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SuperKEKB

SuperKEKB is an energy asymmetric e+e− collider @
√

s = 10.58 GeV:

.
√
s = 10.58 GeV↔Υ(4S) resonance→

Υ(4S) → BB̄ + nothing else with B > 96%
→ clean B sample

SuperKEKB is not only B-factory:

. τ and c pairs have similar cross-sections @
√
s = 10.58 GeV

With nanobeam scheme and upgraded rings SuperKEKB aims to reach

30 × higherLinst than KEKB :

. x 1.5 currents

. x 1/20 β∗
y

To keep current @ desired value→ continuous injection scheme!

→ In Belle II expectO(15) higher backgrounds @design luminosity compared
to Belle

DESYª | S. Stefkova | 91st PRC meeting, 04.05.2021 Page 2

Slavomira Stefkova
@ Tsukuba, Japan



Detector

|  Belle II Highlights and Prospects | Slavomira Stefkova !1

KL  and muon ID detectors
Resistive plate chambers 

 Scintillators

7 GeV electron

Charged PID detectors
Time of propagation counter (TOP) (barrel) 

Aerogel Cerenkov detector (ARICH) (forward)

Central Drift Chamber (CDC)
14336 sense wires in He-C2H6 

Smaller cells + longer lever 
arm + faster electronics

Vertex detectors 
 2 pixel layers     (.    
I     (PXD) 
4 layers of silicon 
microstrip layers (SVD)

EM Calorimeter (ECL)
CsI(TI) crystals  

Updated electronics with 
waveform sampling

Magnet
1.5 TeV

4 GeV positron

. Belle II detector was designed

to give similar or better perfor-

mance even under mentioned

O(15) higher backgrounds
. DAQ and trigger systems were

also upgraded!
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Luminosity Status

Status:

. Regular data-taking with partially installed PXD from

April 2019

. Despite Covid-19, collected 130 fb−1 of on-resonance

and 9 fb−1 of off-resonance data

. Slower luminosity accumulation than initially planned

→ partly due to poor injection → challenging to

squeeze beyond β∗
y = 1.0mm

. Running stably @ 90% data-taking efficiency

Milestone:

. Record-breaking instantaneous luminosity 2.4 × 1034 cm−2s−1

was achieved for first time in June 2020,

now running @ 2.6× 1034 cm−2s−1
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Luminosity Prospects

Short-term plan:

. Summer 2022: full new PXD (PXD2) installation→
important to maintain good vertex resolution at high

luminosity

. Extension of the current running period: additional op-

erational money, Covid-19 restrictions, possibility to

test aggressive machine parameters

. By summer 2022: O(0.5− 1) ab−1 (∼Belle dataset)
Long-term plan:

. ≥ 2026 : QCS/IR modification necessary to reach

design luminosity

. Detailed proposals are currently under discussion, but

no exact plan is established yet!

. By 2026: O(15) ab−1 (∼ 20×Belle dataset)

Presented short-term plan was agreed in February 2021

Goal is to collect 50 ab−1

BPAC 2020 0629 42020/6/29

• Updated plan
• Proposed in Roadmap 2020

SuperKEKB Roadmap2020

• Peak luminosity ~6E35 cm-2s-1 in ~2028
• Integrated luminosity 50 ab-1 in ~2030 

(40 ab-1 in ~2029)
• PXD exchange in 2021~2022
• Partial RF-power upgrade (2 stations) 

in 2026
• IR (QCS and its beam pipes etc.) 

upgrade in 2026
• by

*=0.3 mm in 2026 after IR upgrade, 
and ~0.5 mm before that

• Max. beam currents: LER 2.8 A, HER 
2.0 A (1761 bunches) in 2027

• Basically, 8 months operation per year.

PXD

IR (QCS*)

RF
[partial]

(Tuning)

Pe
ak

 lu
m

in
os

ity
 [x

10
35

cm
-2

s-1
]

[Investment in equipment]
• IR (QCS and its beam pipes etc.)
• Partial RF-power upgrade (2 stations)
• Beam collimator upgrade
• Linac upgrade
• Belle II upgrade

Int. lum
inosity [ab

-1]

*QCS:
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DESY Belle II Group Activities

Apart from group outings,
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DESY Belle II Group Activities

we also contribute to many different aspects of Belle II project!

      Computing

!2

Detector PhysicsPerformance Physics

PXD  
commissioning,  
monitoring, ...

