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Belle	
  II	
  (experiment)	
  at	
  SuperKEKB	
  (collider)

•Successor	
  to	
  Belle@KEKB	
  (	
  1	
  ab-­‐1	
  of	
  e+e-­‐	
  data	
  )	
  

•Extremely	
  successful	
  in	
  understanding	
  the	
  nature	
  of	
  heavy	
  quarks	
  
and	
  leptons,	
  but…	
  

•“Super	
  Flavour	
  Factory”	
  (B,	
  D	
  &	
  τ)	
  with	
  50	
  ab−1	
  (∼50	
  billion	
  of	
  each)	
  
needed	
  to	
  identify	
  new	
  physics	
  (synergy	
  with	
  direct	
  searches	
  at	
  LHC)	
  

•Belle	
  II	
  due	
  for	
  first	
  physics	
  in	
  2017–2018	
  

•Any	
  NP	
  found	
  by	
  Belle	
  II	
  will	
  have	
  profound	
  implications	
  for	
  new	
  
accelerator	
  facilities.
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The	
  case	
  for	
  new	
  physics	
  manifesting	
  in	
  Belle	
  II
Issues	
  (addressable	
  at	
  a	
  Flavour	
  factory)	
  

• Baryon	
  asymmetry	
  in	
  cosmology	
    
→	
  New	
  sources	
  of	
  CPV	
  in	
  quarks	
  and	
  charged	
  leptons	
  

• Quark	
  and	
  Lepton	
  flavour	
  &	
  mass	
  hierarchy 
→	
  higher	
  symmetry,	
  massive	
  new	
  particles,	
  extended	
  gauge	
  sector	
  

• 19	
  free	
  parameters  
→	
  Extensions	
  of	
  SM	
  relate	
  some,	
  (GUTs)	
  

• No	
  (WIMP)	
  candidates	
  for	
  Dark	
  Matter	
    
→	
  Hidden	
  dark	
  sector	
  

• Finite	
  neutrino	
  masses 
→	
  Tau	
  LFV.	
  

• +	
  Puzzling	
  nature	
  of	
  exotic	
  “new”	
  QCD	
  states.
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Introduction
•The Flavour Sector of the Standard 

Model is remarkably successful.

•Requires the knowledge of masses and 

of strength and type of the charged-
current interactions. 

!

!

!

•Most SM extensions contain new CP-
violating phases and new quark-flavour 
changing interactions  
(but no evidence from B-factories & 
hadron machines!)

!2

i.a Introduction: The Flavor Sector of the Standard Model

Standard Model (SM): relativistic Quantum Field theory, remarkably successful!

Most things in this talk ’live’ in so-called Flavor Sector of the SM

The Flavor Sector refers to interactions that

! distinguish between (quark) flavors
(i.e. act di↵erently on a b quark than on a c quark)

Weak and Yukawa interactions

where �W denotes the weak mixing or Weinberg angle. Its cosine and sine are defined as

sin �W = g1�
g2
1 + g2

2
, and cos �W = g2�

g2
1 + g2

2
,

and the Z0 mass at tree level is given by

mZ =
�
g21+g22
2 v = mW

cos �W
. (2.18)

Expressing the covariant derivative in terms of the gauge boson mass eigenstates results in

Dµ = �µ + i g AA
µ T

A + i g2�2

�
W+

µ T+ +W�
µ T

�
�

+ i
�
g2
1 + g2

2
�
T 3 � sin3 �W Q

�
Z0
µ + i g2 sin �W QAµ , (2.19)

where TA are the eight generators of SU(3)c, T± = T 1 ± iT 2 the generators of SU(2)W, and
Q = T 3 + Y the generator of U(1)em. Moreover, AA

µ with A = 1 � 8 denote the eight gauge
bosons associated with SU(3)c and g denotes the strong coupling. The electromagnetic coupling
constant e is given in terms of the weak coupling constant g2 as

e = g2 sin �W . (2.20)

Local Gauge invariance forbids the occurrence of bare mass terms for quarks and leptons in the
Standard Model Lagrangian density. The mass terms of the matter fields are incorporated as
interaction terms with the Higgs field, i.e. through the Yukawa couplings

