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Belle II at the Summer conferences

11 Contributions

7 Contributions

+ several smaller workshops and other conferences

Will Sutcliffe (Belle II Postdoc) 
presenting results at EPS
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Belle II at the Summer conferences

11 Contributions

7 Contributions

+ several smaller workshops and conferences

Will Sutcliffe (Belle II Postdoc)

presenting results at EPS

ℒΥ(4S) = 0.41/fb

ℒoff−peak = 0.8/fb

ℒΥ(4S) = 5.7/fb

ℒΥ(4S) = 2.6/fb

Early

Summer results

ℒΥ(4S) = 5.15/fb
Full Summer results
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B Mesons in a nutshell

(mΥ(4S), ⃗0 ) = ( m2
B + | ⃗p B |2 , ⃗p B) + ( m2

B + | ⃗p B |2 , − ⃗p B)

mΥ(4S) = 2 m2
B + | ⃗p B |2 | ⃗p B | = m2

Υ(4S)/4 − m2
B ≈ 340 MeV
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B Mesons in a nutshell

(mΥ(4S), ⃗0 ) = ( m2
B + | ⃗p B |2 , ⃗p B) + ( m2

B + | ⃗p B |2 , − ⃗p B)

mΥ(4S) = 2 m2
B + | ⃗p B |2 | ⃗p B | = m2

Υ(4S)/4 − m2
B ≈ 340 MeV

Repeat a similar calculation for a charm quark  and you will get about 5 GeVmc ≈ 1.4 GeV

770 H Schroder 

Hod rons 

Figure 3. ( a )  Y(1S) decay into three gluons; ( b )  Y(4S) decay into a pair of B mesons. 

series of b6 states is observed with different quantum numbers, similar to those of the 
hydrogen atom. Hadronic transitions between the Y(3S), Y(2S) and Y(1S) proved 
that these states have the same quark content. Radiative decays of the Y(2S) and 
Y(3S) have been used to show the existence of p-wave b6 states. Together, all these 
measurements allowed details of the strong interactions to be studied so that the b6 
system is today well understood in terms of potential models, as reviewed elsewhere 
(for example, Buchmuller and Cooper 1987, Berkelmann 1983, Franzini and Lee- 
Franzini 1983). 

Higher radial excitations of the Y meson up to the Y(6S) have been observed as 
peaks in the e+e- annihilation cross section (figure 4 (Giles et al 1984, Besson et al 
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Figure 4. Cross section for e*e-+ hadrons. 

Table 1. Resonance parameters of Y mesons (Buchmiiller and Cooper 1987). 

Resonance Width (keV) Mass (MeV/c2) re, (keV) 

V I S )  51 i 3  9 460.3 * 0.3 1.33 * 0.06 
Y(2S) 37 * 10 10 023.4k0.3 0.60* 0.04 
Y(3S) 27*6 10 355.5 *0.5 r 0.2 0.43 * 0.03 
Y(4S) 20 000 * 4000 10580.0*4 0.23 i 0.04 
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FIG. 1: R2 distribution for ⌥ (4S) data and o↵-resonance data. The event selection requires at least
three tracks and two clusters in the event, with transverse momentum greater than 100 MeV/c
and cluster energy greater than 100 MeV, respectively. Additional requirements on tracks, clusters
and event variables are described in detail in the note BELLE2-NOTE-PH-2019-025. The overall
selection e�ciency on the BB sample is 98.8%. The o↵-resonance contribution is normalized to
the luminosity of the on-peak data.
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6

B-Meson counting

R2 = H2/H0

4.2. The Signal Selection Classifier 29

Figure 4.8.: The di�erence in event topology for resonant and non-resonant interactions in
the center-of-mass reference frame. (left) Continuum event. (right) �(4S) event.
In the case of a continuum event, the momenta are distributed back-to-back,
whereas in the case of the �(4S) event the B mesons, created in the decay of
the �(4S), are almost at rest. The momenta of the B meson decay products
are isotropically distributed. The di�erence in these two event topologies can
be quantified with e.g. the Cleo Cones. Figure adapted from [29].

There are several concepts to quantify the di�erence in the event shape of continuum events
and �(4S) decays, which can be used for a topological discrimination of the two. They are
discussed in [3] and briefly summarized in the following. Each event consists of a set of N

particles with momenta pi, with i œ {1, 2, . . . , N}.

