime for the LER
• Consequence βγ: decrease 0.42 à

0.28

Belle

• Reduce Beam size
KEKB: 100μm x 2μm
SuperKEKB: 10μm x 0.06μm 



e- 2.6 A

e+ 3.6 A

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe with 
antechambers

Redesign the lattices of HER & 
LER to squeeze the emittance

Add / modify RF systems 
for higher beam current

New positron target / 
capture section

New superconducting /permanent 
final focusing quads near the IP

Low emittance
electrons to inject

Low emittance
positrons to inject

Replace short  dipoles 
with longer ones (LER) KEKB à SuperKEKB

Jul 16, 2019 F.Forti, Belle II & Flavor 23
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electron  (7GeV)

positron (4GeV)

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), Small cells, long 
lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling 

Vertex Detector
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe
2cm diameter

Belle II detector
Belle
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VXD Installed in Dec 2018

Belle

Partial PXD layer 2, will be completed in 2021

774. Commissioning of the Belle II Pixel Vertex 
Detector, Dr Hua Ye

722. Performance of the Belle II Silicon 
Vertex Detector, Antonio Paladino



SuperKEKB/Belle II schedule

Phase 1 (2016): SuperKEKB commissioning and background estimation – no collisions
Phase 2 (2018): Collision runs with final focus, but without VXD à first physics data
Phase3 (2019-->): Physics run started in March 2019. Will continue with 7-9 months/year

Jul 16, 2019 F.Forti, Belle II & Flavor 26

・・
・

2016

JFY2016

2017 2018 2019

JFY2017 JFY2018 JFY2019Japan FY

Calendar year

Summer shutdown
(power saving)

Summer shutdown
(power saving)

phase 1 phase 2 (MR) phase 3

MR renovation for phase 2, including
installation of QCS and Belle II

w/o QCS
w/o Belle II

w/ QCS
w/ Belle II (no VXD)

w/ full Belle II

DR commissioningDR installation & startup

MR startup VXD installation
HER start
LER start

(end Feb. – mid Jul. 2018)

Summer shutdown
(power saving)

Power saving
after mid July 2018

Assumes phase 3 operation
9 months/year 

Belle

178. Phase 3 beam commissioning of 
SuperKEKB, Dr Toshiyuki Oki
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First collisions in Phase 2

Alberto Martini - Manchester, PASCOS - 2/07/2019  15

Belle II first event display: phase 3
Phase 3 first 

hadronic event! 25 April 2018 
Belle II control room

First collisions in Phase 3

March 26, 2019
A. J. Schwartz Physics Prospects for Belle II Gordon Research Conference 2019 23

Detector is working  (!)Glimpse from phaseII
CP modes & multi-body FS
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D0® KS p0

D0® K+K-

(Cabibbo-
suppressed)

Glimpse from phaseII
CF modes
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D0® K- p+

(Cabibbo-
favored)

D0® K-p+p0

B+® D0p +
B+® D0r +
B+® D*0p +
B0® D*+p -
B0® D*+r-
B0® D+p -

B0® D+r-
B0® J/y KS

Mbc =
√

Ebeam − p2
B

B decays:

Collisions

e+e� ! BB
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Luminosity
• Backgrounds are still high
• Luminosity limited by beam blow-up
• New machine: lot of tuning required
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Expected luminosity profile

Guglielmo De Nardo - Flavour Physics at Belle II - QCD 2019 10
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ts

Data Accumulation

KEKB
peak lumi

Belle
integrated lumi

Integrated Luminosity

�2

Recovery from 
fire near LINAC

Belle

Parameter Achieved Target
ILER(max)(A) 0.880 2.6
IHER(max)(A) 0.940 3.6
βy* (mm) 2 0.3 
# bunches 1576 2364
Lpeak(cm-2 s-1) 6.1 x 1033

8 x 1035

L(det OFF) 12 x 1033



Results
• The run has just finished 

(July 1st) 
• In  this talk present 

performance studies and 
initial cross checks and 
results
• Data sample: 410 pb-1

calibrated, aligned and 
reprocessed data.
• Less than 1/10 of the total 

data 6.49 fb-1
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Integrated Luminosity

�2

Recovery from 
fire near LINAC

Data Sample



Tracking performance
• Impact parameter resolution 2-track events
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• V0s from pp

Belle

Impact parameter resolution and beam spot size

Width of the d0 distribution as a function of „0

Beam profile computed with ‡
x

= 14.8 µm and ‡
y

= 1.5 µm.
C. Praz Physics Performance: d
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resolution 2019.07.03 14 / 20
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Impact parameter resolution and beam spot size

Width of the �d0 distribution as a function of „0
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Results

Fit of the beam profile after subtraction
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C. Praz Physics Performance: d

0

and z

0

resolution 2019.07.03 17 / 20

x

y
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|d0|

PV

POCA

Track

Input samples, selection and additional corrections

Beam parameters in simulation

Beam spot central position (x , y , z) taken from the data sample.

x = ≠431 µm, y = 395 µm, z = 238 µm.

