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Abstract

We present a search for the rare leptonic decays B+ → e+ν and B+ → µ+ν, using
the full Υ(4S) data sample of 772 × 106 BB̄ pairs collected with the Belle detector at the
KEKB asymmetric-energy e+e− collider. One of the B mesons from the Υ(4S) → BB̄
decay is fully reconstructed in a hadronic mode while the recoiling side is analyzed for the
signal decay. We find no evidence of a signal in any of the decay modes. Upper limits of
the corresponding branching fractions are determined as B(B+ → e+ν) < 3.4 × 10−6 and
B(B+ → µ+ν) < 2.7× 10−6 at 90% confidence level.
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SuperKEKB	
  	
  &	
  	
  Belle	
  II

e� �! (?) e+
7 GeV 4 GeV

B+ ! ⌧+⌫⌧ , B+ ! `+⌫` prospects @ Belle II

• Lpeak = 8 ⇥ 1035cm�2s�1, Lint = 50ab�1

• B+ ! ⌧+⌫⌧

* �B ⇠ a few %
* need better precision for fB|Vub|

• B+ ! µ+⌫µ, B+ ! e+⌫e

* 5� observation expected for
B+ ! µ+⌫µ (SM) at ⇠ 10ab�1

* O(10�8) sensitivity at 10ab�1

* interesting to compare with B+ ! ⌧+⌫⌧

Prospect at Belle II�
•  7GeV e- ×4GeV e+,  
•  Lpeak = 8 ×1035cm-2s-1,  
•  Lint = 50ab-1 

•  B � τν%
•  Precision ~ a few % 

•  Need better precision for fB |Vub|. 

•  B � µν, eν%
•  5σ observation expected for 

B(B�μ�)SM at ~10 ab−1. 
•  O(10−8) sensitivity at 50 ab−1. 
•  Interesting to compare w/ B�τν%
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Charged Higgs constraint (Type-II 2HDM) 

50 ab−1 

Assume  
Δexp�~ 1/√L,  
ΔfB|Vub| = 4 % �
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µ>0, mh = 125±1 GeV, mt = 173.3 GeV 
blue: m0 < 5 TeV, orange: m0 < 20 TeV 

2-parameter nonuniversal Higgs model 
H. Baer, V. Barger, and A. Mustafayev,PRD85, 075010 
�
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Z
goal

L dt = 50 ab�1



Expected	
  data	
  sample
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�bb̄ ' �cc̄ ' �⌧+⌧�Note: 

*

* assuming 100% running at each energy
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The	
  three	
  frontiers

Flavor Physics



Past	
  highlights	
  from	
  Intensity	
  Frontier
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a	
  flavor	
  physics	
  hat	
  trick!

---------------------------------------------------------------------------------------------------------------

"A special search at Dubna was carried out by E. Okonov and his 
group. They did not find a single KL ! "+ "-  event among

600 decays into charged particles [12] (Anikira et al., JETP 1962). 
At that stage the search was terminated by the administration of 
the Lab. The group was unlucky."

                      -Lev Okun, "The Vacuum as Seen from Moscow"
-----------------------------------------------------------------------------------------------

A lesson from history

1964: BF= 2 x 10-3

A failure of imagination ? Lack of patience ?

“Imagine if Fitch and Cronin had stopped at the 1% level, 

how much physics would have been missed” 

–A. Soni@Super KEKB proto-collaboration meeting

(1964) B = 2� 10�3

A failure of imagination, or lack of patience?

Youngjoon Kwon New physics search in B decays Nov. 15, 2009 @ FAPPS09

Epilogue

49
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a	
  lesson	
  from	
  history...

Outline

• suppression of K0
L ! µ+µ� decays

) existence of charm quark by GIM
mechanism

• K0K̄0 oscillations, B0B̄0 oscillations

) charm and top quark masses

• CPV in K0 systems

) 3rd generation of quarks & KM
mechanism

July 7, 2014 3



Energy	
  vs.	
  Intensity	
  Frontier
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Intensity Frontier is 
complementary to the Energy 
Frontier 

If LHC finds NP 

* precision flavor input is essential to 
further clarify those discoveries 

Even if no new NP is found 

* high-statistics flavor sector 
measurements (on b, c, and τ) can 
provide beyond-TeV-scale probe for 
NP



The	
  Intensity	
  Frontier

LHCb 
* ultra-high-statistics sample of B 

and Bs in all-charged modes 

Belle II 
* unique for final states with 

neutrinos or multiple photons 
(i.e. π0) 

* also a good place to study charm, 
τ+τ−,  

* hermeticity is a great plus, too!

8

Explorers of the Intensity Frontier 
1) hadron machines, e.g. LHCb 

2) next generation flavor factories, 
e.g. Belle II @ SuperKEKB, or 
BESIII @ BEPC

⌥(nS)



adapted from

Belle	
  II	
  	
  vs.	
  	
  LHCb
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complementarity	
  
(or	
  competition!)	
  

at	
  a	
  glance



Strengths	
  of	
  Belle	
  II
Full reconstruction of B  
* modes w/ multiple ν’s 

* inclusive measurements 

Hermeticity  
* minimal trigger for, e.g. Dalitz analysis 

* precision τ measurements 

Neutral particles 
* and for η, ηʹ′, ρ+, etc.   

other notable features 
* good PID for both μ± and e± 
* high flavor-tagging efficiency  

-­‐ (×15	
  better	
  than	
  LHC)
10

⇡0,K0
S ,K

0
L

Belle	
  II	
  covering	
  ≳90%	
  of	
  4π,	
  	
  
and	
  ⟨N(track)⟩	
  ~	
  10	
  per	
  event

0.910 ' 0.35



Production	
  of	
  B	
  in	
  Belle(II)
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Full	
  reconstruction	
  of	
  B
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Strengths of Belle II



Full	
  recon.	
  of	
  B,	
  ever	
  improved!