Detailed version

ECL  
reconstruction,  

software

CDC 
shifts, 
current 
monitor

Neutrals  
performance

Dark sector

PXD  
software Alignment  

software

Grid, Data 
Center

Tracking  
software

Tracking  
performance

Analysis  
software

MDI

Collaborative 
services

Analysis 
facility

B physics 

Skimming

Tau 
physics
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Pixel Detector (PXD)
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PXD

PXD@ r = 14 and 22 mm, consists of two half-shells

PXD operation is stable with occupancy 0.3%:

. Hit ε > 99% in regions without known defects

. Homogeneous SNR 40-50

→Improvement of σ(d0) by 40% to ∼12 µm with PXD

→Factor 2 improvement in proper time resolution com-

pared to Belle

     Ami Rostomyan                                                                                                                                                                                                                                                              Belle II Academy, 2021                                                                                                                                        
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FIG. 5: Primary vertex coordinates reconstructed event per event minimizing the function
(3). The nominal coordinates used in the reconstruction are here taken as reference.

where the ⌧ mass is fixed to the PDG-2020 value m⌧ = 1776.7MeV. The proper time
distribution for the 3-prong ⌧ is shown in Fig. 6.
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FIG. 6: Distribution of the reconstructed proper time for the 3-prong ⌧ .

4.1. Proper time resolution

For all the ⌧⌧ events successfully associated to MCparticles, the residual proper decay
time of the 3-prong ⌧ can be computed as the di↵erence trec � tgen between reconstructed
and generated proper times. The distribution of trec � tgen gives the proper time resolution
(Fig. 7). A maximum likelihood fit of this distribution is performed using as pdf the linear
combination of three Gaussians. In table II the optimized parameters are listed. The mean
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TABLE II: Parameters optimized fitting the proper decay time resolution with a linear
combination of three Gaussians. Only the mean of one Gaussian is let free to vary in the

fit.

⌧⌧ MC all

N (4.297± 0.007) 105

µ1[fs] �3.43± 0.13

�1[fs] 54.3± 0.3

"[%] 29.5± 0.9

�2[fs] 102± 1

�[%] 2.2± 0.2

�3[fs] 234± 5

TABLE III: Variation of the fitted µ1 parameter for di↵erent ranges of generated proper
decay time.

tgen[fs] (0, 80) (80, 200) (200, 400) > 400

µ1[fs] �1.03± 0.25 �2.23± 0.24 �3.97± 0.27 �7.21± 0.29

values of two Guassians are fixed to zero (µ2 = µ3 = 0), and for the only mean value free to
vary a negative o↵set µ1 = (�3.43± 0.13) fs is found.
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FIG. 7: Distribution of the reconstructed proper time for the 3-prong ⌧ .

As shown in table III, the value of µ1 depends on the generated proper time. In particular,
the o↵set increases (in absolute value) for higher decay times. This e↵ect is mainly due to
an overestimation of the ⌧ momentum module, as in the kinematic reconstruction of section
2 2.1 the ISR/FSR losses have been neglected.

8

Proper decay time resolution

Δt = trec − tg en

μ[ fs] = − 3.43 ± 0.13
σ[ fs] = − 79.3 ± 0.7

12

Proper time resolution
For all tau pair events matched with MCParticles: 

> compute residual proper time on 3-prong side
Pt=trec– tgen 

Binned ML fit with 3 Gaussians: Compare to Belle resolution

Belle II > X2 narrower than Belle

➡ binned ML fit with 3 Gaussians ➡ the resolution @Belle II is nearly 
x2 narrower than @Belle 

➡ computed from the reconstructed decay 
length   and the estimated momentum  lτ p

Proper time 
resolution 
for taus

Operational Improvements:

. Automatisation and Software Development: lab-framework,

calibration

. Diagnostics : high-speed link drops and error diagnostics

. Offline Monitoring: independent hits-on-track performance

studies (beam spot, alignment, resolution, efficiency)→ fast-

feedback, background studies

. GatedMode Preparation: intensive tests with KEKmodules→
to counteract the effects of continuous injection

Belle II PXD analysis, 16.2.2021D. Pitzl (DESY): PXD movement in Exp 14 4

PXD vs SVD in rφ

run 743

30.10.2020

reference run: alignment done

run 904

7.11.2020

using alignment from 743

using alignment from 743

run 2133

18.12.2020

using alignment from 743

run 2109

17.12.2020

run 2057

15.12.2020

• PXD drifting relative 

to SVD

• can be corrected by 

run-wise half-shell 

alignment

using alignment from 743

Exp 14 Exp 14
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. Hit ε > 99% in regions without known defects

. Homogeneous SNR 40-50

→Improvement of σ(d0) by 40% to ∼12 µm with PXD

→Factor 2 improvement in proper time resolution com-
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As shown in table III, the value of µ1 depends on the generated proper time. In particular,
the o↵set increases (in absolute value) for higher decay times. This e↵ect is mainly due to
an overestimation of the ⌧ momentum module, as in the kinematic reconstruction of section
2 2.1 the ISR/FSR losses have been neglected.
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Proper time resolution
For all tau pair events matched with MCParticles: 

