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‣ SuperKEKB and the Belle II experiment 

‣ Commissioning run and results with early data. 

‣ Prospects, focusing on Tau physics. 

‣ See also: 

‣ Quarkonium Prospects → Vladimir Savinov 

‣ (Semi)leptonic results with early data → Lu Cao 

‣ Summary and Outlook
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Outline



FIG. 2: Schematic view of Belle-II beam crossing at the interaction region. The spread of the

z vertex distribution can be estimated as �z =

p
✏x�⇤

xp
2�x

where for Belle-II optics in phase 2 the

horizontal emittance ✏x = 4 ⇥ 10�6 mm, �⇤
x = 200 mm, and the crossing angle �x = 41 mrad

leading to expected �z = 0.049 cm.
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SuperKEKB @KEK, Tsukuba

‣ New facility to search for BSM physics by 
studying B, D and τ decays. 

‣ Asymmetric electron-positron collider. 

‣ Major upgrade to the KEKB accelerator with 
x40 the design luminosity (8x1035 cm-2s-1). 

‣ x2 raw beam current. 

‣ x20 smaller beam spot (σy*=50 nm)  
with new nano-beam collision scheme 

‣ First beams and commissioning in 2016

FIG. 1: Schematic view of Belle-I beam crossing at the interaction region. The spread of the

z vertex distribution can be estimated as �z =

p
✏x�⇤

xp
2�x

where for Belle-I optics the horizontal

emittance ✏x = 20 ⇥ 10�6 mm, �⇤
x = 1200 mm, and the crossing angle �x = 11 mrad leading to

expected �z = 1 cm.
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‣ Asymmetric beams colliding at (or near) the Y(nS) resonances 

‣ σ(e+e-→ϒ(4S)) = 1.05 nb,   σ(e+e-→τ+τ-) = 0.92 nb 

‣ Not just a B-factory, but also a charm and ! factory 

‣ Over its operation, Belle II plans to collect 
50ab-1 of collision data (vs ~1ab-1 of Belle) 

‣ Unique environment for precision flavor  
measurements
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SuperKEKB as a Flavor Factory

Y(4S)
7 GeV 4 GeV

e- e+
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Belle II TDR, arXiv:1011.0352

Belle II Detector

‣ Detector upgrade to mitigate the 
increased beam background

Roll-in: April 2017

‣ Solid angle coverage >90% 
→ High hermeticity for  

Emiss measurements

Vertex	Detector	
2	layers	Si	Pixels	(DEPFET)	+	  
4	layers	Si	double	sided	strip	DSSD

EM	Calorimeter	
CsI(Tl),	waveform	sampling	electronics

Central	Drift	Chamber	
Smaller	cell	size,	long	lever	arm

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

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

electrons		(7	GeV)

positrons	(4	GeV)



"Phase 2"
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What is “phase 2”?

Pilot run with limited vertexing 
⇢ Background monitor detectors          
    replacing most of the silicon tracker
⇢ One full octant of PXD+SVD 
                           ( 2   +  4   layers)

‣ Follows from Phase 1 (accelerator commissioning) 

‣ Pilot run to test nano-beam scheme 

‣ Partial vertex detector (2 PXD + 4 SVD modules) 

‣ BEAST II: commissioning detector to study beam 
and background conditions
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Global Schedule

�14

Phase 1: SuperKEKB commissioning without final focusing and without Belle II detector.          
(January - June 2016)

Phase 2: Collision data taking with final focusing. Belle II with no final vertex detector. (April 
- July 2018. Recorded ~500 pb−1)

Phase 3: Collision data taking with full Belle II detector. STARTED MARCH 2019!  

‣ Opportunity for analysis preparation and 
early physics results



Flavor 2019  |  20 May 2019  |  Francesco Tenchini !7

First Collisions - April 2018



‣ Key to high luminosity is strong vertical focusing of beams to σy = 50 nm
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Thightening the Luminous Region

Beta Squeezing at IP

�6

Strategy of beta squeezing for Phase 2 and Phase 3 Phase 2.0
detuned

The smallest βy* in the world！

Year

�
⇤ y
[m

]

CEPC

FCC-eeKEKB

DAFNE

PEP-II
CESR-C BEPC-II

VEPP-2000
SPEAR

CESR

PEP

PETRA
LEP, BEPC

TRISTAN

Final design

Phase 2
mm-world

µm-world

Phase 2.0
(LER)

Phase 3

First collision

�⇤
y = 48.6 mm
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y = 81 mm
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Start collision tuning

βy* < σzβy* from mm to µm-world
Test of Nano-Beam

FIG. 3: Distribution of the longitudinal component of the interaction vertex estimated using z0
parameter of single tracks originating from the interaction vertex. The plot is based on data
collected in runs 1869 � 2047 in May 19th-21st 2018. The center of the distribution is estimated
using its median. The spread of the distribution is estimated using half of the symmetric range
around the median containing 68% of the distribution, �68. The spread of the distribution shown in
the figure is not corrected for the estimated uncertainty in z0 of 0.025 cm. When the z0 resolution
is subtracted in quadrature, the unfolded �z = 0.049 cm.
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New world record

‣ Reached β*y = 3mm in Phase 2 

‣ Final luminosity will require β*y = 300µm

‣ Possible thanks to rapid feedback between accelerator team and tracking group

vs Belle: 
σz=4.5mm
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Phase 2 Operation: April-July 2018 History of Phase 2 Commissioning

�5

HER
collision
optics

LER
collision
optics

First Collision

�⇤
y = 6 mm
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Luminosity
improvement

Lpeak = 5.55 x 1033

(not optimized)

Beam
Current

Luminosity

High current trial

Vacuum scrubbing

Max 800 mA
(HER)

Max 860 mA
(LER)

cm-2s-1

vs 
1.2 x 1034  (BaBar) 
2.1 x 1034  (Belle)



Physics Rediscovery ‣ 472 pb-1 of physics data → first rediscoveries of known processes
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FIG. 1: This figure shows m(K+K�) distributions in 250 pb�1 of collision data. Kaon PID
requirement using all the detector is applied. The selection criteria are the same as mentioned in
BELLE2-NOTE-PH-2018-005.
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Belle	II	performances	in	Phase	2	

Guglielmo	De	Nardo	-	Measurements	of	R(D(*))	and	other	missing	energy	modes	at	Belle	II-	SUSY	2018	 5	