13

Strengths of Belle II
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Full-­‐recon.	
  for	
  charm
Strengths of Belle II
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Measurements of branching fractions of leptonic and

hadronic D+

s meson decays and extraction of the D+

s

meson decay constant

BELLE
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Z. Drásal,d D. Dutta,o S. Eidelman,c H. Farhat,bl J.E. Fast,as T. Ferber,g V. Gaur,ba

N. Gabyshev,c S. Ganguly,bl R. Gillard,bl Y.M. Goh,k B. Golob,ab,u J. Haba,m

T. Hara,m K. Hayasaka,aj H. Hayashii,ak Y. Horii,aj Y. Hoshi,bd W.-S. Hou,an

Y.B. Hsiung,an H.J. Hyun,z T. Iijima,aj,ai K. Inami,ai A. Ishikawa,be R. Itoh,m

Y. Iwasaki,m T. Iwashita,ak I. Jaegle,l T. Julius,af E. Kato,be H. Kawai,e

T. Kawasaki,aq H. Kichimi,m C. Kiesling,ae D.Y. Kim,ax H.O. Kim,z J.B. Kim,y

J.H. Kim,x M.J. Kim,z Y.J. Kim,x K. Kinoshita,f J. Klucar,u B.R. Ko,y P. Kodyš,d
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Neutral	
  particles	
  @	
  Belle	
  II
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Strengths of Belle II

• Much fewer background photons than in hadron collider 
• Higher performance calorimeter 
• Much less material in front (esp. good for electrons)
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Even KL is not a problem at all, for 
Belle II 
➔ provide a test of consistency 
with KS and KL modes

impossible mission @ LHC

Strengths of Belle II

better	
  S/B	
  in	
  Belle	
  II	
  is	
  expected,	
  due	
  to	
  	
  
(1) using	
  scintillators	
  in	
  the	
  end	
  caps	
  and	
  

inner	
  barrel	
  layers	
  ➔	
  higher	
  efficiency	
  
and	
  reduced	
  neutron	
  background	
  	
  

(2) using	
  a	
  prompt	
  timing	
  cut	
  in	
  RPCs	
  and	
  
scintillators	
  ➔	
  reduced	
  neutron	
  
background.

Neutral	
  particles	
  @	
  Belle	
  II



Driving	
  questions	
  for	
  Belle	
  II
(1) Are	
  there	
  any	
  new	
  CPV	
  phases?	
  

(2) Any	
  right-­‐handed	
  currents	
  from	
  NP?	
  

(3) Quark	
  FCNC	
  beyond	
  the	
  SM?	
  	
  New	
  operators	
  with	
  
quarks	
  enhanced	
  by	
  NP?	
  

(4) Sources	
  of	
  LFV	
  from	
  NP?	
  

(5) Any	
  more	
  higgs?	
  (e.g.	
  H+)	
  

(6) Understanding	
  exotic	
  QCD	
  states?	
  

(7) Hidden	
  dark	
  sector?	
  

...	
  just	
  listing	
  007*	
  such	
  questions	
  ...

17* parodying the first talk of this conference



	
  	
  Driving	
  questions	
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  Belle	
  II	
  (1)
Are there any new CPV phases?
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Check �S ⌘ sin 2�1,e↵(b ! ss̄s)� sin 2�1(b ! cc̄s)

A. J. Schwartz   FPCP 2014, Marseilles, France  Belle II Physics Prospects   11 

Belle II_
_

Comparing Tree and Penguin φ1 (β ) 

B0→ J/ψ K0 
B0→ φ K0 

B0→ η’ K0 
B0→ K0K0K0 

dominated by vertex resolution, 
which will improve: 61→ ∼18 µm 

dN

dt
∝ e−Γt [ 1 + q (A cos ∆mt + S sin ∆mt) ]
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vs.

� sin 2�1 �Ssqq̄
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Check �S ⌘ sin 2�1,e↵(b ! ss̄s)� sin 2�1(b ! cc̄s)

June 2014,  B2TIP W/S Phillip URQUIJO 22

CPV & mixingTable 1: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab�1 and 50 ab�1 of Belle II data. The
current results from Belle, or from BaBar where relevant (denoted with a †) are also given. Items marked with a ‡ are estimates based on similar
measurements. Errors given in % represent relative errors.