> compute residual proper time on 3-prong side
Pt=trec– tgen 

Binned ML fit with 3 Gaussians: Compare to Belle resolution

Belle II > X2 narrower than Belle

➡ binned ML fit with 3 Gaussians ➡ the resolution @Belle II is nearly 
x2 narrower than @Belle 

➡ computed from the reconstructed decay 
length   and the estimated momentum  lτ p

Proper time 
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Operational Improvements:

. Automatisation and Software Development: lab-framework,

calibration

. Diagnostics : high-speed link drops and error diagnostics

. Offline Monitoring: independent hits-on-track performance

studies (beam spot, alignment, resolution, efficiency)→ fast-

feedback, background studies

. GatedMode Preparation: intensive tests with KEKmodules→
to counteract the effects of continuous injection

Belle II PXD analysis, 16.2.2021D. Pitzl (DESY): PXD movement in Exp 14 4

PXD vs SVD in rφ

run 743

30.10.2020

reference run: alignment done

run 904

7.11.2020

using alignment from 743

using alignment from 743

run 2133

18.12.2020

using alignment from 743

run 2109

17.12.2020

run 2057

15.12.2020

• PXD drifting relative 

to SVD

• can be corrected by 

run-wise half-shell 

alignment

using alignment from 743
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PXD2

PXD2 production status and plans:

. Module characterisation on-going @DESY and

Bonn/HLL/MPP

. Further module and ladder assembly on-going,

half-shell assembly to follow

. Half-shells will go through final tests @DESY:

first half-shell expected in May 2021, second one after

summer 2021

. New setup for PXD2 including source scan to be

installed in the clean room in HERA West

PXD2 installation schedule:

. Recent delays in the production of the new IP beam

pipe→ not ready for PXD2 before April 2022

. Transport of PXD2 and infrastructure to KEK in June

2022

. Require access to HERA West at least until start of LS1:

summer 2022
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Tracking
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Tracking (Performance)
DESY is leading tracking efforts in Belle II:

. Low level performance: CDC wire efficiency, dead wire map

. High level performance: reconstruction of displaced vertices,

tracking efficiency

. Study of CDC track-finding efficiencywith Bhabha-like events, using SVD

standalone tracking as a reference (and vice-versa)→ high and stable

track-finding efficiency

. Study of reconstruction of displaced vertices using K0s

. Measurement of inner region characteristics (beampipe+VXD) from

hadronic vertices

. Impact of increasing backgrounds

. Extensive work

on software-side

as well!

Vertex resolution
B0 æ J/ÂKS :

B+ æ J/ÂK+
:

5 T. Humair & S. Stefkova

Background Increase

B+ → J/ψK+ simulation
Preliminary

Tracking and vertex fit e�ciencies
B0 æ J/ÂKS :

B+ æ J/ÂK+
:

E�ciencies computed measuring yields using a Mbc fit. Counting isSignal events makes no

di�erence.

4 T. Humair & S. Stefkova

Up to 15 % 
improvement 
with release 5

Luminosity [x1034 cm-2s-1]
3.5 8.3 11.9

Preliminary
B+ → J/ψK+ simulation
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Phase 3, experiment 12

CDC
SVD
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Collaborative Services and Computing
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Collaborative Services and Computing

DESY is a vital player for computing @ Belle II:

. The DESY Grid site is a main contributor to Belle II Grid

computing

. Since April 2021 DESY is one the Belle II Raw Data

Centers :

. 1st RAW data copy at KEK / 2nd copy outside KEK

on tape

. This yearDESY becameone of the Belle IIRe-calibration

Centers

. DESY analysis facility (NAF) is used extensively

in Belle II (>250 users):

. NAF Jupyter Hub

. DESY utilizes professional state-of-the-art collaborative

services for Belle II wherever suitable (e.g invenio)

Andreas Gellrich  | Belle II |  14 Apr 2021  |  Page 1

Belle II at Grid and NAF

> The DESY Grid site is a main contributor to Belle II Grid computing

>DESY analysis facility (NAF)

 The NAF is a well established work horse for Belle II analysis

 The NAF Jupyter Hub is mainly used by Belle II

Registered Belle II users 252

Batch Users (BIRD) 96

Jupyter Hub users 38

Andreas Gellrich  | Belle II |  14 Apr 2021  |  Page 2

Belle II Raw Data and Re-calibration Center @ DESY

> Raw Data Centers

 1st RAW data copy at KEK / 2nd copy outside KEK on tape

 DESY is on of 6 Belle II Raw Data Centers since Apr 2021

> Re-calibration Center

 Belle II Re-calibration Center at DESY in 2021/22

 Currently the workflows are being adapted

2021
(revised)

2022 2023

0.20PB 0.32PB 0.74PB

all
KIT

2021 2022

disk dcache 300TB 600TB

tape 600TB 1.5TB

CPU peak NAF/BIRD 20kHS06 20kHS06

CPU total 50MkHS06 50MkHS06
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B physics
arXiv:2103.11769

R(K) =
B(B+ → K+µ+µ−)

B(B+ → K+e+e−)
= 0.846+0.044

−0.041 → 3.1σ

PRL 126 (2021) 16, 161801

R(K∗) = B(B→K∗µ+µ−)
B(B→K∗e+e−)

→consistent with SM within errors

→largest deviation in the same kinematic region as LHCb
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Search for B+ → K+νν̄ NAF

b s

ν

ν

u, c, t

Z

W−

b s

ν ν

u, c, t

`−

W− W+

. b → sll transition with clean SM computation of

B = (4.6± 0.5)× 10−6 [1606.00916]

. Not observed yet!

