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Belle II and SuperKEKB
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SuperKEKB�

LINAC

Belle II

Main Ring : 3 km 
e- (HER) = 7 GeV 
e+ (LER) = 4 GeV 

KEK 
Tsukuba 
Campus

Mt. Tsukuba (877 m.) 
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             Belle II Experiment           @           SuperKEKB            BEACH 2016 |    Physics prospects at Belle II            |          J. Bennett

SuperKEKB
6

Feb	2016:	First	Turns	at	SuperKEKB	  
(4	GeV	e+	and	7	GeV	e-)

8s-
1 ]

*gray	-	recycled,	color	-	new June 2016:  (LER beam current 850 mA, 
HER at 770 mA)

Belle II

e-  
(7 GeV)

e+ 
(4 GeV)

More Details on July 7 2018, 9:12 am 
- Detector Session -                        
by SHUJI TANAKA 
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Belle
Schedule

!4

Phase I 
w/o Belle II 

(2016… done)

We are here

Phase II
partial Belle II  

(early 2018 - until July 17, 2018)

Phase III
with Belle II  

(plan for early 2019)
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Belle
First Collision at April 26!

!5

back to the game!
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Belle
Some “First” Events
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Bhabha event�

BB like event�

Hadronic event�

April 26, 2018April 26, 2018

April 26, 2018
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Belle
Phase II Collision Data Sample

!7

• Data sample taken between April 26 - June 10, 2018. 

• Plots which will be shown on next pages are prepared by using events  
• with at least three tracks from the IP region while veto Bhabha events.

N.B.

Z
L dt = 250 pb�1

<latexit sha1_base64="oT/pVuI0LPyXQ0muIrzUmhs/fd0="></latexit><latexit sha1_base64="oT/pVuI0LPyXQ0muIrzUmhs/fd0="></latexit><latexit sha1_base64="oT/pVuI0LPyXQ0muIrzUmhs/fd0="></latexit><latexit sha1_base64="oT/pVuI0LPyXQ0muIrzUmhs/fd0="></latexit>



C
ha

rm
 P

hy
si

cs
 P

ro
sp

ec
ts

 a
t t

he
 B

el
le

 II
 E

xp
er

im
en

t  
—

 H
. A

tm
ac

an
  —

 IC
H

E
P

20
18

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   

Belle
REDISCOVERIES with Phase II Collision Data Sample
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• Cabibbo Favored (CF) D decays K π, K π π0 and K π π π are observed. 


•

D*± → D (K- π+) π±

D*± → D (K- π+π0) π±

D*± → D (K- π+π-π+) π±

)2M (GeV/cΔ

0.14 0.145 0.15 0.155 0.16

)2
En

tri
es

 / 
(0

.4
2 

M
eV

/c

0

20

40

60

80

100

120

140

160  +π)+π-π+π-(K0 D→*+D

Belle II 2018 (preliminary)

-1L dt = 250 pb∫

Figure 2: This figure shows the �M distribution of charm candidates in 250 pb�1 of
collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+⇡�⇡+ for 1.845 < MK�⇡+⇡�⇡+ <
1.885 GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-
2018-012. The internal document reference is BELLE2-NOTE-PH-2018-004.
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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. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-
2018-012. The internal document reference is BELLE2-NOTE-PH-2018-004.

1

MK - π+ π -π+ (GeV/c2) ΔM (GeV/c2)

)2M (GeV/cΔ

0.14 0.145 0.15 0.155 0.16

)2
En

tri
es

 / 
(0

.4
2 

M
eV

/c

0

50

100

150

200

250

300

350
+π)0π+π-(K0 D→*+D

Belle II 2018 (preliminary)

-1L dt = 250 pb∫

Figure 2: This figure shows the �M distribution of charm candidates in 250 pb�1 of
collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+⇡0 for 1.845 < MK�⇡+⇡0 <
1.885 GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-
2018-012. Additionally ⇡0 candidates are selected with 0.075 < M�� < 0.175 GeV/c2 and
the daughter � candidates are kinematically constrained to the nominal ⇡0 mass. The
internal document reference is BELLE2-NOTE-PH-2018-004.

2

ΔM (GeV/c2) )2 (GeV/c0π+π-KM

1.75 1.8 1.85 1.9 1.95 2

)2
En

tri
es

 / 
(5

 M
eV

/c

0
20
40
60
80

100
120
140
160
180
200
220

 +π)0π+π-(K0 D→*+D

Belle II 2018 (preliminary)

-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�⇡+⇡0 for 0.144 < �M <
0.146 GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-
2018-012. Additionally ⇡0 candidates are selected with 0.075 < M�� < 0.175 GeV/c2 and
the daughter � candidates are kinematically constrained to the nominal ⇡0 mass. The
internal document reference is BELLE2-NOTE-PH-2018-004.
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Figure 2: This figure shows the �M distribution of charm candidates in 250 pb�1 of col-
lision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+ for 1.845 < MK�⇡+ < 1.885 GeV/c2.
Events are required to contain at least three good tracks to purify the sample with pro-
cesses 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 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 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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Belle
REDISCOVERIES with Phase II Collision Data Sample
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D*± → D (K −  K +) π±

D*± → D (Ks0 π 0) π±

• CP eigenstates Ks0 π0  and K+ K− (Singly Cabibbo Suppressed) of D decay are observed.  