Thrust

The thrust T is defined as as

T =
qN

i=1 |T · pi|qN

i=1 |pi|
, (4.5)

with the thrust axis T, which is defined as the unit vector along which the projection of
all momenta is maximal. The thrust takes values between 1/2 and 1 with a continuum
event corresponding to T æ 1 and an �(4S) event corresponding to T æ 1/2.

cos ◊B

The angle between the momentum of the reconstructed B meson and the beam
axis is cos ◊B and 1 ≠ cos2

◊B distributed. This distribution originates from the spin
1 æ 0 0 decay of the �(4S). For continuum events, the distribution is flat, because
the B-candidate is created from random combinations of tracks.

Cleo Cones

The Cleo Cones are defined along the thrust axis with opening angles of � œ

[◊, ◊ + 10] deg. The value of Cleo Cone i is the total momentum flow of all particles
within given cone i. For continuum events the momentum flow is clustered in the
Cleo Cones with small opening angles.

Fox Wolfram Moments

The Fox Wolfram moments describe the phase-space distribution of energy and
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The angle between the momentum of the reconstructed B meson and the beam
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◊B distributed. This distribution originates from the spin
1 æ 0 0 decay of the �(4S). For continuum events, the distribution is flat, because
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The Cleo Cones are defined along the thrust axis with opening angles of � œ

[◊, ◊ + 10] deg. The value of Cleo Cone i is the total momentum flow of all particles
within given cone i. For continuum events the momentum flow is clustered in the
Cleo Cones with small opening angles.

Fox Wolfram Moments

The Fox Wolfram moments describe the phase-space distribution of energy and

| ⃗p i | : 3-Momentum of charged tracks or neutral clusters

: Opening angle between ith and jth particleθij

Fox-Wolfram 
Moment: 

NBB̄ = (2.773 ± 0.008) × 106

Legende Polynomial
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Rediscovery of B0 → D* −ℓ+νℓ

ℬ ≈ 11 %

τB ≈ 1.5 ps
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Properties of B0 → D* −ℓ+νℓ

pB = pD*ℓ + pν

Four-momentum conservation:

As the mass of the neutrino is ~ zero GeV2 :

0 GeV2 = p2
ν = (pB − pD*ℓ)2 = m2

B + m2
D*ℓ − 2pB ⋅ pD*ℓ = m2

miss
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Properties of B0 → D* −ℓ+νℓ

pB = pD*ℓ + pν

Four-momentum conservation:

As the mass of the neutrino is equal to zero:

0 GeV2 = p2
ν = (pB − pD*ℓ)2 = m2

B + m2
D*ℓ − 2pB ⋅ pD*ℓ = m2

miss

pB ⋅ pD*ℓ = EBED*ℓ − ⃗p B ⋅ ⃗p D*ℓ = EBED*ℓ − | ⃗p B | | ⃗p D*ℓ |cos θB,D*ℓ

Here: 
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pB ⋅ pD*ℓ = EBED*ℓ − ⃗p B ⋅ ⃗p D*ℓ = EBED*ℓ − | ⃗p B | | ⃗p D*ℓ |cos θB,D*ℓ

Here: 

Putting this together and solve for the angle:

0 = m2
B + m2

D*ℓ − 2 (EBED*ℓ − | ⃗p B | | ⃗p D*ℓ |cos θB,D*ℓ)

⇒ cos θB,D*ℓ =
2EBED*ℓ − m2

B − m2
D*ℓ

2 | ⃗p B | | ⃗p D*ℓ |
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m2
miss = ((

1
2

Ebeam,0,0,0) − pD*ℓ)
2

≈ p2
ν = 0 GeV2

⇒ cos θB,D*ℓ =
2EBED*ℓ − m2

B − m2
D*ℓ

2 | ⃗p B | | ⃗p D*ℓ |
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Rediscovery of 

Untagged B0 ! D�⇤ l+⌫

Untagged B0 ! D�⇤l+⌫ selection

Reconstruct D⇤l⌫ decays in early

phase III data.

An essential test of tracking and

PID for leptons.

The mode will be used in |Vcb|

and R(D⇤
) measurements.

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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Selection outlined below.

Particle Selection

Tracks IP in z < 2 cm

Tracks IP in r -� plane < 0.5 cm

` 1.2 < p⇤
` < 2.4 GeV/c

e Electron likelihood > 0.85
µ Muon likelihood > 0.9
slow ⇡ p⇤

⇡ < 0.5 GeV/c
D0

1.85 < MD < 1.88 GeV/c2

D⇤
0.144 < MD⇤ �MD < 0.148 GeV/c2

D⇤ pD⇤ < 2.5 GeV/c

IP = Impact Parameter

In addition, suppression of e+e�
! qq̄

using Fox-Wolfram moments.