. Golden channel @ Belle II

. Sensitive to NP models that can explain R(K)
anomaly

. Traditionally searched with explicit Btag
reconstruction achieving maximum

εsig = 0.2% [1303.7465, 1702.03224]

. This DESY-pioneered method uses inclusive

approach exploiting very distinct signal

kinematics!

Strategy:

. Select signal = highest pT track with as least 1 PXD hit in the event

. Identify discriminating variables : event topology, missing energy,

vertex separation, signal kinematics

. Minimize the background contamination with BDTs

. Validate analysis strategy with control channel:

B+ → J/ψ(→ µ+µ−)K+

This method yields higher εsig(≈ 4.0%) but also higher backgrounds

. Statistical interpretation with pyhf

Signal

Signal proxy
1. remove dimuon
2. mimic 3-body 

kinematics

Background proxy
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Search for B+ → K+νν̄ NAF
Results:

. Binned simultaneous ML fit to data to measure

signal strength µ ( 1µ=SM BF= (4.6± 0.5)× 10−6)

. As no significant signal is observed, set a limit of 4.1 × 10−5

@ 90 CL using CLs method→ competitive with only 63 fb−1

. Comparison with other experiments shows at least matching

performance

Prospects:

. This new method can be used in similar channels

. Leading systematics can be reduced

. Combined analysis of inclusive and exclusive tagged events

→ faster observation

15

Measurement summary

• This measurement represents the first search for  performed with an 
inclusive tag. 

• No signal observed yet, but an observed upper limit on the branching ratio of 
 is set at the 90% CL.

• With  of  data recorded by the Belle II experiment, the inclusive 
tagging is competitive with the previous searches despite the much lower 
integrated luminosity.

B+ → K+ νν̄

4.1 × 10−5

63 fb−1 Υ(4S)

Filippo Dattola | Search for  decays with an inclusive tagging method at the Belle II experimentB+ → K+ νν̄
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Search for B+ → K+νν̄ NAF
Results:
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Inclusive B-meson Decays NAF

Inclusive B → Xsγ:

. Decay rate and CP asymmetries sensitive to BSM physics via

EW penguin loop

. Shape of photon energy spectrum sensitive tomass of b quark

. Ongoing DESY analyses with current data investigate several

reconstruction approaches: hadronic tagging, semileptonic

tagging, inclusive

. Public plot for Moriond 2021 (inclusive) shows clear

B → Xsγ signal

Plans for 500 fb−1 and beyond:

. Measurement of decay rates and kinematic spectra in

inclusive B → Xsγ and B → Xulν decays

. Measurement of |Vub|→ least precisely determined

CKM element

. |Vub| has long-standing discrepancy between inclusive and

exclusive determinations

1. PLOT FOR MORIOND8

FIG. 1. Photon energy spectrum of selected b ! (s, d)� candidates measured in the ⌥ (4S) rest
frame overlaid with expectations for continuum events and background BB̄ events. The data
points come from the dataset collected by the Belle II experiment in 2019 and 2020 with integrated
luminosity of 62.8 fb�1. The dataset with integrated luminosity of 9.2 fb�1 collected below the
⌥ (4S) resonance is used as a model for the continuum (e+e� ! qq̄, q = u, d, s, c) background:
the continuum spectrum are the o↵-resonance data scaled to match the on-resonance luminosity.
The shape of the BB̄ background component is obtained from simulation. The BB̄ contribution
is scaled so that sum of the expectations from BB̄ background, continuum, and signal components
in the first bin matches the number of observed events in this bin (the expected number of signal
events is taken from simulations). The bottom plot shows the di↵erence between the observed
number of candidates and the sum of expected number of background candidates for each bin.
Bottom plot indicates the evidence for an inclusive B ! X(s,d)� signal. The shown uncertainties
are statistical only.

2

8

Highest precision achieved with 2D fit!

Result compatible within 1.4  
with exclusive determinations.  

σ

Inclusive |Vub|  at Belle

10-3

Arithmetic average over 4 determinations!