Beam spot size (‡
x

,‡
y

,‡
z

) computed from the machine parameters.

‡
x

= 14.8 µm, ‡
y

= 1.5 µm, ‡
z

= 357 µm.

σy<1.5μm
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Input samples, selection and additional corrections

Beam parameters in simulation

Beam spot central position (x , y , z) taken from the data sample.

x = ≠431 µm, y = 395 µm, z = 238 µm.

Beam spot size (‡
x

,‡
y

,‡
z

) computed from the machine parameters.

‡
x

= 14.8 µm, ‡
y

= 1.5 µm, ‡
z

= 357 µm.

σx~15μm

C. Praz Physics Performance: d

0

and z

0

resolution 2019.07.03 6 / 20

Confirmation of Beam Profile



Event shape and B counting

• Using continuum MC 
find excess events in 
data.

• Most likely due to an 
imperfect machine 
background modelling

• Use off-resonance data 
for continuum 
modelling
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1. INTRODUCTION

The cross section of e+e� ! ⌥ (4S) ! BB̄ is ⇡ 1 nb whereas the cross section for
e+e� ! qq̄(q = u, d, s, c) is ⇡ 3 nb. So, continuum will be the dominant background
for B processes. BB̄ events have a spherical topology due to the higher mass of b quark.
Continuum events have a jet like topology as u, d, s, c quarks are less massive. This di↵erence
in topology is exploited to distinguish between the two types of events. Event shape variables
like thrust angle, sphericity angle are used for this purpose. Fox-Wolfram moments are also
important among them.

2. R2

Fox-Wolfram moment is given as

Hl = ⌃ij|pi||pj|Pl(cos ✓ij), (1)

where |pi|, |pj| are the momenta of either a charged track or a photon, ✓ij is the angle between
ith and jth particle and Pl is the Legendre polynomial. It is similar to multipolar expansion
of vector potential. R2 is the ratio of second and zeroth moment, H2/H0. It is very powerful
in distinguishing BB̄ component from the others. It is close to 0 for BB̄ and 1 for other
components. It can identify whether the collisions happen at the ⌥ (4S) resonance or not.
R2 distribution for Belle exp 5 data is shown in Fig. 1.

3. DATA SAMPLE AND SELECTION

3.1. Data sample

The reprocessed data from Experiment 3 is used here (prod 2). We introduce a basic
version of HadronB skim similar to that of Belle. The data is reconstructed using release-01-
02-03. MC10 samples are used for comparison studies. We also use dress rehearsal 2 (DR2)
samples.

2

R2 = H2/H0
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FIG. 6: R2 distribution after the normalization to the fit results. Generic MC12 samples and

o↵-resonance data are compared to on-peak data.
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R2 distribution

133. Start of the Belle II Experiment at SuperKEKB: 
rediscovery of B Physics, Oskar Hartbrich



Mass peaks 
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Belle

• Identify Kaons, 
pions, ....



Mass peaks
• ...electrons, muons
• Reconstruct vertices.
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FIG. 6: The dielectron invariant mass for J/ ! e+e� for an integrated luminosity of 0.41 fb�1

with the same selection criteria as FIG. 5. The number of background events within the mass
window [3.06, 3.12] GeV/c2 is estimated to be 912± 11.
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FIG. 7: The dielectron invariant mass for J/ ! e+e� for an integrated luminosity of 0.41 fb�1

with the same selection criteria as FIG. 5 as well as a vertex fit with TreeFit, requiring a confidence
level of > 0.001. The number of background events within the mass window [3.06, 3.12] GeV/c2 is
estimated to be 499± 8.
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FIG. 12: The dimuon invariant mass for J/ ! µ+µ� for an integrated luminosity of 0.41 fb�1,
using the same selection criteria as FIG. 8 and applying a cut of (global) muonID > 0.95 to both
muon candidates.
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FIG. 13: The dimuon invariant mass for J/ ! µ+µ� for an integrated luminosity of 0.41 fb�1