William Sutcli↵e SL and missing energy results from Belle II 12 July 2019 9 / 12
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cos θB,D*ℓ =
2EBED*ℓ − m2

B − m2
D*ℓ

2 | ⃗p B | | ⃗p D*ℓ |
∈ [−1,1)

“slow”



B0 → D* −ℓ+νℓ
m2

miss
cos θB,D*ℓ

ℓ = e

ℓ = μ

FIG. 1: The Maximum likelihood fit to cos ✓BY =
2E⇤

BE⇤
Y �M2

B�m2
Y

2p⇤Bp⇤Y
and m2

miss =
�
Pee
2 � P ⇤

Y

�2

distributions of untagged B̄0 ! D⇤+l�⌫̄l (charge conjugate modes taken in to account) candidates
using 5.15 fb�1 of collision Data, where E⇤

Y , p
⇤
Y , P

⇤
Y ,and mY are the center-of-mass (CM) energy,

three momentum, four momentum and invariant mass of the D⇤l system, Pee is the four momentum
of the beam particles, MB is the nominal B mass, and E⇤

B, p
⇤
B are the CM energy and momentum

of the B, inferred from the CM machine energy. For correctly reconstructed B candidates, ignoring
detector resolution e↵ects and the spread in machine energy, ✓BY is the CM angle between theB and
D⇤l momenta. Here Data are shown with points with error bars with di↵erent components overlaid
for B̄0 ! D⇤+e�⌫̄e (top) and B̄0 ! D⇤+µ�⌫̄µ (bottom) channels. D0 candidates are reconstructed
from K�⇡+ pairs, selected without particle identification requirements, within the invariant mass
range 1.85 GeV/c2 < mK⇡ < 1.88 GeV/c2. D⇤+ candidates are reconstructed from a D0 candidate
and a ⇡+ candidate track, with the invariant-mass di↵erence between D⇤+ and D0 candidates in
the range 0.144 GeV/c2 < �m < 0.148 GeV/c2. The CM momentum of the D⇤+ candidate is
required to satisfy p⇤D⇤+ < 2.5 GeV/c. Continuum e+e� ! qq̄ background is suppressed with the
Fox-Wolfram moment ratio R2 < 0.25. The CM momentum of the lepton candidate is required
to be in the range 1.2 GeV/c < p⇤l < 2.4 GeV/c. Electron and muon candidates are selected with
requirements on the combined variables, electronID > 0.85 and muonID > 0.9 respectively. We
observe O(1100) B̄0 ! D⇤+e�⌫̄e and O(1200) B̄0 ! D⇤+µ�⌫̄µ events.

2



FIG. 2: Projection of �M and p⇤l in the signal enhanced region of |m2
miss| < 1.5 GeV/c. Here Data

are shown with points with error bars with di↵erent components overlaid for B̄0 ! D⇤+e�⌫̄e (top)
and B̄0 ! D⇤+µ�⌫̄µ (bottom) channels.

3

ℓ = e

ℓ = μ

B0 → D* −ℓ+νℓ
ΔM = mD* − mD p*ℓ

CM

~ slow pion mom.  
resolution
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Rediscovering of B-Mixing with B0 → D* −ℓ+νℓ

i.b Introduction: Unitarity Triangle (2/2)

Constraints:

Tree-level a priori ’free’ from New physics

Vkm

qk

qm

W

Loop mediated sensitive to New physics!

B
0

B̄
0

B
0

B̄
0

+

New Physics

ubV
K

sm & dm

Unitarity over-constrains CKM Matrix ) Highly non-trivial test of the SM with
3 quark & lepton generations!

7 / 52

Charge of lepton encodes B-Meson type:

ℓ− ↔ B̄0

ℓ+ ↔ B0
B → Xℓν̄ℓ
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Rediscovering of B-Mixing with B0 → D* −ℓ+νℓ

i.b Introduction: Unitarity Triangle (2/2)

Constraints:

Tree-level a priori ’free’ from New physics

Vkm

qk

qm

W

Loop mediated sensitive to New physics!

B
0

B̄
0

B
0

B̄
0

+

New Physics

ubV
K

sm & dm

Unitarity over-constrains CKM Matrix ) Highly non-trivial test of the SM with
3 quark & lepton generations!