Belle Preliminary 
 arXiv:2102.00020
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Measurement of R(D(∗)) NAF

Test of lepton flavour universality (LFU) in b → clν transitions:

. R(D(∗)) = B(B→D(∗) lν)
B(B→D(∗)τν)

, where l = µ, e

. New SM calculation of form factors has been released

→ slight decrease in tension

. DESY-led analysis uses hadronic tagging

. Developing tools to suppress beam background

→ improves separation in EECL; one of the fitting variables

. First measurement of R(D(∗)) expected withO(500)fb−1

R(D⇤) results in context

No constraint wMax: R(D⇤)Lat = 0.266(14) R(D⇤)Lat+Exp = 0.2484(13)
W/ constraint wMax: R(D⇤)Lat = 0.274(10) R(D⇤)Lat+Exp = 0.2492(12)

Phys.Rev.D 100 (2019), 052007; Phys.Rev.D 103 (2021), 079901; Phys.Rev.Lett. 123 (2019), 091801

'/"-�.*-$�-BUUJDF -BUUJDF��&YQ

Alejandro Vaquero (University of Utah) B̄ ! D⇤`⌫̄ at non-zero recoil April 22st, 2021 18 / 19

R(D) and R(D*) 
• High profile measurement to investigate lepton flavour universality.  

•  where . 

• Currently using hadronic tagging with purely leptonic decays. 

R(D(*)) = B → D(*)τντ

B → D(*)ℓν
ℓ = e, μ

2

Bsig Btag 

Develop beam background suppression for EECL, main 
discriminating variable in this analysis. 

Blinded signal 
Region

Blinded signal 
Region

B0 → D(*+ )ℓνB+ → D0ℓν
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Tau physics
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Tau Physics NAF

Published conference note on τ mass measurement last summer

(DESY-based)

Plan to publish search for τ → lα soon!
Many searches for lepton flavour violating and lepton number violat-

ing channels, e.g τ → µµµ, τ → lγ, τ → lρ0, τ → hh(h = π, K),
are in the pipeline and so is measurement of τ lepton EDM and MDM

New analyses led by DESY :

. LFU (
B(τ−→µ−ν̄µντ )

B(τ−→e−ν̄eντ )
) [O(100)fb−1]

. Most precise measurement from BaBar [PRL 105 051602]

. The B measurements dominated by systematic uncertainty

. Use 3x1 and 1x1 (not used @BaBar) to improve the statistical

precision

. Vus and Vud [O(500)fb−1]

. 4.8 σ tension with SM

. Currently least precise determination from τ decays

. Measure exclusively the B(τ → Kν) (Vus) and B(τ → πν)
(Vud)

. Last publication by BaBar with leading systematics due to PID
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e-μ-τ universality

28

➡ in agreement with SM 

- Phys. Rev. Lett. 105 051602 -  

(
gμ

ge )
τ

= 1.0036 ± 0.0020

Most precise measurement from BaBar

Can Belle II improve this? 

➡ use 3x1 and 1x1 (not used @BaBar) 
to improve the statistical precision

➡ work hard to improve the 
systematics

 8

A possible test of LFU in tau decays

At Babar ( Phys. Rev. Lett. 105  051602,
ArXiv: 0912.0242 (2010)), details here

with 500 fb-1, R
µ
=0.976 ± 0.0016

stat
 ± 0.0036

sys
  

And (g
µ
/g

e
)

τ
= 1.0036 ± 0.0020

8

It is in principle very simple: compare the rates of τ→µνν vs τ→eνν

μ-

νμ

1-prong

We plan to use both 3-prong (LFU+BF) and 1-prong (LFU) tag side

( gτ

gμ )
h

= 0.9850 ± 0.0054

➡ 2.8 σ below the SM expectation

6

data, along with the background MC contributions.
For the τ− → e−νeντ channel, 884426 events are se-

lected with an efficiency and purity of (0.589 ± 0.010)%
and (99.69±0.06)%, respectively. The number of selected
events, efficiency, purity and systematic uncertainties on
Ri of the τ− → µ−νµντ , τ− → π−ντ , and τ− → K−ντ
selections are presented in Table I. These uncertain-
ties include contributions from the particle identification,
the sensitivity to detector response including the impact
of changing the MC momentum scale and DCH resolu-
tion, modelling of hadronic and electromagnetic showers
in the EMC, the EMC energy scale, and angular mea-
surements made by these detectors within their mod-
elling uncertainties, the backgrounds, initial- and final-
state radiation, radiation in τ decays, rate and shape of
τ− → π−π−π+ντ decays, the trigger, and Lσe+e−→τ+τ− .
The systematic uncertainty on Rµ is dominated by uncer-
tainties in particle identification. The Rπ and RK mea-
surements have additional dominant contributions from
the detector modelling and associated backgrounds, due
to stronger cuts on the EMC energy necessary to reduce
non-τ backgrounds. Presence of the ∼20% backgrounds
in these channels render them more sensitive to the mod-
elling of the tag-side decays. The dominant background
uncertainty in the Rπ measurement arises from the elec-
tron contamination in the π sample investigated by mea-
suring the number of events that fail the E/p electron
veto requirement in data and MC. In the RK event sam-
ple, the uncertainty arising from τ decay branching frac-
tions of background modes is 0.58%, which is dominated
by the uncertainty of the τ− → K0

LK
−ντ fraction. There

is also a 0.49% uncertainty assigned for qq̄ backgrounds,
which are studied using events with an invariant mass of
the tracks in the tag hemisphere above the τ -mass and
cross-checked in regions of thrust and cos(θCM

miss) enriched
with these backgrounds.