•
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Figure 2: This figure shows the �M distribution of charm candidates in 250 pb�1 of
collision data, in the mode D⇤+ ! D0⇡+, D0 ! K0

S⇡
0 for 1.83 < M(K0

S⇡
0) < 1.89

GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-2018-
012. Additionally ⇡0 candidates are selected with 0.124 < M�� < 0.140 GeV/c2 and the
daughter � candidates are kinematically constrained to the nominal ⇡0 mass. The K0

S
candidate selection is applied as mentioned in BELLE2-NOTE-PL-2018-016. The internal
document reference is BELLE2-NOTE-PH-2018-004.
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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 ! K0

S⇡
0 for 0.144 < �M < 0.147

GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-2018-
012. Additionally ⇡0 candidates are selected with 0.124 < M�� < 0.140 GeV/c2 and the
daughter � candidates are kinematically constrained to the nominal ⇡0 mass. The K0

S
candidate selection is applied as mentioned in BELLE2-NOTE-PL-2018-016. The internal
document reference is BELLE2-NOTE-PH-2018-004.
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Figure 2: This figure shows the �M distribution of charm candidates in 250 pb�1 of colli-
sion data, in the mode D⇤+ ! D0⇡+, D0 ! K+K� for 1.845 < MK+K� < 1.885 GeV/c2.
The selection criteria are the same as mentioned in BELLE2-NOTE-PL-2018-012. The
internal document reference is BELLE2-NOTE-PH-2018-004.
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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+K� for 0.144 < �M <
0.146 GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-
2018-012. The internal document reference is BELLE2-NOTE-PH-2018-004.
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Belle
REDISCOVERIES with Phase II Collision Data Sample

!10

• D*± → D (Ks π+ π-) π± is observed. 

• Important D final state for γ/ϕ3 measurement from B → DK.

Figure 2: This figure shows the �M distribution of charm candidates in 250 pb�1 of colli-
sion data, in the mode D⇤+ ! D0⇡+, D0 ! K0

S⇡
+⇡� for 1.83 < MK0

S⇡
+⇡� < 1.89 GeV/c2.

The selection criteria are the same as mentioned in BELLE2-NOTE-PL-2018-012. Addi-
tionally the K0

S candidate selection is applied as mentioned in BELLE2-NOTE-PL-2018-
016. The internal document reference is BELLE2-NOTE-PH-2018-017.

2

ΔM (GeV/c2)
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 ! K0
S⇡

+⇡� for 0.144 < �M <
0.147 GeV/c2. The selection criteria are the same as mentioned in BELLE2-NOTE-PL-
2018-012. Additionally the K0

S candidate selection is applied as mentioned in BELLE2-
NOTE-PL-2018-016. The internal document reference is BELLE2-NOTE-PH-2018-017.

1

MKs0 π+ π - (GeV/c2) 
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Belle
Ks0 Invariant Mass
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Figure 1: This figure shows the invariant mass distribution of K0
S ! ⇡+⇡� candidates in

1 fb�1 of MC (Dress Rehearsal 2) sample containing qq̄ (q = b, c, s, d, u), µ+µ� and ⌧+⌧�

events. 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.

1

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.

2

Belle II MC Collision Data

• MC sample is produced in a way to mimic the real data [e+e- 
 → qq (where q = b, c, s, d, u) 

e+e- 
 → µ+ µ- and e+e- 

 → τ+ τ-]. 

• Mass resolution difference already is order of 5 %. 

• Tracking efficiency measurements are ongoing.
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Belle
REDISCOVERIES with Phase II Collision Data Sample
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• B → D hadron rediscoveries:

Mode yield

B± ! D⇡± 51

B± ! D⇢± 16

B± ! D⇤⇡± 3

B0 ! D⇤±⇡⌥ 7

B0 ! D⇤±⇢⌥ 3

B0 ! D±⇡⌥ 13

B0 ! D±⇢⌥ 8

B ! J/ K (⇤) 8
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Figure 1: This figure shows the �E distribution of B candidates in 250 pb�1 of collision
data, in the mode B ! D(⇤)h, J/ K(⇤) where h = ⇡, ⇢. Events are required to contain at
least three good tracks to purify the sample with processes of the type e+e� ! hadrons,
while rejecting beam induced background, Bhabha scattering, and other low multiplicity
background sources. The charged kaon and pion tracks are required to have impact param-
eters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. Particle identification criteria >
0.5 is applied to K. The K0

S , D
0, ⇢+, J/ and K⇤ candidates are selected within 0.489 <

M⇡+⇡� < 0.506 GeV/c2, 1.85 < MD < 1.89 GeV/c2, 0.675 < M⇡+⇡0 < 0.875 GeV/c2,
3.0 < Ml+l� < 3.12 GeV/c2 and 0.845 < MK⇡ < 0.942 GeV/c2, respectively. The D⇤+

candidates are required to have 0.143 < �M < 0.147 GeV/c2 and D⇤0 candidates are re-
quired to have 0.140 < �M < 0.144 GeV/c2. qq̄ background is suppressed with R2 < 0.3,
0.25 and 0.4 for B ! D⇡ and B ! J/ K(⇤), B ! D⇢ and B ! D⇤h modes, respectively.
The internal document reference is BELLE2-NOTE-PH-2018-004.
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Figure 2: This figure shows the Mbc distribution of B candidates in 250 pb�1 of collision
data, in the mode B ! D(⇤)h, J/ K(⇤) where h = ⇡, ⇢. Events are required to contain at
least three good tracks to purify the sample with processes of the type e+e� ! hadrons,
while rejecting beam induced background, Bhabha scattering, and other low multiplicity
background sources. The charged kaon and pion tracks are required to have impact param-
eters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. Particle identification criteria >
0.5 is applied to K. The K0

S , D
0, ⇢+, J/ and K⇤ candidates are selected within 0.489 <

M⇡+⇡� < 0.506 GeV/c2, 1.85 < MD < 1.89 GeV/c2, 0.675 < M⇡+⇡0 < 0.875 GeV/c2,
3.0 < Ml+l� < 3.12 GeV/c2 and 0.845 < MK⇡ < 0.942 GeV/c2, respectively. The D⇤+

candidates are required to have 0.143 < �M < 0.147 GeV/c2 and D⇤0 candidates are re-
quired to have 0.140 < �M < 0.144 GeV/c2. qq̄ background is suppressed with R2 < 0.3,
0.25 and 0.4 for B ! D⇡ and B ! J/ K(⇤), B ! D⇢ and B ! D⇤h modes, respectively.
The internal document reference is BELLE2-NOTE-PH-2018-004.