7 / 52

Charge of lepton encodes B-Meson type:

ℓ− ↔ B̄0

ℓ+ ↔ B0
Establish existing of Mixing: double-tag SL 
decays, information encoded in Nℓ+ℓ−, Nℓ+ℓ+

χd =
Nℓ+ℓ− × ϵ

Nℓ+ℓ+ + Nℓ+ℓ− × ϵ

time-integrated mixing probability: 

χd = 0.174 ± 0.009

ratio of efficiencies
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Rediscovering of B-Mixing with B0 → D* −ℓ+νℓ

1. INTRODUCTION65

This note documents the search for the first glimpses of the finite B0 lifetime and B0B0
66

mixing in the Early Phase3 dataset. By selecting a sample of partially reconstructed B0 !67

D⇤�`+⌫ (` = e, µ) decays, we obtain a sample enriched in neutral B mesons.68

The candidate B meson selected with the partial reconstruction technique will be indi-69

cated as signal side B (Bsig), and its flavor is determined by the charge of the lepton. Of70

the other (tag side, or Btag) B meson in the event, we only select a high momentum lepton.71

Figure 1 shows a schematic cartoon of the analysis strategy. Only three charged particles72

are explicitly required in the analysis: the (⇡s, `) that is used to partially reconstruct the Bsig73

candidate, and another lepton that is used to tag the flavor of the Btag candidate. Ideally,74

all tag-side leptons would originate from a semileptonic decay of the Btag; in practice there75

will be contributions from decays of charmed mesons that originate from decays of either76

Bsig or Btag (more details will be given in the following).77

Dz

B
sig

B
tag

l
sig l

tag

l‘
tag

l”
tag

p
soft

FIG. 1: Cartoon of the analysis strategy, showing the most important particles from the decay of
the signal side B candidate (red circle) and of the tag side B (blue circle).

A general introduction of the partial reconstruction technique has been given already78

in [1], here we will give only a brief summary of it.79

1.1. Partial reconstruction of B0 ! D⇤�`+⌫ decays80

The partial reconstruction technique has been already successfully employed at previous81

experiments, such as ARGUS, CLEO, DELPHI, OPAL, BaBar, and Belle (in particular at82

BaBar this was used for a simultaneous measurement of ⌧B0 and �m, the present work is83

largely inspired from [2]). This approach exploits the reduced phase space of the D⇤� !84

D0⇡� decay. Given that the mass of the D⇤� is only slightly larger than the sum of the85

masses of D0 and ⇡�, in the laboratory (and CMS) frame the D0 and ⇡+ fly roughly along86

the same direction of the mother D⇤� from which they originated, and there is a strong87

correlation between the momentum of the ⇡� (which in the following will be referred to as88

the soft pion, or ⇡�
s ) and the momentum of the mother D⇤�.89

5

Tag-Side

D

⌥(4S)
B0

B0

hbd̄ihb̄dihbb̄i

Δ z = c β γ Δt ≈ 130 μm

i.b Introduction: Unitarity Triangle (2/2)

Constraints:

Tree-level a priori ’free’ from New physics

Vkm

qk

qm

W

Loop mediated sensitive to New physics!

B
0

B̄
0

B
0

B̄
0

+

New Physics

ubV
K

sm & dm

Unitarity over-constrains CKM Matrix ) Highly non-trivial test of the SM with
3 quark & lepton generations!

7 / 52

χd =
Nℓ+ℓ− × ϵ

Nℓ+ℓ+ + Nℓ+ℓ− × ϵ

time-integrated mixing probability: 

χd = 0.174 ± 0.009

ratio of efficiencies

B → Xℓν̄ℓ
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Rediscovering of B-Mixing with B0 → D* −ℓ+νℓ

m2
miss = ((

1
2

Ebeam,0,0,0) − p*D*ℓ)
2

≈ p2
ν = 0 GeV2

p(D⇤�) = 0.195 + 15.95 p(⇡�
s )� 51.50 p2(⇡�

s ) + 101.5 p3(⇡�
s ) .