TABLE I: Number of selected events, purity, total efficiency,
component of the efficiency from particle identification, and
systematic uncertainties (in %) on Ri for each decay mode.

µ π K

N
D 731102 369091 25123

Purity 97.3% 78.7% 76.6%
Total Efficiency 0.485% 0.324% 0.330%
Particle ID Efficiency 74.5% 74.6% 84.6%
Systematic uncertainties:
Particle ID 0.32 0.51 0.94
Detector response 0.08 0.64 0.54
Backgrounds 0.08 0.44 0.85
Trigger 0.10 0.10 0.10
π−π−π+ modelling 0.01 0.07 0.27
Radiation 0.04 0.10 0.04
B(τ− → π−π−π+ντ ) 0.05 0.15 0.40
Lσe+e−→τ+τ− 0.02 0.39 0.20
Total [%] 0.36 1.0 1.5

The measured branching ratios and fractions are:

Rµ = (0.9796± 0.0016± 0.0036)

Rπ = (0.5945± 0.0014± 0.0061)

RK = (0.03882± 0.00032± 0.00057)

Rh = Rπ +RK = (0.6333± 0.0014± 0.0061)

B(τ− → µ−νµντ ) = (17.46± 0.03± 0.08)%

B(τ− → π−ντ ) = (10.59± 0.03± 0.11)%

B(τ− → K−ντ ) = (0.692± 0.006± 0.010)%

where h = π or K and we use B(τ− → e−νeντ ) =
(17.82 ± 0.05)% [3]. The off-diagonal elements of the
correlation matrix for the measured ratios (branching
fractions) are ρµπ =0.25 (0.34), ρµK =0.12 (0.20), and
ρπK =0.33 (0.36). The µ and π measurements are con-
sistent with and of comparable precision as the world av-
erages [3] whereas the K measurement is consistent with
but twice as precise as the world average [3].
Tests of µ− e universality can be expressed as

(

gµ
ge

)2

τ

=
B(τ− → µ−νµντ )

B(τ− → e−νeντ )

f(m2
e/m

2
τ )

f(m2
µ/m2

τ )
,

where f(x) = 1 − 8x + 8x3 − x4 − 12x2 log x, assuming
that the neutrino masses are negligible [21]. This gives
(

gµ
ge

)

τ
= 1.0036± 0.0020, yielding a new world average

of 1.0018± 0.0014, which is consistent with the SM and
the value of 1.0021± 0.0015 from pion decays [3, 22].
Tau-muon universality is tested with

(

gτ
gµ

)2

h

=
B(τ → hντ )

B(h → µνµ)

2mhm2
µτh

(1 + δh)m3
τ ττ

(

1−m2
µ/m

2
h

1−m2
h/m

2
τ

)2

,

where the radiative corrections are δπ = (0.16 ± 0.14)%
and δK = (0.90± 0.22)% [23]. Using the world averaged
mass and lifetime values and meson decay rates [3], we

determine
(

gτ
gµ

)

π(K)
= 0.9856± 0.0057 (0.9827± 0.0086)

and
(

gτ
gµ

)

h
= 0.9850± 0.0054 when combining these re-

sults; this is 2.8σ below the SM expectation and within
2σ of the world average.
We use the kaon decay constant fK = 157±2MeV [11],

and our value of

B(τ− → K−ντ ) =
G2

F f
2
K |Vus|2m3

τττ
16πh̄

(

1−
m2

K

m2
τ

)2

SEW ,

where SEW = 1.0201± 0.0003 [24], to determine |Vus| =
0.2193 ± 0.0032. This measurement is within 2σ of the
value of 0.2255±0.0010 predicted by CKM unitarity and
is also consistent with the value of |Vus| = 0.2165±0.0027
derived from the inclusive sum of strange τ decays [9].
Both of our measured |Vus| values depend on absolute

strange decay rates. Our value of RK/π = (0.06531 ±
0.00056±0.00093), however, provides a |Vus| value driven

➡ The BR measurements dominated by systematic uncertainty
➡ μ: PID due limited size of data and MC samples
➡ h: additional contribution to systematics detector modelling 

and associated BGs
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➡ in agreement with SM 
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(
gμ
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τ

= 1.0036 ± 0.0020

Most precise measurement from BaBar

Can Belle II improve this? 