Mbc (GeV/c2)ΔE (GeV)
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Belle
Measurement of γ/ϕ3 @ Belle II

!13

δ (γ /φ3)
50ab−1 = 1.6°

 13 / 20

Current Direct / Indirect  sensitivity:
Measure ϕ

3

 direct(tree) and indirect way (loop) and compare to see e9ect 

of new physics

Current direct sensitivity :ϕ3=(72.1−5.8

+5.4 )o Current indirect sensitivity :ϕ3=(65.3−2.5

+1.0 )o

Why best Why best ϕϕ

33

 sensitivity is from Belle II ?  sensitivity is from Belle II ? 

Along with leading modes K

+

π
-
, K

+

K

-

, π
+
π
-
, K

s

π
0

, 

Ksπ
+
π
-
, K

s

K

+

K

-

, Any Qnal state can be 

reconstructed including those with γ. 

With 50 ab

-1

 data: Forseen ϕ

3

 precision of 1.5

o

 

 

Summary
Most likely, the most relevant contribution to using CKM 
physics to probe NP offered by Belle II will be a significant 
improvement in the determination of !3 and |Vub|:


• |Vub| - 1.3%(3%) from exclusive (inclusive) semileptonic 
measurements.


• !3 - 1.6° from B→DK decays 

We will also measure with increased precision the !1 and !2 
parameters, which are less discriminant to BSM physics, but 
could still contribute to the overall sharpness of the picture, 
thanks also to theory inputs aimed at reducing the hadronic 
uncertainties

17
For more see B2TiP report!

CKM constraints from tree-
dominated decays. Now and 

at 50ab-1

Measurements of the Belle II will test CKM unitarity with 1% precision.

)
2
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CKM
f i t t e r

CKM constraints from 
tree-dominated decays. 

Now and at 50 ab-1

• γ/ϕ3 precision is now better than 5°. 

• B± → D ( → Ks0 π+ π-) K±  ⇾ the most sensitive single analysis in Belle II. 

• Conservatively, combined sensitivity:
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Belle
Prospects for Charm at Belle II

!14

• The following projections are extrapolated from Belle measurements:
•

• Assumption :  most of the systematics scale with statistics.

• Maybe (other) sources of systematic errors that do not scale with statistics, 

that show up only in very high statistics samples. 

• Belle II will have high statistics control samples to keep them under control 

• The detector improvements w.r.t. Belle will be helpful, but their effect is not included 
in these extrapolations unless otherwise stated. 

•

σ BelleII = (σ stat
2 +σ sys

2 ) i
50ab−1 +σ irreducible

2LBelle
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Belle
D0 Decay Vertex Resolution

!15

average transverse 
D0 

flight distance ~ 
180µm

beam-spot

D0 vertex

BelleII MC  PRELIMINARY

Belle II: 
σ≈40 µm 012345678
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Fig. 11: Resolution of the transverse d0 (left) and longitudinal z0 (right) impact parameters.

The results for MC events with a single muon track using the Belle II tracking algorithm

are compared with the results for Belle cosmic events [52]. The resolution in each bin is

estimated using the � value of a single Gaussian function fitted in a region containing 90%

of the data around the mean value of the distributions.

The average particle boost h��i for B-mesons produced at the predecessor collider KEKB1213

was about 0.425. Here � = v/c is the ratio between the velocity of the particle v and the speed1214

of light c, and � is the Lorentz factor. Due to the lower boost at SuperKEKB (h��i ⇡ 0.284),1215

we need a preciser track reconstruction than achieved by the predecessor experiment Belle1216

to reach a comparable resolution in the measurement of the decay time of primary particles1217

(S. Sec. 6.2.3). In Fig. 11 we show the resolutions of the transverse d0 and the longitudinal1218

z0 impact parameters as functions of the pseudo-momenta p� sin(✓)3/2 and p� sin(✓)5/2. The1219

pseudo-momenta are chosen to take into account the e↵ect of multiple scattering of charged1220

particles [52]. A precision of about 10 µm on both impact parameters is expected for high1221

momentum tracks matching the expectations in the Technical Design Report [6]. As Fig. 111222

shows, on both track impact parameters we reach an improvement in the resolution by1223

almost a factor two in comparison with Belle.1224

Improvements on Tracking E�ciency. During the writing of this report a lot of progress1225

has been made in tracking. In this section we report the e�ciency of the VXD and the CDC1226

standalone pattern recognition available at the time of writing.1227

The VXD pattern recognition algorithm has been re-designed and re-implemented. The1228

performances are improved both for e�ciency and track quality. As an example, we report in1229

the left plot of Fig. 12 the track finding e�ciency using only SVD hits. The overall e�ciency1230

is higher, and, most important, the degradation of the performance with background is much1231

limited with respect to what shown earlier.1232

5.3.2. V 0-like particle reconstruction. Long-lived neutral particles that decay into two1233

charged particles at some distance away from the interaction point are reconstructed using a1234

dedicated algorithm. This V 0 reconstruction takes place after the reconstruction of charged1235
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Fig. 11: Resolution of the transverse d0 (left) and longitudinal z0 (right) impact parameters.

The results for MC events with a single muon track using the Belle II tracking algorithm

are compared with the results for Belle cosmic events [52]. The resolution in each bin is

estimated using the � value of a single Gaussian function fitted in a region containing 90%

of the data around the mean value of the distributions.