spin configuration
hc̄diD⇤�

D̄0 ⇡� D� ⇡0

K+⇡�⇡�K+⇡�

K+⇡�⇡0

K+⇡+⇡�⇡�

4%
14%
8%

9%

68%

Branching 
fraction

31%

Assuming that the D⇤� flies along the same flight direction of the ⇡�
s , one makes an90

error of less than 20o, and the correlation between the D⇤� and ⇡�
s momenta is such that91

one can attempt to approximate p(D⇤�) from the measurement of p(⇡�
s ), without the need92

of actually reconstructing the D⇤� candidate. This is the fundamental idea of the partial93

reconstruction technique: at the price of accepting a degradation of the resolution on the94

D⇤� momentum, we can gain an order of magnitude in terms of reconstruction e�ciency.95

In Figure 2, the average of p(D⇤�) calculated in many bins of p(⇡�
s ) is fitted as a function96

of p(⇡�
s ) with a third degree polynomial. This is the fitting function that will be used97

throughout the analysis to estimate the magnitude of the momentum of the D⇤� from the98

momentum of the ⇡�
s . In the CMS frame, this takes the expression:99

p(D⇤�) = 0.195 + 15.95 p(⇡�
s )� 51.50 p2(⇡�

s ) + 101.5 p3(⇡�
s ) . (1)
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FIG. 2: Fit of the average of p(D⇤�) (in several bins of p(⇡�
s )) as a function of p(⇡�

s ) with a third
order polynomial. The shaded scatter plot shows the distribution of p(D⇤�) vs p(⇡�

s ), while the
red data points represent the average p(D⇤�) in each p(⇡�

s ) bin. The blue curve is the polynomial
fitting the points.

The momentum of the D⇤� thus computed is combined with the measured momentum100

of the lepton candidate p(`+) to check their compatibility with the assumption that they101

originate from a B0 ! D⇤�`+⌫ decay. Given that we cannot measure the momentum of the102

undetected neutrino, we further assume that the candidate B is at rest in the CMS frame.103

The following relation among the four-momenta (P) of the particles hold:104

P(⌫) = P(B0)� P(`)� P(D⇤�) . (2)

In case of correctly reconstructed events, the invariant mass of the neutrino, computed from105

P(⌫), should be compatible with 0.106
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Calibration function from fit to MC:

1. INTRODUCTION65

This note documents the search for the first glimpses of the finite B0 lifetime and B0B0
66

mixing in the Early Phase3 dataset. By selecting a sample of partially reconstructed B0 !67

D⇤�`+⌫ (` = e, µ) decays, we obtain a sample enriched in neutral B mesons.68

The candidate B meson selected with the partial reconstruction technique will be indi-69

cated as signal side B (Bsig), and its flavor is determined by the charge of the lepton. Of70

the other (tag side, or Btag) B meson in the event, we only select a high momentum lepton.71

Figure 1 shows a schematic cartoon of the analysis strategy. Only three charged particles72

are explicitly required in the analysis: the (⇡s, `) that is used to partially reconstruct the Bsig73

candidate, and another lepton that is used to tag the flavor of the Btag candidate. Ideally,74

all tag-side leptons would originate from a semileptonic decay of the Btag; in practice there75

will be contributions from decays of charmed mesons that originate from decays of either76

Bsig or Btag (more details will be given in the following).77

Dz

B
sig

B
tag

l
sig l

tag

l‘
tag

l”
tag

p
soft

FIG. 1: Cartoon of the analysis strategy, showing the most important particles from the decay of
the signal side B candidate (red circle) and of the tag side B (blue circle).

A general introduction of the partial reconstruction technique has been given already78

in [1], here we will give only a brief summary of it.79

1.1. Partial reconstruction of B0 ! D⇤�`+⌫ decays80

The partial reconstruction technique has been already successfully employed at previous81

experiments, such as ARGUS, CLEO, DELPHI, OPAL, BaBar, and Belle (in particular at82

BaBar this was used for a simultaneous measurement of ⌧B0 and �m, the present work is83

largely inspired from [2]). This approach exploits the reduced phase space of the D⇤� !84

D0⇡� decay. Given that the mass of the D⇤� is only slightly larger than the sum of the85

masses of D0 and ⇡�, in the laboratory (and CMS) frame the D0 and ⇡+ fly roughly along86

the same direction of the mother D⇤� from which they originated, and there is a strong87

correlation between the momentum of the ⇡� (which in the following will be referred to as88

the soft pion, or ⇡�
s ) and the momentum of the mother D⇤�.89
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FIG. 2: M2
⌫ distributions for events in the lepton tagged unmixed (left plot) and mixed (right)

