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First Generation of B-Factories
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First generation of B-Factories.

Physics process Cross section [nb]

Y(4S) ? BB 1.2

Light quark pairs 2.8

Muon pairs 1.1

Tau pairs 0.9

Bhabha (F
lab
>17°) 44

Photon pairs (F
lab
>17°) 2.4

Two photon (F
lab
>17°) ~80

Total ~130

>At Belle:

About 772 million BB pairs

About 900 million tau and muon pairs each

>Still many analyses remain statistically limited

2

> Confirmation of Kobayashi-Maskawa 
mechanism of CP violation in the SM	



> Precise measurements of CKM elements 
and angles of UT 	



> Measurements of rare B-decays	


> New sources of CPV: b→s transitions	


> Observation of D mixing (charm factory) 	


> Searches for LFV tau decays (tau factory)	


> …

Belle:	


> ~ 771 M BB pairs	


> ~ 900 M tau and muon pairs	


> Results compatible with SM	


> Not significant hints on deviations from SM	



Still many analysis limited in statistics!

B factories collected a lot of data 
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> Confirmation of Kobayashi-Maskawa 
mechanism of CP violation in the SM	



> Precise measurements of CKM elements 
and angles of UT 	



> Measurements of rare B-decays	


> New sources of CPV: b→s transitions	


> Observation of D mixing (charm factory) 	


> Searches for LFV tau decays (tau factory)	


> …

Belle:	


> ~ 771 M BB pairs	


> ~ 900 M tau and muon pairs	


> Results compatible with SM	


> Not significant hints on deviations from SM	



Still many analysis limited in statistics!

B factories collected a lot of data 

SuperKEKB will start circulating 
beams in 2016
3 phases  in commissioning Æ
operation

Phase 1: Without Belle II detector
Phase 2: Belle II is rolled in, but 
without vertex detector
Phase 3: Full Belle II operation

Physics data taking will start in 2018

Schedule & expectations

32/33P. Pakhlov17 th Lomonosov Conference, MSU
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Belle→Belle II 

3

9/28

Detector Upgrade: Belle II at SuperKEKB.

(PXD)

(SVD)

DESY 	


contributes to 

Upgrade of all Belle sub-detectors to cope with higher particle 
fluxes associated with higher luminosity and beam currents.
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Hardware

4

3/26Torben Ferber (DESY)

Belle II Hardware
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Belle II Vertex Detectors (VXD)

Belle II Alignment validation using D

⇤+ ! ⇡+
slow

D

0(! K 3⇡) Alignment validation using cosmic-ray muons Summary

The Belle II detector
Belle

Pixel detector
Silicon vertex detector

Central drift chambers

3 / 15

VXD consists of:	


> Pixel Vertex Detector (PXD)	


> Silicon Vertex Detector (SVD)	


▪ share a common volume

PXD and SVD - one integrated system 	


DESY contribution: 	


> CO2 cooling tests	


> Test beam (next planned in April 2016 at 

DESY)	


> Installation	


> Commissioning

5

SVD

PXD
(German contribution)
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MPI

Belle II Vertex Detector and Cooling System

2 layers with 40 DEPFET pixel sensors 
with 8 million pixels in sensitive area

Requirements (PXD):	


> Sensor: < 25oC 	


→ minimise noise due 
to leakage currents	



> Read out: < 50oC 	


→ avoid risk of 
electro-migration	



> Total energy 
dissipation ~360W

6

SCB (Support & Cooling Block)	


with 2-phase CO2  and N2 channels 
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MPI

Belle II Vertex Detector and Cooling System

Requirements: (SVD):	


> Read out chips’ (APV25) 

surface at about 0oC 	


→ SNR improvement	



> Total energy dissipation 
~700W

2 layers with 40 DEPFET pixel sensors 
with 8 million pixels in sensitive area

Requirements (PXD):	


> Sensor: < 25oC 	


→ minimise noise due 
to leakage currents	



> Read out: < 50oC 	


→ avoid risk of 
electro-migration	



> Total energy 
dissipation ~360W

6

PCBs Origami cooling 
pipe

End ringsDummy ladder 

4 layers of double-sided Silicon 
Strip Detectors (DSSD).

SCB (Support & Cooling Block)	


with 2-phase CO2  and N2 channels 
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VXD Thermal Mock-up at DESY

7

2-phase CO2 System: 
MARCO

The thermal mock-up is built to study and optimise 
the cooling system for the Belle II vertex detector.

QCS

SVD Dummy 
ladders End rings

SVD parts are under preparation. 

PXD



 Belle II   |   80th PRC Open Session    

Belle II Detector: Temperature Gradient on PXD Ladders

8

Pt100s on PXD
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Nano beam scheme requires design 
of new final focus quadrupoles QCS

VXD = PXD + SVD

Belle II Detector: Remote Vacuum Connection

9

RVC is essential component to interface SuperKEKB with Belle II
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Belle II Detector: Remote Vacuum Connection

9

2015/9/27

QCSL has delivered, but..

QCSL 
�Problem on withstand 

voltage test
2 month for repairing work
Discharge seems to be happen 
Inside of vacuum vessel

Ohuchi

Cryostat of final 
focus magnet QSCL

RVC is essential component to interface SuperKEKB with Belle II
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Belle II Detector: Remote Vacuum Connection

9

RVC is essential component to interface SuperKEKB with Belle II

> All components for forward and backward RVC ready at DESY	


> Detailed mechanical and vacuum tests in the coming months	


> Installation at KEK in spring 2017
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Software

10

3/26Torben Ferber (DESY)

Belle II Hardware
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Belle II Software: Experimental Challenges

11

10-20 times higher background than at Belle → fake hits, radiation damage…
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Belle II Software: Experimental Challenges
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> Main background sources from 	


1. scattered beam particles 

Touschek scattering	

 Beam-gas scattering	



Background sources 

~1. Scattered beam particles~ 

8

Touschek scattering
– Intra-bunch scattering, Rate҃(beam size)-1,(E

beam
)-3

– Most dangerous  background at SuperKEKB,

since beam size is  x20 smaller (“Nano-beam scheme”)

Beam-gas scattering
– Scattering by remaining gas, Rate ҃IxP

– Vacuum level at SuperKEKB will be similar to KEKB,

so less dangerous compared to Touschek scattering

– Vacuum level in IR region could be worse than KEKB, but particles scattered in 

IR region will be lost far downstream IP and will not be dangerous for the 

detector

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)
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Background sources (cntd.)

~3. Synchrotron radiation~

Synchrotron radiation
– Rate ҃ E2B2: mainly from HER

– Photons are emitted inside upstream final focusing magnet 

!hit IP beam pipe (Be) and penetrate ! reach PXD/SVD

Back-scattering synchrotron radiation
– At Belle, e+/e- are strongly bent by downstream magnet and emit SR.  

These photons hit downstream beam pipe and scattered back to detector. 

– At Belle-II, such strong bend does not exist.  We don’t have to worry 

about this background.

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011) 17

3. synchrotron radiation

10-20 times higher background than at Belle → fake hits, radiation damage…

2. physics processes

Background sources (cntd.)
~2. Luminosity dependent~

Radiative Bhabha
– Rate҃Luminosity (KEKBx40)
– EM shower from spent e+/e-:

hit position is very far (~10m) from IP, 
– Neutrons from emitted γ (hitting downstream magnet)

Need to increase neutron shields in the tunnel

2-photon process
– Generated e+e- pair might hit PXD
– Confirms to be OK, according to KoralW

simulation and KEKB machine study

14

“0.2%(<<2%) occupancy on PXD”

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)
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Belle II Software: Experimental Challenges
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> Main background sources from 	


1. scattered beam particles 

DESY contribution: estimate the synchrotron radiation	


> PXD: allowed limit for occupancy from all background sources: 3%	


▪ all sources except synchrotron radiation: ~ 1%	


▪ the limit of occupancy for synchrotron radiation (with a safety margin of 1%): ~ 1%	



> Result of synchrotron radiation simulation essential for decision on beam pipe coating	


Simulation is basis for decision on thickness of beam pipe coating

Touschek scattering	

 Beam-gas scattering	



Background sources 

~1. Scattered beam particles~ 
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Belle II Software: Experimental Challenges
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> Main background sources from 	


1. scattered beam particles 

DESY contribution: estimate the synchrotron radiation	


> PXD: allowed limit for occupancy from all background sources: 3%	


▪ all sources except synchrotron radiation: ~ 1%	


▪ the limit of occupancy for synchrotron radiation (with a safety margin of 1%): ~ 1%	



> Result of synchrotron radiation simulation essential for decision on beam pipe coating	


Simulation is basis for decision on thickness of beam pipe coating
Choices of beam pipe coating thickness → will be decided this week	


> thinner gold coating → better vertex resolution	


> thicker gold coating → better absorption of synchrotron radiation

Touschek scattering	

 Beam-gas scattering	



Background sources 

~1. Scattered beam particles~ 

8

Touschek scattering
– Intra-bunch scattering, Rate҃(beam size)-1,(E

beam
)-3

– Most dangerous  background at SuperKEKB,

since beam size is  x20 smaller (“Nano-beam scheme”)

Beam-gas scattering
– Scattering by remaining gas, Rate ҃IxP

– Vacuum level at SuperKEKB will be similar to KEKB,

so less dangerous compared to Touschek scattering

– Vacuum level in IR region could be worse than KEKB, but particles scattered in 

IR region will be lost far downstream IP and will not be dangerous for the 

detector

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)

Background sources 

~1. Scattered beam particles~ 

8

Touschek scattering
– Intra-bunch scattering, Rate҃(beam size)-1,(E

beam
)-3

– Most dangerous  background at SuperKEKB,

since beam size is  x20 smaller (“Nano-beam scheme”)

Beam-gas scattering
– Scattering by remaining gas, Rate ҃IxP

– Vacuum level at SuperKEKB will be similar to KEKB,

so less dangerous compared to Touschek scattering

– Vacuum level in IR region could be worse than KEKB, but particles scattered in 

IR region will be lost far downstream IP and will not be dangerous for the 

detector

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)

Background sources (cntd.)