➡ use 3x1 and 1x1 (not used @BaBar) 
to improve the statistical precision

➡ work hard to improve the 
systematics
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data, along with the background MC contributions.
For the τ− → e−νeντ channel, 884426 events are se-

lected with an efficiency and purity of (0.589 ± 0.010)%
and (99.69±0.06)%, respectively. The number of selected
events, efficiency, purity and systematic uncertainties on
Ri of the τ− → µ−νµντ , τ− → π−ντ , and τ− → K−ντ
selections are presented in Table I. These uncertain-
ties include contributions from the particle identification,
the sensitivity to detector response including the impact
of changing the MC momentum scale and DCH resolu-
tion, modelling of hadronic and electromagnetic showers
in the EMC, the EMC energy scale, and angular mea-
surements made by these detectors within their mod-
elling uncertainties, the backgrounds, initial- and final-
state radiation, radiation in τ decays, rate and shape of
τ− → π−π−π+ντ decays, the trigger, and Lσe+e−→τ+τ− .
The systematic uncertainty on Rµ is dominated by uncer-
tainties in particle identification. The Rπ and RK mea-
surements have additional dominant contributions from
the detector modelling and associated backgrounds, due
to stronger cuts on the EMC energy necessary to reduce
non-τ backgrounds. Presence of the ∼20% backgrounds
in these channels render them more sensitive to the mod-
elling of the tag-side decays. The dominant background
uncertainty in the Rπ measurement arises from the elec-
tron contamination in the π sample investigated by mea-
suring the number of events that fail the E/p electron
veto requirement in data and MC. In the RK event sam-
ple, the uncertainty arising from τ decay branching frac-
tions of background modes is 0.58%, which is dominated
by the uncertainty of the τ− → K0

LK
−ντ fraction. There

is also a 0.49% uncertainty assigned for qq̄ backgrounds,
which are studied using events with an invariant mass of
the tracks in the tag hemisphere above the τ -mass and
cross-checked in regions of thrust and cos(θCM

miss) enriched
with these backgrounds.
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systematic uncertainties (in %) on Ri for each decay mode.
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Particle ID 0.32 0.51 0.94
Detector response 0.08 0.64 0.54
Backgrounds 0.08 0.44 0.85
Trigger 0.10 0.10 0.10
π−π−π+ modelling 0.01 0.07 0.27
Radiation 0.04 0.10 0.04
B(τ− → π−π−π+ντ ) 0.05 0.15 0.40
Lσe+e−→τ+τ− 0.02 0.39 0.20
Total [%] 0.36 1.0 1.5

The measured branching ratios and fractions are:

Rµ = (0.9796± 0.0016± 0.0036)

Rπ = (0.5945± 0.0014± 0.0061)

RK = (0.03882± 0.00032± 0.00057)

Rh = Rπ +RK = (0.6333± 0.0014± 0.0061)

B(τ− → µ−νµντ ) = (17.46± 0.03± 0.08)%

B(τ− → π−ντ ) = (10.59± 0.03± 0.11)%

B(τ− → K−ντ ) = (0.692± 0.006± 0.010)%

where h = π or K and we use B(τ− → e−νeντ ) =
(17.82 ± 0.05)% [3]. The off-diagonal elements of the
correlation matrix for the measured ratios (branching
fractions) are ρµπ =0.25 (0.34), ρµK =0.12 (0.20), and
ρπK =0.33 (0.36). The µ and π measurements are con-
sistent with and of comparable precision as the world av-
erages [3] whereas the K measurement is consistent with
but twice as precise as the world average [3].
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where the radiative corrections are δπ = (0.16 ± 0.14)%
and δK = (0.90± 0.22)% [23]. Using the world averaged
mass and lifetime values and meson decay rates [3], we

determine
(

gτ
gµ

)

π(K)
= 0.9856± 0.0057 (0.9827± 0.0086)

and
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sults; this is 2.8σ below the SM expectation and within
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where SEW = 1.0201± 0.0003 [24], to determine |Vus| =
0.2193 ± 0.0032. This measurement is within 2σ of the
value of 0.2255±0.0010 predicted by CKM unitarity and
is also consistent with the value of |Vus| = 0.2165±0.0027
derived from the inclusive sum of strange τ decays [9].
Both of our measured |Vus| values depend on absolute

strange decay rates. Our value of RK/π = (0.06531 ±
0.00056±0.00093), however, provides a |Vus| value driven

➡ The BR measurements dominated by systematic uncertainty
➡ μ: PID due limited size of data and MC samples
➡ h: additional contribution to systematics detector modelling 

and associated BGs
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 from τ decays @Belle IIVus

32

New results with improved theoretical input
➡ precise determination of  from kaon and nuclear decays

➡ discrepancy with CKM unitarity at 

Vus

4.8 σ2.1  Introduction: Cabibbo angle anomaly  
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Flavor in the News! 
Several lingering unconfirmed flavor anomalies

• Muon g-2 (~3+ σ)
• Lepton universality in B decays (R(K),R(D),R(D*)~3σ)
• Unitarity of CKM first row(~2-3 σ)

V. Cirigliano

Tensions in 
Vud and Vus

Possible connections 
between LFU and CKM 
unitarity.