2.9 2.95 3 3.05 3.1 3.15 3.2 3.25 3.3
)2) (GeV/c-µ+µm(

10

20

30

40

50

60)2
En

tri
es

 / 
(0

.0
1 

G
eV

/c Belle II 2018
Preliminary

-1 L dt = 250 pb∫

muonID>0.001 Belle II 2018
Preliminary

-1 L dt = 250 pb∫

muonID>0.001

FIG. 3: This figure shows the invariant mass distribution of J/ ! µ+µ� candidates in 250 pb�1

of Phase 2 data. Both tracks are required to point to the BKLM subdetector (37� < #trk < 130�);
at least 1 track is required to have muonID > 0.001 and to have the PID information available
from the KLM subdetector. Selection criteria and further details are described in the internal note
BELLE2-NOTE-PH-2018-016.
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Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
250 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 2: This figure shows the invariant mass distribution of K0
S ! ⇡+⇡� candidates

in 250 pb�1 of collision data. Events are required to contain at least three good tracks
to purify the sample with processes of the type e+e� ! hadrons, while rejecting beam
induced background, Bhabha scattering, and other low multiplicity background sources.
The events are selected with 0.45 < m(⇡+⇡�) < 0.55 GeV/c2. A vertex fitter based on
a Kalman algorithm is used to fit the vertex to reject candidates where the tracks do not
originate from near a common decay point. A track quality criteria of > 0.001 is applied on
the tracks that originate within the beam pipe. An optimised selection is done in di↵erent
regions of K0

S momentum based on the variables - minimum of the smallest approach of
the two daughter tracks, azimuthal angle between momentum and the decay vertex of
K0

S candidate, distance between two daughter tracks at their interception point and flight
length of the K0

S candidate. The internal document reference is BELLE2-NOTE-PH-2018-
017.
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FIG. 2: m�� distribution in Exp 3, runs 112-1355. A � peak at about 542 MeV/c2 is visible.
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FIG. 1: m�� distribution in Exp 3, runs 112-1355. A ⇡0 peak at about 132 MeV/c2 is visible.
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Figure 1: This figure shows the invariant mass distribution of ⇡0 ! �� in 5 pb�1 of collision
data. Events are required to contain at least three good tracks to purity the sample with
processes of the type e+e� ! hadrons, while rejecting beam induced background, Bhabha
scattering, and other low multiplicity background sources. The photon daughters of the
⇡0 candidates are required to have an energy of greater than 150 MeV, and to be within
the acceptance of the Central Drift Chamber (CDC). The internal document reference is
BELLE2-NOTE-PH-2018-002.
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Figure 1: This figure shows the invariant mass distribution of charm candidates in
250 pb�1 of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+ for 0.144 < �M <
0.146 GeV/c2. Events are required to contain at least three good tracks to purify the
sample with processes of the type e+e� ! hadrons, while rejecting beam induced back-
ground, Bhabha scattering, and other low multiplicity background sources. The charged
kaon and pion tracks are required to have impact parameters, |d0| and |z0| less than 0.5 cm
and 3.0 cm respectively. Particle identification criteria > 0.5 is applied to K�. The D⇤

candidates are required to have a centre-of-mass momentum of greater than 2.5 GeV/c to
select cc̄ events. The internal document reference is BELLE2-NOTE-PH-2018-004.

1

D	à	Κ π		

⇡0 ! ��
<latexit sha1_base64="97nOQSIvuDfjM+0bBKq51sgR0rI=">AAACAnicbVBLSwMxGMz6rOtr1ZN4CRbB05IVn7eiF48V7AO6a8mm2TY02V2SrFCW4sW/4sWDIl79Fd78N6btFtQ6EDLMfB/JTJhypjRCX9bc/MLi0nJpxV5dW9/YdLa26yrJJKE1kvBENkOsKGcxrWmmOW2mkmIRctoI+1cjv3FPpWJJfKsHKQ0E7sYsYgRrI7WdXT9ldwj6OoF+FwuBi8uGbaeMXDQGRO4J8i5OPehNlSkpgwLVtvPpdxKSCRprwrFSLQ+lOsix1IxwOrT9TNEUkz7u0pahMRZUBfk4whAeGKUDo0SaE2s4Vn9u5FgoNRChmRRY99RfbyT+57UyHZ0HOYvTTNOYTB6KMg5N4FEfsMMkJZoPDMFEMvNXSHpYYqJNa7YpYSbyLKkfuR5yvZvjcuWyqKME9sA+OAQeOAMVcA2qoAYIeABP4AW8Wo/Ws/VmvU9G56xiZwf8gvXxDTqAlgY=</latexit><latexit sha1_base64="97nOQSIvuDfjM+0bBKq51sgR0rI=">AAACAnicbVBLSwMxGMz6rOtr1ZN4CRbB05IVn7eiF48V7AO6a8mm2TY02V2SrFCW4sW/4sWDIl79Fd78N6btFtQ6EDLMfB/JTJhypjRCX9bc/MLi0nJpxV5dW9/YdLa26yrJJKE1kvBENkOsKGcxrWmmOW2mkmIRctoI+1cjv3FPpWJJfKsHKQ0E7sYsYgRrI7WdXT9ldwj6OoF+FwuBi8uGbaeMXDQGRO4J8i5OPehNlSkpgwLVtvPpdxKSCRprwrFSLQ+lOsix1IxwOrT9TNEUkz7u0pahMRZUBfk4whAeGKUDo0SaE2s4Vn9u5FgoNRChmRRY99RfbyT+57UyHZ0HOYvTTNOYTB6KMg5N4FEfsMMkJZoPDMFEMvNXSHpYYqJNa7YpYSbyLKkfuR5yvZvjcuWyqKME9sA+OAQeOAMVcA2qoAYIeABP4AW8Wo/Ws/VmvU9G56xiZwf8gvXxDTqAlgY=</latexit><latexit sha1_base64="97nOQSIvuDfjM+0bBKq51sgR0rI=">AAACAnicbVBLSwMxGMz6rOtr1ZN4CRbB05IVn7eiF48V7AO6a8mm2TY02V2SrFCW4sW/4sWDIl79Fd78N6btFtQ6EDLMfB/JTJhypjRCX9bc/MLi0nJpxV5dW9/YdLa26yrJJKE1kvBENkOsKGcxrWmmOW2mkmIRctoI+1cjv3FPpWJJfKsHKQ0E7sYsYgRrI7WdXT9ldwj6OoF+FwuBi8uGbaeMXDQGRO4J8i5OPehNlSkpgwLVtvPpdxKSCRprwrFSLQ+lOsix1IxwOrT9TNEUkz7u0pahMRZUBfk4whAeGKUDo0SaE2s4Vn9u5FgoNRChmRRY99RfbyT+57UyHZ0HOYvTTNOYTB6KMg5N4FEfsMMkJZoPDMFEMvNXSHpYYqJNa7YpYSbyLKkfuR5yvZvjcuWyqKME9sA+OAQeOAMVcA2qoAYIeABP4AW8Wo/Ws/VmvU9G56xiZwf8gvXxDTqAlgY=</latexit><latexit sha1_base64="97nOQSIvuDfjM+0bBKq51sgR0rI=">AAACAnicbVBLSwMxGMz6rOtr1ZN4CRbB05IVn7eiF48V7AO6a8mm2TY02V2SrFCW4sW/4sWDIl79Fd78N6btFtQ6EDLMfB/JTJhypjRCX9bc/MLi0nJpxV5dW9/YdLa26yrJJKE1kvBENkOsKGcxrWmmOW2mkmIRctoI+1cjv3FPpWJJfKsHKQ0E7sYsYgRrI7WdXT9ldwj6OoF+FwuBi8uGbaeMXDQGRO4J8i5OPehNlSkpgwLVtvPpdxKSCRprwrFSLQ+lOsix1IxwOrT9TNEUkz7u0pahMRZUBfk4whAeGKUDo0SaE2s4Vn9u5FgoNRChmRRY99RfbyT+57UyHZ0HOYvTTNOYTB6KMg5N4FEfsMMkJZoPDMFEMvNXSHpYYqJNa7YpYSbyLKkfuR5yvZvjcuWyqKME9sA+OAQeOAMVcA2qoAYIeABP4AW8Wo/Ws/VmvU9G56xiZwf8gvXxDTqAlgY=</latexit>