with the same selection criteria as FIG. 12. The number of background events within the mass
window [3.06, 3.12] GeV/c2 is estimated to be 76± 3.
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J/ ! e+e�
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Figure 1: This figure shows the �E distribution of B candidates in 410 pb�1 of colli-
sion data, in the mode B ! D(⇤)h where h = ⇡, ⇢. Events are required to contain at
least three good tracks to purify the sample with processes of the type e+e� ! hadrons,
while rejecting beam induced background, Bhabha scattering, and other low multiplicity
background sources. The charged kaon and pion tracks are required to have impact pa-
rameters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. Particle identification
criteria (binary) > 0.6 is applied to K. The invariant mass of D0 and D+ are con-
strained in between 1.84 < M(K�⇡+,K�⇡+⇡0,K�⇡+⇡�⇡+) < 1.89 GeV/c2 and
1.844 < M(K�⇡+⇡+) < 1.894 GeV/c2, respectively. The ⇢ candidates are choosen
within |M(⇡+⇡0)�m⇢| < 100 MeV/c2. The D⇤+ candidates are required to have 0.143 <
M(D0⇡+) � M(D0) < 0.147 GeV/c2 and D⇤0 candidates are required to have 0.14 <
M(D0⇡0)�M(D0) < 0.144 GeV/c2. qq background is suppressed with R2 < 0.3 and 0.25
for B ! D(⇤)⇡ and B ! D⇢ modes, respectively. An additional cos ✓⇢ > -0.8 is applied for
B ! D⇢ to reject high combinatorial background. Here, the signal region chosen is Mbc >
5.27 GeV/c2. The internal document reference is BELLE2-NOTE-PH-2019-039.
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Figure 2: This figure shows the Mbc distribution of B candidates in 410 pb�1 of colli-
sion data, in the mode B ! D(⇤)h where h = ⇡, ⇢. Events are required to contain at
least three good tracks to purify the sample with processes of the type e+e� ! hadrons,
while rejecting beam induced background, Bhabha scattering, and other low multiplicity
background sources. The charged kaon and pion tracks are required to have impact pa-
rameters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. Particle identification
criteria (binary) > 0.6 is applied to K. The invariant mass of D0 and D+ are con-
strained in between 1.84 < M(K�⇡+,K�⇡+⇡0,K�⇡+⇡�⇡+) < 1.89 GeV/c2 and
1.844 < M(K�⇡+⇡+) < 1.894 GeV/c2, respectively. The ⇢ candidates are choosen
within |M(⇡+⇡0)�m⇢| < 100 MeV/c2. The D⇤+ candidates are required to have 0.143 <
M(D0⇡+) � M(D0) < 0.147 GeV/c2 and D⇤0 candidates are required to have 0.14 <
M(D0⇡0)�M(D0) < 0.144 GeV/c2. qq background is suppressed with R2 < 0.3 and 0.25
for B ! D(⇤)⇡ and B ! D⇢ modes, respectively. An additional cos ✓⇢ > -0.8 is applied
for B ! D⇢ to reject high combinatorial background. Here, the signal region chosen is
|�E| < 0.05 GeV. The internal document reference is BELLE2-NOTE-PH-2019-039.

2

BàDh exclusive reconstruction
Approximately 300 selected events in 410pb-1
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Mbc =
q

E⇤2
beam � p⇤2B
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FIG. 23: Distribution of �E and Mbc for B ! D⇤±⇡ candidates reconstructed in uno�cial exp8

data (runs 43–2249) with fit projection overlaid and pulls.

FIG. 24: Distributions of (left) �E and (right) and Mbc for B0 ! D�⇡+ candidates reconstructed

in exp8 data (runs 43–2249).

MC Phase II Exp7 (o�cial) Exp8 (43-2249)