samples in the proc9 dataset. The points with error bars represent the data, the dark green
histogram is the continuum component, the red histogram is the BB combinatorial background.
The following peaking components are also shown: B± ! D⇤⇤`⌫ events (light green), events in
which the candidate tag-side lepton originate from the decay of the signal side D0 (dark blue), and
events in which the candidate tag-side lepton comes from the b ! c ! ` decay chain.
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⌫ distributions for events in the lepton tagged unmixed (left plot) and mixed (right)

samples in the proc9 dataset. The points with error bars represent the data, the dark green
histogram is the continuum component, the red histogram is the BB combinatorial background.
The following peaking components are also shown: B± ! D⇤⇤`⌫ events (light green), events in
which the candidate tag-side lepton originate from the decay of the signal side D0 (dark blue), and
events in which the candidate tag-side lepton comes from the b ! c ! ` decay chain.
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enriched region. Good agreement is seen between the data and the expectations, proving that the
physics capabilities of the Belle II detector are su�cient to observe the expected pattern of B0B0

oscillations.
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Figure 4.2.: Illustration of the interplay between the di�erent tagging methods. The trade-
o� is always between information/purity and e�ciency. This originates from
the constraints on the reconstructed B mesons, e.g. for the hadronic and
semileptonic tag candidate a specific decay has to be reconstructed, whereas
the inclusive tag candidate is constructed without any requirement on the
specific decay. For this analysis, the most important key performance indicator
of the tagging variant is e�ciency. Figure taken from [25].

lower energetic track is rejected.

Photons are reconstructed from calorimeter clusters where no charged track is located in
the proximity.

Particle candidates surviving this selection are used to form a Btag candidate.

4.1.1. Inclusive Btag Reconstruction

After cleansing the ROE from beam remnants and reconstruction artifacts, the remaining
tracks and neutral clusters are combined to the inclusive Btag candidate. Its four-vector in
the center-of-mass frame is given by

p
µ

cms =
AÒ

p
2
cms + m

2
B

pcms

B

, (4.1)

with pcms =
q

pi ’p œ ROE. The momentum magnitude of the four-vector is constrained
by the kinematics of the two-body decay �(4S) æ B+B≠. This information is used to
fix the magnitude of the momentum component p to the value of 332 MeV, which yields
a much better momentum resolution compared to the reconstructed magnitude of the
momentum from the sum of all ROE tracks and clusters. Thus only the direction of the
inclusive Btag is determined from the reconstructed tracks and clusters.

To further improve the resolution of the inclusive tag candidate, the error of the momentum
distribution is studied. There is no information available on the specific decay mode of
the tag-side B when using this inclusive approach. Therefore, no information is available

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

pν = (pe+e− − pBtag
− pℓ) We saw plenty of this 

in Will’s talk
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version: 2019-01-28

2018: ~0.5 fb-1*

bis heute: ~6.5 fb-1 

(offline kalibriert: ~2.6 fb-1)
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Datennahme bis heute und Zukunftsplanung

*First Belle II paper: “Measurement of the integrated luminosity of the 
Phase 2 data of the Belle II experiment” [arXiv: 1910.05365]

BaBar: ~0.5 ab-1 
Belle: ~1 ab-1

Belle II goal:  
50 ab-1

Next milestones:  Winter 2020 (15 - 25/fb) and Summer 2020 (50-200/fb)

team and the Belle II background study group and encourages their collaboration to28

continue and be strengthened.29

It was reported that there were many repairs and improvements in the machine30

during the summer shutdown. The committee is pleased to hear that now a fast beam31

abort signal can be generated by the power supply of the superconducting final focusing32

quadrupole magnets (QCS). This clearly improves the protection of the Belle II vertex33

detector system. Introduction of further protection systems such as a very fast beam34

abort system care recommended. The committee is pleased to learn that the power35

supply of the Pixel Detector (PXD) is being modified to allow fast ramping down for36

protection37

The goal of the Belle II collaboration to collect 200 fb�1 of data by the time of the38

summer conferences in 2020 appears to be extremely ambitious. However, the committee39

fully encourages the collaboration to make every e↵ort for this goal, since this would allow40

the collaboration to start providing physics results comparable to the Belle experiment41

in the core physics programme.42

The overall performance of the Belle II detector is good. Although the second layer43

of the PXD is not fully equipped, there should be no real degradation in physics per-44

formance with the currently expected background level. However, the PXD readout in45

a gated mode has not been fully demonstrated and remains a concern. Construction46

of new PXD ladders, needed for the new PXD with full two layers, is progressing well47

with a plan to complete the production by the summer 2020, if the current high yield48

is maintained. Assembly of the new PXD integrated with the rest of the vertex detec-49

tor will require expertise and skill. The collaboration should ensure that the necessary50

personnel will be retained for the work as well as those needed for the operation and51

maintenance of the system. The dark current issue of the Central Drift Chamber (CDC)52

is under control for the moment, after various interventions. Test chamber studies for53

understanding the long term behaviour of the CDC should continue. In parallel with the54

careful monitoring of the CDC and the test chamber, the Belle II management should55

work out a plan for a possible major repair or eventual construction of a new CDC.56