~3. Synchrotron radiation~

Synchrotron radiation
– Rate ҃ E2B2: mainly from HER

– Photons are emitted inside upstream final focusing magnet 

!hit IP beam pipe (Be) and penetrate ! reach PXD/SVD

Back-scattering synchrotron radiation
– At Belle, e+/e- are strongly bent by downstream magnet and emit SR.  

These photons hit downstream beam pipe and scattered back to detector. 

– At Belle-II, such strong bend does not exist.  We don’t have to worry 

about this background.

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011) 17

3. synchrotron radiation

10-20 times higher background than at Belle → fake hits, radiation damage…

2. physics processes

Background sources (cntd.)
~2. Luminosity dependent~

Radiative Bhabha
– Rate҃Luminosity (KEKBx40)
– EM shower from spent e+/e-:

hit position is very far (~10m) from IP, 
– Neutrons from emitted γ (hitting downstream magnet)

Need to increase neutron shields in the tunnel

2-photon process
– Generated e+e- pair might hit PXD
– Confirms to be OK, according to KoralW

simulation and KEKB machine study

14

“0.2%(<<2%) occupancy on PXD”

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)

Radiative Bhabha 2-photon process

Background sources (cntd.)
~2. Luminosity dependent~

Radiative Bhabha
– Rate҃Luminosity (KEKBx40)
– EM shower from spent e+/e-:

hit position is very far (~10m) from IP, 
– Neutrons from emitted γ (hitting downstream magnet)

Need to increase neutron shields in the tunnel

2-photon process
– Generated e+e- pair might hit PXD
– Confirms to be OK, according to KoralW

simulation and KEKB machine study

14

“0.2%(<<2%) occupancy on PXD”

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)



 Belle II   |   80th PRC Open Session    

Belle II Software: Alignment and Calibration
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Calibration Framework (Thomas' Proposal)

DESY leads the alignment and calibration group 	


> Alignment: 	


▪ tracking detectors integrated in the framework	


▪ using Millepede II and General Broken Line (GBL) track fit	


▪ Tested for PXD, SVD and CDC on Monte Carlo and beam-test data	


▪ Tracking with GBL ready for KLM → alignment of KLM in progress	



> General Calibration activity → calibration framework	


▪ separate common alignment/calibration tasks from individual detector algorithm 

implementations 	


▪ first example of non-alignment calibration (KLM) included

 2

Alignment and Calibration

>Calibration Framework

 Separate common alignment/calibration tasks from individual detector 
algorithm implementations

 First version of the framework with main functionality ready

 Alignment of the tracking detectors integrated in the framework

 Main features implemented: dependencies, iterations, splitting of data 
collection and calibration/monitoring, histogram/tree management

 First example of calibration (EKLM time calibration) in the framework

> Alignment

 Tracking with General Broken Lines

 Alignment with Millepede II

 Tested for PXD, SVD and CDC                                                           
on Monte Carlo and beam-test data

 Tracking with GBL ready for BKLM  2

Alignment and Calibration

>Calibration Framework

 Separate common alignment/calibration tasks from individual detector 
algorithm implementations

 First version of the framework with main functionality ready

 Alignment of the tracking detectors integrated in the framework

 Main features implemented: dependencies, iterations, splitting of data 
collection and calibration/monitoring, histogram/tree management

 First example of calibration (EKLM time calibration) in the framework

> Alignment

 Tracking with General Broken Lines

 Alignment with Millepede II

 Tested for PXD, SVD and CDC                                                           
on Monte Carlo and beam-test data

 Tracking with GBL ready for BKLM

12
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Belle II Software: Alignment Validation Tools

 3

Alignment Validation

> Invariant mass of D0 and vertex reconstruction of two track 
pairs (Kπ vs ππ) from the decay D*+ → π+D0 (→ K3π)

>Comparison of two track parts of cosmic muon (top vs bottom)

1. DESY contribution: Alignment validation 
using D*+

13

> Vertex reconstruction of D0 using vertices of 
two pairs (same charge, different charge)

D⇤+

D0 ⇡+

⇡�

K�

⇡+
slow

⇡+

Δz [cm] Δr [cm]
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Belle II Software: Alignment Validation Tools

 3

Alignment Validation

> Invariant mass of D0 and vertex reconstruction of two track 
pairs (Kπ vs ππ) from the decay D*+ → π+D0 (→ K3π)

>Comparison of two track parts of cosmic muon (top vs bottom)
2. DESY contribution: Validation 
procedure using cosmic rays	


> Generation of cosmic-ray muons using 

cosmic-shower generator	


> Comparison of reconstructed track parameters 

in top vs bottom	


> For ideal alignment 	


▪ No difference between mean values	


▪ No correlations 

 3

Alignment Validation

> Invariant mass of D0 and vertex reconstruction of two track 
pairs (Kπ vs ππ) from the decay D*+ → π+D0 (→ K3π)

>Comparison of two track parts of cosmic muon (top vs bottom)

1. DESY contribution: Alignment validation 
using D*+

(helix representation)

13

> Vertex reconstruction of D0 using vertices of 
two pairs (same charge, different charge)

D⇤+

D0 ⇡+

⇡�

K�

⇡+
slow

⇡+

Δz [cm] Δr [cm]
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regions where B-field 

measurement is possible

Belle II: B-Field

> B-field measurement possible only	


▪ before VXD installation	


▪ in limited regions	



> Rely on calculation/simulation	


▪ 3D calculation of Belle II B-field	



DESY leading B-field measurement task force: 	


> Implications on physics performance studies 

using 3D simulation of Belle II B-field	


> Constrain B-field from data within alignment 

& calibration using Millepede II / GBL track fit 
→ DESY expertise

14

Precise knowledge of the 
magnetic field is essential 
in the presence of the 
final focus magnets.                                                                	


     Goal: ΔB/B < 0.1%

Belle II B-field simulation
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Analysis	



15/26Torben Ferber (DESY)

Belle Analysis

3/26Torben Ferber (DESY)

Belle II Hardware

Standard Model	


(SM)

Searches for 	


New Physics	



(NP)
15
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Belle: Light quark fragmentation.

>Measure azimuthal correlations 
between two pairs of charged 
pions in opposite hemispheres

>Helicity dependent fragmentation
function G1┴ is consistent with zero

>Analysis in internal review

BELLE-CONF-1502

Belle Analysis: Light Quark Fragmentation

16

Study the spin-dynamics of hadronisation	


> measure azimuthal correlations between two 

pairs of charged pions in opposite hemispheres

G?
1

H?
1 H^

1

� / 1 +Acos(�1+�2)
cos(�

1

+ �
2

) +Acos 2(�R1��R2)
cos 2(�R1

� �R2

) +Acos(�R1+�R2)
cos(�R1

+ �R2

)

fragmentation of transversely polarised quarks: 

fragmentation of longitudinally polarised quarks: 

H?
1 , H^

1

G?
1

2

FIG. 1. Illustration of the three dimensional kinematics of
transversely polarized quark fragmentation. The fragmenting
quark’s momentum k defines the z-axis with its transverse
polarization spin vector Sq along x axis. The emitted hadron
has momentum p with the transverse component P? with
respect to the z-axis. The polar angle of hadron’s momentum
P with respect to the zx plane is denoted by '.

be written as

D
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where the unpolarized fragmentation function is denoted

D
h/q
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1 (z, P 2
?) is the Collins function.

When integrated over P 2
?, the polarized fragmentation

function can be expressed in terms of the integrated un-

polarized fragmentation function D
h/q

1 (z) and the 1/2

moment of the Collins function H
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In the Monte Carlo simulations of Ref. [20], we used
as input the elementary unpolarized and Collins frag-
mentation functions for single hadron production, calcu-
lated within NJL model, where we used the mechanism
of Ref. [8] for the elementary Collins function. The full
polarized fragmentation function was then calculated in
MC simulations with multiple hadron emission. The re-
sulting polarized fragmentations, when integrated over
the hadron transverse momentum squared (P 2

?), exhib-
ited the Collins modulation both for favored and unfa-
vored hadron production. Here the unfavored Collins

function’s 1/2 moment is comparable in size but oppo-
site in sign to that for the favored fragmentation. For
the transverse momentum dependent (TMD) polarized
fragmentation functions, at fixed values for the hadron’s
light cone momentum fraction z and P 2

?, exhibited mod-
ulation with a fourth order polynomial in sin('), even in
simulations with only two produced hadrons.
In this work we have two goals, focusing on pion frag-

mentations from light quarks only. First, we examine the
dependence of the sign and the magnitude of the 1/2 mo-
ment of unfavored fragmentation function on the quark
spin flip probability used in the NJL-jet model MC sim-
ulations. Second, we examine the origins of the higher
order Collins modulations in the TMD polarized frag-
mentation functions.

II. NJL-JET MODEL WITH TRANSVERSELY
POLARIZED QUARK

FIG. 2. NJL-jet model including transverse momentum and
quark polarization transfer. Here the orange double-lined ar-
rows schematically indicate the spin direction of the quark in
the decay chain.