B ! D⇡ 437 ± 7 245 341 ± 31 335 ± 16

B ! D⇢ 285 ± 7 129 141 ± 26 123 ± 14

B ! D⇤0⇡ 83 ± 3 46 58 ± 12 43 ± 6

B0 ! D⇤±⇡ 128 ± 3 27 78 ± 14 84 ± 7

B0 ! D�⇡+ 115 ± 4 52 76 ± 17 119 ± 10

B0 ! D�⇢+ 58 ± 5 23 34 ± 17 45 ± 8

TABLE II: Signal yields per unit of integrated luminosity (in inverse femtobarns) in data and

simulation.
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Full Event Interpretation
• Fully reconstruct B decays in many many 

modes to reduce backgrounds and provide 
tagging

• Useful for channels with weak exp. signature 
• Missing momentum (many neutrinos in the 

final state) 
• Inclusive analyses

• Tag with semileptonic decays
• PRO: Higher efficiency ựtag ∼ 1.5% 
• CON: more background, B momentum 

unmeasured
• Tag with hadronic decays

• PRO: cleaner events,  B momentum 
reconstructed

• CON: smaller efficiency ựtag ∼ 0.3%
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Belle II unique capabilities: Full Reconstruction

Guglielmo De Nardo - Flavour Physics at Belle II - QCD 2019 7

� For signal with weak exp. signature
� Decay with missing momentum

(many neutrinos in the final state)

� Inclusive analyses 

� background rejection improved fully 
reconstructing the companion B (tag)

� Tag with semileptonic decays
� PRO: Higher efficiency εtag ∼ 1.5%

CON: more backgrounds, 
B momentum unmeasured

� Tag with hadronic decays 
� PRO: much cleaner events,

B momentum reconstructed
CON: smaller efficiency εtag ∼ 0.3%

ντ

τ+

ντ

νμ, νe
e+,μ+

X-

D(*)0

ϒ(4S)

B+B-

Fully reco Look for signal Belle

T.Keck, et al. Comput Softw Big Sci (2019) 3: 6. 



Hadronic FEI
Classifier output to discriminates 
tag side from background
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FIG. 2: Fits to the beam constrained mass, mbc, distribution of reconstructed B+ (top) and B0

(bottom) tag-side B mesons in data. Here correctly reconstructed signal is modelled with a Cystal
Ball and mis-reconstructed B mesons and continuum are modelled with an argus shape. While
the mean and sigma paramters of the Crystal Ball are free to float, the tail parameters are fixed
based on fits to correctly reconstructed tag-side candidates in simulation. Two choices of selection
are employed on the B meson classifier output, P, a looser selection of P > 0.1 (left) and a tighter
selection of P > 0.5 (right). The corresponding yields of correctly reconstructed B+ or B0 mesons
are displayed on each plot. Additional selections include an asymmetric selection on the beam
energy di↵erence to lie in the region �0.15 < �E < 0.1 GeV and a loose selection on the cosine
of the thrust axis between particles in the B system and those in its rest of event to be less than
0.95 to suppress continuum. In addition, a best candidate candidate selection is made selecting
the reconstructed B meson tag-side candidate in each event with the highest P.
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FIG. 2: Fits to the beam constrained mass, mbc, distribution of reconstructed B+ (top) and B0

(bottom) tag-side B mesons in data. Here correctly reconstructed signal is modelled with a Cystal
Ball and mis-reconstructed B mesons and continuum are modelled with an argus shape. While
the mean and sigma paramters of the Crystal Ball are free to float, the tail parameters are fixed
based on fits to correctly reconstructed tag-side candidates in simulation. Two choices of selection
are employed on the B meson classifier output, P, a looser selection of P > 0.1 (left) and a tighter
selection of P > 0.5 (right). The corresponding yields of correctly reconstructed B+ or B0 mesons
are displayed on each plot. Additional selections include an asymmetric selection on the beam
energy di↵erence to lie in the region �0.15 < �E < 0.1 GeV and a loose selection on the cosine
of the thrust axis between particles in the B system and those in its rest of event to be less than
0.95 to suppress continuum. In addition, a best candidate candidate selection is made selecting
the reconstructed B meson tag-side candidate in each event with the highest P.
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B+

B0

Loose Tight

Mbc =
q

E⇤2
beam � p⇤2B
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61. Missing energy and electroweak penguin modes in 
early Belle II data, William Sutcliffe



Semileptonic decays
• Look e.g. at missing mass distribution
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Belle

Hadronic tagging and performance

First look at Xl⌫ decays using hadronic tagging

Perform first Belle II signal side
reconstruction with tagging.

Study B ! Xl⌫ given the large
Banching fraction (⇠20%)

⌥(4s)

B+
tag

B�
sig

X

⇡+

D̄0

K+

⇡�

`� ⌫̄`

e+e�

Highest p⇤
` lepton selected with

p⇤
` > 0.6 GeV/c, Mtag

bc > 5.27GeV /c

m2
miss = (p⇤

e+e� � p⇤
Btag � p⇤

` � p⇤
X )

2

William Sutcli↵e Semileptonic and missing energy results from early Belle II data 12 July 2019 12 / 18

Untagged BàD*lν

Hadronic tagging and performance

First look at Xl⌫ decays using hadronic tagging

Perform first Belle II signal side
reconstruction with tagging.