LYukawa = giju ū
i
RH

T �Qj
L � gijd d̄

i
RH

†Qj
L � gije ē

i
RH

† LjL + h.c. , (2.21)

where h.c. denotes the Hermitian conjugate and repeated indices are summed. Furthermore,
the anti-symmetric matrix � is given by

� =
�

0 1
�1 0

�

, (2.22)

and ūiR =
�
uiR
�†

�0. The matrices giju couple the left- and right-handed quark and lepton fields
together and generate the mass terms by means of the vacuum expectation value of the Higgs
field. The 3� 3 quark and lepton mass matrices are given by:

Mu = vgu/
�

2 , Md = vgd/
�

2 , and Ml = vgl/
�

2 . (2.23)
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The mass matrices can be diagonalized by two separate unitary transformations A and B:

A†
uMuBu =

�

��
mu 0 0
0 mc 0
0 0 mt

�

�� , (2.24)

A†
dMdBd =

�

��
md 0 0
0 ms 0
0 0 mb

�

�� , (2.25)

A†
lMlBl =

�

��
me 0 0
0 mµ 0
0 0 m�

�

�� . (2.26)

Although the up- and down-type quarks are in the same SU(2)W doublet, their masses are
non-degenerate and therefore one needs di�erent transformations to diagonalize Mu and Md.
Diagonalizing the mass matrices leave the free field terms of the quark and lepton fields invariant,
e.g. the left-handed kinetic quark energy term is given by

�
B†
uu

†
L B†

dd
†
L

�
�0 i �/

�
BuuL
BddL

�

= Q̄i
L i �/Q

i
L . (2.27)

These unitary transformations define a new set of (mass) eigenstates,

uR = Au u�
R , uL = Bu u�

L ,
dR = Ad d�

R , dL = Bd d�
L ,

lR = Al l�R , lL = Bl l�L ,
(2.28)

and the original left-handed quark doublet QL becomes
�
uL
dL

�

=
�
Buu�

L
Bdd�

L

�

= Bu

�
u�
L

VCKM d�
L

�

, (2.29)

where the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix is defined by

VCKM = B†
uBd . (2.30)

Reparametrizing the Standard Model Lagrangian in terms of the mass eigenstates results in no
changes for the free field terms of the quarks, cf. Eq. (2.27). The coupling to the Z0 boson and
the electromagnetic coupling also are una�ected, since they both involve no couplings between
up- and down-type quark fields. The weak coupling to the W± bosons, however, is a�ected:

LW± quark int. = g2�
2
W+

µ ū�
L �

µ VCKM d�
L + h.c. , (2.31)

and as a consequence flavor changing charged currents occur at tree-level in the Standard Model.
Unitary matrices form a group under matrix multiplication, i.e. the CKM matrix Eq. (2.30) is
unitary and specified by nine real parameters. The CKM matrix elements,

VCKM =

�

��
Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb

�

�� , (2.32)
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Primed fields are mass eigenstates

VCKM pops up due to non-degeneracy of up- and down-type quark masses
& plays major (only?) role in Charge-Parity Violation in the SM.
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i.c Introduction: Unitarity Triangle Status (Summer 2013)

Redundant and consistent determinations of various CKM matrix elements

Remarkable success of CKM
picture!

Additional observables in good agree-
ment with expectation:

* B ! Xs �

* B ! K⇤µµ

* Bs mixing phases

* Bs ! µµ

etc.

well not mentioning some recent very in-
teresting tensions :-)

a
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→ NP beyond the direct 
reach of the LHC
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B	
  factories
Belle:	
  1999-­‐2010	
  analyses	
  still	
  ongoing

e+e-­‐	
  →Υ(4S)	
  →	
  BB	
  	
  
∫L	
  Υ(4S)dt	
  ~710	
  fb-­‐1	
  

"The Physics of B Factories" Book  
European Physics Journal C, 
74:3026 ( arXiv:1406.6311)

2008	
  Nobel	
  Prize
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B	
  factories
Belle:	
  1999-­‐2010	
  analyses	
  still	
  ongoing

e+e-­‐	
  →Υ(4S)	
  →	
  BB	
  	
  
∫L	
  Υ(4S)dt	
  ~710	
  fb-­‐1	
  

"The Physics of B Factories" Book  
European Physics Journal C, 
74:3026 ( arXiv:1406.6311)

2008	
  Nobel	
  Prize

BaBar	
  (PEPII@SLAC)	
  and	
  Belle	
  
(KEKB@KEK)	
  
Together	
  recorded	
  over	
  109	
  e+e−→Υ(4S)→BB	
  
events.	
  