The average particle boost h��i for B-mesons produced at the predecessor collider KEKB1213

was about 0.425. Here � = v/c is the ratio between the velocity of the particle v and the speed1214

of light c, and � is the Lorentz factor. Due to the lower boost at SuperKEKB (h��i ⇡ 0.284),1215

we need a preciser track reconstruction than achieved by the predecessor experiment Belle1216

to reach a comparable resolution in the measurement of the decay time of primary particles1217

(S. Sec. 6.2.3). In Fig. 11 we show the resolutions of the transverse d0 and the longitudinal1218

z0 impact parameters as functions of the pseudo-momenta p� sin(✓)3/2 and p� sin(✓)5/2. The1219

pseudo-momenta are chosen to take into account the e↵ect of multiple scattering of charged1220

particles [52]. A precision of about 10 µm on both impact parameters is expected for high1221

momentum tracks matching the expectations in the Technical Design Report [6]. As Fig. 111222

shows, on both track impact parameters we reach an improvement in the resolution by1223

almost a factor two in comparison with Belle.1224

Improvements on Tracking E�ciency. During the writing of this report a lot of progress1225

has been made in tracking. In this section we report the e�ciency of the VXD and the CDC1226

standalone pattern recognition available at the time of writing.1227

The VXD pattern recognition algorithm has been re-designed and re-implemented. The1228

performances are improved both for e�ciency and track quality. As an example, we report in1229

the left plot of Fig. 12 the track finding e�ciency using only SVD hits. The overall e�ciency1230

is higher, and, most important, the degradation of the performance with background is much1231

limited with respect to what shown earlier.1232

5.3.2. V 0-like particle reconstruction. Long-lived neutral particles that decay into two1233

charged particles at some distance away from the interaction point are reconstructed using a1234

dedicated algorithm. This V 0 reconstruction takes place after the reconstruction of charged1235

52/681

Vertex detector:  
double layer of DEPFET pixels + 4 layers DS Si strips 
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Belle
D0 Proper Time Resolution

!16

resolution = 0.14 ps 
(2 times better than Belle/BABAR (0.27 ps))

Belle II MC 
PRELIMINARY

D*+→D0π+, 
        D0→K+K–

      D0 proper time resolution

A. J. Schwartz   CHARM 2016, Bologna, Italy  Belle II Physics Prospects   6 

Belle II_
_ D0→K+K–  Decay Time Resolution 
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D0 decay vertex 
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D*+ production and 
decay vertex coincide 

beam spot 
profile 

TRANSVERSE PLANE 

π+ 

resolution  
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BelleII MC 
PRELIMINARY 

⇒ 
resolution = 0.14 ps 
(2x better than Belle/
BaBar (0.27 ps) 
 
pulls distribution ok 
 
Kπ, ππ results similar 

D*+→D0π+, 
  D0→K+K– 

Kπ, ππ results are similar
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Belle
Mixing and Indirect CPV

!17

Mode observable
Belle Belle II

~ 1 ab–1  50 ab–1

D0 → K+π–

x’2 (%) ± 0.022 ± 0.003
y’ (%) ± 0.34 ± 0.04
|q/p| ± 0.6 ± 0.06
ϕ ± 25º ± 2.3º

D0 → π+π– 

D0 → K+K–
yCP (%) ± 0.22 ± 0.04
AΓ (%) ± 0.20 ± 0.03

D0 → KSπ+π–

x (%) ± 0.19 ± 0.08
y (%) ± 0.15 ± 0.05
|q/p| ± 0.16 ± 0.06
ϕ ± 11º ± 4º

~ factor 3 better

~ factor 6 better

~ factor 8-10 
better

will be improved by 
model-independent 

approach

systematics free 
measurement

comparable 
contributions from 

statistical and 
systematic errors

limited by systematics 
related to DP model.

σ BelleII = (σ stat
2 +σ sys

2 ) i
50ab−1 +σ irreducible

2LBelle
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Belle
Time-integrated CP Asymmetry

!18

• Belle II has advantages of excellent γ and π0 reconstruction. 

• ACP precision will reach      (0.01%). O
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Belle II at SuperKEKB D0-—D0 mixing and CP violation Rare or leptonic charm decays ROE method of D0 flavor tag Summary

Time-integrated CP asymmetry

Time-integrated CP asymmetry in D decays

Time-integrated CP asymmetries are measured based on partial decay rates:
Af

CP =
Γ(D → f )− Γ(D → f )
Γ(D → f ) + Γ(D → f )

= af
d + af

ind e.g: in D0 → K0
S h+, measured asym.: Araw = ACP + AFB + Ah+

ϵ + AK0
CP

Several measurements are performed at Belle
Channel Current measurement Belle II LHCb

L(/fb) value(%) References 50 ab−1(%) 50 fb−1(%)
D0 → π+π− 976 +0.55 ± 0.36 ± 0.09 PoS ICHEP2012 (2013) 353 ±0.05 ±0.03
D0 → K+K− 976 −0.32 ± 0.21 ± 0.09 PoS ICHEP2012 (2013) 353 ±0.03 ±0.03
D0 → π0π0 966 −0.03 ± 0.64 ± 0.10 PRL 112, 211601 (2014) ±0.09
D0 → K0

S K0
S 921 −0.02 ± 1.53 ± 0.17 PRL 119, 171801 (2017) ±0.20

D0 → K0
S π0 966 −0.21 ± 0.16 ± 0.07 PRL 112, 211601 (2014) ±0.03

D0 → K0
S η 791 +0.54 ± 0.51 ± 0.16 PRL 106, 211801 (2011) ±0.07

D0 → K0
S η′ 791 +0.98 ± 0.67 ± 0.14 PRL 106, 211801 (2011) ±0.09

D0 → π+π−π0 532 +0.43 ± 0.41 ± 1.23 PLB 662, 102 (2008) ±0.13
D0 → K+π−π0 281 −0.60 ± 5.30 PRL 95, 231801 (2005) ±0.40

D0 → K+π−π+π− 281 +0.43 ± 1.30 PRL 95, 231801 (2005) ±0.33
D+ → π0π+ 921 +2.31 ± 1.24 ± 0.23 Belle Preliminary ±0.40
D+ → φπ+ 955 +0.51 ± 0.28 ± 0.05 PRL 108, 071801 (2012) ±0.04
D+ → ηπ+ 791 +1.74 ± 1.13 ± 0.19 PRL 107, 221801 (2011) ±0.14 ±0.01
D+ → η′π+ 791 −0.12 ± 1.12 ± 0.17 PRL 107, 221801 (2011) ±0.14
D+ → K0