Schematically, the NJL-jet model with the transversely
polarized quark is depicted in Fig. 2. In MC simula-
tions of Ref. [20], in each hadronization step, we used
the elementary polarized fragmentations to sample the
momentum of the production hadron, z1, p? and '1,
with respect to the fragmenting quark in that step (here
'1 is defined with respect to the spin of the fragmenting
quark). Using the momentum we calculated and recorded
the hadron’s momentum, z, P? and ', with respect to
the initial fragmenting quark. Further, we also deter-
mined the momentum of the remnant quark using mo-
mentum conservation, while the probability of the rem-
nant quark’s spin flip was sampled using the spin non-flip
and flip probabilities |a1|2 and |a�1|2. These probabilities
were calculated using Dirac spinors of the transversely
polarized quark, that in turn can be expressed in terms
of the Lepage-Brodsky spinors in helicity basis [22, 23].
Explicit these probabilities are proportional to

|a1|2 ⇠ l2
x

, |a�1|2 ⇠ l2
y

+ (M2 � (1� z)M1)
2, (5)

where M1 and M2 are the masses of the fragmenting
and the remnant quarks, and l? ⌘ (l

x

, l
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) = �p? is the
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FIG. 2: Results for Acos(2(�R1��R2 )) binned in M and z.

and approximately constant over the invariant mass bins. In z, it drops monotonically from
21% to 5%.

Within our statistical and systematic uncertainties, we do not observe a signal for

Acos(2(�R1��R2 )). It has been conjectured that the G?
1

fragmentation function receives non-
zero contributions mainly from p-p wave interference in the partial-wave expansion of G?

1

.
We note that an enhancement of such contribution by restricting ✓

decay

, the decay angle of
the positive hadron in the hadron-pair CMS used in such expansion, to values for which
cos(✓

decay

) is positive does not result in a significantly non-zero amplitude either.
In summary, we show first results for azimuthal modulations in the cross-section of di-

pion pairs in di-jet production from electron-positron annihilation. The amplitude of the
cos (2(�R1 � �R2)) modulation, which is sensitive to the helicity dependent fragmentation
function G?

1

, is consistent with zero within our statistical and systematic uncertainties.
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FIG. 1. Illustration of the three dimensional kinematics of
transversely polarized quark fragmentation. The fragmenting
quark’s momentum k defines the z-axis with its transverse
polarization spin vector Sq along x axis. The emitted hadron
has momentum p with the transverse component P? with
respect to the z-axis. The polar angle of hadron’s momentum
P with respect to the zx plane is denoted by '.
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In the Monte Carlo simulations of Ref. [20], we used
as input the elementary unpolarized and Collins frag-
mentation functions for single hadron production, calcu-
lated within NJL model, where we used the mechanism
of Ref. [8] for the elementary Collins function. The full
polarized fragmentation function was then calculated in
MC simulations with multiple hadron emission. The re-
sulting polarized fragmentations, when integrated over
the hadron transverse momentum squared (P 2

?), exhib-
ited the Collins modulation both for favored and unfa-
vored hadron production. Here the unfavored Collins

function’s 1/2 moment is comparable in size but oppo-
site in sign to that for the favored fragmentation. For
the transverse momentum dependent (TMD) polarized
fragmentation functions, at fixed values for the hadron’s
light cone momentum fraction z and P 2

?, exhibited mod-
ulation with a fourth order polynomial in sin('), even in
simulations with only two produced hadrons.
In this work we have two goals, focusing on pion frag-

mentations from light quarks only. First, we examine the
dependence of the sign and the magnitude of the 1/2 mo-
ment of unfavored fragmentation function on the quark
spin flip probability used in the NJL-jet model MC sim-
ulations. Second, we examine the origins of the higher
order Collins modulations in the TMD polarized frag-
mentation functions.

II. NJL-JET MODEL WITH TRANSVERSELY
POLARIZED QUARK

FIG. 2. NJL-jet model including transverse momentum and
quark polarization transfer. Here the orange double-lined ar-
rows schematically indicate the spin direction of the quark in
the decay chain.

Schematically, the NJL-jet model with the transversely
polarized quark is depicted in Fig. 2. In MC simula-
tions of Ref. [20], in each hadronization step, we used
the elementary polarized fragmentations to sample the
momentum of the production hadron, z1, p? and '1,
with respect to the fragmenting quark in that step (here
'1 is defined with respect to the spin of the fragmenting
quark). Using the momentum we calculated and recorded
the hadron’s momentum, z, P? and ', with respect to
the initial fragmenting quark. Further, we also deter-
mined the momentum of the remnant quark using mo-
mentum conservation, while the probability of the rem-
nant quark’s spin flip was sampled using the spin non-flip
and flip probabilities |a1|2 and |a�1|2. These probabilities
were calculated using Dirac spinors of the transversely
polarized quark, that in turn can be expressed in terms
of the Lepage-Brodsky spinors in helicity basis [22, 23].
Explicit these probabilities are proportional to

|a1|2 ⇠ l2
x

, |a�1|2 ⇠ l2
y

+ (M2 � (1� z)M1)
2, (5)

where M1 and M2 are the masses of the fragmenting
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B!Xs`
+`�

For B!K⇤`+`� one considers a veritable zoo

of observables, for B!Xs`+`� not so many.

)
Xs orK⇤

Exclusive

Inclusive

q2 ⌘ M(`+`�)

terms AðiÞ
S of the S wave with the K#0 transversity ampli-

tudes as defined in Ref. [27]. In Ref. [8], FS was measured
to be less than 0.07 at 68% confidence level. The maximum

value that the quantities AðiÞ
S can assume is a function of FS

and FL [12]. The S-wave contribution is neglected in the fit
to data, but its effect is evaluated and assigned as a system-
atic uncertainty using pseudoexperiments. A large number
of pseudoexperiments with FS ¼ 0:07 and with the inter-
ference terms set to their maximum allowed values are
generated. All other parameters, including the angular
observables, are set to their measured values in the data.
The pseudoexperiments are fitted ignoring S-wave and
interference contributions. The corresponding bias in the
measurement of the angular observables is assigned as a
systematic uncertainty.

The results of the angular fits to the data are presented in
Table I. The statistical uncertainties are determined using
the Feldman-Cousins method [28]. The systematic uncer-
tainty takes into account the limited knowledge of the
angular acceptance, uncertainties in the signal and back-
ground invariant mass models, the angular model for the
background, and the impact of a possible S-wave ampli-
tude. A more detailed discussion of the systematic uncer-
tainties can be found in Ref. [25]. Effects due to B0= !B0

production asymmetry have been considered and found
negligibly small. The comparison between the measure-
ments and the theoretical predictions from Ref. [10] are
shown in Fig. 1 for the observables P0

4 and P
0
5. The observ-

ables P0
6 and P

0
8 (as well as S7 and S8) are suppressed by the

small size of the strong phase difference between the decay
amplitudes, and therefore are expected to be close
to 0 across the whole q2 region.

In general, the measurements agree with SM expecta-
tions [12], apart from a sizeable discrepancy in the interval
4:30< q2 < 8:68 GeV2=c4 for the observable P0

5. The
p-value, calculated using pseudoexperiments, with respect
to the upper bound of the theoretical predictions given in
Ref. [12], for the observed deviation is 0.02%, correspond-
ing to 3.7 Gaussian standard deviations (!). If we consider
the 24 measurements as independent, the probability that at
least one varies from the expected value by 3:7! or more is
approximately 0.5%. A discrepancy of 2:5! is observed
integrating over the region 1:0< q2 < 6:0 GeV2=c4 (see
Table I), which is considered the most robust region for
theoretical predictions at large recoil. The discrepancy is
also observed in the observable S5. The value of S5 quan-
tifies the asymmetry between decays with a positive and
negative value of cos"K for j#j< $=2, averaged with the
opposite asymmetry of events with j#j> $=2 [2]. As a
cross check, this asymmetry was also determined from a
counting analysis. The result is consistent with the value
for S5 determined from the fit. It is worth noting that the
predictions for the first two q2 bins and for the region 1:0<
q2 < 6:0 GeV2=c4 are also calculated in Ref. [29], where
power corrections to the QCD factorization framework and

resonance contributions are considered. However, there is
not yet consensus in the literature about the best approach
to treat these power corrections. The technique used in
Ref. [25] leads to a larger theoretical uncertainty with
respect to Ref. [10].
In conclusion, we measure for the first time the angular

observables S4, S5, S7, S8, and the corresponding form-
factor-independent observables P0

4, P
0
5, P

0
6, and P0

8 in the
decay B0 ! K#0%þ%&. These measurements have been
performed in six q2 bins for each of the four observables.
Agreement with SM predictions [10] is observed for 23 of
the 24 measurements, while a local discrepancy of 3:7! is
observed in the interval 4:30< q2 < 8:68 GeV2=c4 for the
observable P0

5. Integrating over the region 1:0< q2 <
6:0 GeV2=c4, the observed discrepancy in P0

5 is 2:5!.
The observed discrepancy in the angular observable
P0
5 could be caused by a smaller value of the Wilson

coefficient C9 with respect to the SM, as has been sug-
gested to explain some other small inconsistencies between
the B0 ! K#0%þ%& data [6] and SM predictions [30].
Measurements with more data and further theoretical stud-
ies will be important to draw more definitive conclusions
about this discrepancy.
We express our gratitude to our colleagues in the

CERN accelerator departments for the excellent perform-
ance of the LHC. We thank the technical and adminis-
trative staff at the LHCb institutes. We acknowledge
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FIG. 1 (color online). Measured values of P0
4 and P0

5
(black points) compared with SM predictions from Ref. [10]
[gray (blue) bands]. The error bars indicate in each case the
68.3% confidence level.
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Figure 1.2.: Standard Model Feynman graphs (a,b,c) for the decay B ! K(⇤)`+`� featur-
ing penguin and box processes and (d) one non-SM scenario including charged
Higgs replacing the W boson loop.

not been performed at Belle so far. However, in the Belle dataset we expect a factor of 4 less 89

signal events compared to LHCb. In order to perform this measurement we need to reconstruct 90

B ! K(⇤)`+`� as e�ciently as possible. For this we choose a highly multivariate approach 91

for the reconstruction of our signal candidates. In this note we describe the signal selection 92

and background suppression and perform studies for the sensitivity of Belle. 93

1.1. Flavor Changing Neutral Currents 94

In the Standard Model, the neutral weak interaction mediated by the Z boson is not capable 95

to perform transition between quark flavors, such as b ! s or s ! d. These Flavor Changing 96