Study B ! Xl⌫ given the large
Banching fraction (⇠20%)

⌥(4s)

B+
tag

B�
sig

X

⇡+

D̄0

K+

⇡�

`� ⌫̄`

e+e�

Highest p⇤
` lepton selected with

p⇤
` > 0.6 GeV/c, Mtag

bc > 5.27GeV /c

m2
miss = (p⇤

e+e� � p⇤
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BàXlν with hadronic tag



parameter extracted value

N1
sig (81± 6) · 10

µ1 (fs) 31± 16

�1 (fs) 127± 15

N2
sig (10± 5) · 10

µ2 (ps) (0.48± 0.17)
�2 (ps) (0.73± 0.13)
⌧ (fs) (370± 40)

TABLE II: Parameters extracted from the unbinned maximum likelihood fit to the reconstructed

proper time distribution.

FIG. 2: Fit to the reconstructed proper time for D0
candidates belonging to the signal region

5.346 < Q(MeV/c2) < 6.353 and 1.848 < M(GeV/c2) < 1.879. The model function is defined in

(2) and the value of the parameters extracted from the fit are reported in Table II.

The proper time distribution is fitted with two Gaussian contributions both convolved
with the exponential:

TPDF (t) = N

1
sig ⇥Gauss(t|µ1, �1) ⇤ Exp(t|⌧) +N

2
sig ⇥Gauss(t|µ2, �2) ⇤ Exp(t|⌧) ; (2)

the choice is due to considerations on background composition, entirely related to mis-
reconstructed D

0s (cc̄ background).

3

D0 lifetime
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Clear signal is seen in data. 
Track hits selections are tuned. 
Sensitivity is estimated using MC 
with data efficiencies.

Reported by G. de Marino 

The measurement requires the reconstruction of two vertices: 
1. D0 decay vertex from K and π daughters 
2. D0 production vertex, from the crossing of πs ‘s and D0’s reconstructed momentum 

• D* decays immediately, in the luminous region or beam spot. Constraining the D* to decay in the beam spot 
would significantly improve the resolution on proper time

Gaetano de Marino 3/182019/06/18

Goal: to measure the D0 lifetime using the channel 

D*+→[D0→K-π+]π+  

with the dataset collected until first reprocessing (proc9, 
data until end of May/early June: ~3.5 fb-1, including ~800 
pb-1 of off-resonance data). This measurement is an 
important  test of the Belle II vertexing  performance. 

INFN and 
University  
of 
Pisa

Introduction

Once the whole decay chain has been reconstructed, the decay length of the 
D0 is obtained as: 

40  µ
m

ldec = (rdecay − rproduction) ⋅ p̂D

τ = mDldec /cpD .

and then translated into the proper time:

Note: Figure not in scale

(Ichiro Adachi, Run Coordinator Report 2019.06.03)

The measurement requires the reconstruction of two vertices: 
1. D0 decay vertex from K and π daughters 
2. D0 production vertex, from the crossing of πs ‘s and D0’s reconstructed momentum 

• D* decays immediately, in the luminous region or beam spot. Constraining the D* to decay in the beam spot 
would significantly improve the resolution on proper time
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D*+→[D0→K-π+]π+  

with the dataset collected until first reprocessing (proc9, 
data until end of May/early June: ~3.5 fb-1, including ~800 
pb-1 of off-resonance data). This measurement is an 
important  test of the Belle II vertexing  performance. 
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Introduction

Once the whole decay chain has been reconstructed, the decay length of the 
D0 is obtained as: 

40  µ
m

ldec = (rdecay − rproduction) ⋅ p̂D

τ = mDldec /cpD .

and then translated into the proper time:

Note: Figure not in scale

(Ichiro Adachi, Run Coordinator Report 2019.06.03)
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Track hits selection for D0 daughters

K π Logic Efficiency (%) 
bucket4

Efficiency (%) 
bucket6 MC Efficiency (%)