•Discovery	
  of	
  CPV	
  in	
  B	
  
•Measurements	
  of	
  UT	
  sides	
  and	
  
angles	
  

•Rare	
  B	
  decays	
  	
  
•Mixing	
  in	
  charm	
  	
  
•Searches	
  for	
  rare	
  τ	
  decays	
  
•New	
  hadrons
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CKM	
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FIG. 4. Constraints on the CKM (⇢̄M , ⌘̄M ) coordinates with M = db, sb, ds, ct, ut, uc, from the global SM CKM-fit. Regions
outside the coloured areas have 1� p > 95.45 %. For the combined fit the yellow area inscribed by the contour line represents
points with 1� p < 95.45 %. The shaded area inside this region represents points with 1� p < 68.3 %.
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been performed including NLO electroweak corrections
and NNLO strong corrections [23–25], settling down is-
sues met by earlier calculations concerning the stability
with respect to higher-order corrections. In our predic-
tions, we include the residual uncertainty of 1.5% dis-
cussed in ref. [23]. We will predict the value of the dilep-
tonic branching ratios without time-integration, which
would induce a further increase of O(��s/�s), more pre-
cisely (1 + ys) = 1.07 discussed in refs. [26–28].

III. RESULTS OF THE SM GLOBAL FIT

A. CKM parameters and Unitarity Triangles

The current situation of the global fit in the (⇢̄, ⌘̄) plane
is indicated in Fig. 4. Some comments are in order be-
fore discussing the metrology of the parameters. There
exists a unique preferred region defined by the entire set
of observables under consideration in the global fit. This
region is represented by the yellow surface inscribed by
the red contour line for which the values of ⇢̄ and ⌘̄ with
a p-value such that 1�p < 95.45 %. The goodness of the
fit can be addressed in the simplified case where all the
inputs uncertainties are taken as Gaussian, with a p-value
found to be 66% (i.e., 0.4 �; a more rigorous derivation
of the p-value in the general case is beyond the scope of
this letter [29]). One obtains the following values (at 1�)
for the 4 parameters describing the CKM matrix:

A = 0.810+0.018
�0.024 , � = 0.22548+0.00068

�0.00034 , (6)

⇢̄ = 0.145+0.013
�0.007 , ⌘̄ = 0.343+0.011

�0.012 . (7)

The various constraints can be expressed in the unitarity
triangles associated with the di↵erent mesons of interest,
with angles defined independently of phase conventions:

↵d1d2 = arg

"
�

Vtd1V
⇤
td2

Vud1V
⇤
ud2

#
, �d1d2 = arg

"
�
Vcd1V

⇤
cd2

Vtd1V
⇤
td2

#
,

�d1d2 = arg

"
�
Vud1V

⇤
ud2

Vcd1V
⇤
cd2

#
, (8)

and similarly for the angles in the up sector:

↵u1u2 = arg

"
�
Vu1bV

⇤
u2b

Vu1dV
⇤
u2d

#
, �u1u2 = arg

"
�
Vu1sV

⇤
u2s

Vu1bV
⇤
u2b

#
,

�u1u2 = arg


�
Vu1dV

⇤
u2d

Vu1sV
⇤
u2s

�
, (9)

One recovers the usual �1, �2, �3 and ↵, �, � (without
subscripts) for the Bd Unitarity Triangle (d1 = d, d2 = b).
In the same general way the relative coordinates of the
upper appex of each triangle are defined as

⇢̄d1d2 + i⌘̄d1d2 = �
Vud1V

⇤
ud2

Vcd1V
⇤
cd2

,

⇢̄u1u2 + i⌘̄u1u2 = �
Vu1dV

⇤
u2d

Vu1sV
⇤
u2s

, (10)
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FIG. 5. Pulls for the SM global fit obtained by comparing the
value of �2

min

with and without including the measurement of
the quantity. Notice that the di↵erent pulls are not necessarily
independent.

where again ⇢̄+ i⌘̄ ⌘ ⇢̄db+ i⌘̄db refer to the Bd system. In
theBs case, �s can be defined as 2�sb. The corresponding
triangles are shown in Fig. 4, in particular the (sb) where
the constraint from �s is shown (but the corresponding
label is not indicated).