S π+ 977 −0.363 ± 0.094 ± 0.067(3.2σ) PRL 109, 021601 (2012) ±0.03 ±0.03
D+ → K0

S K+ 977 −0.25 ± 0.28 ± 0.14 JHEP 02 (2013) 098 ±0.05
D+

s → K0
S π+ 673 +5.45 ± 2.50 ± 0.33 PRL 104, 181602 (2010) ±0.29 ±0.03

D+
s → K0

S K+ 673 +0.12 ± 0.36 ± 0.22 PRL 104, 181602 (2010) ±0.05

Belle II: precision of O(0.01%) (down to SM level). σBelle II =
√
(σ2

stat + σ2
syst ) · (LBelle/50 ab−1) + σ2

irred

With respect to LHCb, Belle II has advantages of excellent γ and π0 reconstruction.
There are some other important methods at Belle II, like T-odd asymmetry measurement
with neutral particle in final states (see backup)

Longke LI (李龙科), IHEP Charm physics prospects at the Belle II experiment Sep 1, 2017, Beijing 9/14
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σ BelleII = (σ stat
2 +σ sys

2 ) i
50ab−1 +σ irreducible

2LBelle
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Belle
Direct CPV in  D0 → 𝜙 γ and D0 → ρ γ

!19

• Sensitive to New Physics (NP) in terms of ACP. 
Standard Model (SM) prediction:     (10-3) 
NP contributions: up to several % . [Phys. Rev. Lett. 109, 171801 (2012)] 

O
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• ACP and branching fraction (  ) → completed at Belle. 
• Belle II sensitivity estimation for ACP based on MC 

study

B
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Radiative Decays 
Belle ACP Results Belle II Uncertainty

976 fb-1 5 ab-1 15 ab-1 50 ab-1

D0 → ρ0 γ +0.056 ± 0.152 ± 0.006 ± 0.07 ± 0.04  ± 0.02

D0 → 𝜙 γ -0.094 ± 0.066 ± 0.001 ± 0.03 ± 0.02 ± 0.01

 [Phys.Rev.Lett.118,051801 (2017)]

• Statistical error is dominant for ACP.
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Belle
Full Charm Event Reconstruction

!20

light mesons (K, π, …)

e+e� ! cc̄ !DtagXfragDsig
<latexit sha1_base64="OEYBdMZBdkHrqGQOrNyosKz5b3g="></latexit><latexit sha1_base64="OEYBdMZBdkHrqGQOrNyosKz5b3g="></latexit><latexit sha1_base64="OEYBdMZBdkHrqGQOrNyosKz5b3g="></latexit><latexit sha1_base64="OEYBdMZBdkHrqGQOrNyosKz5b3g="></latexit>

(D(*)0, D(*)+ , Ds(*)+ , Λc+) signal

• Use energy and momentum conservation to search for rare D+ → l+ ν and D0 → ν ν etc.

• Example: Leptonic decay D+ →µ+ ν

e+e� ! cc̄ ! DtagXfragD
⇤+

<latexit sha1_base64="FRA7wr+gff4bRW0WGW7+IM/sZrA="></latexit><latexit sha1_base64="FRA7wr+gff4bRW0WGW7+IM/sZrA="></latexit><latexit sha1_base64="FRA7wr+gff4bRW0WGW7+IM/sZrA="></latexit><latexit sha1_base64="FRA7wr+gff4bRW0WGW7+IM/sZrA="></latexit>

! D+⇡0
<latexit sha1_base64="z+yGTb5tRgtQ32k77OO8OlLK0+M="></latexit><latexit sha1_base64="z+yGTb5tRgtQ32k77OO8OlLK0+M="></latexit><latexit sha1_base64="z+yGTb5tRgtQ32k77OO8OlLK0+M="></latexit><latexit sha1_base64="z+yGTb5tRgtQ32k77OO8OlLK0+M="></latexit>

|

Belle MC Simulation [5.5 ab-1]