Neutral Currents (FCNC) are forbidden in the SM on tree-level and can only be achieved via 97

higher order penguin or box diagrams. By far the dominant decay mode of B mesons is the 98

b ! c transition and already b ! u is suppressed compared to this mode by [V
ub

/V
cb

]2 ⇠ 0.01. 99

The b ! s`+`� transition of B ! K(⇤)`+`� is highly suppressed in the SM due to the high 100

mass W and Z bosons in the loops. Three Feynman diagrams, displayed in fig. 1.2, contribute 101

in the lowest order to the decay amplitude: Two electroweak penguin diagrams exchanging 102

a photon or Z boson and a box diagram with a W boson loop. In these diagrams non-SM 103

particles can occur and enhance or suppress the amplitude of the decay. In fig. 1.2(d) a possible 104

contribution of a supersymmetric charged Higgs is shown. Not only the decay amplitude can 105

be changed by new physics operators but also the angular distributions of the decay products 106

due to short distance interactions. In the following angular analysis of the decay we study 107

these influences in detail. 108
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to be less than 0.07 at 68% confidence level. The maximum

value that the quantities AðiÞ
S can assume is a function of FS

and FL [12]. The S-wave contribution is neglected in the fit
to data, but its effect is evaluated and assigned as a system-
atic uncertainty using pseudoexperiments. A large number
of pseudoexperiments with FS ¼ 0:07 and with the inter-
ference terms set to their maximum allowed values are
generated. All other parameters, including the angular
observables, are set to their measured values in the data.
The pseudoexperiments are fitted ignoring S-wave and
interference contributions. The corresponding bias in the
measurement of the angular observables is assigned as a
systematic uncertainty.

The results of the angular fits to the data are presented in
Table I. The statistical uncertainties are determined using
the Feldman-Cousins method [28]. The systematic uncer-
tainty takes into account the limited knowledge of the
angular acceptance, uncertainties in the signal and back-
ground invariant mass models, the angular model for the
background, and the impact of a possible S-wave ampli-
tude. A more detailed discussion of the systematic uncer-
tainties can be found in Ref. [25]. Effects due to B0= !B0

production asymmetry have been considered and found
negligibly small. The comparison between the measure-
ments and the theoretical predictions from Ref. [10] are
shown in Fig. 1 for the observables P0

4 and P
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5. The observ-
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6 and P

0
8 (as well as S7 and S8) are suppressed by the

small size of the strong phase difference between the decay
amplitudes, and therefore are expected to be close
to 0 across the whole q2 region.

In general, the measurements agree with SM expecta-
tions [12], apart from a sizeable discrepancy in the interval
4:30< q2 < 8:68 GeV2=c4 for the observable P0

5. The
p-value, calculated using pseudoexperiments, with respect
to the upper bound of the theoretical predictions given in
Ref. [12], for the observed deviation is 0.02%, correspond-
ing to 3.7 Gaussian standard deviations (!). If we consider
the 24 measurements as independent, the probability that at
least one varies from the expected value by 3:7! or more is
approximately 0.5%. A discrepancy of 2:5! is observed
integrating over the region 1:0< q2 < 6:0 GeV2=c4 (see
Table I), which is considered the most robust region for
theoretical predictions at large recoil. The discrepancy is
also observed in the observable S5. The value of S5 quan-
tifies the asymmetry between decays with a positive and
negative value of cos"K for j#j< $=2, averaged with the
opposite asymmetry of events with j#j> $=2 [2]. As a
cross check, this asymmetry was also determined from a
counting analysis. The result is consistent with the value
for S5 determined from the fit. It is worth noting that the
predictions for the first two q2 bins and for the region 1:0<
q2 < 6:0 GeV2=c4 are also calculated in Ref. [29], where
power corrections to the QCD factorization framework and

resonance contributions are considered. However, there is
not yet consensus in the literature about the best approach
to treat these power corrections. The technique used in
Ref. [25] leads to a larger theoretical uncertainty with
respect to Ref. [10].
In conclusion, we measure for the first time the angular

observables S4, S5, S7, S8, and the corresponding form-
factor-independent observables P0

4, P
0
5, P

0
6, and P0

8 in the
decay B0 ! K#0%þ%&. These measurements have been
performed in six q2 bins for each of the four observables.
Agreement with SM predictions [10] is observed for 23 of
the 24 measurements, while a local discrepancy of 3:7! is
observed in the interval 4:30< q2 < 8:68 GeV2=c4 for the
observable P0

5. Integrating over the region 1:0< q2 <
6:0 GeV2=c4, the observed discrepancy in P0

5 is 2:5!.
The observed discrepancy in the angular observable
P0
5 could be caused by a smaller value of the Wilson

coefficient C9 with respect to the SM, as has been sug-
gested to explain some other small inconsistencies between
the B0 ! K#0%þ%& data [6] and SM predictions [30].
Measurements with more data and further theoretical stud-
ies will be important to draw more definitive conclusions
about this discrepancy.
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CERN accelerator departments for the excellent perform-
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FIG. 1 (color online). Measured values of P0
4 and P0

5
(black points) compared with SM predictions from Ref. [10]
[gray (blue) bands]. The error bars indicate in each case the
68.3% confidence level.
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B → K* l+l- : 	


→ b→s flavour-changing neutral current	


→ suppressed within the SM 

1. Motivation
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ū, c̄, ¯t

B0 K⇤0

(a)

s̄

dd

¯b

W�

�, Z0
`�

`+
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Figure 1.2.: Standard Model Feynman graphs (a,b,c) for the decay B ! K(⇤)`+`� featur-
ing penguin and box processes and (d) one non-SM scenario including charged
Higgs replacing the W boson loop.

not been performed at Belle so far. However, in the Belle dataset we expect a factor of 4 less 89

signal events compared to LHCb. In order to perform this measurement we need to reconstruct 90

B ! K(⇤)`+`� as e�ciently as possible. For this we choose a highly multivariate approach 91

for the reconstruction of our signal candidates. In this note we describe the signal selection 92

and background suppression and perform studies for the sensitivity of Belle. 93

1.1. Flavor Changing Neutral Currents 94

In the Standard Model, the neutral weak interaction mediated by the Z boson is not capable 95

to perform transition between quark flavors, such as b ! s or s ! d. These Flavor Changing 96

Neutral Currents (FCNC) are forbidden in the SM on tree-level and can only be achieved via 97

higher order penguin or box diagrams. By far the dominant decay mode of B mesons is the 98

b ! c transition and already b ! u is suppressed compared to this mode by [V
ub

/V
cb

]2 ⇠ 0.01. 99

The b ! s`+`� transition of B ! K(⇤)`+`� is highly suppressed in the SM due to the high 100

mass W and Z bosons in the loops. Three Feynman diagrams, displayed in fig. 1.2, contribute 101

in the lowest order to the decay amplitude: Two electroweak penguin diagrams exchanging 102

a photon or Z boson and a box diagram with a W boson loop. In these diagrams non-SM 103

particles can occur and enhance or suppress the amplitude of the decay. In fig. 1.2(d) a possible 104

contribution of a supersymmetric charged Higgs is shown. Not only the decay amplitude can 105

be changed by new physics operators but also the angular distributions of the decay products 106

due to short distance interactions. In the following angular analysis of the decay we study 107

these influences in detail. 108
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B!Xs`
+`�

For B!K⇤`+`� one considers a veritable zoo

of observables, for B!Xs`+`� not so many.

)
Xs orK⇤

Exclusive

Inclusive

q2 ⌘ M(`+`�)

terms AðiÞ
S of the S wave with the K#0 transversity ampli-

tudes as defined in Ref. [27]. In Ref. [8], FS was measured
to be less than 0.07 at 68% confidence level. The maximum

value that the quantities AðiÞ
S can assume is a function of FS

and FL [12]. The S-wave contribution is neglected in the fit
to data, but its effect is evaluated and assigned as a system-
atic uncertainty using pseudoexperiments. A large number
of pseudoexperiments with FS ¼ 0:07 and with the inter-
ference terms set to their maximum allowed values are
generated. All other parameters, including the angular
observables, are set to their measured values in the data.
The pseudoexperiments are fitted ignoring S-wave and
interference contributions. The corresponding bias in the
measurement of the angular observables is assigned as a
systematic uncertainty.

The results of the angular fits to the data are presented in
Table I. The statistical uncertainties are determined using
the Feldman-Cousins method [28]. The systematic uncer-
tainty takes into account the limited knowledge of the
angular acceptance, uncertainties in the signal and back-
ground invariant mass models, the angular model for the
background, and the impact of a possible S-wave ampli-
tude. A more detailed discussion of the systematic uncer-
tainties can be found in Ref. [25]. Effects due to B0= !B0

production asymmetry have been considered and found
negligibly small. The comparison between the measure-
ments and the theoretical predictions from Ref. [10] are
shown in Fig. 1 for the observables P0

4 and P
0
5. The observ-

ables P0
6 and P

0
8 (as well as S7 and S8) are suppressed by the

small size of the strong phase difference between the decay
amplitudes, and therefore are expected to be close
to 0 across the whole q2 region.