An algorithm to filter the cross-talk signals based on the TDC information has been57

validated in software. This must be implemented as firmware in the ASIC of the CDC58

frontend card for the level-1 trigger to work e�ciently at high luminosities. Acquisition59

of radiation hard photon detectors (MCP-PMT) for the barrel particle identification60

system (TOP), to replace those which are not expected to last long due to the beam61

background radiation, is in progress. Ensuring the radiation hardness of the delivered62

devices is essential. The KL-Muon detector (KLM) has made a good progress by merg-63

ing the barrel and endcap groups together. However, further e↵ort is needed for long64

term stable operation of the device and fully exploiting its performance. The committee65

recommends the KLM group producing a work plan for this.66

The currently functioning trigger system is su�cient for the experiment for the mo-67

ment. However, several subsystem trigger components are missing. The committee68

would like to see a clear plan for the completion of the full trigger system. Trigger69

performance should be monitored in real time to detect quickly any problem with the70

detector or machine background that may arise.71
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25/fb Program (Moriond 2020)

● Hadronic FEI Performance Studies with first Calibration using incl. SL 

B→Xl𝜈 decays

● Semilep. FEI Performance Studies with detailed analysis of tag-side (cosBY, 

Prob., Eff.) and signal-side properties

● First untagged B→D*l𝜈 BF measurement

● Establish |Vub| ≠ 0 with endpoint of  incl. B→Xl𝜈 SL decays 

● Hadronic FEI, B→D/D*l𝜈  rediscovery



Next Goals:

● Full Calibration using B→Xl𝜈 as a 
standard candle

○ Procedure: Reconstruct B→Xl𝜈 using 
tagged events 

■ single Lepton with high momentum, 
clean up ROE for X reconstruction

■ Determine BF after applying all 
signal-side corrections (e.g. PID)

● 𝛆 = Nreco / Nexpected

○ First global, once we have enough int. 
lumi, differential in Modes and Signal 
Probability

● Rediscover SL D* and D decays

Hadronic FEI

B
→

 D
𝛑

B
→

 D
n𝛑

...

Global Calibration

𝛆

B
→

 D
*𝛑



SL FEI

Next Goals:

● Understand tag-side Properties
○ Focus in D and D* (no D** →  D(*)𝛑)
○ For truth matching a tag, how strict should we 

be? 
■ Very strict: only fully correctly 

reconstructed tags
■ Less strict: Allow for a number of wrongly 

assigned particles in D, D*
● How many charged and neutrals?

■ Very loose: Correct if Lepton is 
reconstructed correctly?

● Moriond goal: Sig-Prob and cosBY plot 
for public consumption

● After this: Calibration studies 
What are 
these?

X = D/D* or all FEI 
modes?



200/fb Program (Summer 2020)