)2) (GeV/c- K+m(K

1 1.01 1.02 1.03 1.04 1.05 1.06

])2
En

tri
es

/(1
 [M

eV
/c

0

200

400

600

800

1000

-1 = 250 pbL dt ∫
Belle II 2018

Preliminary

FIG. 1: This figure shows m(K+K�) distributions in 250 pb�1 of collision data. Kaon PID
requirement using all the detector is applied. The selection criteria are the same as mentioned in
BELLE2-NOTE-PH-2018-005.
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FIG. 3: This figure shows the invariant mass distribution of J/ ! µ+µ� candidates in 250 pb�1

of Phase 2 data. Both tracks are required to point to the BKLM subdetector (37� < #trk < 130�);
at least 1 track is required to have muonID > 0.001 and to have the PID information available
from the KLM subdetector. Selection criteria and further details are described in the internal note
BELLE2-NOTE-PH-2018-016.
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Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
250 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 2: This figure shows the invariant mass distribution of K0
S ! ⇡+⇡� candidates

in 250 pb�1 of collision data. Events are required to contain at least three good tracks
to purify the sample with processes of the type e+e� ! hadrons, while rejecting beam
induced background, Bhabha scattering, and other low multiplicity background sources.
The events are selected with 0.45 < m(⇡+⇡�) < 0.55 GeV/c2. A vertex fitter based on
a Kalman algorithm is used to fit the vertex to reject candidates where the tracks do not
originate from near a common decay point. A track quality criteria of > 0.001 is applied on
the tracks that originate within the beam pipe. An optimised selection is done in di↵erent
regions of K0

S momentum based on the variables - minimum of the smallest approach of
the two daughter tracks, azimuthal angle between momentum and the decay vertex of
K0

S candidate, distance between two daughter tracks at their interception point and flight
length of the K0

S candidate. The internal document reference is BELLE2-NOTE-PH-2018-
017.
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FIG. 2: m�� distribution in Exp 3, runs 112-1355. A � peak at about 542 MeV/c2 is visible.
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FIG. 1: m�� distribution in Exp 3, runs 112-1355. A ⇡0 peak at about 132 MeV/c2 is visible.
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Figure 1: This figure shows the invariant mass distribution of ⇡0 ! �� in 5 pb�1 of collision
data. Events are required to contain at least three good tracks to purity the sample with
processes of the type e+e� ! hadrons, while rejecting beam induced background, Bhabha
scattering, and other low multiplicity background sources. The photon daughters of the
⇡0 candidates are required to have an energy of greater than 150 MeV, and to be within
the acceptance of the Central Drift Chamber (CDC). The internal document reference is
BELLE2-NOTE-PH-2018-002.
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Figure 1: This figure shows the invariant mass distribution of charm candidates in
250 pb�1 of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+ for 0.144 < �M <
0.146 GeV/c2. Events are required to contain at least three good tracks to purify the
sample with processes of the type e+e� ! hadrons, while rejecting beam induced back-
ground, Bhabha scattering, and other low multiplicity background sources. The charged
kaon and pion tracks are required to have impact parameters, |d0| and |z0| less than 0.5 cm
and 3.0 cm respectively. Particle identification criteria > 0.5 is applied to K�. The D⇤

candidates are required to have a centre-of-mass momentum of greater than 2.5 GeV/c to
select cc̄ events. The internal document reference is BELLE2-NOTE-PH-2018-004.