Observables Belle or LHCb Belle II LHCb
(2014) 5 ab�1 50 ab�1 8 fb�1(2018) 50 fb�1

UT angles sin 2� 0.667 ± 0.023 ± 0.012(1.4�) 0.7� 0.4� 1.6� 0.6�

↵ [�] 85 ± 4 (Belle+BaBar) 2 1
� [�] (B ! D

(⇤)
K

(⇤)) 68 ± 14 6 1.5 4 1

�s(Bs ! J/ �) 0.05 0.025 0.009
Gluonic penguins S(B ! �K

0) 0.90+0.09

�0.19

0.053 0.018 0.2 0.04
S(B ! ⌘

0
K

0) 0.68 ± 0.07 ± 0.03 0.028 0.011
S(B ! K

0

SK

0

SK

0

S) 0.30 ± 0.32 ± 0.08 0.100 0.033

�

e↵

s (Bs ! ��) [rad] ±0.18 0.12 0.03
�

e↵

s (Bs ! K

⇤0
K̄

⇤0) [rad] ±0.19 0.13 0.03
Direct CP in hadronic Decays A(B ! K

0

⇡

0) �0.05 ± 0.14 ± 0.05 0.07 0.04
UT sides |Vcb| incl. 41.6 · 10�3(1 ± 1.8%) 1.2%

|Vcb| excl. 37.5 · 10�3(1 ± 3.0%
ex. ± 2.7%

th.) 1.8% 1.4%
|Vub| incl. 4.47 · 10�3(1 ± 6.0%

ex. ± 2.5%
th.) 3.4% 3.0%

|Vub| excl. (had. tag.) 3.52 · 10�3(1 ± 8.2%) 4.7% 2.4%

Leptonic and Semi-tauonic B(B ! ⌧⌫) [10�6] 96(1 ± 27%) 10% 5%
B(B ! µ⌫) [10�6] < 1.7 20% 7%
R(B ! D⌧⌫) 0.440(1 ± 16.5%)† 5.2% 2.5%
R(B ! D

⇤
⌧⌫)† 0.332(1 ± 9.0%)† 2.9% 1.6% ...

Radiative B(B ! Xs�) 3.45 · 10�4(1 ± 4.3% ± 11.6%) 7% 6%
ACP (B ! Xs,d�) [10�2] 2.2 ± 4.0 ± 0.8 1 0.5
S(B ! K

0

S⇡
0

�) �0.10 ± 0.31 ± 0.07 0.11 0.035
�

e↵

s (Bs ! ��) ±0.20 0.13 0.03
S(B ! ⇢�) �0.83 ± 0.65 ± 0.18 0.23 0.07
B(Bs ! ��) [10�6] < 8.7 0.3 �

Electroweak penguins B(B ! K

⇤+
⌫⌫) [10�6] < 40 < 15 30%

B(B ! K

+

⌫⌫) [10�6] < 55 < 21 30%

C

7

/C

9

(B ! Xs``) ⇠20% 10% 5%
q

2

0

A

FB

(B ! K

⇤
µµ) 10% 30% 10% 5% 2%

B(Bs ! ⌧⌧) [10�3] � < 2 �
B(Bs ! µµ) [10�9] ±1.0 0.5 0.2

1
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R(B ! D

⇤
⌧⌫)† 0.332(1 ± 9.0%)† 2.9% 1.6% ...
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1 Firm SM upper bound required

  

increasing tree diagram amplitude

1 with bs penguins

Δ S= Ssqq −Sccs
increasing NP sensitivity

Δ S≠ Δ SSM

NP in the loop may introduce
new source(s) of CPV

sin2ϕ1 = 0.667± 0.023± 0.012

A = 0.006± 0.016 ± 0.012
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∘ anchor point of the SM
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Belle II Projection

Belle II should 
dominate 
penguin CPV

➔ good enough to test theory 
models

�(Sb!s) ⇠ 0.012 @ 50 ab�1
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* the ‘sum rule’ can be put on a stringent test with Belle II, with crucial inputs from 
neutral mode 

20

A. J. Schwartz   FPCP 2014, Marseilles, France  Belle II Physics Prospects   23 

Belle II_
_

Measure ACP in the Kπ system: now 

A(K0π0) 

A(K0π+) 

``Model independent” sum rule for all four modes:  
Gronau, PLB 627, 82 (2005); Atwood & Soni, PRD 58, 036005 (1998): 

measured 
(world avg) 

expected 
(sum rule) A(K0π0) =   0.006± 0.06 

A(K0π+) =  -0.015± 0.019 
A(K+π0) =  0.040± 0.021 
A(K+π-) = -0.082± 0.006 

B factories now (~1.4 ab-1): 

Gronau,	
  PLB	
  627,	
  82	
  (2005);	
  Atwood	
  &	
  Soni,	
  PRD	
  58,	
  036005	
  (1998):
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Measure ACP in the Kπ system: Belle II 

B factory at 50 ab-1, with today’s central values: 

discrepancy apparent; may be  
significant already with ∼10 ab-1 

Note: main K0π0 systematic (tag-side interference) 
 is reducible 

A(K0π0) 

A(K0π+) 

expected 
(sum rule) 

expected        
error 
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Any right-handed currents from NP?
TCPV: P(∆t) = e−|∆t|/τ

4τ [1 ± S sin(∆m∆t) ∓ C cos(∆m∆t)]
(∆t: vertex displacement between extrapoated K0

S
vertex and tag-B vertex)

γL

bR

sL

helicity flip
∝ mb ~ 4.8 GeV

γR

bL

sR

helicity flip∝ m
s ~ 0.1 GeV

γR γL

sR

bL bR

sL

Do not interfere
for CPV

Interfere
for CPV

SM favored SM disfavored,
enhanced with RH current TCPV suppressed by (ms/2mb)

(otherwise ∼ sin 2φ1)

Sensitive to right-handed
non-SM current, relaxes
suppression⇒ non-zero S

[BaBar PRD78,071102(2008), 467M]M(Kπ) in [0.8,1.0] GeV
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M(Kπ) in [1.1,1.8] GeV
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can be probed by t-dep. CP asymmetry with B0 ! K0
S⇡