B. Comments and predictions

As underlined above, the overall consistency seen
among the constraints allows us to perform the metrol-
ogy of the CKM parameters and to give predictions for
any CKM-related observable within the SM. Let us add
that the existence of a 1�p < 95.45 % region in the (⇢̄, ⌘̄)
plane is not equivalent to the statement that each individ-
ual constraint lies in the global range of 1�p < 95.45 %.
Each comparison between the prediction issued from the
fit and the corresponding measurement constitutes a null-
test of the SM hypothesis.
Some of the corresponding pulls are reported in Ta-

ble III and shown in Fig. 5, showing that there is no
sign of discrepancy with our set of inputs. One should
also notice that some of the quantities included in our
fit have only a limited impact on the outcome. This is
for instance the case for quantities where the measure-
ment is compatible, but less precise than the SM predic-
tion, like �s, B(Bs ! µµ), or semileptonic and leptonic

B-factories + LHCb indicate excellent agreement with the SM, but 
potential NP requires a different search paradigm.

CKMFitter	
  (http://ckmfitter.in2p3.fr)

http://ckmfitter.in2p3.fr


P. Urquijo, Belle II Experiment, Flavour @ 100 TeV 6

Belle	
  II	
  Theory	
  Interface	
  Platform
Joint theory-experiment effort to study the potential impacts of the Belle II 
program, and complementarity with LHCb.	
  
 
2	
  workshops	
  a	
  year,	
  starting	
  in	
  June	
  2014.	
  Received	
  very	
  well	
  by	
  theory	
  and	
  Belle	
  II.

https://belle2.cc.kek.jp/
~twiki/bin/view/Public/B2TIP

Next	
  OPEN	
  B2TiP	
  Workshop:	
  27-­‐29	
  April	
  2015	
  @	
  Krakow	
  
http://kds.kek.jp/conferenceDisplay.py?confId=17654

http://kds.kek.jp/conferenceDisplay.py?confId=17654
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B2TIP	
  Working	
  Groups

Coordinators:	
  Theory,	
  Lattice,	
  Belle	
  II,	
  

+ LHCb	
  invitees
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B2TIP	
  Working	
  Groups

71

FIG. 30: The excluded region at 95% confidence level for
the charged Higgs mass versus tan� from Ref. [412]. The
branching ratio of B ! ⌧⌫ as well as B ! D⌧⌫ will be sig-
nificantly improved at SuperB. The ATLAS potential ex-
pected for the excluded region obtained using 1 and 30 fb�1

of running at a center of mass energy of 14 TeV is also
shown.

wanted large flavour violation e↵ects (i.e. Super GIM
mechanism) to the previously observed flavour phe-
nomena, which are in good agreement with the SM
predictions. Since the mass insertion parameters are
defined at the electroweak scale, the relation between
the SUSY parameters and the observables are quite
simple. As a result, one can readily study the e↵ect
of the same mass insertion contribution to the di↵er-
ent SuperB observables (e.g. mass insertion (�d)13/23
to various type of b ! d/s transitions) as shown in
Fig. 31. Such interplay is extremely useful to distin-
guish between di↵erent types of SUSY.

3. Model dependent analysis: interplay among di↵erent
type of flavour observables

Another approach to tackle the large number of
SUSY parameters is to use a theoretically motivated
flavour symmetry for the SUSY parameters at a high
energy (at the SUSY breaking scale, GUT scale etc.).
There have been various attractive proposals for such
symmetry. One such example is a Grand Unification
Theory (GUT) in which the quark and the lepton sec-
tors are unified at the GUT scale. In this class of
approach, non-trivial correlations can appear. One of
such examples contains an apparent relation between

TABLE XXIII: “DNA” of flavour physics e↵ects for the
most interesting observables in a selection of SUSY models
from Ref. [416]. FFF signals large e↵ects, FF visible
but small e↵ects and F implies that the given model does
not predict sizable e↵ects in that observable.