PXDHits>0 PXDHits>0 OR 90 97 98.9

SVDHits>0 SVDHits>0 OR 99 100 100

PXDHits>0 PXDHits>0 AND 54 81 88.8

SVDHits>0 SVDHits>0 AND 100 100 100

PXDHits>0 L3 AND 61 83 91.3

L3 PXDHits>0 AND 64 84 92.6

L3 L3 OR 99 100 99.9

L3 L3 AND 83 88 95.3 

On signal

On total entries

The best configuration for the proper time resolution

Using no vertex reconstruction

*

*

εAND

**

** Using vertex reconstruction

Gaetano de Marino 16/182019/06/18
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Pisa

MC with data efficiencies - 
bucket4 and bucket6

bucket4-efficiency-equivalent MC bucket6-efficiency-equivalent MC
εAND = 81%     → NAND: 11700 
1- εAND = 19% → NNAND: 2709

εAND = 54%     → NAND: 3018 
1- εAND = 46% → NNAND: 2709
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Scaling the statistical error to the same sample size  
(15k ↔ expected number of events with proc9, using bucket6 efficiency ~ 30%): 

    στ = 15.4 fs                                                                                       στ  = 11.8 fs
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D0 Mass - bucket4 
vertex fit with mass constraint

Signal and background events obtained  as 
• Nsign :     (488±16) 
• Nbgk  :     (186±16) 
• Purity:     91%

Estimated number of signal events for 68 pb-1:  ~1k  
Reconstruction efficiency:        ~49%

Signal

Background

DATA - bucket4

Further steps in the analysis:  
1. D0 vertex reconstruction with KFit 

(conf_level=0) 
2. MD0 evaluated (← plot) BEFORE FIT 
3. TreeFitter on the entire chain (using D0 mass 
constraint)

vertex fit

Q ∈ [4.54,7.18] MeV/c2
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D0 Mass - bucket6 
vertex fit with mass constraint

DATA - bucket6

vertex fit

Signal and background events obtained  as 
• Nsign :     (1456±25) 
• Nbgk  :     (499±25) 
• Purity:      92%

Estimated number of signal events for 344 pb-1:  ~5k  
Reconstruction efficiency:        ~30 %

Same reconstruction as previous slide:  
1. D0 vertex reconstruction with KFit 

(conf_level=0) 
2. MD0 evaluated (← plot) BEFORE FIT 
3. TreeFitter on the entire chain (using D0 mass 
constraint)

Further improvement (~ 5%) on the resolution of the D0 mass: σ=(4.98±0.14) MeV/c2

Drop of efficiency probably due to D* skim cuts

Q ∈ [4.54,7.18] MeV/c2

Signal

Background

D0 lifetime measurement
No tag-side 
information is 
needed.

1. INTRODUCTION

The measurement of the D0 lifetime is performed to show the potentiality of the Belle IIde-
tector in measuring the first and secondary vertex positions and the impact on time-dependent
measurements. We report in this note the minimum set of information regarding the analysis
with the very first data collected in Phase3, and it contains the plots to be approved.

2. METHOD

The D0 lifetime is extracted from a fit to the D0 proper time of D⇤-tagged D

0 candidates
reconstructed in the K

�
⇡

+ final state:

D

⇤ ! D

0
⇡

+
s D

0 ! K

+
⇡

�
.

We reconstruct the D

⇤-tagged D

0 candidates applying selection cuts on the tracks and
the reconstructed mass of the D0 and D

⇤ candidates to reduce the combinatorial background.
We remove D

⇤ from B decays by requiring a center-of-mass momentum of the D

⇤ greater
than 2.5GeV/c. We then fit the complete decay chain using TreeFitter and apply quality
cuts on the fitted D

0 candidates in order to improve their quality. We fit the (mD0 and the
Q = mD⇤ �mD0 �m⇡+

s
distributions to estimate the number of signal and background D

0

candidates. Finally we select the D

0 candidates in a signal region in the (mD0
, Q) plane and

fit the proper time distribution to extract the D

0 lifetime.

3. SOFTWARE VERSION

This analysis requires the TreeFitter to use the IP-constraint for theD0 production vertex.
The position of the interaction point and the size of the luminous region are stored in the run-
dependent BeamSpot DB objects, which is part of the data_reprocessing_prompt_bucket6
GT. The interface of the fitter with this payload is not available in the release/03

nor in the master software versions of basf2, we performed the fit using the following
master branch: feature/BII-4361-beamspot-dbobject-informations-interface-for-
the-analysis-users. We performed a validation of the TreeFitter of the branch using
BeamSpot by building a BeamSpot payload with the same informations as the payload used
by default in release/03 and master and demonstrated that there were no di↵erences in
using one payload or the other.