0�

In SM, one naively expects:

SK0
S⇡0� = �2

ms

mb
sin 2�1 ⇠ �0.03

In SM, one naively expects: In a L-R symmetric model,

SK0
S⇡0� ⇠ 0.5

can be probed by t-dep. CP asymmetry with B0 ! K0
S⇡

0�
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Neutrals: B ! K ⇤(K 0
S⇡

0)� at B-factories

S = �0.16± 0.22 C = �0.04± 0.14

Measurements stat. limited
+

�(SK⇤�) ⇡ 0.09 @ 5 ab�1

⇡ 0.03 @ 50 ab�1 (⇠ SM prediction)

A. Zupanc (JSI) Belle II La Thuile, 01/03/2014 20 / 32

	
  	
  Driving	
  questions	
  for	
  Belle	
  II	
  (2)

S = �0.16± 0.22, C = �0.04± 0.14

mostly statistics limited
A. J. Schwartz   FPCP 2014, Marseilles, France  Belle II Physics Prospects   14 

Belle II_
_

Example: mixing induced CPV in B→ Ks π0γ  

# value of S sensitive to NP, S~ -0.03 -0.5 
#   value of S can discriminate among SUSY-breaking mechanisms 

si
n(

2φ
1)

K
0 
π0

 γ
!

gluino mass (TeV)    [tanβ=30]!

mSUGRA      SU(5) SUSY GUT    MSSM+U(2) 

Buchalla et al., EPJC 57, 309 (2008); arXiv:0801.1833 

dN

dt
∝ e−Γt [ 1 + q (A cos ∆mt + S sin ∆mt) ]

G.	
  Buchalla	
  et	
  al.,	
  EPJC	
  57,	
  309	
  (2008)

value of S can discriminate among SUSY-
breaking mechanisms

�(SK⇤�) ⇠ 0.09 @ 5 ab�1

⇠ 0.03 @ 50 ab�1

Any right-handed currents from NP?
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Belle II_
_ Belle II Vertex Detector Upgrade 

!

CCP(Ks π0γ) = -0.07 ±0.12  
SCP(Ks π0γ) = -0.15 ±0.20 ! 0.10  (5 fb-1)  

      ! 0.04  (50 fb-1)  

1.0� 2.0�0�
pβ(sinθ)v [GeV/c]�
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Belle II�

σ
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m
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p νσ
β θ

= +
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σ
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m
]�

1.0� 2.0�0�

Belle�
Belle II�

What Belle II does to improve SKS⇡0�
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EWP & Radiative

Table 1: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab�1 and 50 ab�1 of Belle II data. The
current results from Belle, or from BaBar where relevant (denoted with a †) are also given. Items marked with a ‡ are estimates based on similar
measurements. Errors given in % represent relative errors.

Observables Belle or LHCb Belle II LHCb
(2014) 5 ab�1 50 ab�1 8 fb�1(2018) 50 fb�1

UT angles sin 2� 0.667 ± 0.023 ± 0.012(1.4�) 0.7� 0.4� 0.6� 0.2�

↵ [�] 85 ± 4 (Belle+BaBar) 2 1
� [�] (B ! D

(⇤)
K

(⇤)) 68 ± 14 6 1.5 4 1

Gluonic penguins S(B ! �K

0) 0.90+0.09

�0.19

0.053 0.018 0.2 0.04
S(B ! ⌘

0
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0) 0.68 ± 0.07 ± 0.03 0.028 0.011
S(B ! K

0

SK

0

SK

0

S) 0.30 ± 0.32 ± 0.08 0.100 0.033

�

e↵

s (Bs ! ��) [rad] ±0.18 0.12 0.03
�

e↵

s (Bs ! K

⇤0
K̄

⇤0) [rad] ±0.19 0.13 0.03
Direct CP in hadronic Decays A(B ! K

0

⇡

0) �0.05 ± 0.14 ± 0.05 0.07 0.04
UT sides |Vcb| incl. 41.6 · 10�3(1 ± 1.8%) 1.2%

|Vcb| excl. 37.5 · 10�3(1 ± 3.0%
ex. ± 2.7%

th.) 1.8% 1.4%
|Vub| incl. 4.47 · 10�3(1 ± 6.0%

ex. ± 2.5%
th.) 3.4% 3.0%

|Vub| excl. (had. tag.) 3.52 · 10�3(1 ± 8.2%) 4.7% 2.4%

Leptonic and Semi-tauonic B(B ! ⌧⌫) [10�6] 96(1 ± 27%) 10% 5%
B(B ! µ⌫) [10�6] < 1.7 20% 7%
R(B ! D⌧⌫) 0.440(1 ± 16.5%)† 5.2% 2.5%
R(B ! D

⇤
⌧⌫)† 0.332(1 ± 9.0%)† 2.9% 1.6% ...

Radiative B(B ! Xs�) 3.45 · 10�4(1 ± 4.3% ± 11.6%) 7% 6%
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s (Bs ! ��) ±0.20 0.13 0.03
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Electroweak penguins B(B ! K
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1 •LHCb’s ~50fb-1 may be 
collected by 2026-2027

Table 1: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab�1 and 50 ab�1 of Belle II data. The
current results from Belle, or from BaBar where relevant (denoted with a †) are also given. Items marked with a ‡ are estimates based on similar
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Exclusive K*ee should 
be Belle II dominated.