• missing quantities are computed for 
the system

Dtag +Xfrag + ⇡slow + µ+
<latexit sha1_base64="DE+2Yss/sHUe4M13OWhD4/pCBcA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiUCgzIuiyqAuXFewF2jpk0kwbmsuQZJQy9BHc+CpuXCji1qU738Z0Ogtt/SHw5T/nkJw/jBnVxvO+nYXFpeWV1cJacX1jc2vb3dltaJkoTOpYMqlaIdKEUUHqhhpGWrEiiIeMNMPh5aTevCdKUyluzSgmXY76gkYUI2OtwD26ClKD+mNYhq0gjdQUOzENUs3kQ3bhyV05cEtexcsE58HPoQRy1QL3q9OTOOFEGMyQ1m3fi003RcpQzMi42Ek0iREeoj5pWxSIE91Ns4XG8NA6PRhJZY8wMHN/T6SIaz3ioe3kyAz0bG1i/ldrJyY676ZUxIkhAk8fihIGjYSTdGCPKoING1lAWFH7V4gHSCFsbIZFG4I/u/I8NE4qvlfxb05L1Ys8jgLYBwfgGPjgDFTBNaiBOsDgETyDV/DmPDkvzrvzMW1dcPKZPfBHzucPo+GbsA==</latexit><latexit sha1_base64="DE+2Yss/sHUe4M13OWhD4/pCBcA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiUCgzIuiyqAuXFewF2jpk0kwbmsuQZJQy9BHc+CpuXCji1qU738Z0Ogtt/SHw5T/nkJw/jBnVxvO+nYXFpeWV1cJacX1jc2vb3dltaJkoTOpYMqlaIdKEUUHqhhpGWrEiiIeMNMPh5aTevCdKUyluzSgmXY76gkYUI2OtwD26ClKD+mNYhq0gjdQUOzENUs3kQ3bhyV05cEtexcsE58HPoQRy1QL3q9OTOOFEGMyQ1m3fi003RcpQzMi42Ek0iREeoj5pWxSIE91Ns4XG8NA6PRhJZY8wMHN/T6SIaz3ioe3kyAz0bG1i/ldrJyY676ZUxIkhAk8fihIGjYSTdGCPKoING1lAWFH7V4gHSCFsbIZFG4I/u/I8NE4qvlfxb05L1Ys8jgLYBwfgGPjgDFTBNaiBOsDgETyDV/DmPDkvzrvzMW1dcPKZPfBHzucPo+GbsA==</latexit><latexit sha1_base64="DE+2Yss/sHUe4M13OWhD4/pCBcA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiUCgzIuiyqAuXFewF2jpk0kwbmsuQZJQy9BHc+CpuXCji1qU738Z0Ogtt/SHw5T/nkJw/jBnVxvO+nYXFpeWV1cJacX1jc2vb3dltaJkoTOpYMqlaIdKEUUHqhhpGWrEiiIeMNMPh5aTevCdKUyluzSgmXY76gkYUI2OtwD26ClKD+mNYhq0gjdQUOzENUs3kQ3bhyV05cEtexcsE58HPoQRy1QL3q9OTOOFEGMyQ1m3fi003RcpQzMi42Ek0iREeoj5pWxSIE91Ns4XG8NA6PRhJZY8wMHN/T6SIaz3ioe3kyAz0bG1i/ldrJyY676ZUxIkhAk8fihIGjYSTdGCPKoING1lAWFH7V4gHSCFsbIZFG4I/u/I8NE4qvlfxb05L1Ys8jgLYBwfgGPjgDFTBNaiBOsDgETyDV/DmPDkvzrvzMW1dcPKZPfBHzucPo+GbsA==</latexit><latexit sha1_base64="DE+2Yss/sHUe4M13OWhD4/pCBcA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiUCgzIuiyqAuXFewF2jpk0kwbmsuQZJQy9BHc+CpuXCji1qU738Z0Ogtt/SHw5T/nkJw/jBnVxvO+nYXFpeWV1cJacX1jc2vb3dltaJkoTOpYMqlaIdKEUUHqhhpGWrEiiIeMNMPh5aTevCdKUyluzSgmXY76gkYUI2OtwD26ClKD+mNYhq0gjdQUOzENUs3kQ3bhyV05cEtexcsE58HPoQRy1QL3q9OTOOFEGMyQ1m3fi003RcpQzMi42Ek0iREeoj5pWxSIE91Ns4XG8NA6PRhJZY8wMHN/T6SIaz3ioe3kyAz0bG1i/ldrJyY676ZUxIkhAk8fihIGjYSTdGCPKoING1lAWFH7V4gHSCFsbIZFG4I/u/I8NE4qvlfxb05L1Ys8jgLYBwfgGPjgDFTBNaiBOsDgETyDV/DmPDkvzrvzMW1dcPKZPfBHzucPo+GbsA==</latexit>

M2
miss(⌫) = (Emiss � |�!p |miss)(Emiss + |�!p |miss)

<latexit sha1_base64="75PVS3CIyVIyi/emX6Iu6mtQbr0="></latexit><latexit sha1_base64="75PVS3CIyVIyi/emX6Iu6mtQbr0="></latexit><latexit sha1_base64="75PVS3CIyVIyi/emX6Iu6mtQbr0="></latexit><latexit sha1_base64="75PVS3CIyVIyi/emX6Iu6mtQbr0="></latexit>

[JHEP 09, 139 (2013)] 
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Belle
Leptonic Decays Ds + → µ+ ν

!21

e+e� ! DtagXfragKD⇤+
s

<latexit sha1_base64="luQyfPuHy9LxVqoxxCpw4TJa8kc="></latexit><latexit sha1_base64="luQyfPuHy9LxVqoxxCpw4TJa8kc="></latexit><latexit sha1_base64="luQyfPuHy9LxVqoxxCpw4TJa8kc="></latexit><latexit sha1_base64="luQyfPuHy9LxVqoxxCpw4TJa8kc="></latexit>

|
! D+

s �
<latexit sha1_base64="eDtkA5aRGMN+UyWImafujhtz8SM="></latexit><latexit sha1_base64="eDtkA5aRGMN+UyWImafujhtz8SM="></latexit><latexit sha1_base64="eDtkA5aRGMN+UyWImafujhtz8SM="></latexit><latexit sha1_base64="eDtkA5aRGMN+UyWImafujhtz8SM="></latexit> • Require one charged track passing 

µ ID and pointing to IP 
• Fit to missing mass distribution

signal
combinatorial bkg.
peaking bkg.

[JHEP 09, 139 (2013)] 

• Same analysis procedure for D+ →µ+ ν 

• Belle simulation with 5.5 ab–1, scaled to 50 ab–1, yields:
Ds+ →µ+ν (yields) D+ →µ+ν (yields)

inclusive exclusive inclusive exclusive
Belle, 913 fb–1 94400 490 – –

BelleII, 50 ab–1 5.2 x 106 27 x 103 3.5x106 1250

            δ(fD|Vcd|) = 1.3

competitive with CLEOc (1.2) 

and BESIII (1.9)

δ(|Vcs|) = 0.004(stat)                        

δ(|fDs|) = 0.9(stat)

~1/3 of the theory error 
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Belle
D0 Decays to Invisible : D0 → νν

!22

! D0⇡+
s

<latexit sha1_base64="/+NMlMkBQHIJvqgilQUEM+/fKJ0="></latexit><latexit sha1_base64="/+NMlMkBQHIJvqgilQUEM+/fKJ0="></latexit><latexit sha1_base64="/+NMlMkBQHIJvqgilQUEM+/fKJ0="></latexit><latexit sha1_base64="/+NMlMkBQHIJvqgilQUEM+/fKJ0="></latexit>

e+e� ! DtagXfragD
⇤+

<latexit sha1_base64="KeF8/uPSb0GHIeRDlCy3Ni1QJVY="></latexit><latexit sha1_base64="KeF8/uPSb0GHIeRDlCy3Ni1QJVY="></latexit><latexit sha1_base64="KeF8/uPSb0GHIeRDlCy3Ni1QJVY="></latexit><latexit sha1_base64="KeF8/uPSb0GHIeRDlCy3Ni1QJVY="></latexit> |

• no remaining final state particles associated with 𝐷0sig .  
• 2D fit: MD (recoil D0 mass) and EECL (residual energy 

on calorimeter)