4. DATASET AND CALIBRATIONS

The complete set of bucket 6 runs are used (experiment 7, physics runs 3128 � 2847)
corresponding to a luminosity of L = 344 pb

�1. We used the D

⇤
calibration skim and the

selection is the following:

• the three final states tracks (⇡+
s , K

+,⇡�) should come from the IP: |d0| < 0.5 cm and
|z0| < 3 cm

• 1.7 < mD0(GeV/c2) < 2.1

3
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D0 Mass Plot

μ (1863.5±0.2) MeV/c2

σ (5.22±0.17) MeV/c2

Nsig (862±31)

Nbkg (140±15)

c0 (-0.46±0.11) (GeV/c2)-1

c1 (-0.85±0.17) (GeV/c2)-2

Q   ∈   [5.346 , 6.353 ] MeV/c2*

In the {M,Q} signal box  
(M ∈ [1.848, 1.879] GeV/c2 and Q   ) 
• Purity:         95% 
•Nsig :            (860 ± 30) 
•Nbkg  :           (42 ±5)

*

mD0=(1864.83±0.05) MeV/c2 (PDG - 2018)

Nsig ⋅ G1(M; μ1, σ1) + Nbkg ⋅ p(M; c0, c1)
Model:

Additional cut:
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D0 Proper Time Plot

In the {M,Q} signal box :

μ1 (30±16) fs

σ1 (126±15) fs

μ2 (0.48±0.17) ps

σ2 (0.73±0.13) ps

τ (370±40) fs

Nsig1 (80±6) x10

Nsig2 (10±5) x10

τD0=(410.1±1.5) fs (PDG - 2018)

N1
sig ⋅ G(t; μ1, σ1) * Exp(t; τ) + N2

sigG(t; μ2, σ2) * Exp(t; τ)

Model
I. LIST OF APPROVED PLOTS

• Figure 1

• Figure 2

Details of the analysis procedure are described in BELLE2-NOTE-PH-2019-038.
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FIG. 1: Fit to the reconstructed mass of D0
candidates from the decay chain D⇤± ! (D0 !

K⌥⇡±
)⇡±

with 5.346 < Q(MeV/c2) < 6.353. The red shaded region represents the signal candi-

dates, while the blue region represents the background candidates. The model function is defined

in (1) and the values of the parameters extracted from the fit are reported in Table I.

The mass distribution is fitted with a Gaussian (signal) plus a first-order polynomial
(background):

MPDF (m) = Nsig ⇥Gauss(m|µ, �) +Nbkg ⇥ pol1(m|c0, c1). (1)

1

parameter extracted value

N1
sig (81± 6) · 10

µ1 (fs) 31± 16

�1 (fs) 127± 15

N2
sig (10± 5) · 10

µ2 (ps) (0.48± 0.17)
�2 (ps) (0.73± 0.13)
⌧ (fs) (370± 40)

TABLE II: Parameters extracted from the unbinned maximum likelihood fit to the reconstructed

proper time distribution.

FIG. 2: Fit to the reconstructed proper time for D0
candidates belonging to the signal region

5.346 < Q(MeV/c2) < 6.353 and 1.848 < M(GeV/c2) < 1.879. The model function is defined in

(2) and the value of the parameters extracted from the fit are reported in Table II.

The proper time distribution is fitted with two Gaussian contributions both convolved
with the exponential:

TPDF (t) = N

1
sig ⇥Gauss(t|µ1, �1) ⇤ Exp(t|⌧) +N

2
sig ⇥Gauss(t|µ2, �2) ⇤ Exp(t|⌧) ; (2)

the choice is due to considerations on background composition, entirely related to mis-
reconstructed D

0s (cc̄ background).

3



Physics potential and timeline
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https://arxiv.org/abs/1808.10567
https://inspirehep.net/record/1692393/

421. First look at CKM parameters from early Belle II 
data, Isabelle Ripp-Baudot



Belle II Improvement program
• Short term
• Replacement of TOP PMTs with ALD PMTs
• Replacement of the PXD with complete detector
• DAQ upgrade

•Medium term
• Looking at options to make the detector more robust 

against background and radiation bursts
• Longer term
• Started looking at luminosity upgrade possibilities
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Conclusion and perspectives
• Flavor physics provide an extremely rich landscape of 

measurements opening windows on New Physics
• High luminosity e+e- colliders offer a pristine and well 

defined environment 
• Existing data sets (Babar, Belle) are still providing new 

results more than 10 years after the end of data taking
• BES III is providing more and more measurement at the 

tau/charm energy
• Belle II just started data taking with good performance and 

looking forward to more luminosity
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Belle II Presentations @ EPS-HEP
• First Physics: 