25

Quark FCNC beyond the SM?  New operators with quarks 
enhanced by NP?

* With ‘inclusive’, theory band is narrower  
➔ unique for Belle II 
!

* Belle II can be competitive for RK, RK* with 
excellent electron ID

	
  	
  Driving	
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  for	
  Belle	
  II	
  (3)

RK(⇤) =
�(B ! K(⇤)µ+µ�)

�(B ! K(⇤)e+e�)

“×5 less signal (for e+e- mode) mainly 
due to low trigger and recon eff” 

from	
  M.	
  D.	
  Cian	
  @	
  LHCP	
  2014

B ! Xs`+`� inclusive

]2/c2 [GeV2q
0 5 10 15 20

FB
A
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0.0

0.5

1.0 arXiv:1402.7134
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Sources of LFV from NP?
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e+e- Environment & Hermeticity
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Figure 3: Invariant mass distributions and fits to the mass sidebands in data for (a) µ+µ�µ�

candidates in the four merged bins that contain the highest signal probabilities, (b) p̄µ+µ�

candidates in the two merged bins with the highest signal probabilities, and (c) pµ�µ� candidates
in the two merged bins with the highest signal probabilities.

7 Results213

Tables 2 and 3 give the expected and observed numbers of candidates for all three214

channels investigated, in each bin of the likelihood variables, where the uncertainties215

on the background likelihoods are used to compute the uncertainties on the expected216

numbers of events. No significant evidence for an excess of events is observed. Using the217

CL
s

method as a statistical framework, the distributions of observed and expected CL
s

218

values are calculated as functions of the assumed branching fractions. The aforementioned219

uncertainties and the uncertainties on the signal likelihoods and normalisation factors are220

included using the techniques described in Ref. [12]. The resulting distributions of CL
s

221

values are shown in Fig. 4.222

The expected limits at 90% (95%) CL for the branching fractions are223

B(⌧� ! µ�µ+µ�) < 8.3 (10.2)⇥ 10�8,

B(⌧� ! p̄µ+µ�) < 4.6 (5.9)⇥ 10�7,

B(⌧� ! pµ�µ�) < 5.4 (6.9)⇥ 10�7,

8

1 fb-1 Physics Letters B 724 (2013)!
!

• inclusive studies, !
• neutrino modes, and even !
• τ mass scale searches (outperforms LHCb)'
• minimal trigger bias on precision τ studies

e.g. τ → 3 leptons
ΔE=ECM(eee)-ECM(beam)

Anal sisAnalysis
e+eí ĺ Ĳ+Ĳí Br~85%

signal tag side
µµµ                                     1 prong+missing
Fully reconstructed

Signal extraction: mµµµí ¨E plane
mµµµ =¥ E2

µµµ-p2
µµµ

¨E = ECM
µµµ í ECM

beamµµµ beam

Blind analysis ֜
• Blind signal region: 3ı ellipse

signal MC
background MC

g g p
• Sideband region: Estimate BG by

using sideband data and MonteCarlo simulation

Ĳĺ3 leptons
Phys.Lett.B 687,139 (2010)

Data: 782 fbǦ1

signal MC
background MC
data

No signal events were found 

good lepton ID: Almost no BG  

Br<(1.5Ǧ2.7) x 10Ǧ8 at 90% CL.

Phys.Lett.B 687,139 (2010)

e.g. search for ⌧ LFV decays

* hermeticity	
  of	
  Belle	
  II	
  
* efficient	
  τ-­‐tagging,	
  with	
  
minimal	
  trigger	
  bias
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τ+ → µ +µ +µ –  

upper half of signal 
ellipse dominated by 

 ee→ µµ γISR  
⇒ possible to reduce 
⇒ sensitivity scales 

 with √L 

very clean, essentially 
background-free up to 
50 ab-1   
⇒ sensitivity scales 

 linearly with L 
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Non-
�����	����� PLB 547(2002)252 10-9 10-8 

SUSY SO(10) PRD 68(2003)033012 10-8 10-10 

mSUGRA+seesaw PRD 66(2002)115013 10-7 10-9 

SUSY Higgs PLB 566(2003)217 10-10 10-7 
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Upper Limits:  
σ(ee→ ττ) = 0.92 nb           
⇒ 4.6 x 1010 τ+τ-  in 50 ab-1   
⇒ B(τ+→ µ+γ ) < ~10-9 

⇒ B(τ+→ µ+µ-µ + ) < ~10-10 

This probes NP models 

Belle II

⌧+ ! µ+µ�µ+

- very clean, essentially background-free 
up to 50/ab 

- search sensitivity ~ ∫ℒ dt, linearly
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Any more higgs? (e.g. H+)

	
  	
  Driving	
  questions	
  for	
  Belle	
  II	
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  Driving	
  questions	
  for	
  Belle	
  II	
  (6)
Understanding exotic QCD states?