AC RVV2 AKM �LL FBMSSM

D

0 � D̄

0 FFF F F F F
S � FFF FFF FFF F F

S�KS FFF FF F FFF FFF
ACP (B ! Xs�) F F F FFF FFF
A7,8(B ! K

⇤

µ

+
µ

�) F F F FFF FFF
A9(B ! K

⇤

µ

+
µ

�) F F F F F
B ! K

(⇤)
⌫⌫̄ F F F F F

Bs ! µ

+
µ

� FFF FFF FFF FFF FFF
⌧ ! µ� FFF FFF F FFF FFF

the the 2 � 3 generation transition of quark and lep-
ton sectors (such as b ! s transitions and ⌧ ! µ
transition) in SUSY-GUT models. Some examples are
shown in Fig. 32 from Ref. [414].

In Ref. [416], various kinds of flavour models are
studied. A brief summary of their results are shown in
Table XXIII, which indicates the possible size of e↵ects
in various B physics observables, in D0 � D̄0 mixing
and in the ⌧ ! µ� decay. Finding for instance large
NP e↵ects in the latter decay or in the CP asymme-
try S�KS

would rule out the AKM model [417] while
favoring the other models analyzed. Similarly observ-
ing significant CP violating e↵ects in D � D̄ mixing
would disfavor all models analyzed except the AC [418]
model [419].

In the same article, it is also pointed out that even
the flavour blind MSSM (FBMSSM) analyzed in [420]
can account for large e↵ects in various B physics ob-
servables. Of particular interest in this case are CP vi-
olating observables like Ab!s�

CP and S�KS
which, due to

the minimal flavour structure of the model, are highly
correlated with electric dipole moments (EDMs). In
Fig. 33 we show Ab!s�

CP as a function of S�KS
. Due to

the strong correlation between these two asymmetries,
the aim to address the present tension in S�KS

unam-
biguously predicts large NP e↵ects in the CP asymme-
try in b ! s�, which even changes sign with respect
to the SM prediction.

B. Fourth generation of quarks and leptons

Recently the implications on flavour physics observ-
ables from extending the SM by adding a fourth gen-
eration of quarks and leptons (SM4) have received a

SuperB Progress Report - The Physics - August 2010

Coordinators:	
  Theory,	
  Lattice,	
  Belle	
  II,	
  

+ LHCb	
  invitees
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Strengths	
  of	
  e+e-­‐	
  @	
  Y(4S)

Full	
  reconstruction	
  of	
  B	
  
•modes	
  w/	
  multiple	
  ν’s	
  	
  
• inclusive	
  modes	
  

Hermeticity	
  
•minimal	
  trigger	
  for,	
  e.g.	
  Dalitz	
  analysis	
  	
  
•precision	
  τ	
  measurements	
  
	
  	
  
Neutral	
  particles	
  	
  π0,	
  KS0,KL0	
  	
  
and	
  for	
  η,	
  η`,	
  ρ+,	
  etc.	
  

other	
  notable	
  features	
  
•Lepton	
  universality:	
  good	
  PID	
  for	
  both	
  
μ±	
  and	
  e±	
  	
  

•high	
  flavour-­‐tagging	
  efficiency

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, η!, 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
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1.	
  B	
  full	
  reconstruction	
  (Neutrinos	
  &	
  Inclusive)
Exploit	
  Y(4S)	
  →	
  Btag	
  Bsig	
  
Reconstruct	
  Btag	
  →	
  (E,p),	
  Q,	
  flavour	
  of	
  Bsig  
Had:	
  ε(Btag)	
  =	
  0.20	
  -­‐	
  0.25%	
  @	
  Purity(Btag)	
  	
  =	
  20%

Full$reconstruction$of$B

12

Strengths of Belle II

b→u b→c b→s b→d
πlν,	
  ρlν D(*)τν K(*)νν πνν
Xulν D(*)lν Xsγ νν
τ	
  ν Xν	
  l/τ Xsll B(s)0→ττ
µν

→ Btag efficiency in Belle II 
expected to be >2x more efficient!