1

D	à	Κ π		

KS ! ⇡⇡
<latexit sha1_base64="5wcvg3+QBgJUuqLqAfnHw4ijR18=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwFSbic1d0I7ipaB/QhDCZTtqhk0mYmRRK6J+4caGIW//EnX/jNG1BrQcuHM65l3vvCVPOlEboyyotLa+srpXXKxubW9s79u5eUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4Gbit4ZUKpaIRz1KqR/jnmARI1gbKbDtu+ABejqBXsqKCuwqclABiJwz5F6du9CdK3NSBTPUA/vT6yYki6nQhGOlOi5KtZ9jqRnhdFzxMkVTTAa4RzuGChxT5efF5WN4ZJQujBJpSmhYqD8nchwrNYpD0xlj3Vd/vYn4n9fJdHTp50ykmaaCTBdFGYfm00kMsMskJZqPDMFEMnMrJH0sMdEmrIoJYeHlRdI8cVzkuPen1dr1LI4yOACH4Bi44ALUwC2ogwYgYAiewAt4tXLr2Xqz3qetJWs2sw9+wfr4BuiKkog=</latexit><latexit sha1_base64="5wcvg3+QBgJUuqLqAfnHw4ijR18=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwFSbic1d0I7ipaB/QhDCZTtqhk0mYmRRK6J+4caGIW//EnX/jNG1BrQcuHM65l3vvCVPOlEboyyotLa+srpXXKxubW9s79u5eUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4Gbit4ZUKpaIRz1KqR/jnmARI1gbKbDtu+ABejqBXsqKCuwqclABiJwz5F6du9CdK3NSBTPUA/vT6yYki6nQhGOlOi5KtZ9jqRnhdFzxMkVTTAa4RzuGChxT5efF5WN4ZJQujBJpSmhYqD8nchwrNYpD0xlj3Vd/vYn4n9fJdHTp50ykmaaCTBdFGYfm00kMsMskJZqPDMFEMnMrJH0sMdEmrIoJYeHlRdI8cVzkuPen1dr1LI4yOACH4Bi44ALUwC2ogwYgYAiewAt4tXLr2Xqz3qetJWs2sw9+wfr4BuiKkog=</latexit><latexit sha1_base64="5wcvg3+QBgJUuqLqAfnHw4ijR18=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwFSbic1d0I7ipaB/QhDCZTtqhk0mYmRRK6J+4caGIW//EnX/jNG1BrQcuHM65l3vvCVPOlEboyyotLa+srpXXKxubW9s79u5eUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4Gbit4ZUKpaIRz1KqR/jnmARI1gbKbDtu+ABejqBXsqKCuwqclABiJwz5F6du9CdK3NSBTPUA/vT6yYki6nQhGOlOi5KtZ9jqRnhdFzxMkVTTAa4RzuGChxT5efF5WN4ZJQujBJpSmhYqD8nchwrNYpD0xlj3Vd/vYn4n9fJdHTp50ykmaaCTBdFGYfm00kMsMskJZqPDMFEMnMrJH0sMdEmrIoJYeHlRdI8cVzkuPen1dr1LI4yOACH4Bi44ALUwC2ogwYgYAiewAt4tXLr2Xqz3qetJWs2sw9+wfr4BuiKkog=</latexit><latexit sha1_base64="5wcvg3+QBgJUuqLqAfnHw4ijR18=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwFSbic1d0I7ipaB/QhDCZTtqhk0mYmRRK6J+4caGIW//EnX/jNG1BrQcuHM65l3vvCVPOlEboyyotLa+srpXXKxubW9s79u5eUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4Gbit4ZUKpaIRz1KqR/jnmARI1gbKbDtu+ABejqBXsqKCuwqclABiJwz5F6du9CdK3NSBTPUA/vT6yYki6nQhGOlOi5KtZ9jqRnhdFzxMkVTTAa4RzuGChxT5efF5WN4ZJQujBJpSmhYqD8nchwrNYpD0xlj3Vd/vYn4n9fJdHTp50ykmaaCTBdFGYfm00kMsMskJZqPDMFEMnMrJH0sMdEmrIoJYeHlRdI8cVzkuPen1dr1LI4yOACH4Bi44ALUwC2ogwYgYAiewAt4tXLr2Xqz3qetJWs2sw9+wfr4BuiKkog=</latexit>

)2) (GeV/c- K+m(K

1 1.01 1.02 1.03 1.04 1.05 1.06

])2
En

tri
es

/(1
 [M

eV
/c

0

200

400

600

800

1000

-1 = 250 pbL dt ∫
Belle II 2018

Preliminary

FIG. 1: This figure shows m(K+K�) distributions in 250 pb�1 of collision data. Kaon PID
requirement using all the detector is applied. The selection criteria are the same as mentioned in
BELLE2-NOTE-PH-2018-005.
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FIG. 3: This figure shows the invariant mass distribution of J/ ! µ+µ� candidates in 250 pb�1

of Phase 2 data. Both tracks are required to point to the BKLM subdetector (37� < #trk < 130�);
at least 1 track is required to have muonID > 0.001 and to have the PID information available
from the KLM subdetector. Selection criteria and further details are described in the internal note
BELLE2-NOTE-PH-2018-016.
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Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
250 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 2: This figure shows the invariant mass distribution of K0
S ! ⇡+⇡� candidates

in 250 pb�1 of collision data. Events are required to contain at least three good tracks
to purify the sample with processes of the type e+e� ! hadrons, while rejecting beam
induced background, Bhabha scattering, and other low multiplicity background sources.
The events are selected with 0.45 < m(⇡+⇡�) < 0.55 GeV/c2. A vertex fitter based on
a Kalman algorithm is used to fit the vertex to reject candidates where the tracks do not
originate from near a common decay point. A track quality criteria of > 0.001 is applied on
the tracks that originate within the beam pipe. An optimised selection is done in di↵erent
regions of K0

S momentum based on the variables - minimum of the smallest approach of
the two daughter tracks, azimuthal angle between momentum and the decay vertex of
K0

S candidate, distance between two daughter tracks at their interception point and flight
length of the K0

S candidate. The internal document reference is BELLE2-NOTE-PH-2018-
017.
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FIG. 2: m�� distribution in Exp 3, runs 112-1355. A � peak at about 542 MeV/c2 is visible.
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FIG. 1: m�� distribution in Exp 3, runs 112-1355. A ⇡0 peak at about 132 MeV/c2 is visible.
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Figure 1: This figure shows the invariant mass distribution of ⇡0 ! �� in 5 pb�1 of collision
data. Events are required to contain at least three good tracks to purity the sample with
processes of the type e+e� ! hadrons, while rejecting beam induced background, Bhabha
scattering, and other low multiplicity background sources. The photon daughters of the
⇡0 candidates are required to have an energy of greater than 150 MeV, and to be within
the acceptance of the Central Drift Chamber (CDC). The internal document reference is
BELLE2-NOTE-PH-2018-002.
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-1L dt = 250 pb∫

Figure 1: This figure shows the invariant mass distribution of charm candidates in
250 pb�1 of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+ for 0.144 < �M <
0.146 GeV/c2. Events are required to contain at least three good tracks to purify the
sample with processes of the type e+e� ! hadrons, while rejecting beam induced back-
ground, Bhabha scattering, and other low multiplicity background sources. The charged
kaon and pion tracks are required to have impact parameters, |d0| and |z0| less than 0.5 cm
and 3.0 cm respectively. Particle identification criteria > 0.5 is applied to K�. The D⇤

candidates are required to have a centre-of-mass momentum of greater than 2.5 GeV/c to
select cc̄ events. The internal document reference is BELLE2-NOTE-PH-2018-004.
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FIG. 1: This figure shows m(K+K�) distributions in 250 pb�1 of collision data. Kaon PID
requirement using all the detector is applied. The selection criteria are the same as mentioned in
BELLE2-NOTE-PH-2018-005.
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FIG. 3: This figure shows the invariant mass distribution of J/ ! µ+µ� candidates in 250 pb�1

of Phase 2 data. Both tracks are required to point to the BKLM subdetector (37� < #trk < 130�);
at least 1 track is required to have muonID > 0.001 and to have the PID information available
from the KLM subdetector. Selection criteria and further details are described in the internal note
BELLE2-NOTE-PH-2018-016.
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Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
250 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 2: This figure shows the invariant mass distribution of K0
S ! ⇡+⇡� candidates

in 250 pb�1 of collision data. Events are required to contain at least three good tracks
to purify the sample with processes of the type e+e� ! hadrons, while rejecting beam
induced background, Bhabha scattering, and other low multiplicity background sources.
The events are selected with 0.45 < m(⇡+⇡�) < 0.55 GeV/c2. A vertex fitter based on
a Kalman algorithm is used to fit the vertex to reject candidates where the tracks do not
originate from near a common decay point. A track quality criteria of > 0.001 is applied on
the tracks that originate within the beam pipe. An optimised selection is done in di↵erent
regions of K0