6

Raw%MM(�+�))%spectrum%from%�(5S)

121.4%fb(1

�(1S) �(2S) �(3S)hb(2P)hb(1P)

7

Background,Subtracted,Results

2S
�
1S

3S
�
1S

Preliminary

121.40fb31

hb(1P)0000005.5�
hb(2P)000011.2�

Significance00
w/0systematics

arXiv:1103.3419

the after-summer papers

• ACP in B ! J/ K± (PRD)

• TCPV in B ! K0
SK+K� (PRD)

• Incl. B ! Xs⌘ (PRL)

• B ! Dsh (PRD)

• B0 ! ⇡�`+⌫ and Vub (PRD�)

• B0 ! D⇤�`+⌫ and Vcb (PRD)

• look for signals in the missing
(recoil) mass against ⇡+⇡�

⌥(5S) ! (· · · )⇡+⇡�

• lead to discoveries of hb(1P)
and hb(2P)

• and, consequent discoveries of
exotic Z+

b states in hb(1, 2P)⇡+

July 10, 2014 1

hermeticity	
  of	
  Belle	
  II	
  gives	
  a	
  
great	
  potential	
  to	
  discover	
  	
  
and	
  understand	
  exotic	
  QCD	
  
states

PRL 108, 032001 (2012)

http://link.aps.org/doi/10.1103/PhysRevLett.108.032001
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  (7)
Hidden dark sector? 
- low-mass Higgs in    (nS) decays       

(NMSSM models w/ light CP-odd Higgs)  
- U(1) gauge boson in the dark 

sector (“dark forces”)

⌥

2014 BPAC Phillip URQUIJO

Dark Forces near Y(2S) or Y(3S)

!14

•Outstanding concern: 
Trigger: not redundant!

•Low-Mass Higgs (NMSSM models with light 
CP-odd Higgs) 

•Dark Forces (R. Essig @ Nov. B2GM)

Radiative decays of Υ(2S, 3S)

A0→μ+μ− , [BaBar , PRL 103 (2009) 081803]

A
0→τ+ τ−

, [BaBar , PRL 103 (2009) 081801]
A

0→hadrons , [BaBar , PRL 107 (2011) 221803]

A0→ invisible, [BaBar , PRL 107 (2011) 021804 ]
A

0 →μ+μ−
, [BaBar , PRD 87 (2013) 031102 ]

A
0→τ+ τ−

, [BaBar , PRD 88 (2013) 071102]

Υ (2S, 3S) analyses
Radiative decays of Υ (1S)

[BaBar , PRD 87 (2013) 031102]

m
A
0 (GeV /c2 )

A
0 → μ+μ−

[BaBar , PRD 88 (2013) 071102 ] A
0 → τ+ τ−

⇒ loss of stat from secondary branching fraction , but still competitive because of the continuum
suppression from the dipion tagging

[*]
[*]

[*]
[*]

[*] preliminary results from Belle using Υ(2S) sample

DF in e
+
e

−
collisions (R.Essig , B2GM) and also arXiv :1309.5084

actually it doesn't have to be at Υ(nS) !!

(also A '→ μ+μ−)

σ ∝ ϵ2

E
cm

2

DM searches

Fir
st

 p
hy

sic
s

e+e� ! ⌥(nS) ! �A0

2014 BPAC Phillip URQUIJO

Dark Forces near Y(2S) or Y(3S)

!14

•Outstanding concern: 
Trigger: not redundant!

•Low-Mass Higgs (NMSSM models with light 
CP-odd Higgs) 

•Dark Forces (R. Essig @ Nov. B2GM)

Radiative decays of Υ(2S, 3S)

A0→μ+μ− , [BaBar , PRL 103 (2009) 081803]

A
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A

0 →μ+μ−
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A
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Υ (2S, 3S) analyses
Radiative decays of Υ (1S)

[BaBar , PRD 87 (2013) 031102]

m
A
0 (GeV /c2 )

A
0 → μ+μ−

[BaBar , PRD 88 (2013) 071102 ] A
0 → τ+ τ−

⇒ loss of stat from secondary branching fraction , but still competitive because of the continuum
suppression from the dipion tagging

[*]
[*]

[*]
[*]

[*] preliminary results from Belle using Υ(2S) sample

DF in e
+
e

−
collisions (R.Essig , B2GM) and also arXiv :1309.5084

actually it doesn't have to be at Υ(nS) !!

(also A '→ μ+μ−)

σ ∝ ϵ2

E
cm

2

DM searches

Fir
st

 p
hy

sic
s the after-summer papers

• Trigger can be an outstanding concern:

* 1 photon + missing-E
* low mass ⇡+⇡�

* 1 photon + 2 tracks + missing-E

• look for signals in the missing
(recoil) mass against ⇡+⇡�

⌥(5S) ! (· · · )⇡+⇡�

• lead to discoveries of hb(1P)
and hb(2P)

• and, consequent discoveries of
exotic Z+

b states in hb(1, 2P)⇡+

July 10, 2014 1
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Abstract

This report represents the response of the Intensity Frontier Quark Flavor Physics Working Group
to the Snowmass charge. We summarize the current status of quark flavor physics and identify
many exciting future opportunities for studying the properties of strange, charm, and bottom
quarks. The ability of these studies to reveal the e↵ects of new physics at high mass scales make
them an essential ingredient in a well-balanced experimental particle physics program.