• 924 fb-1 Belle data

1D fit on recoil 𝐷0 mass

asEECL, is also used to extract theD0 → invisible signal. The
EECL is defined as the sumof the energies of theECLclusters
that are not associated with the particles of the Dð"Þ

tagXfragπ−s
system. In order to suppress the beam background, cluster
energies are required to be above ECL-region-dependent
thresholds: 50 MeV for 32.2°<θ<128.7 °, 100 MeV for
θ < 32.2°, and 150 MeV for θ > 128.7 °.
We consider two backgrounds for the D0 →

invisible signal: the D0 background from the eþ e− → cc
process in which correctly-tagged D0 peak in MD0 (e.g.
D0 → K0 π0 ) and the non-D0 background from eþ e− →
qq ðq ¼ u; d; s; cÞ, ϒð4SÞ, and ϒð5SÞ decays. The signal
yield is extracted from a two-dimensional extended
unbinned maximum likelihood fit, with the likelihood
defined as

L ¼ e−
P

j
Nj

N!

YN

i¼ 1

!X

j

NjPjðMi
D0 ; Ei

ECLÞ
"
; ð2Þ

where Pj represents the corresponding two-dimensional
PDF, and Ei

ECL is the EECL value of the ith candidate. The
Pj functions are products ofMD0 PDFs andEECL PDFs since
correlations between MD0 and EECL are found to be small.
There are three components in the fit: signal,D0 background,
and non-D0 background. The PDFs in EECL are histograms
obtained from MC simulation. The D0 and non-D0 back-
ground PDFs in EECL have a small peaking structure near
EECL ¼ 0 GeV, and the corresponding systematic effects are
described below. The signal PDF inMD0 is fixed as the one
obtained by the fit to theMD0 distribution of the inclusiveD0

sample. The D0 background PDFs in MD0 is parametrized
with the sum of three Gaussian functions. The non-D0

background PDF in MD0 is an ARGUS function. The free
parameters in the fit are the yields of the three components,
the D0 background PDF shape parameters, and the non-D0

background PDF shape parameters except for the end-point
of the ARGUS function.
The projections of the fit are shown in Fig. 3. The fitted

signal yield of D0 → invisible is −6 .3þ 22.5
−21.0 , which is

consistent with zero.
The branching fraction is calculated using

B ¼
Nsig

ϵ × Nincl
D0

; ð3Þ

where Nsig, Nincl
D0 ., and ϵ are the fitted signal yield of D0 →

invisible decays, the number of inclusive D0 mesons, and
the efficiency of reconstructing D0 → invisible decays
within the inclusive D0 sample, respectively. We calibrate
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FIG. 2. The MD0 distribution of the inclusive D0 sample. The
points with error bars are data; the solid line is the fit result; the
blue dotted line is background, and the red area is the inclusive
D0 signal.
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asEECL, is also used to extract theD0 → invisible signal. The
EECL is defined as the sumof the energies of theECLclusters
that are not associated with the particles of the Dð"Þ

tagXfragπ−s
system. In order to suppress the beam background, cluster
energies are required to be above ECL-region-dependent
thresholds: 50 MeV for 32.2°<θ<128.7 °, 100 MeV for
θ < 32.2°, and 150 MeV for θ > 128.7 °.
We consider two backgrounds for the D0 →

invisible signal: the D0 background from the eþ e− → cc
process in which correctly-tagged D0 peak in MD0 (e.g.
D0 → K0 π0 ) and the non-D0 background from eþ e− →
qq ðq ¼ u; d; s; cÞ, ϒð4SÞ, and ϒð5SÞ decays. The signal
yield is extracted from a two-dimensional extended
unbinned maximum likelihood fit, with the likelihood
defined as

L ¼ e−
P
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where Pj represents the corresponding two-dimensional
PDF, and Ei

ECL is the EECL value of the ith candidate. The
Pj functions are products ofMD0 PDFs andEECL PDFs since
correlations between MD0 and EECL are found to be small.
There are three components in the fit: signal,D0 background,
and non-D0 background. The PDFs in EECL are histograms
obtained from MC simulation. The D0 and non-D0 back-
ground PDFs in EECL have a small peaking structure near
EECL ¼ 0 GeV, and the corresponding systematic effects are
described below. The signal PDF inMD0 is fixed as the one
obtained by the fit to theMD0 distribution of the inclusiveD0

sample. The D0 background PDFs in MD0 is parametrized
with the sum of three Gaussian functions. The non-D0

background PDF in MD0 is an ARGUS function. The free
parameters in the fit are the yields of the three components,
the D0 background PDF shape parameters, and the non-D0

background PDF shape parameters except for the end-point
of the ARGUS function.
The projections of the fit are shown in Fig. 3. The fitted

signal yield of D0 → invisible is −6 .3þ 22.5
−21.0 , which is

consistent with zero.
The branching fraction is calculated using

B ¼
Nsig

ϵ × Nincl
D0

; ð3Þ

where Nsig, Nincl
D0 ., and ϵ are the fitted signal yield of D0 →

invisible decays, the number of inclusive D0 mesons, and
the efficiency of reconstructing D0 → invisible decays
within the inclusive D0 sample, respectively. We calibrate

]2 [GeV/c0DM
1.856 1.858 1.86 1.862 1.864 1.866 1.868 1.87

)2
E

ve
nt

s/
(0

.3
5 

M
eV

/c

0

20

40

60

80

100

120

140

310×

Data

Fit result
0Inclusive D

Background

FIG. 2. The MD0 distribution of the inclusive D0 sample. The
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the red area is the signal of D0 decaying to invisible final
states.
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asEECL, is also used to extract theD0 → invisible signal. The
EECL is defined as the sumof the energies of theECLclusters
that are not associated with the particles of the Dð"Þ

tagXfragπ−s
system. In order to suppress the beam background, cluster
energies are required to be above ECL-region-dependent
thresholds: 50 MeV for 32.2°<θ<128.7 °, 100 MeV for
θ < 32.2°, and 150 MeV for θ > 128.7 °.
We consider two backgrounds for the D0 →

invisible signal: the D0 background from the eþ e− → cc
process in which correctly-tagged D0 peak in MD0 (e.g.
D0 → K0 π0 ) and the non-D0 background from eþ e− →
qq ðq ¼ u; d; s; cÞ, ϒð4SÞ, and ϒð5SÞ decays. The signal
yield is extracted from a two-dimensional extended
unbinned maximum likelihood fit, with the likelihood
defined as

L ¼ e−
P

j
Nj

N!