Belle	
  II	
  MC
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2.	
  EM	
  Calorimetry:	
  Neutrals	
  &	
  Electrons

+	
  Material	
  effects

Belle II

LHCb upgrade full 
simulation 
(parametrisation)

Eγ [GeV]

σE
/E

Eγ [GeV]

σE
/E

1. Far	
  fewer	
  background	
  photons	
  than	
  
hadron	
  collider	
  

2. Higher	
  performance	
  calorimeter	
  
3. Much	
  less	
  material	
  in	
  front	
  (good	
  for	
  

electrons)

MC13

Intrinsic

Belle II

<2%
~5%
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3.	
  Flavour-­‐tagging	
  &	
  Neutral	
  Kaons

Tagging	
  power 
~30%	
  for	
  a	
  B-­‐factory	
  
~2.0±0.3%	
  for	
  LHCb	
  (http://arxiv.org/pdf/1202.4979.pdf)

What is Flavour tagging? [1]

Tagging a neutral particle ! it is B or B̄ at production time

How can we tag the B mesons? ! need some hints : (b � b̄) pair produced together

• ! in the Opposite Side of my B signal there is an opposite flavor b-hadron that I
can identify through di↵erent decay process (semi-leptonic decay, b!c!s,
Vertex Charge)

• ! in the fragmentation for my B signal (Same Side) the pair of light quarks
(ss̄,dd̄ ,uū) that is involved can produce a charge particle that is correlated with
the flavor of the B signal

€ 

Bs
0

€ 

k +
≈50% 

Tagging 
particle 

€ 

s 

€ 

s

€ 

u

€ 

B−,Λb ,B s
0

OS Tagger SSK Tagger 

p p 

€ 

Ds
−π +

€ 

b − b ( )

! several Tagging algorithms

• Opposite Side taggers: OSe,OSµ,OSK ,OS Vertex Charge ! OS combined

• Same Side taggers: SS⇡, SSp ! Bd , SSK ! Bs

Flavour Tagging Calibration 5/17 Giulia TellariniIn	
  Bd→ssq	
  	
  CP	
  eigenstate	
  usually	
  detected	
  via	
  KS	
    
(>	
  10	
  X	
  more	
  efficient	
  in	
  Belle	
  II	
  than	
  LHCb)

KL	
  detection	
  much	
  improved	
  (Impossible	
  @	
  LHCb)

http://arxiv.org/pdf/1202.4979.pdf
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How	
  to	
  make	
  a	
  Super	
  Flavour	
  Factory

Hourglass condition: 
                       βy*>~ L=σx/φ

Sergey Yashchenko  | Future Prospects for Heavy Flavor Measurements   |  08.04.14  |  Page 22

Strategy for SuperKEKB

E (GeV) 

LER/HER

β*y  (mm) 

LER/HER

β*x  (cm)

LER/HER

 φ 

(mrad)

I (A) 

LER/HER

L (cm-2s-1)

KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x 1034

SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 1034

  Nano-beam scheme:

P. Raimondi for SuperB

Lorentz factor
Beam current Beam-beam 

parameter

Classical electron 

radius
Beam size ratio at IP 

1-2% (flat beam)
Vertical beta 

function at IP

Geometrical reduction 

factors (crossing angle, 

hourglass effect)

http://www.lnf.infn.it/conference/superb06/talks/raimondi1.ppt
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KEKB	
  to	
  SuperKEKB…Built!	
  (grey=recycled,	
  colour=new)

e- 2.3 A

e+ 4.0 A

Damping ring

Positron source

New beam pipe

& bellows

Belle II
New IR

Add / modify RF systems 
for higher beam current

New positron target / 
capture

New superconducting /
final focusing quads

Low emittance  L=8·1035 s-1cm-2

Redesign the magnetic lattice to 
reduce the emittance
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SuperKEKB	
  Master	
  Schedule	
  (Feb	
  2015)

4�K. AKAI, Overview of Ring Construction Status and Schedule, Feb. 23, 2015 @20th KEKB Review �

JFY2010�

Dismantle KEKB�

KEKB 
operation�

SuperKEKB construction �

SuperKEKB 
operation�

Startup,�
Conditioning, 

etc �

SuperKEKB master schedule �

JFY2011� JFY2012� JFY2013� JFY2014� JFY2015� JFY2016� JFY2017�

For about 10 years�

QCS install �
Belle II roll in�

Phase 1� Phase 2, 3�

・・・� ・・・�

DR �
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Belle	
  II	
  Detector

electrons	
  	
  (7GeV)

positrons	
  (4GeV)

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

Particle	
  Identification	
  	
  
Time-­‐of-­‐Propagation	
  counter	
  (barrel)	
  