S momentum based on the variables - minimum of the smallest approach of
the two daughter tracks, azimuthal angle between momentum and the decay vertex of
K0

S candidate, distance between two daughter tracks at their interception point and flight
length of the K0

S candidate. The internal document reference is BELLE2-NOTE-PH-2018-
017.
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FIG. 2: m�� distribution in Exp 3, runs 112-1355. A � peak at about 542 MeV/c2 is visible.
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FIG. 1: m�� distribution in Exp 3, runs 112-1355. A ⇡0 peak at about 132 MeV/c2 is visible.
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Figure 1: This figure shows the invariant mass distribution of ⇡0 ! �� in 5 pb�1 of collision
data. Events are required to contain at least three good tracks to purity the sample with
processes of the type e+e� ! hadrons, while rejecting beam induced background, Bhabha
scattering, and other low multiplicity background sources. The photon daughters of the
⇡0 candidates are required to have an energy of greater than 150 MeV, and to be within
the acceptance of the Central Drift Chamber (CDC). The internal document reference is
BELLE2-NOTE-PH-2018-002.
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Figure 1: This figure shows the invariant mass distribution of charm candidates in
250 pb�1 of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+ for 0.144 < �M <
0.146 GeV/c2. Events are required to contain at least three good tracks to purify the
sample with processes of the type e+e� ! hadrons, while rejecting beam induced back-
ground, Bhabha scattering, and other low multiplicity background sources. The charged
kaon and pion tracks are required to have impact parameters, |d0| and |z0| less than 0.5 cm
and 3.0 cm respectively. Particle identification criteria > 0.5 is applied to K�. The D⇤

candidates are required to have a centre-of-mass momentum of greater than 2.5 GeV/c to
select cc̄ events. The internal document reference is BELLE2-NOTE-PH-2018-004.
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FIG. 1: This figure shows m(K+K�) distributions in 250 pb�1 of collision data. Kaon PID
requirement using all the detector is applied. The selection criteria are the same as mentioned in
BELLE2-NOTE-PH-2018-005.
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FIG. 3: This figure shows the invariant mass distribution of J/ ! µ+µ� candidates in 250 pb�1

of Phase 2 data. Both tracks are required to point to the BKLM subdetector (37� < #trk < 130�);
at least 1 track is required to have muonID > 0.001 and to have the PID information available
from the KLM subdetector. Selection criteria and further details are described in the internal note
BELLE2-NOTE-PH-2018-016.
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Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
250 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 2: This figure shows the invariant mass distribution of K0
S ! ⇡+⇡� candidates

in 250 pb�1 of collision data. Events are required to contain at least three good tracks
to purify the sample with processes of the type e+e� ! hadrons, while rejecting beam
induced background, Bhabha scattering, and other low multiplicity background sources.
The events are selected with 0.45 < m(⇡+⇡�) < 0.55 GeV/c2. A vertex fitter based on
a Kalman algorithm is used to fit the vertex to reject candidates where the tracks do not
originate from near a common decay point. A track quality criteria of > 0.001 is applied on
the tracks that originate within the beam pipe. An optimised selection is done in di↵erent
regions of K0

S momentum based on the variables - minimum of the smallest approach of
the two daughter tracks, azimuthal angle between momentum and the decay vertex of
K0

S candidate, distance between two daughter tracks at their interception point and flight
length of the K0

S candidate. The internal document reference is BELLE2-NOTE-PH-2018-
017.
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FIG. 2: m�� distribution in Exp 3, runs 112-1355. A � peak at about 542 MeV/c2 is visible.
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FIG. 1: m�� distribution in Exp 3, runs 112-1355. A ⇡0 peak at about 132 MeV/c2 is visible.
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Figure 1: This figure shows the invariant mass distribution of ⇡0 ! �� in 5 pb�1 of collision
data. Events are required to contain at least three good tracks to purity the sample with
processes of the type e+e� ! hadrons, while rejecting beam induced background, Bhabha
scattering, and other low multiplicity background sources. The photon daughters of the
⇡0 candidates are required to have an energy of greater than 150 MeV, and to be within
the acceptance of the Central Drift Chamber (CDC). The internal document reference is
BELLE2-NOTE-PH-2018-002.
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Figure 1: This figure shows the invariant mass distribution of charm candidates in
250 pb�1 of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+ for 0.144 < �M <
0.146 GeV/c2. Events are required to contain at least three good tracks to purify the
sample with processes of the type e+e� ! hadrons, while rejecting beam induced back-
ground, Bhabha scattering, and other low multiplicity background sources. The charged
kaon and pion tracks are required to have impact parameters, |d0| and |z0| less than 0.5 cm
and 3.0 cm respectively. Particle identification criteria > 0.5 is applied to K�. The D⇤

candidates are required to have a centre-of-mass momentum of greater than 2.5 GeV/c to
select cc̄ events. The internal document reference is BELLE2-NOTE-PH-2018-004.
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Figure 1: This figure shows the invariant mass distributions of charm candidates in 472
pb�1 of collision data, in the mode D⇤0 ! D0⇡0, D0 ! K�⇡+ for 0.1405 < �M < 0.1425
GeV/c2. Events are required to contain at least three good tracks to purity the sample
with processes of the type e+e� ! hadrons, while rejecting beam induced background,
Bhabha scattering, and other low multiplicity background sources. The charged kaon and
pion tracks are required to have impact parameters, |d0| and |z0| less than 0.5 cm and 3.0
cm respectively. Particle identification criteria > 0.5 is applied for K�. The D⇤ candidates
are required to have a centre-of-mass momentum of greater than 2.5 GeV/c to select cc̄
events. The internal document reference is BELLE2-NOTE-PH-2018-004.
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‣ B pairs produced on Y(4S) threshold (at rest in CMS frame)