Community Planning Study: Snowmass 2013

20 Quark Flavor Physics Working Group

Observable SM theory
Current measurement Belle II

(early 2013) (50 ab�1)

S(B ! �K0) 0.68 0.56± 0.17 ±0.018

S(B ! ⌘0K0) 0.68 0.59± 0.07 ±0.011

↵ from B ! ⇡⇡, ⇢⇢ ±5.4� ±1�

� from B ! DK ±11� ±1.5�

S(B ! KS⇡
0�) < 0.05 �0.15± 0.20 ±0.035

S(B ! ⇢�) < 0.05 �0.83± 0.65 ±0.07

A
CP

(B ! Xs+d �) < 0.005 0.06± 0.06 ±0.005

Ad
SL

�5⇥ 10�4 �0.0049± 0.0038 ±0.001

B(B ! ⌧⌫) 1.1⇥ 10�4 (1.64± 0.34)⇥ 10�4 ±3%

B(B ! µ⌫) 4.7⇥ 10�7 < 1.0⇥ 10�6 � 5�

B(B ! Xs�) 3.15⇥ 10�4 (3.55± 0.26)⇥ 10�4 ±6%

B(B ! K(⇤)⌫⌫) 3.6⇥ 10�6 < 1.3⇥ 10�5 ±30%

B(B ! Xs`
+`�) (1 < q2 < 6GeV2) 1.6⇥ 10�6 (4.5± 1.0)⇥ 10�6 ±0.10⇥ 10�6

A
FB

(B0 ! K⇤0`+`�) zero crossing 7% 18% 5%

|Vub| from B ! ⇡`+⌫ (q2 > 16GeV2) 9% ! 2% 11% 2.1%

Table 3. The expected reach of Belle II with 50 ab�1 of data for various topical B decay measurements.
Also listed are the SM expectations and the current experimental results. For B(B ! Xs`

+`�), the quoted
measurement [62] covers the full q2 range. For |Vub| and the AFB zero crossing, we list the fractional errors.

The B0 ! K0⇡0 CP asymmetry is an important component of a sum rule which holds in the isospin limit [64]

AK+⇡�
BK+⇡�

⌧B0

+AK0⇡+

BK0⇡+

⌧B+

= 2AK+⇡0

BK+⇡0

⌧B+

+ 2AK0⇡0

BK0⇡0

⌧B0

, (5)

where A denotes a CP asymmetry, B a branching fraction, and ⌧ a lifetime. This sum rule is thought to
be accurate to a few percent precision and provides a robust test of the SM. The limitation of the test is
the precision of AK0⇡0 , which is di�cult to measure and currently known to only ⇠ 14% precision [65]. At
Belle II this is expected to be reduced to ⇠ 3% precision, greatly improving the sensitivity of Eq. (5) to NP.

Numerous rare B decays that were observed with low statistics by Belle and BABAR or not at all will become
accessible at Belle II. One example is B+ ! ⌧+⌫, which in the SM results from a W -exchange diagram and
has an expected branching fraction of (0.76+0.10

�0.06) ⇥ 10�4 [66]. This mode is sensitive to supersymmetric
models and others that predict the existence of a charged Higgs. The final state contains multiple neutrinos
and thus is feasible to study only at an e+e� experiment. The current average branching fraction from Belle
and BABAR is (1.15±0.23)⇥10�4 [67, 68, 69, 70], somewhat higher than the SM expectation. Belle II should
reduce this error to about 0.04 ⇥ 10�4. The contribution of a charged Higgs boson within the context of a
Type II Higgs doublet model (e.g., which is also the tree level Higgs sector of the Minimal Supersymmetric
Model) would increase the branching fraction above the SM prediction by a factor 1 � (m2

B/m
2

H) tan2 �,
where mH is the mass of the charged Higgs and tan� is the ratio of vacuum expectation values of up-type
and down-type Higgses. This relation can be used in conjunction with the measured value of the branching
fraction to constrain mH and tan�. The expected constraint from a B-factory experiment with 75 ab�1 of
data is shown in Fig. 4 (right). One sees that a large region of phase space is excluded. For tan� >⇠ 60, the
range mH < 2 TeV/c2 is excluded.

Community Planning Study: Snowmass 2013

adapted from
with modifications(*) for Belle II projections, reported at BPAC 2014

*
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Observable
Current SM Precision LHCb LHCb Upgrade

theory uncertainty as of 2013 (6.5 fb�1) (50 fb�1)

2�s(Bs ! J/ �) ⇠ 0.003 0.09 0.025 0.008

�(B ! D(⇤)K(⇤)) < 1� 8� 4� 0.9�

�(Bs ! DsK) < 1� — ⇠ 11� 2�

�(B0 ! J/ K0

S) small 0.8� 0.6� 0.2�

2�e↵

s (Bs ! ��) 0.02 1.6 0.17 0.03

2�e↵

s (Bs ! K⇤0K̄⇤0) < 0.02 — 0.13 0.02

2�e↵

s (Bs ! ��) 0.2% — 0.09 0.02

2�e↵(B0 ! �K0

S) 0.02 0.17 0.30 0.05

As
SL

0.03⇥ 10�3 6⇥ 10�3 1⇥ 10�3 0.25⇥ 10�3

B(Bs ! µ+µ�) 8% 36% 15% 5%

B(B0 ! µ+µ�)/B(Bs ! µ+µ�) 5% — ⇠100% ⇠35%

A
FB

(B0 ! K⇤0µ+µ�) zero crossing 7% 18% 6% 2%

Table 4. Sensitivity of LHCb to key observables. The current sensitivity (based on 1–3 fb�1, depending
on the measurement) is compared to that expected after 6.5 fb�1 and that achievable with 50 fb�1 by the
upgraded experiment assuming

p
s = 14TeV. Note that at the upgraded LHCb, the yield per fb�1, especially

in hadronic B and D decays, will be higher on account of the software trigger. (Adapted from Ref. [75].)