In general, the measurements agree with SM expecta-
tions [12], apart from a sizeable discrepancy in the interval
4:30< q2 < 8:68 GeV2=c4 for the observable P0

5. The
p-value, calculated using pseudoexperiments, with respect
to the upper bound of the theoretical predictions given in
Ref. [12], for the observed deviation is 0.02%, correspond-
ing to 3.7 Gaussian standard deviations (!). If we consider
the 24 measurements as independent, the probability that at
least one varies from the expected value by 3:7! or more is
approximately 0.5%. A discrepancy of 2:5! is observed
integrating over the region 1:0< q2 < 6:0 GeV2=c4 (see
Table I), which is considered the most robust region for
theoretical predictions at large recoil. The discrepancy is
also observed in the observable S5. The value of S5 quan-
tifies the asymmetry between decays with a positive and
negative value of cos"K for j#j< $=2, averaged with the
opposite asymmetry of events with j#j> $=2 [2]. As a
cross check, this asymmetry was also determined from a
counting analysis. The result is consistent with the value
for S5 determined from the fit. It is worth noting that the
predictions for the first two q2 bins and for the region 1:0<
q2 < 6:0 GeV2=c4 are also calculated in Ref. [29], where
power corrections to the QCD factorization framework and

resonance contributions are considered. However, there is
not yet consensus in the literature about the best approach
to treat these power corrections. The technique used in
Ref. [25] leads to a larger theoretical uncertainty with
respect to Ref. [10].
In conclusion, we measure for the first time the angular

observables S4, S5, S7, S8, and the corresponding form-
factor-independent observables P0

4, P
0
5, P

0
6, and P0

8 in the
decay B0 ! K#0%þ%&. These measurements have been
performed in six q2 bins for each of the four observables.
Agreement with SM predictions [10] is observed for 23 of
the 24 measurements, while a local discrepancy of 3:7! is
observed in the interval 4:30< q2 < 8:68 GeV2=c4 for the
observable P0

5. Integrating over the region 1:0< q2 <
6:0 GeV2=c4, the observed discrepancy in P0

5 is 2:5!.
The observed discrepancy in the angular observable
P0
5 could be caused by a smaller value of the Wilson

coefficient C9 with respect to the SM, as has been sug-
gested to explain some other small inconsistencies between
the B0 ! K#0%þ%& data [6] and SM predictions [30].
Measurements with more data and further theoretical stud-
ies will be important to draw more definitive conclusions
about this discrepancy.
We express our gratitude to our colleagues in the

CERN accelerator departments for the excellent perform-
ance of the LHC. We thank the technical and adminis-
trative staff at the LHCb institutes. We acknowledge
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FIG. 1 (color online). Measured values of P0
4 and P0

5
(black points) compared with SM predictions from Ref. [10]
[gray (blue) bands]. The error bars indicate in each case the
68.3% confidence level.
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1. Motivation

Figure 1.3.: Definition of the angles in the decay B0 ! K⇤`+`�,

1.2.2. Di↵erential decay rate 121

A description for the B ! K(⇤)`+`� di↵erential decay rate can be found here [6]. The full 122

di↵erential decay rate can be expressed by 123
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B → K* l+l- : 	


→ b→s flavour-changing neutral current	


→ suppressed within the SM 

1. Motivation
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Figure 1.2.: Standard Model Feynman graphs (a,b,c) for the decay B ! K(⇤)`+`� featur-
ing penguin and box processes and (d) one non-SM scenario including charged
Higgs replacing the W boson loop.

not been performed at Belle so far. However, in the Belle dataset we expect a factor of 4 less 89

signal events compared to LHCb. In order to perform this measurement we need to reconstruct 90

B ! K(⇤)`+`� as e�ciently as possible. For this we choose a highly multivariate approach 91

for the reconstruction of our signal candidates. In this note we describe the signal selection 92

and background suppression and perform studies for the sensitivity of Belle. 93

1.1. Flavor Changing Neutral Currents 94

In the Standard Model, the neutral weak interaction mediated by the Z boson is not capable 95

to perform transition between quark flavors, such as b ! s or s ! d. These Flavor Changing 96

Neutral Currents (FCNC) are forbidden in the SM on tree-level and can only be achieved via 97

higher order penguin or box diagrams. By far the dominant decay mode of B mesons is the 98

b ! c transition and already b ! u is suppressed compared to this mode by [V
ub

/V
cb

]2 ⇠ 0.01. 99

The b ! s`+`� transition of B ! K(⇤)`+`� is highly suppressed in the SM due to the high 100

mass W and Z bosons in the loops. Three Feynman diagrams, displayed in fig. 1.2, contribute 101

in the lowest order to the decay amplitude: Two electroweak penguin diagrams exchanging 102

a photon or Z boson and a box diagram with a W boson loop. In these diagrams non-SM 103

particles can occur and enhance or suppress the amplitude of the decay. In fig. 1.2(d) a possible 104

contribution of a supersymmetric charged Higgs is shown. Not only the decay amplitude can 105

be changed by new physics operators but also the angular distributions of the decay products 106

due to short distance interactions. In the following angular analysis of the decay we study 107

these influences in detail. 108
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B!Xs`
+`�

For B!K⇤`+`� one considers a veritable zoo

of observables, for B!Xs`+`� not so many.

)
Xs orK⇤

Exclusive

Inclusive

q2 ⌘ M(`+`�)

terms AðiÞ
S of the S wave with the K#0 transversity ampli-

tudes as defined in Ref. [27]. In Ref. [8], FS was measured
to be less than 0.07 at 68% confidence level. The maximum

value that the quantities AðiÞ
S can assume is a function of FS

and FL [12]. The S-wave contribution is neglected in the fit
to data, but its effect is evaluated and assigned as a system-
atic uncertainty using pseudoexperiments. A large number
of pseudoexperiments with FS ¼ 0:07 and with the inter-
ference terms set to their maximum allowed values are
generated. All other parameters, including the angular
observables, are set to their measured values in the data.
The pseudoexperiments are fitted ignoring S-wave and
interference contributions. The corresponding bias in the
measurement of the angular observables is assigned as a
systematic uncertainty.

The results of the angular fits to the data are presented in
Table I. The statistical uncertainties are determined using
the Feldman-Cousins method [28]. The systematic uncer-
tainty takes into account the limited knowledge of the
angular acceptance, uncertainties in the signal and back-
ground invariant mass models, the angular model for the
background, and the impact of a possible S-wave ampli-
tude. A more detailed discussion of the systematic uncer-
tainties can be found in Ref. [25]. Effects due to B0= !B0

production asymmetry have been considered and found
negligibly small. The comparison between the measure-
ments and the theoretical predictions from Ref. [10] are
shown in Fig. 1 for the observables P0

4 and P
0
5. The observ-

ables P0
6 and P

0
8 (as well as S7 and S8) are suppressed by the

small size of the strong phase difference between the decay
amplitudes, and therefore are expected to be close
to 0 across the whole q2 region.

In general, the measurements agree with SM expecta-
tions [12], apart from a sizeable discrepancy in the interval
4:30< q2 < 8:68 GeV2=c4 for the observable P0

5. The
p-value, calculated using pseudoexperiments, with respect
to the upper bound of the theoretical predictions given in
Ref. [12], for the observed deviation is 0.02%, correspond-
ing to 3.7 Gaussian standard deviations (!). If we consider
the 24 measurements as independent, the probability that at
least one varies from the expected value by 3:7! or more is
approximately 0.5%. A discrepancy of 2:5! is observed
integrating over the region 1:0< q2 < 6:0 GeV2=c4 (see
Table I), which is considered the most robust region for
theoretical predictions at large recoil. The discrepancy is
also observed in the observable S5. The value of S5 quan-
tifies the asymmetry between decays with a positive and
negative value of cos"K for j#j< $=2, averaged with the
opposite asymmetry of events with j#j> $=2 [2]. As a
cross check, this asymmetry was also determined from a
counting analysis. The result is consistent with the value
for S5 determined from the fit. It is worth noting that the
predictions for the first two q2 bins and for the region 1:0<
q2 < 6:0 GeV2=c4 are also calculated in Ref. [29], where
power corrections to the QCD factorization framework and

resonance contributions are considered. However, there is
not yet consensus in the literature about the best approach
to treat these power corrections. The technique used in
Ref. [25] leads to a larger theoretical uncertainty with
respect to Ref. [10].
In conclusion, we measure for the first time the angular

observables S4, S5, S7, S8, and the corresponding form-
factor-independent observables P0

4, P
0
5, P

0
6, and P0

8 in the
decay B0 ! K#0%þ%&. These measurements have been
performed in six q2 bins for each of the four observables.
Agreement with SM predictions [10] is observed for 23 of
the 24 measurements, while a local discrepancy of 3:7! is
observed in the interval 4:30< q2 < 8:68 GeV2=c4 for the
observable P0

5. Integrating over the region 1:0< q2 <
6:0 GeV2=c4, the observed discrepancy in P0

5 is 2:5!.
The observed discrepancy in the angular observable
P0
5 could be caused by a smaller value of the Wilson

coefficient C9 with respect to the SM, as has been sug-
gested to explain some other small inconsistencies between
the B0 ! K#0%þ%& data [6] and SM predictions [30].
Measurements with more data and further theoretical stud-
ies will be important to draw more definitive conclusions
about this discrepancy.
We express our gratitude to our colleagues in the

CERN accelerator departments for the excellent perform-
ance of the LHC. We thank the technical and adminis-
trative staff at the LHCb institutes. We acknowledge
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FIG. 1 (color online). Measured values of P0
4 and P0

5
(black points) compared with SM predictions from Ref. [10]
[gray (blue) bands]. The error bars indicate in each case the
68.3% confidence level.
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Figure 1.3.: Definition of the angles in the decay B0 ! K⇤`+`�,

1.2.2. Di↵erential decay rate 121

A description for the B ! K(⇤)`+`� di↵erential decay rate can be found here [6]. The full 122

di↵erential decay rate can be expressed by 123
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> LHCb: hints for RK anomaly	