BB-like event Event shape Hadronic modes

R2 =
H2

H0
<latexit sha1_base64="HPXRnCUSjVJqKsgBZeX06eLRjkk=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoBuh6KbLKvYBbQiT6aQdOpmEmYlQQsBfceNCEbd+hzv/xmmbhbYeuJfDOfcyd06QcKa043xbK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+nfqdRyoVi8WDniTUi/BQsJARrI3k28f3fg1do34oMckafi03zcl9u+JUnRnQMnELUoECTd/+6g9ikkZUaMKxUj3XSbSXYakZ4TQv91NFE0zGeEh7hgocUeVls/NzdGaUAQpjaUpoNFN/b2Q4UmoSBWYywnqkFr2p+J/XS3V45WVMJKmmgswfClOOdIymWaABk5RoPjEEE8nMrYiMsElCm8TKJgR38cvLpF2ruk7Vvbuo1G+KOEpwAqdwDi5cQh0a0IQWEMjgGV7hzXqyXqx362M+umIVO0fwB9bnD12hlHU=</latexit><latexit sha1_base64="HPXRnCUSjVJqKsgBZeX06eLRjkk=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoBuh6KbLKvYBbQiT6aQdOpmEmYlQQsBfceNCEbd+hzv/xmmbhbYeuJfDOfcyd06QcKa043xbK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+nfqdRyoVi8WDniTUi/BQsJARrI3k28f3fg1do34oMckafi03zcl9u+JUnRnQMnELUoECTd/+6g9ikkZUaMKxUj3XSbSXYakZ4TQv91NFE0zGeEh7hgocUeVls/NzdGaUAQpjaUpoNFN/b2Q4UmoSBWYywnqkFr2p+J/XS3V45WVMJKmmgswfClOOdIymWaABk5RoPjEEE8nMrYiMsElCm8TKJgR38cvLpF2ruk7Vvbuo1G+KOEpwAqdwDi5cQh0a0IQWEMjgGV7hzXqyXqx362M+umIVO0fwB9bnD12hlHU=</latexit><latexit sha1_base64="HPXRnCUSjVJqKsgBZeX06eLRjkk=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoBuh6KbLKvYBbQiT6aQdOpmEmYlQQsBfceNCEbd+hzv/xmmbhbYeuJfDOfcyd06QcKa043xbK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+nfqdRyoVi8WDniTUi/BQsJARrI3k28f3fg1do34oMckafi03zcl9u+JUnRnQMnELUoECTd/+6g9ikkZUaMKxUj3XSbSXYakZ4TQv91NFE0zGeEh7hgocUeVls/NzdGaUAQpjaUpoNFN/b2Q4UmoSBWYywnqkFr2p+J/XS3V45WVMJKmmgswfClOOdIymWaABk5RoPjEEE8nMrYiMsElCm8TKJgR38cvLpF2ruk7Vvbuo1G+KOEpwAqdwDi5cQh0a0IQWEMjgGV7hzXqyXqx362M+umIVO0fwB9bnD12hlHU=</latexit><latexit sha1_base64="HPXRnCUSjVJqKsgBZeX06eLRjkk=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoBuh6KbLKvYBbQiT6aQdOpmEmYlQQsBfceNCEbd+hzv/xmmbhbYeuJfDOfcyd06QcKa043xbK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+nfqdRyoVi8WDniTUi/BQsJARrI3k28f3fg1do34oMckafi03zcl9u+JUnRnQMnELUoECTd/+6g9ikkZUaMKxUj3XSbSXYakZ4TQv91NFE0zGeEh7hgocUeVls/NzdGaUAQpjaUpoNFN/b2Q4UmoSBWYywnqkFr2p+J/XS3V45WVMJKmmgswfClOOdIymWaABk5RoPjEEE8nMrYiMsElCm8TKJgR38cvLpF2ruk7Vvbuo1G+KOEpwAqdwDi5cQh0a0IQWEMjgGV7hzXqyXqx362M+umIVO0fwB9bnD12hlHU=</latexit>



‣ Preliminary study and preparation for future analyses 

‣ 3x1-prong topology:  

‣ !signal→3π" (+nπ0), !tag→#""̅/π" 

‣ Identified through event thrust =  

‣ Dominant backgrounds: qq̅ and eeγ (radiative Bhabha)