● Hadronic FEI Performance, full calibration as a function of modes and 

Signal Prob. → Paper

● SL FEI Performance, full calibration → Paper

● Untagged / Tagged B→𝜋 l 𝜈 

● Untagged B→D* l 𝜈: BF + Form Factors +  |Vcb|

● Had. FEI: B→D/D* l 𝜈: Validation of EECL shape,  BF + Form Factors +  |Vcb|

● Hadronic FEI:  Towards B→D/D* 𝜏 𝜈 rediscovery

● Hadronic FEI: Incl. |Vub| & |Vcb|

● Hadronic FEI: B → 𝜏 𝜈 : first limit



Florian Bernlochner Group Meeting October
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Detektor: Teilchenidentifikation
4. K-EFFICIENCIES AND ⇡-MIS-ID RATES
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FIG. 2: K-e�ciencies and ⇡-mis-ID rates are calculated for di↵erent PID criteria using the
decay D⇤+ ! D0[K�⇡+]⇡+.
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FIG. 2: The dimuon invariant mass of J/ ! µ+µ� candidates for an integrated luminosity of
2.62 fb�1 using the same environment and track selection as Fig. 1, but with muonID > 0.95 for
each muon candidate.
A Gaussian function summed with a Bifurcated Gaussian is used to model the signal and a first
order polynomial is used to model the background.
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FIG. 3: The dielectron invariant mass of J/ ! e�e� candidates for an integrated luminosity of 2.62
fb�1 using the same environment and track selection as the Fig. 1, but with further selection criteria
applied to J/ candidates in BB events. The momentum of the reconstructed J/ candidate in
the ⌥ (4S) frame is required to be below 2.0 GeV/c and the ratio between the (event-based) second-
order and zeroth-order Fox-Wolfram moment, R2, is below 0.4.
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FIG. 4: The dimuon invariant mass of J/ ! µ+µ� candidates for an integrated luminosity of
2.62 fb�1 using the same environment and track selection as Fig. 2, with extra selection criteria
applied to isolate J/ candidates in BB events, listed in Fig. 3.
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Kaon/pion Separation (D*→D0[K-π+]π+) 
J/Ψ→ee

J/Ψ→μμ

Deutsche Beteiligung 
(Lepton ID)
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FIG. 3: E�ciency for e+ in di↵erent angular regions as a function of momentum for electronID
> 0.9

momenta. The pulls are smaller for data than in MC, and so to verify that this is not the
cause of the discrepancy, two other approaches are used to calculate the e�ciency. The
first approach is a simple count of all events within the bin, taking advantage of the low
background in the sample. The second approach involves integrating the background fit
function within the signal region to determine the number of background events under the
peak and then subtracting this from the total number of events within the signal region
(defined as 3� either side of the mean). Both of these approaches provide results consistent
with those from using fits. The track parameters on the pion candidates were also tightened
to dr < 1.0 cm to ensure particles originated from within the beam pipe, as well as selecting
K0

S based on their flight time instead of the angle between their momentum and vertex
vector, but this did not change the result. Further investaigation will be thus required to
understand the source of the observed large discrepancies.

Finally, a test of the stability of the fits was performed by floating the fit parameters
within a larger range, such as allowing the fraction for each Gaussian to float. This included
allowing the widths of each Gaussian to change by a factor of 10. The change in fake rate
was of order 1% in all bins, which is too small to make a significant contribution to the
overall error. Further investigation into this discrepancy is necessary to determine its cause.
All results for electronID are listed in Tables XIII-XV and results for muonID are listed in
Tables XVI-XXI.
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(a) (b)

(c) (d)

FIG. 4: e+ detection e�ciency calculated as described in Formula 1. Here it is presented in
the fine binning for Good Data (a) and MC (b). The e�ciency ratio (c) together with the
corresponding error (d) is also presented in the fine binning. The e�ciency ratio and it’s

error are calculated with Formula 10 and Formula 11, respectively.
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FIG. 4: E�ciency for µ+ in di↵erent angular regions as a function of momentum for muonID > 0.9

7. CONCLUSIONS

We find that the e�ciency of electronID and muonID selection for three di↵erent cut
thresholds agrees between MC12 and proc9+bucket7 data within statistical error only. In
fact, the small yield of J/ ! `+`� events in the available dataset provides low statis-
tical power for constraining the total uncertainty on the data/MC e�ciency ratio. This
measurement could be used as a cross-check of the one based on low multiplicity events.

The pion-electron fake rate, measured by selecting pion candidates from K0
S ! ⇡+⇡�

events, appears to be consistently higher in data than MC in almost all bins considered.
The pion-muon fake rate is found to be up to a factor 8 larger in MC than in data for
pions of high momentum in the forward detector region. The observed discrepancy is not
covered by the statistical uncertainty. This might be an indicator of a measurement bias, and
should therefore be further investigated. Investigation of the systematic uncertainties on the
measurement of the pion fake rate was done by checking the stability of the fit model. By
varying parameters that are currently being fixed to the MC-based estimate we saw changes
in the value of the fake rate by approximately 1%, which does not cover the discrepancy
seen.

[1] BELLE2-NOTE-PH-2019-043 https://docs.belle2.org/record/1547?ln=en

[2] https://confluence.desy.de/display/BI/Phase+3+data#Phase3data-Officialreprocessingdetails

[3] Details in https://confluence.desy.de/display/BI/HLT+Skims

[4] https://confluence.desy.de/display/BI/Data+Production+MC12
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