▪ standard model: RK = 1	


▪ discrepancy: ~ 2.6σ	


▪ possible interpretation: Z´coupling causes violation of lepton universality

1. Motivation and Analysis Overview 35

In this note we describe the search for B+ ! K

+
⌧

+
⌧

�at Belle. This decay proceeds via the 36

flavor changing neutral current b ! s`

+
`

� , which has shown interesting tensions with theo- 37

retical predictions in di↵erent measurements recently. In the Standard Model flavor changing 38

neutral currents are forbidden on tree level. Quantum loops, however, allow for the reaction 39

through penguin or box diagrams in which new physics could interfere with particles. The- 40

oretical prediction for the branching ratio of B ! K

(⇤)
`

+
`

� are in the order of O(10�7), 41

which corresponds to a few hundred events within the Belle dataset. Many new physics mod- 42

els have implications for b ! s`` decays and can be examined in experiment. The transition 43

b ! s`` was observed in inclusive and exclusive B ! K

(⇤)
`

+
`

� decays, where ` = e or µ. For 44

B

+ ! K

+
⌧

+
⌧

�an upper limit of 3.3⇥ 10�3 was found by BaBar [9] at 90% C.L. 45

Two discoveries in this decay were made, which make further analysis particularly promising; 46

the P

0
5 and R

K

anomaly, discovered by the LHCb collaboration: 47

In 2013 the LHCb collaboration published a measurement of form-factor independent observ- 48

ables in the decay B

0 ! K

⇤
µ

+
µ

� [1]. In the analysis four observables are measured in six 49

bins of the dimuon invariant mass squared, q2. In most of the measurements an agreement 50

with the standard model was found. A local discrepancy was found in one q

2 bin for one ob- 51

servable, corresponding to 3.7 Gaussian standard deviations. Considering all 24 measurements 52

as independent, the probability to observe this discrepancy, or larger, in one measurement, is 53

0.5%. The results for two of the observables are shown in fig. 1.1. 54

The so called R

K

anomaly was also found by LHCb [2] in the ratio between the electron and 55

muon branching fraction 56

R

K

⌘ B(B+ ! K

+
µµ)

B(B+ ! K

+
ee)

= 0.745+0.090
�0.074(stat)± 0.036(syst), (1.1)

which is supposed to be R

SM

K

= 1 in the Standard Model. The observed deviation correspond 57

to 2.6�. 58

The decay of b ! sll involving ⌧ leptons, in particular B+ ! K

+
⌧

+
⌧

�, may deliver important 59

hints for solving the puzzle and may provide evidence for the existence of new physics in the 60

flavor sector. In some theoretical scenarios the ⌧ modes of B ! K

(⇤)
`

+
`

� are preferred for 61

finding new physics, as new particles could be coupling to the mass of the heavy ⌧ , and thus 62

enhance the sensitivity by a factor of |m
⌧

/m

µ

|2 ' 286. 63

1
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> LHCb: hints for RK anomaly	


▪ standard model: RK = 1	


▪ discrepancy: ~ 2.6σ	


▪ possible interpretation: Z´coupling causes violation of lepton universality

1. Motivation and Analysis Overview 35

In this note we describe the search for B+ ! K

+
⌧

+
⌧

�at Belle. This decay proceeds via the 36

flavor changing neutral current b ! s`

+
`

� , which has shown interesting tensions with theo- 37

retical predictions in di↵erent measurements recently. In the Standard Model flavor changing 38

neutral currents are forbidden on tree level. Quantum loops, however, allow for the reaction 39

through penguin or box diagrams in which new physics could interfere with particles. The- 40

oretical prediction for the branching ratio of B ! K

(⇤)
`

+
`

� are in the order of O(10�7), 41

which corresponds to a few hundred events within the Belle dataset. Many new physics mod- 42

els have implications for b ! s`` decays and can be examined in experiment. The transition 43

b ! s`` was observed in inclusive and exclusive B ! K

(⇤)
`

+
`

� decays, where ` = e or µ. For 44

B

+ ! K

+
⌧

+
⌧

�an upper limit of 3.3⇥ 10�3 was found by BaBar [9] at 90% C.L. 45

Two discoveries in this decay were made, which make further analysis particularly promising; 46

the P

0
5 and R

K

anomaly, discovered by the LHCb collaboration: 47

In 2013 the LHCb collaboration published a measurement of form-factor independent observ- 48

ables in the decay B

0 ! K

⇤
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+
µ

� [1]. In the analysis four observables are measured in six 49

bins of the dimuon invariant mass squared, q2. In most of the measurements an agreement 50

with the standard model was found. A local discrepancy was found in one q

2 bin for one ob- 51

servable, corresponding to 3.7 Gaussian standard deviations. Considering all 24 measurements 52

as independent, the probability to observe this discrepancy, or larger, in one measurement, is 53

0.5%. The results for two of the observables are shown in fig. 1.1. 54

The so called R

K

anomaly was also found by LHCb [2] in the ratio between the electron and 55

muon branching fraction 56

R

K

⌘ B(B+ ! K

+
µµ)

B(B+ ! K

+
ee)

= 0.745+0.090
�0.074(stat)± 0.036(syst), (1.1)

which is supposed to be R
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K
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to 2.6�. 58
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> Belle: B →Kτ+τ− 	



▪ SM expectation BR ~1.5x10-7
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> Belle: B →Kτ+τ− 	



▪ SM expectation BR ~1.5x10-7

Expected Belle sensitivity based on MC data	


> upper limit of ~ 4 × 10−4 at 95% C.L.	


> box opening in the next weeks

3.3. Limit Optimization

Figure 3.2.: Calculation of the lowest upper limit on B(B+ ! K

+
⌧

+
⌧

�)UL at 95% C.L.
in dependence on the cut c

E

on E

ECL

and c

BDT

on the output of the BDT.

Figure 3.3.: Observed and expected limits for di↵erent numbers of observed events, calcu-
lated with Bayesian methods at 95% C.L.

13 Draft from October 5, 2015

> BaBar: B →Kτ+τ− (preliminary)	


▪ upper limit of 3.3 × 10−3 at 90% C.L.

SLAC-PUB-15513 (2010) 

l = e, μ
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B → K(*) νν : 	


→ b→s flavour-changing neutral current	


→ suppressed within the SM 	


→ golden mode of Belle II because theoretically very clean:	


     free of uncertain long-distant hadronic effects	



Analysis of B→ K(∗)
νν̄

b s

Z

ν

ν
W− W+

ℓ

ν ν

u, c, t u, c, t

b s

W−

• Theoretical predictions for flavour-changing neutral-current
decays B→ K(∗)

νν̄ are free of uncertain long-distant hadronic
effects.

• Can be measured only at e+e− collider, experimentally
challenging.

• Existing limits from BABAR and Belle leave room for new
physics.

• SM expectation for exclusive B(B→ K
∗
νν̄) = 6.8+1.0

−1.1 × 10−6

(JHEP 0904:022,2009) can be probed at 3σ level using full
Belle-2 data sample.

diagram from Phys. Rev. D 87, 112005 (2013)
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JHEP 1502, 184 (2015)

SM predictions

updated SM predictions

BR(B+ ! K+⌫⌫̄)SM =

(3.98± 0.43± 0.19)⇥ 10�6

< 1.7⇥ 10�5 (BaBar)

BR(B0 ! K⇤0⌫⌫̄)SM =

(9.19± 0.86± 0.50)⇥ 10�6

< 5.5⇥ 10�5 (Belle)

F SM
L =

0.47± 0.03

We still need a factor of ⇠ 5 in experimental precision!

Christoph Nieho↵ (EXC Universe, TUM) B ! K (⇤)⌫⌫̄ decays in the SM and beyond Karlsruhe, February 23, 2015 7 / 27
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Belle II Analysis: Lepton Flavour Violation in τ Decays

Figure 1: Relation between the LHC process pp(gg) ! h ! ⌧µ (left figure) and the semileptonic decay

⌧ ! µ⇡⇡ (right figure): the e↵ective Higgs coupling to gluons enters in both processes.

works [9, 12, 14, 29]. Such treatment of the hadronic matrix elements is not adequate to deal

with ⌧ decays, for which the ⇡⇡ invariant mass can be as large as m⌧ �m`. It was pointed out

recently in Ref. [30], within the context of R-parity violating supersymmetry, that by using a

more appropriate description of the hadronic matrix elements of the scalar and vector currents,

the bounds obtained on the R-parity-violating couplings improve considerably.

1.2 Overview of results

In this work we provide for the first time a complete description of the ⌧ ! `⇡⇡ mode in the

presence of a Higgs boson with LFV couplings. A detailed discussion of the hadronic matrix

elements involved is given. When relevant we also compare the form factors we obtain with those

of previous work. With these tools in hand, we extract from ⌧ ! `⇡⇡ robust model-independent

bounds on LFV couplings of the Higgs. The LFV decays ⌧ ! `P and the relevant hadronic

matrix elements in this case are also discussed, leading to bounds on LFV couplings of a CP-odd

neutral scalar.

In the context of an extended Higgs sector, we also point out the importance of performing

searches for additional Higgs bosons in the LFV decay modes ⌧ � µ and ⌧ � e at the LHC.

Present data constrain the h(125) coupling to vector bosons to be very close to the SM value

ghV V ' gSMhV V [1–3]. In general two-Higgs-doublet models, any possible LFV coupling of the

125 GeV Higgs boson at the end turns out to be suppressed by an accompanying small or

vanishing mixing factor
�

1� (ghV V /g
SM
hV V )

2
�1/2

. Additional Higgs bosons which would play a

minor role in the restoration of perturbative unitarity on the other hand, do not receive this

suppression of their LFV couplings. The search for LFV decays associated to the scalar sector

should therefore not be restricted to the 125 GeV boson.

Our paper is organized as follows: In Sect. 2 we describe our framework. In Sect. 3 we

provide a detailed discussion of the hadronic form factors relevant for the description of ⌧ ! µ⇡⇡

decays. In Sect. 4 we describe the framework used in this work to motivate the discussion of

possible LFV e↵ects due to both CP-even and CP-odd Higgs bosons. We then consider the

semileptonic LFV decay ⌧ ! µ⇡⇡ (⇡⇡ = ⇡+⇡�,⇡0⇡0) mediated by a CP-even Higgs boson,

we discuss the relevance of this process in connection to other LFV transitions accessible at

4

 low energy

21

 high energy
 h→τμ τ→μππ

Ami Rostomyan

CMS: a search for a LFV decay of a Higgs boson with MH = 125 GeV
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12 9 Summary

where S and B are respectively the signal and background yields corresponding to the result of
the global fit. The values for S and B are obtained in the 100 < Mcol < 150 GeV region.