Thrust value
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e+

<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

⌧sig
<latexit sha1_base64="1S+hVzrQrXJlUYWQrUuJCCLUBfw=">AAAB9XicjVC7SgNBFL0bX3F9RS1tBoNgFXZttBGDNpYRzAOyMcxOZpMhM7vLzF0lLAE/w8ZCEVs/w97Ov3GSWKgoeODC4Zx7uYcTplIY9Lx3pzA3v7C4VFx2V1bX1jdKm1sNk2Sa8TpLZKJbITVcipjXUaDkrVRzqkLJm+HwbOI3r7k2IokvcZTyjqL9WESCUbTSVYA06+aBVsSI/rhbKvsVbwryNymfvLrHtwBQ65begl7CMsVjZJIa0/a9FDs51SiY5GM3yAxPKRvSPm9bGlPFTSefph6TPav0SJRoOzGSqfr1IqfKmJEK7aaiODA/vYn4m9fOMDrq5CJOM+Qxmz2KMkkwIZMKSE9ozlCOLKFMC5uVsAHVlKEtyv1fCY2Diu9V/AuvXD2FGYqwA7uwDz4cQhXOoQZ1YKDhDh7g0blx7p0n53m2WnA+b7bhG5yXDybilG0=</latexit><latexit sha1_base64="a6K9IdUcn6ENn/TY2hGeNk0M7k4=">AAAB9XicjVC7SgNBFL3rM66vqKXNYBCswq6NNmLQxjKCeUA2htnJbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzpIZLoXgNBUreTDWncSh5Ixycjv3GFddGJOoChylvx7SnRCQYRStdBkizTh7omBjRG3WKJb/sTUD+JqXjF/cofXhzq53ia9BNWBZzhUxSY1q+l2I7pxoFk3zkBpnhKWUD2uMtSxWNuWnnk9QjsmuVLokSbUchmahfL3IaGzOMQ7sZU+ybn95Y/M1rZRgdtnOh0gy5YtNHUSYJJmRcAekKzRnKoSWUaWGzEtanmjK0Rbn/K6G+X/a9sn/ulSonMEUBtmEH9sCHA6jAGVShBgw03MAd3DvXzq3z6DxNV2ecz5st+Abn+QMYcZXh</latexit><latexit sha1_base64="a6K9IdUcn6ENn/TY2hGeNk0M7k4=">AAAB9XicjVC7SgNBFL3rM66vqKXNYBCswq6NNmLQxjKCeUA2htnJbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzpIZLoXgNBUreTDWncSh5Ixycjv3GFddGJOoChylvx7SnRCQYRStdBkizTh7omBjRG3WKJb/sTUD+JqXjF/cofXhzq53ia9BNWBZzhUxSY1q+l2I7pxoFk3zkBpnhKWUD2uMtSxWNuWnnk9QjsmuVLokSbUchmahfL3IaGzOMQ7sZU+ybn95Y/M1rZRgdtnOh0gy5YtNHUSYJJmRcAekKzRnKoSWUaWGzEtanmjK0Rbn/K6G+X/a9sn/ulSonMEUBtmEH9sCHA6jAGVShBgw03MAd3DvXzq3z6DxNV2ecz5st+Abn+QMYcZXh</latexit><latexit sha1_base64="ne5HGLWYmne5eDeX6OlF2vwPfn4=">AAAB9XicjVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCC7htnJbDJkZnaZ6VXCkv/w4kERr/6LN//GyeOgomBBQ1HVTRcVZ1JY9P0Pb2l5ZXVtvbRR3tza3tmt7O23bJobxpsslanpxNRyKTRvokDJO5nhVMWSt+PR5dRv33FjRapvcJzxSNGBFolgFJ10GyLNe0VoFLFiMOlVqkHNn4H8TaqwQKNXeQ/7KcsV18gktbYb+BlGBTUomOSTcphbnlE2ogPedVRTxW1UzFJPyLFT+iRJjRuNZKZ+vSiosnasYrepKA7tT28q/uZ1c0zOo0LoLEeu2fxRkkuCKZlWQPrCcIZy7AhlRrishA2poQxdUeX/ldA6rQV+Lbj2q/WLRR0lOIQjOIEAzqAOV9CAJjAw8ABP8Ozde4/ei/c6X13yFjcH8A3e2ye3m5Kg</latexit>

⌫⌧
<latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit>

⌧tag
<latexit sha1_base64="RMm5raAS/qNw6Yya13wjGg8drII=">AAAB9XicjVC7SgNBFL0bX3F9RS1tBoNgFXZttBGDNpYRzAOyMcxOZpMhM7vLzF0lLAE/w8ZCEVs/w97Ov3GSWKgoeODC4Zx7uYcTplIY9Lx3pzA3v7C4VFx2V1bX1jdKm1sNk2Sa8TpLZKJbITVcipjXUaDkrVRzqkLJm+HwbOI3r7k2IokvcZTyjqL9WESCUbTSVYA06+aBVgRpf9wtlf2KNwX5m5RPXt3jWwCodUtvQS9hmeIxMkmNafteip2cahRM8rEbZIanlA1pn7ctjanippNPU4/JnlV6JEq0nRjJVP16kVNlzEiFdlNRHJif3kT8zWtnGB11chGnGfKYzR5FmSSYkEkFpCc0ZyhHllCmhc1K2IBqytAW5f6vhMZBxfcq/oVXrp7CDEXYgV3YBx8OoQrnUIM6MNBwBw/w6Nw4986T8zxbLTifN9vwDc7LBxw5lGY=</latexit><latexit sha1_base64="DgSFKWBwLNT1oxrRRxRfcFpdOOI=">AAAB9XicjVC7SgNBFJ31GddX1NJmMAhWYddGGzFoYxnBPCAbw93JbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzBMOlULyGAiVvpppDHEreCAenY79xxbURibrAYcrbMfSUiAQDtNJlgJB18kDHFKE36hRLftmbgP5NSscv7lH68OZWO8XXoJuwLOYKmQRjWr6XYjsHjYJJPnKDzPAU2AB6vGWpgpibdj5JPaK7VunSKNF2FNKJ+vUih9iYYRzazRiwb356Y/E3r5VhdNjOhUoz5IpNH0WZpJjQcQW0KzRnKIeWANPCZqWsDxoY2qLc/5VQ3y/7Xtk/90qVEzJFgWyTHbJHfHJAKuSMVEmNMKLJDbkj9861c+s8Ok/T1Rnn82aLfIPz/AENyJXa</latexit><latexit sha1_base64="DgSFKWBwLNT1oxrRRxRfcFpdOOI=">AAAB9XicjVC7SgNBFJ31GddX1NJmMAhWYddGGzFoYxnBPCAbw93JbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzBMOlULyGAiVvpppDHEreCAenY79xxbURibrAYcrbMfSUiAQDtNJlgJB18kDHFKE36hRLftmbgP5NSscv7lH68OZWO8XXoJuwLOYKmQRjWr6XYjsHjYJJPnKDzPAU2AB6vGWpgpibdj5JPaK7VunSKNF2FNKJ+vUih9iYYRzazRiwb356Y/E3r5VhdNjOhUoz5IpNH0WZpJjQcQW0KzRnKIeWANPCZqWsDxoY2qLc/5VQ3y/7Xtk/90qVEzJFgWyTHbJHfHJAKuSMVEmNMKLJDbkj9861c+s8Ok/T1Rnn82aLfIPz/AENyJXa</latexit><latexit sha1_base64="OHg8lUQRtjoa4kmwIEXzR3QafqM=">AAAB9XicjVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCC7ht7JbDJkZnaZ6VXCkv/w4kERr/6LN//GyeOgomBBQ1HVTRcVZ1JY9P0Pb2l5ZXVtvbRR3tza3tmt7O23bJobxpsslanpxGC5FJo3UaDkncxwULHk7Xh0OfXbd9xYkeobHGc8UjDQIhEM0Em3IULeK0KjKMJg0qtUg5o/A/2bVMkCjV7lPeynLFdcI5NgbTfwM4wKMCiY5JNymFueARvBgHcd1aC4jYpZ6gk9dkqfJqlxo5HO1K8XBShrxyp2mwpwaH96U/E3r5tjch4VQmc5cs3mj5JcUkzptALaF4YzlGNHgBnhslI2BAMMXVHl/5XQOq0Ffi249qv1i0UdJXJIjsgJCcgZqZMr0iBNwoghD+SJPHv33qP34r3OV5e8xc0B+Qbv7ROs8pKZ</latexit>