Crivellin and  Hoferichter 2020

2

Results from Kaon 
decays and nuclear 
0+ à 0+ beta 
decays  
         

discrepancy  
with CKM  
unitarity at  
    4.8 σ ! 

Can τ physics help? 
➡ currently less precise determination of  

➡ large PID systematic uncertainties @BaBar
➡ inclusive measurement not truly inclusive

Vus

What can we do @BelleII?
➡ larger data sample will be available
➡ similar to LFU analysis use 3x1 and 1x1 topologies
➡ improve the understanding of the detector (PID, trigger, … )

 6

Emilie Passemar

DESYª | S. Stefkova | 91st PRC meeting, 04.05.2021 Page 21

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.051602
Slavomira Stefkova


Slavomira Stefkova




Dark Sector and Low Multiplicity
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Dark Sector and Low Multiplicity NAF

DESY group has leading role

with series of active analyses:

. Dark Photon Search

. Inelastic Dark Matter

. B → K+ + Long Lived Scalar

. Updated Search for Axion-like Particle

DESY group plans to provide input

on two aspects of muon g-2 anomaly:

Measurement of σ(e+e− → ππ(γ))

. Key input to SM prediction (ahadµ )

. Dominated by BaBar [PhysRevD.86.032013] and KLOE

. Expect world leading precision@ Belle II with 10 ab−1!

Search for mono-γ and displaced+γ signatures

. Possible NP explanation: light dark sector with inelastic dark matter

. Collaboration with DESY TH published [JHEP04(2021)146]
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Summary

To conclude:

. Machine ramp-up is somewhat slower than expected but Belle II is stably accumulating data

. The timeline for the LS1 shutdown has been fixed in February 2021→ PXD2 is expected to be installed in

summer 2022

DESY plays key role in many aspects of Belle II project such as:

. PXD detector and analysis

. tracking and ECL reconstruction

. performance studies

. computing

Many interesting measurements with B-decays, τ -decays and searches for dark matter are underway at DESY,
just in time to address recent anomalies:

. First B physics paper just submitted to journal!

. Belle II has now 4 physics papers in total: 2 are fully DESY-based, 1 with DESY-participation!
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Backup
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Skimming

. Goal: to produce data and MC files that have

been reduced from their original size, accord-

ing to the analysis requirements of each physics

working group

. Strategy: Python-based classes developed by 8

liaisons of Belle II physics working groups

. Output data format: micro-data summary table

(uDST) Requirements:

. Retention should be less than 10% of the

mDST sample

. Processing time for should be less than 500

ms per event

. Maximum memory usage is 2GB

. Processing time and total memory for different

sites are currently restricting the possibility to

run all skims at once: maximum 10 uDST per in-

put mDST

Belle II Skimming 
• Goal: to produce data and MC files that have been 

reduced from their original size, according to the 
analysis requirements of each physics working group.
• Strategy: Python-based classes developed by liaisons of 

each Belle II physics working group  . 
• Output data format: micro-data summary table (uDST) 
• Requirements:
◦ Retention should be less than 10% of the mDST 

sample. 
◦ Processing time for should be less than  

500 ms per event.
◦ Maximum memory usage is 2GB.

• Currently producing skims in combined format, i.e. 
multiple uDST output for one input mDST 

• ~60 individual skims divided among 8 physics 
working groups.

• Processing time and total memory for different sites 
are currently restricting the possibility to run all skims 
at once: maximum 10 uDST per input mDST. 
 
 1

Role of skim production manager: R. Cheaib 

Development and maintenance of skim package 
Production of skims on data and MC.  

R. Cheaib
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PXD
Operational challenges:

. Radiation damage from beam loss incidents → faster

emergency shutdown implemented → no major inci-

dent since May 2020

. Several modules reached power supply current limit

leading to cluster charge degradation → dedicated ir-

radiation campaigns in Bonn reproduced observed be-

haviour→ can be salvaged with intervention on PS

. Injection spikes cause already a significant data loss→
increased the tolerance limits

Data/MC 
factorsWARNING I : missing 

synchrotron radiation and 
injection backgrounds

WARNING II : can we 
attain collimator settings?

PXD backgrounds are monitored:

. Data/MC agreement for occupancy is much improved

. Relatively stable for different optics

Background Extrapolations (@ old design luminosity optics):

. Total projected occupancy below 3% (tracking performance

degradation, significant data loss)

. Projected integrated dose and fluence will not cause radiation

damage
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