• I.Ripp-Baudot:“First look at CKM parametersf rom early Belle II data” , Flavour Physics and CP 
Violation: Thursday 09:00

• O.Hartbrich: “Start of the Belle II Experiment at SuperKEKB” , Flavour Physics and CP Violation: 
Thursday 14:50

• K.Lautenbach:“Exotic and Conventional Quarkonium Physics Prospects at Belle II” QCD and Hadronic 
Physics: Thursday 14:45 

• S. Cunliffe: “Dark Sector Physics with Belle II“ Dark Matter: Thursday 15:10 
• W.Sutcliffe:“Missing energy and electroweak penguin modes in early Belle II data” Flavour Physics and 

CP Violation: Friday 09:45 
• F.Forti:“BELLE II and flavor physics in e+e-“ Plenary: Tuesday 10:00 

• Detectors: 
• H.Ye:“Commissioning of the Belle II Pixel Vertex Detector”  Detector R&D and Data Handling: 

Thursday 10:15 
• O.Hartbrich:“First Experiences with the Novel Time of Propagation (TOP) Barrel PID Detector in the 

BelleII Experiment” , Detector R&D and Data Handling: Thursday 11:30 
• S.Longo:“A Novel Approach to Calorimeter-based Particle Identification at the Belle II Experiment 

using Scintillator Pulse Shape Discrimination”, Detector R&D and Data Handling: Friday 09:30 
• A.Paladino:“Performance of the Belle II SiliconVertex Detector”, Poster: Monday 18:30 
• L.Santelj:“The Aerogel RICH detector of the Belle II experiment”, Poster: Monday 18:30 
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Additional material
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45

60 ps for ETOF after 
upgraded in 2015
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The Belle Detector

Jul 16, 2019 F.Forti, Belle II & Flavor 47

The Belle Experiment

Belle recorded 711 fb�1 on the ⌥(4S) resonance.

Search for B ! `⌫� and B ! µ⌫µ and Test of Lepton Universality with R(K⇤) at Belle - Markus Prim 22nd March 2019 2/23
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Babar Detector

Čerenkov Detector
(DIRC)

144 quartz bars
11000 PMTs

1.5 T solenoid

ElectroMagnetic
Calorimeter 

6580 CsI(Tl) crystals

Drift CHamber
40 stereo layers

Instrumented Flux Return
iron/RPCs  (muon/neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided strips

e+ (3.1 GeV)

e- (9 GeV)

SVT: 97% efficiency, 15 µm z hit resolution (inner layers, ^ tracks)
SVT+DCH:    s(pT)/pT = 0.13 % ´ pT + 0.45 % 
DIRC: K-p separation 4.2s @ 3.0 GeV/c ® >3.0s @ 4.0 GeV/c 
EMC: sE/E = 2.3 % ´ E-1/4 Å 1.9 %



The 4D variables
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(1) Smaller by
*

(2) Increase beam currents
(3) Increase xy

How to increase the luminosity?

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB

“Nano-Beam” scheme
-

- e-

e+

sx~10µm,sy~60nm
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SuperKEKB design parameters

parameters KEKB SuperKEKB
units

LER HER LER HER
Beam energy Eb 3.5 8 4 7 GeV

Half crossing angle φ 11 41.5 mrad
Horizontal emittance εx 18 24 3.2 4.6 nm

Emittance ratio κ 0.88 0.66 0.37 0.40 %
Beta functions at IP βx*/βy* 1200/5.9 32/0.27 25/0.30 mm

Beam currents Ib 1.64 1.19 3.60 2.60 A
beam-beam parameter ξy 0.129 0.090 0.0881 0.0807

Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1

• Nano-beams and a factor of two more beam 
current to increase luminosity 

• Large crossing angle
Jul 16, 2019 F.Forti, Belle II & Flavor 51

• Change beam energies to solve the problem 
of short lifetime for the LER
• Consequence βγ: decrease 0.42 à 0.28



Belle 
à

Belle II
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SVD: 4 DSSD lyrs g 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm
ACC+TOF g TOP+A-RICH
ECL: waveform sampling (+pure CsI for endcaps)
KLM: RPC g Scintillator +MPPC (endcaps, barrel inner 2 lyrs)