W�

⌫̄e

µ�

⌫̄µ

e�

⌫̄⌧
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‣ Correct for trigger efficiency (3+ tracks in CDC) → 291 fb-1 useable data  

‣ After correction, good agreement between data and MC
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Tau Observation
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‣ Measurement in the exclusive !→3π" channel using 
pseudomass technique developed at ARGUS: 

‣ Fit with empirical edge function
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Tau Mass Measurement

Mmin =
q

M2
3⇡ + 2(Ebeam � E3⇡)(E3⇡ � P3⇡)

<latexit sha1_base64="x/SloXyK1R0DiW0Mfts/WJENr7Y="></latexit><latexit sha1_base64="x/SloXyK1R0DiW0Mfts/WJENr7Y="></latexit><latexit sha1_base64="x/SloXyK1R0DiW0Mfts/WJENr7Y="></latexit><latexit sha1_base64="x/SloXyK1R0DiW0Mfts/WJENr7Y="></latexit>

0

10

20

30

40

50

60

70 )2
Ev

en
ts

 / 
( 5

.0
 M

eV
/c  0.0048±P1 =  1.7778 

 0.0053±P2 =  0.0144 
 5.7±P3 = -23.00 

 2.9±P4 =  10.5 
 4.3±P5 =  3.6 

-1 L dt = 291 pb∫
DataData

/dof = 0.71992χ

 = 791evtsN

Belle II 2018 (Preliminary)

1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84
)2 (GeV/cminM

2−
0
2

Pu
ll

‣ First ! physics result from Phase 2 

‣ Good agreement with existing 
measurements!

mτ = (1776.4 ± 4.8(stat)) MeV/c2
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Phase 3 Preparations

RVC opening and QCS extraction BEAST II extraction
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Phase 3 Preparations

PXD mounted on beam pipe at KEK PXD combined with one half of SVD

→ Full PXD operation (with 2 layers) scheduled for 2020
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Start of Phase 3

‣ Regular operation started again in March 

‣ Already collected 0.5 fb-1, comparable with Phase 2 

‣ Continuous injection for ~60% luminosity increase 

‣ Current goal is keeping beam background in checkContinuous Injection
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! event candidate

π
π

π

µ



‣ Belle II is expected to deliver 50 ab-1 between 2019-2027, enabling a rich ! physics program. 

‣ Covered in detail in the Belle II Physics Book (arXiv:1808.10567) 
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Phase 3 Studies

‣ Already underway (feasible with ~1fb-1): 

‣ Branching ratio of main ! decay modes 

‣ ! mass measurement  

‣ !→#'(invisible) 

‣ Under preparation: 

‣ !→ηπ" (Second Class Currents) 

‣ CP Violation in !→Ksπ(+nπ0)" 

‣ ! Lepton Flavor Violation



‣ Last studied at ARGUS using 0.5 fb-1 → Belle II is already competitive 

‣ Study the lepton momentum spectrum in the ! frame: 

‣ Exploit same 3x1 topology as the mass measurement: !tag→3π", !signal→#'  

‣ E*(!) = √s/2 and p⃗(3π)~p⃗(!) → signal ! frame can be approximated. 

‣ Sensitivity is mostly independent from the ' mass:

π
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Search for !→#+ ' (invisible)

Z.Phys. C68 (1995) 25-28
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Second class currents in !→ηπ"

‣ In the SM, the !→ηπ" decay  
proceeds through SCCs  
(isospin-violating, e.g. π-η mixing): 

‣ SM prediction: BR ~ O(10-5) 

‣ Searched for at last-gen B factories but not 
observed: 

‣ Belle:    BR < 7.3 x 10-5 

‣ BaBar:  BR < 9.9 x 10-5 

‣ Observation becomes possible at Belle II  
within the first years of data taking (1 ab-1)  

‣ Large deviation could indicate New Physics! 

‣ An accurate measurement could also apply strong 
bounds to NP models.



‣ CP violation in the Kaon sector induces a decay 
rate asymmetry in the SM: 

‣ SM prediction:  (3.6 ± 0.1) ⨉ 10-3 

‣ BaBar:   (-3.6 ± 2.3 ± 1.1)⨉10-3   (2.8σ deviation) 

‣ High priority improved measurement at Belle II
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CP Violation in the Tau sector

+→ Ksπ± ,+ + π0 +→ Ksπ± ,+ + 2π0

+→ Ksπ± ,+

Phys.Rev D85 (2012) 031102

BaBar (2012)

BaBar (2012) BaBar (2012)

Aτ = Γ(τ+ → π+ K0
s ν̄τ) − Γ(τ−→ π−K0

s ντ)
Γ(τ+ → π+ K0s ν̄τ) + Γ(τ−→ π−K0s ντ)
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PRL 107 (2011) 131801

|ACP| < (0.4-2.6) ⨉ 10-4

(assuming central value ACP = 0)

Belle (2011)

CP Violation in the Tau sector
‣ Charged scalar boson exchange could also induce CPV, which would then be 

detected as a difference in the decay angular distributions for +→ P1P2 ,+:

‣ Studied at Belle 

‣ With 50 ab-1 of data, Belle II is 
expected to provide a √70 
more precise measurement:

P1P2 rest frame

cos β → measured 
cos ψ → decay kinematics
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Charged Lepton Flavor Violation
‣ Lepton flavor is conserved in the SM (accidental symmetry) 

‣ Observed in the neutral sector (" oscillation) 
→ first sign of BSM physics! 

‣ Also implies (immeasurably small) cLFV: 

‣ Powerful probe for new physics! 

‣ Several NP models enhance this process  

‣ µ→eγ: strong bounds from MEG 

‣ !→#γ: weaker constraints from  
CLEO, BaBar, Belle, CMS...

B⌫SM (⌧ ! µ�) =
3↵

32⇡

����U
⇤
⌧iUµi

�m2
3i

m2
W

����
2

< 10�40



‣ Due to its mass, ! decays allow to probe for additional LFV/LNV 
couplings: 
‣ !→#γ, !→### but also !→#h(h)  

‣ Past experiments approached the regime sensitive to New Physics 
‣ Belle II will push the boundaries by O(10) to rule out or confirm NP models 
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Prospects for cLFV at Belle II

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.
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‣ The Belle II commissioning phase has concluded, providing a pilot test of the new collision 
scheme as well as some preliminary physics measurements. 

‣ Full detector operation has begun earlier this year in March. 

‣ Belle II has a broad physics program to probe the ! sector for New Physics  

‣ Potential already exists for exciting results in the first years of data taking.
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Conclusions and Outlook

Thank you for your attention!