Table 7: The expected upper limits, observed upper limits and best fit values for the branch-
ing fractions for different jet categories for the H ! µt process. The one standard-deviation
probability intervals around the expected limit are shown in parentheses.

Expected Limits
0-Jet 1-Jet 2-Jets
(%) (%) (%)

µte <1.32 (±0.67) <1.66 (±0.85) <3.77 (±1.92)
µth <2.34 (±1.19) <2.07 (±1.06) <2.31 (±1.18)
µt <0.75 (±0.38 )

Observed Limits
µte <2.04 <2.38 <3.84
µth <2.61 <2.22 <3.68
µt <1.51

Best Fit Branching Fractions
µte 0.87+0.66

�0.62 0.81+0.85
�0.78 0.05+1.58

�0.97

µth 0.41+1.20
�1.22 0.21+1.03

�1.09 1.48+1.16
�0.93

µt 0.84+0.39
�0.37

8 Limits on lepton-flavour-violating couplings
The constraint on B(H ! µt) can be interpreted in terms of LFV Yukawa couplings [4]. The
LFV decays H ! eµ, et, µt arise at tree level from the assumed flavour-violating Yukawa
interactions, Y`a`b where `a, `b denote the leptons, `a, `b = e, µ, t and `a 6= `b. The decay width
G(H ! `a`b) in terms of the Yukawa couplings is given by:

G(H ! `a`b) =
mH

8p

�|Y`b`a |2 + |Y`a`b |2�,

and the branching fraction by:

B(H ! `a`b) =
G(H ! `a`b)

G(H ! `a`b) + GSM
.

The SM H decay width is assumed to be GSM = 4.1 MeV [61] for MH = 125 GeV. The 95% CL
constraint on the Yukawa couplings derived from B(H ! µt) < 1.51% and the expression for
the branching fraction above is:

q
|Yµt|2 + |Ytµ|2 < 3.6 ⇥ 10�3.

Figure 6 compares this result to the constraints from previous indirect measurements.
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on the full 8 TeV data set collected by CMS in 2012 is presented. It improves upon previously
published indirect limits [4, 23] by an order of magnitude. A slight excess of events with a
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Figure 4: Left: 95% CL Upper limits by category for the LFV H ! µt decays. Right: best fit
branching fractions by category.
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Figure 1: Relation between the LHC process pp(gg) ! h ! ⌧µ (left figure) and the semileptonic decay

⌧ ! µ⇡⇡ (right figure): the e↵ective Higgs coupling to gluons enters in both processes.

works [9, 12, 14, 29]. Such treatment of the hadronic matrix elements is not adequate to deal

with ⌧ decays, for which the ⇡⇡ invariant mass can be as large as m⌧ �m`. It was pointed out

recently in Ref. [30], within the context of R-parity violating supersymmetry, that by using a

more appropriate description of the hadronic matrix elements of the scalar and vector currents,

the bounds obtained on the R-parity-violating couplings improve considerably.

1.2 Overview of results

In this work we provide for the first time a complete description of the ⌧ ! `⇡⇡ mode in the

presence of a Higgs boson with LFV couplings. A detailed discussion of the hadronic matrix

elements involved is given. When relevant we also compare the form factors we obtain with those

of previous work. With these tools in hand, we extract from ⌧ ! `⇡⇡ robust model-independent

bounds on LFV couplings of the Higgs. The LFV decays ⌧ ! `P and the relevant hadronic

matrix elements in this case are also discussed, leading to bounds on LFV couplings of a CP-odd

neutral scalar.

In the context of an extended Higgs sector, we also point out the importance of performing

searches for additional Higgs bosons in the LFV decay modes ⌧ � µ and ⌧ � e at the LHC.

Present data constrain the h(125) coupling to vector bosons to be very close to the SM value

ghV V ' gSMhV V [1–3]. In general two-Higgs-doublet models, any possible LFV coupling of the

125 GeV Higgs boson at the end turns out to be suppressed by an accompanying small or

vanishing mixing factor
�

1� (ghV V /g
SM
hV V )

2
�1/2

. Additional Higgs bosons which would play a

minor role in the restoration of perturbative unitarity on the other hand, do not receive this

suppression of their LFV couplings. The search for LFV decays associated to the scalar sector

should therefore not be restricted to the 125 GeV boson.

Our paper is organized as follows: In Sect. 2 we describe our framework. In Sect. 3 we

provide a detailed discussion of the hadronic form factors relevant for the description of ⌧ ! µ⇡⇡

decays. In Sect. 4 we describe the framework used in this work to motivate the discussion of

possible LFV e↵ects due to both CP-even and CP-odd Higgs bosons. We then consider the

semileptonic LFV decay ⌧ ! µ⇡⇡ (⇡⇡ = ⇡+⇡�,⇡0⇡0) mediated by a CP-even Higgs boson,

we discuss the relevance of this process in connection to other LFV transitions accessible at

4
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> less influential high energy dynamics	


> model-independent connection with the search for LFV Higgs decays at the LHC
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where S and B are respectively the signal and background yields corresponding to the result of
the global fit. The values for S and B are obtained in the 100 < Mcol < 150 GeV region.

Table 7: The expected upper limits, observed upper limits and best fit values for the branch-
ing fractions for different jet categories for the H ! µt process. The one standard-deviation
probability intervals around the expected limit are shown in parentheses.

Expected Limits
0-Jet 1-Jet 2-Jets
(%) (%) (%)

µte <1.32 (±0.67) <1.66 (±0.85) <3.77 (±1.92)
µth <2.34 (±1.19) <2.07 (±1.06) <2.31 (±1.18)
µt <0.75 (±0.38 )

Observed Limits
µte <2.04 <2.38 <3.84
µth <2.61 <2.22 <3.68
µt <1.51

Best Fit Branching Fractions
µte 0.87+0.66

�0.62 0.81+0.85
�0.78 0.05+1.58

�0.97

µth 0.41+1.20
�1.22 0.21+1.03

�1.09 1.48+1.16
�0.93

µt 0.84+0.39
�0.37

8 Limits on lepton-flavour-violating couplings
The constraint on B(H ! µt) can be interpreted in terms of LFV Yukawa couplings [4]. The
LFV decays H ! eµ, et, µt arise at tree level from the assumed flavour-violating Yukawa
interactions, Y`a`b where `a, `b denote the leptons, `a, `b = e, µ, t and `a 6= `b. The decay width
G(H ! `a`b) in terms of the Yukawa couplings is given by:

G(H ! `a`b) =
mH

8p

�|Y`b`a |2 + |Y`a`b |2�,

and the branching fraction by:

B(H ! `a`b) =
G(H ! `a`b)

G(H ! `a`b) + GSM
.

The SM H decay width is assumed to be GSM = 4.1 MeV [61] for MH = 125 GeV. The 95% CL
constraint on the Yukawa couplings derived from B(H ! µt) < 1.51% and the expression for
the branching fraction above is:

q
|Yµt|2 + |Ytµ|2 < 3.6 ⇥ 10�3.

Figure 6 compares this result to the constraints from previous indirect measurements.
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published indirect limits [4, 23] by an order of magnitude. A slight excess of events with a
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Figure 4: Left: 95% CL Upper limits by category for the LFV H ! µt decays. Right: best fit
branching fractions by category.
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Figure 5: Left: Distribution of Mcol for all categories combined, with each category weighted
by significance (S/(S + B)). The significance is computed for the integral of the bins in the
range 100 < Mcol < 150 GeV using B(H ! µt) = 0.84%. The MC Higgs signal shown
is for B(H ! µt) = 0.84%. The bottom panel shows the fractional difference between the
observed data and the fitted background. Right: background subtracted Mcol distribution for
all categories combined.

Higgs mediated prediction: 	


> consistent by 1 order of magnitude

> the same effective coupling of the Higgs to gluons	


> different energy scales 
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Figure 1: Relation between the LHC process pp(gg) ! h ! ⌧µ (left figure) and the semileptonic decay

⌧ ! µ⇡⇡ (right figure): the e↵ective Higgs coupling to gluons enters in both processes.

works [9, 12, 14, 29]. Such treatment of the hadronic matrix elements is not adequate to deal

with ⌧ decays, for which the ⇡⇡ invariant mass can be as large as m⌧ �m`. It was pointed out

recently in Ref. [30], within the context of R-parity violating supersymmetry, that by using a

more appropriate description of the hadronic matrix elements of the scalar and vector currents,

the bounds obtained on the R-parity-violating couplings improve considerably.

1.2 Overview of results

In this work we provide for the first time a complete description of the ⌧ ! `⇡⇡ mode in the

presence of a Higgs boson with LFV couplings. A detailed discussion of the hadronic matrix

elements involved is given. When relevant we also compare the form factors we obtain with those

of previous work. With these tools in hand, we extract from ⌧ ! `⇡⇡ robust model-independent

bounds on LFV couplings of the Higgs. The LFV decays ⌧ ! `P and the relevant hadronic

matrix elements in this case are also discussed, leading to bounds on LFV couplings of a CP-odd
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In the context of an extended Higgs sector, we also point out the importance of performing

searches for additional Higgs bosons in the LFV decay modes ⌧ � µ and ⌧ � e at the LHC.

Present data constrain the h(125) coupling to vector bosons to be very close to the SM value
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125 GeV Higgs boson at the end turns out to be suppressed by an accompanying small or
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. Additional Higgs bosons which would play a

minor role in the restoration of perturbative unitarity on the other hand, do not receive this

suppression of their LFV couplings. The search for LFV decays associated to the scalar sector

should therefore not be restricted to the 125 GeV boson.