YN

i¼ 1

!X

j

NjPjðMi
D0 ; Ei

ECLÞ
"
; ð2Þ

where Pj represents the corresponding two-dimensional
PDF, and Ei

ECL is the EECL value of the ith candidate. The
Pj functions are products ofMD0 PDFs andEECL PDFs since
correlations between MD0 and EECL are found to be small.
There are three components in the fit: signal,D0 background,
and non-D0 background. The PDFs in EECL are histograms
obtained from MC simulation. The D0 and non-D0 back-
ground PDFs in EECL have a small peaking structure near
EECL ¼ 0 GeV, and the corresponding systematic effects are
described below. The signal PDF inMD0 is fixed as the one
obtained by the fit to theMD0 distribution of the inclusiveD0

sample. The D0 background PDFs in MD0 is parametrized
with the sum of three Gaussian functions. The non-D0

background PDF in MD0 is an ARGUS function. The free
parameters in the fit are the yields of the three components,
the D0 background PDF shape parameters, and the non-D0

background PDF shape parameters except for the end-point
of the ARGUS function.
The projections of the fit are shown in Fig. 3. The fitted

signal yield of D0 → invisible is −6 .3þ 22.5
−21.0 , which is

consistent with zero.
The branching fraction is calculated using

B ¼
Nsig

ϵ × Nincl
D0

; ð3Þ

where Nsig, Nincl
D0 ., and ϵ are the fitted signal yield of D0 →

invisible decays, the number of inclusive D0 mesons, and
the efficiency of reconstructing D0 → invisible decays
within the inclusive D0 sample, respectively. We calibrate
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the red area is the signal of D0 decaying to invisible final
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inclusive D0 yield
Belle, 924 fb–1 695000
BelleII, 50 ab–1 38 x 106

Nsig =                     consistent with zero.�6.3+22.5
�21.0
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Belle
Rare Radiative Decay of D0 → γ γ

!23

• D0 → γ γ a sensitive probe to NP. 

• Belle 832 fb-1 data:  

      < 8.5 x 10-7 at 90% CL approaching SM prediction (10-8 ) B
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• Belle II at 50 ab-1 : 10-7 to 10-8

Belle D0 ! ��

SM predictions: long distance e↵ects dominate
Br ⇠ few ⇥ 10�8

Belle, 832 fb�1 PRD 93, 051102 (2016)
Br < 8.5⇥ 10�7 @ 90% CL

Belle II at 50 ab�1:
! depends how background behaves

if UL would scale with L:
UL ⇠ 2⇥ 10�8

if UL would scale with
p
L:

UL ⇠ 1⇥ 10�7

M. Starič (IJS) Charm physics prospects at the Belle II Krakow, June 7-12, 2018 17 / 18

Belle II at SuperKEKB D0-—D0 mixing and CP violation Rare or leptonic charm decays ROE method of D0 flavor tag Summary

Rare radiative decays with two photons

Rare radiative decay of D0 → γγ

FCNC process is forbidden at tree level in SM; but NP modes allow it and lead to significant
enhancement on BR.
D0 → γγ: a sensitive probe for new physics.
Belle: most restrictive limit (832 fb−1): BR < 8.5 × 10−7 approaching SM prediction (10−8)
This FCNC decay will be probed further at Belle II on 50 ab−1: ∼ 10−7 − 10−8

With respect to LHCb, there are still some rooms for semileptonic decays (neutrinos in final
states) at Belle II.

UL’s of rare charm decays by HFLAV [ref. HFLAV link]

Longke LI (李龙科), IHEP Charm physics prospects at the Belle II experiment Sep 1, 2017, Beijing 11/14

• Decays involving π0, η and ω 

were mostly done by CLEO. 

• Belle II can improve these UL 

by several orders of 

magnitude.  
•

[PRD 93, 051102 (2016)]
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Summary
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• First collision → April 26, 2018 

• Phase II (partial Belle II) data taking is ongoing 

• will end on July 17, 2018. 

• Physics Run (Phase III) will start in less than a year. 

• γ/ϕ3 precision at 50 ab-1 : ~1.6° from B → D K decays. 

• A rich Belle II charm physics program will 

• improve precision of 

• mixing and CPV parameters, direct CP asymmetries, 

• Vcd and Vcs from (semi)leptonic decays, decay constants fD , fDs. 

• lower limits more on rare and forbidden decays.
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             Belle II Experiment           @           SuperKEKB            BEACH 2016 |    Physics prospects at Belle II            |          J. Bennett

SuperKEKB
6

Feb	2016:	First	Turns	at	SuperKEKB	  
(4	GeV	e+	and	7	GeV	e-)

8s-
1 ]

*gray	-	recycled,	color	-	new June 2016:  (LER beam current 850 mA, 
HER at 770 mA)

Belle II

•            = 8 x 1035 cm-2 s-1 (40 x KEKB) 

•         > 50 ab-1 by 2025 (50 x Belle) 

Lpeak
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Lint
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• Each 1 ab-1 experimental data 

• ~1.1 x 109 BB ⇒ a super B-factory; 

• ~1.3 x 109 cc ⇒ a super charm-factory; 

• ~0.9 x 109 τ+ τ - ⇒ a super τ-factory;

e-  
(7 GeV)

e+ 
(4 GeV)

• full solid angle detector; clean event 
environment; well defined initial state. 

• Increase Ks0 efficiency. 

• improved K / π separation. 

• improved reconstruction, selection and tagging 
algorithms. 

• ………