with the many other trigger signatures that could contain direct evidence of new physics. Thus in practice,
only B final states containing dimuons are well preserved through the trigger pipelines. The trigger e�ciency
is lower than in LHCb but at higher luminosity. One example of this, discussed above, is the rare decay
Bd,s ! µ+µ�. CMS has very recently reported a measurement of B(Bs ! µ+µ�) = (3.0+1.0

�0.9)⇥ 10�9 [48]. If
ATLAS and CMS can maintain their trigger e�ciency as the LHC luminosity and energy increase, they can
be competitive in this study. The decay B0 ! K⇤µ+µ� presents more problems. The muons are softer and
more di�cult to trigger on and the limited K–⇡ separation increases the background to the K⇤. However,
as illustrated by their preliminary results these two experiments can play a confirming role to LHCb in this
study. Despite their limitations, these two experiments will collect large numbers of B decays and should be
able to observe many new decay modes and new particles containing b and charm quarks.

5 Report of the Charm Task Force

5.1 Introduction to Charm Physics

Studies of charm quarks can be split into two broad categories. First, in indirect searches for new physics
a↵ecting decays and oscillations, charm quarks furnish a unique probe of flavor physics in the up-quark
sector, complementing strange and bottom physics. Second, as a probe of quantum chromodynamics (QCD)
charm aids our understanding of nonperturbative physics, since it is not much heavier than the characteristic
scale ⇤ ⇠ 1GeV of QCD. Overall, charm adds much to the core new physics thrusts in heavy flavor physics
while also adding significant breadth to the program.

Charm physics measurements allow for direct determination of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements |Vcs| and |Vcd|, can also help improve the accuracy of |Vcb| and |Vub| determined from B

Community Planning Study: Snowmass 2013

Key	
  Observables	
  (LHCb)
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Comparing the two tables, it is clear that Belle II can cover most “driving 
questions” with the unique key observables which are complementary with 
others.
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Abstract

This report represents the response of the Intensity Frontier Quark Flavor Physics Working Group
to the Snowmass charge. We summarize the current status of quark flavor physics and identify
many exciting future opportunities for studying the properties of strange, charm, and bottom
quarks. The ability of these studies to reveal the e↵ects of new physics at high mass scales make
them an essential ingredient in a well-balanced experimental particle physics program.
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Belle II_
_

Measuring |Vcb| and |Vub| 

3σ discrepancy between exclusive and inclusive measurements for |Vub|.  
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(|Vub| Excl. had-tag)!
(|Vub| Incl.)!
(|Vub| Excl. untagged)!
(|Vub| leptonic)
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  concerns	
  on	
  “exclusive	
  vs.	
  inclusive”	
  puzzle	
  

CPV	
  and	
  mixing	
  for	
  charm

not	
  discussed,	
  but	
  no	
  less	
  important

33
A. J. Schwartz   FPCP 2014, Marseilles, France  Belle II Physics Prospects   29 

Belle II_
_ Direct CPV:   '

Direct CPV

mode L (fb�1) ACP (%) Belle II at 50 ab�1

D0 ⇤ K+K� 976 �0.32± 0.21± 0.09 ±0.03
D0 ⇤ ⇥+⇥� 976 +0.55± 0.36± 0.09 ±0.05
D0 ⇤ ⇥0⇥0 976 ⇥ ±0.60 ±0.08
D0 ⇤ K 0

s ⇥
0 791 �0.28± 0.19± 0.10 ±0.03

D0 ⇤ K 0
s � 791 +0.54± 0.51± 0.16 ±0.07

D0 ⇤ K 0
s �

⇥ 791 +0.98± 0.67± 0.14 ±0.09
D0 ⇤ ⇥+⇥�⇥0 532 +0.43± 1.30 ±0.13
D0 ⇤ K+⇥�⇥0 281 �0.60± 5.30 ±0.40
D0 ⇤ K+⇥�⇥+⇥� 281 �1.80± 4.40 ±0.33
D+ ⇤ ⇤⇥+ 955 +0.51± 0.28± 0.05 ±0.04
D+ ⇤ �⇥+ 791 +1.74± 1.13± 0.19 ±0.14
D+ ⇤ �⇥⇥+ 791 �0.12± 1.12± 0.17 ±0.14
D+ ⇤ K 0

s ⇥
+ 977 �0.36± 0.09± 0.07 ±0.03

D+ ⇤ K 0
s K

+ 977 �0.25± 0.28± 0.14 ±0.05
D+

s ⇤ K 0
s ⇥

+ 673 +5.45± 2.50± 0.33 ±0.29
D+

s ⇤ K 0
s K

+ 673 +0.12± 0.36± 0.22 ±0.05
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modes with 
π0’s (easier 
@ e+e-) 
 

(table by Marko Staric) 

table	
  by	
  M.	
  Staric	
  @	
  KEK	
  FFW	
  2014



Epilogue
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If	
  only	
  the	
  low-­‐frequency	
  part	
  of	
  the	
  
spectrum	
  had	
  been	
  measured,	
  

understanding	
  of	
  quantum	
  physics	
  might	
  
have	
  come	
  much	
  later.	
  

!
We	
  should	
  search	
  for	
  every	
  window,	
  and	
  

Belle	
  II	
  provides	
  views	
  to	
  many	
  unique	
  
(complementary)	
  windows	
  for	
  BSM!