Our paper is organized as follows: In Sect. 2 we describe our framework. In Sect. 3 we

provide a detailed discussion of the hadronic form factors relevant for the description of ⌧ ! µ⇡⇡

decays. In Sect. 4 we describe the framework used in this work to motivate the discussion of

possible LFV e↵ects due to both CP-even and CP-odd Higgs bosons. We then consider the

semileptonic LFV decay ⌧ ! µ⇡⇡ (⇡⇡ = ⇡+⇡�,⇡0⇡0) mediated by a CP-even Higgs boson,
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where S and B are respectively the signal and background yields corresponding to the result of
the global fit. The values for S and B are obtained in the 100 < Mcol < 150 GeV region.

Table 7: The expected upper limits, observed upper limits and best fit values for the branch-
ing fractions for different jet categories for the H ! µt process. The one standard-deviation
probability intervals around the expected limit are shown in parentheses.

Expected Limits
0-Jet 1-Jet 2-Jets
(%) (%) (%)

µte <1.32 (±0.67) <1.66 (±0.85) <3.77 (±1.92)
µth <2.34 (±1.19) <2.07 (±1.06) <2.31 (±1.18)
µt <0.75 (±0.38 )

Observed Limits
µte <2.04 <2.38 <3.84
µth <2.61 <2.22 <3.68
µt <1.51

Best Fit Branching Fractions
µte 0.87+0.66

�0.62 0.81+0.85
�0.78 0.05+1.58

�0.97

µth 0.41+1.20
�1.22 0.21+1.03

�1.09 1.48+1.16
�0.93

µt 0.84+0.39
�0.37

8 Limits on lepton-flavour-violating couplings
The constraint on B(H ! µt) can be interpreted in terms of LFV Yukawa couplings [4]. The
LFV decays H ! eµ, et, µt arise at tree level from the assumed flavour-violating Yukawa
interactions, Y`a`b where `a, `b denote the leptons, `a, `b = e, µ, t and `a 6= `b. The decay width
G(H ! `a`b) in terms of the Yukawa couplings is given by:

G(H ! `a`b) =
mH

8p

�|Y`b`a |2 + |Y`a`b |2�,

and the branching fraction by:

B(H ! `a`b) =
G(H ! `a`b)

G(H ! `a`b) + GSM
.

The SM H decay width is assumed to be GSM = 4.1 MeV [61] for MH = 125 GeV. The 95% CL
constraint on the Yukawa couplings derived from B(H ! µt) < 1.51% and the expression for
the branching fraction above is:

q
|Yµt|2 + |Ytµ|2 < 3.6 ⇥ 10�3.

Figure 6 compares this result to the constraints from previous indirect measurements.
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Figure 4: Left: 95% CL Upper limits by category for the LFV H ! µt decays. Right: best fit
branching fractions by category.
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Figure 5: Left: Distribution of Mcol for all categories combined, with each category weighted
by significance (S/(S + B)). The significance is computed for the integral of the bins in the
range 100 < Mcol < 150 GeV using B(H ! µt) = 0.84%. The MC Higgs signal shown
is for B(H ! µt) = 0.84%. The bottom panel shows the fractional difference between the
observed data and the fitted background. Right: background subtracted Mcol distribution for
all categories combined.

Higgs mediated prediction: 	


> consistent by 1 order of magnitude

> the same effective coupling of the Higgs to gluons	


> different energy scales 

τ→lhh   l = e, μ 	


  h = π, K

upper limits for LFV τ decays:	


Belle: 10-8 with 90% C.L. 	


Belle II  sensitivity: currently under a study

CMS
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DARK
SECTOR

B→ invisible Y (1S )→ invisible

Longlived

A '

B→invisible+γ Y (1S )→invisible+γ

Y (3 S)→invisible+γ

Y(1S) invisible decays: signal and background Y(1S) invisible decays: signal and background Y(1S) invisible decays: signal and background Y(1S) invisible decays: signal and background DARK SECTOR SEARCHES AT THE BELLE 2 EXPERIMENTDARK SECTOR SEARCHES AT THE BELLE 2 EXPERIMENT
 MUJ 2015 / Annual Meeting Matter and Universe           Forschungszentrum Jülich, Germany                Gianluca Inguglia (DESY)

Prompt A ' Dark Higgs

➔ Many decay topologies are available at (Super) flavour factories to constrain and 
eventually discover dark sector particles. 

➔ A task force aimed at the study of dark sector, giving particular relevance to final states 
with missing energy need to be created.

➔ It is a high risk project, but it would allow one to fully exploit the Belle 2 experiment 
potentials in terms of the complementarity wrt other projects (i.e. LHCb). Potential 
discoveries will have a strong impact on future research.
➔ In the hypothesis of null outcome in terms of new physics one could however be 

able to observe and measure the rare decay Y(1S)→νν which would provide 
additional insights about the flavour structure of the standard model: win-win project.
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This search is a part of more general search for long lived gauge bosons currently 
performed with Belle data. For this more general analysis we are studying the 
decays:

With Belle 2 data (Bellex40) and improved detector/trigger/software performance 
one would expect a much higher discovery potential (i.e.  ε<10-5).

Long lived A' or gauge boson search @ BELLE: expected limits Long lived A' or gauge boson search @ BELLE: expected limits 
 MUJ 2015 / Annual Meeting Matter and Universe           Forschungszentrum Jülich, Germany                Gianluca Inguglia (DESY)

A ' /L→e
+
e

-
,μ+μ-

,π+ π-

L→e
+μ-

, e
-μ+

,K
+
K

-

M A' /L=0.1−10GeV /c2

Belle II: ε<10-5

Ongoing analysis on Belle data
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Most dark sector models require an additional U(1) symmetry responsible for the 
“interactions” between dark sector particles and SM particles through its gauge boson A' .

P. Fayet, Phys. Lett. B 95, 285 (1980),
P. Fayet Nucl. Phys. B 187, 184 (1981).
B. Holdom, Phys. Lett. B 166, 196 (1986)

Kinetic mixing strength 

A massive force mediator of the extra U(1) symmetry requires the U(1) symmetry 
to be broken: extended Higgs sector 
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Dark photon 
invisible decays
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Towards First Physics: Dark Photon.

>Dark Photon motivated by dark matter, g-2 anomaly...

>Minimal dark matter model: Dark matter particle N 

and a new scalar or gauge boson A'  as s-channel 

annihilation mediator (m
A'
 > 2m

N
)

>Additional U(1)' symmetry ? “Kinetic Mixing” of 

massive dark photon A' with the SM photon

Holdom, Phys. Lett B166, 1986

Eγ=
s−M A'
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χ

χ
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Belle II Analysis: Possible Extensions 
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eventually discover dark sector particles. 

➔ A task force aimed at the study of dark sector, giving particular relevance to final states 
with missing energy need to be created.

➔ It is a high risk project, but it would allow one to fully exploit the Belle 2 experiment 
potentials in terms of the complementarity wrt other projects (i.e. LHCb). Potential 
discoveries will have a strong impact on future research.
➔ In the hypothesis of null outcome in terms of new physics one could however be 

able to observe and measure the rare decay Y(1S)→νν which would provide 
additional insights about the flavour structure of the standard model: win-win project.
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Outlook
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DESY	


> Prominent hardware contributions	


> Important software contributions	


> Strong computing contribution	


▪ usage of the NAF2.0 	


▪ GRID resources for MC simulation	



> Belle analyses 	


▪ approach publication stage	


▪ in the internal reviews	



> Belle II analysis	


▪ preparation for searches for New 

Physics complementary to LHC 
experiments

15/26Torben Ferber (DESY)

Belle Analysis

3/26Torben Ferber (DESY)

Belle II Hardware

10/28

Schedule.

2015 2016 2017 2018

TOP

CDC

ARICH

Endcaps

Global cosmics run

Final focus magnets
PXD+SVD

Phase 1 Phase 2 Phase 3

Belle II roll-in
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Back up
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Belle II and LHCb Luminosity Projections
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Belle

SuperKEKB luminosity projection


Goal of Be!e II/SuperKEKB"

9 months/year

20 days/month


Commissioning starts

in early 2016.


Shutdown

for upgrade
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Luminosity profile and LHCb 

8/12/15& C.&Cecchi& 17&

Golden modes are different for the two 
experiments and also cross sections!!! 

50 ab-1 in 2023-2024 
O (1011) Tau sample 
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Belle II Software: Estimation of the Synchrotron Radiation

27

PXD occupancy (HER) normalised to Phase3 beam current

Maximum occupancy for Phase3

Choices of beam pipe thickness: 	


> thinner gold plate → better vertex resolution	


> thicker gold plate → better absorption of synchrotron radiation	


▪ for Phase 2 →  6.6μm	


▪ for Phase 3 → will be decided this week

Still acceptable occupancy values for PXD 
even for 5μm of gold plating.

Synchrotron background simulation for phase 2 
and 3 (PXD and SVD installed) for different 
thickness of gold plating
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Impact of Belle II on flavour physics

FIG. 5: LFV UL (90% C.L.) results from CLEO, BaBar and Belle, and extrapolations for
Belle II (50 ab�1) and LHCb updgrade (50 fb�1).
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VI. LFV ⌧ DECAYS

Lepton Flavor Violation (LFV) is highly suppressed in the SM, LFV ⌧ decays are then
clean and ambiguous probes for NP e↵ects. Belle II can experimentally access ⌧ LFV decay
rates over 100 times smaller than Belle for the cleanest channels (as ⌧ ! 3l) and over 10 times
smaller for other modes, such as ⌧ ! `� that have irreducible background contributions.
The 90% U.L. for the ⌧ ! µµµ mode is estimated to be 4.5 ⇥ 10�9 and 9.1 ⇥ 10�10 for a
data sample of 5 ab�1 and 50 ab�1, respectively.

The U.L. obtained for ⌧ ! µ� is 1.0⇥ 10�9 for 50 ab�1.
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