Prox.	
  focusing	
  Aerogel	
  RICH	
  (forward)	
  
Fake	
  rate	
  >2	
  x	
  lower	
  than	
  in	
  Belle

Central	
  Drift	
  Chamber	
  
Smaller	
  cell	
  size,	
  long	
  lever	
  arm

EM	
  Calorimeter	
  
CsI(Tl),	
  waveform	
  sampling	
  electronics	
  (barrel)	
  
Pure	
  CsI	
  +	
  waveform	
  sampling	
  (end-­‐caps)	
  later

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

Belle	
  II	
  TDR,	
  arXiv:1011.0352

[600+	
  collaborators,	
  99	
  ins�tutes,	
  23	
  na�ons]
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Belle	
  II	
  Detector

electrons	
  	
  (7GeV)

positrons	
  (4GeV)

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

Particle	
  Identification	
  	
  
Time-­‐of-­‐Propagation	
  counter	
  (barrel)	
  
Prox.	
  focusing	
  Aerogel	
  RICH	
  (forward)	
  
Fake	
  rate	
  >2	
  x	
  lower	
  than	
  in	
  Belle

Central	
  Drift	
  Chamber	
  
Smaller	
  cell	
  size,	
  long	
  lever	
  arm

EM	
  Calorimeter	
  
CsI(Tl),	
  waveform	
  sampling	
  electronics	
  (barrel)	
  
Pure	
  CsI	
  +	
  waveform	
  sampling	
  (end-­‐caps)	
  later

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

Belle	
  II	
  TDR,	
  arXiv:1011.0352

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

KL Muon Detector

16

End-cap KLM installation completed 
in 2014 July. 

Barrel KLM already done in 2013.

EM Calorimeter
Turn on new 2MHz waveform 
electronics + new trigger boards.

DAQ integration going on !
Cosmic signal !

Nice work by both of sub-
detector and DAQ groups

φ

θ
ECL

cosmic

[600+	
  collaborators,	
  99	
  ins�tutes,	
  23	
  na�ons]
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Beam-­‐Background,	
  Electromagnetic	
  Calorimeter	
  (ECL)

Beam-­‐related	
  backgrounds	
  are	
  much	
  larger	
  
than	
  KEKB.	
  

•Touschek	
  scattering	
  
•Radiative	
  Bhabha,	
  2-­‐γ	
  	
  
Fake	
  hits,	
  pile	
  up	
  photons,	
  radiation	
  damage	
  	
  

Suppression:	
  based	
  on	
  high	
  speed,	
  waveform	
  
sampling	
  electronics	
  	
  

Beam background
• At SuperKEKB with x40 larger Luminosity, beam 

background will also increase drastically.

– Touschek scattering

– Beam-gas scattering

– Synchrotron radiation

– Radiative Bhabha event: emitted γ
– Radiative Bhabha event: spent e+/e-

– 2-photon process event: e+e-!e+e-e+e-

– etc…

Feb. 24th, 2011 H.Nakayama (KEK) 37

e-
e+

e-

Beam-origin

Luminosity dependent

+ 

1 O-86 5591Al 

Figure 1. Diagrams that contribute terms containing l/t md m2/t2. These and 
the charge conjugate diagrams dominate the order cz* cross section for the region 
under study. 

20th B2GM ~ KEKGiulia Casarosa 15

D*–→D0π– 
        D0→KSπ+π– 
                KS→π+π–

cc→D*–Ωπ0D*+ 

-D*- signal  
-π0→γγ 
-Ω→π+π–π0 

-π0→γγ 
-D*+→D0π+ 

-D0→π+K–η 
-η→π+π–γ

Beam background in ECL

0 500 1000 1500 2000 2500 3000

-510

-410

-310

-210

-110

ECLCluster.Timing

Physics events

BeamBkg

t w
in

do
w

~92%(8%) of beam background (physics) 
ECLClusters get rejected

ECL cluster time [/0.37ns]

EC
L 

C
lu

st
er

s

Belle II MC14
Preliminary

Belle II MC14
Preliminary
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CDC

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Central Drift Chamber (CDC)
• Moved to Fuji Hall to Tsukuba Hall in 2015 January. 
• DAQ test is about to start. 
• Mass-production of FE successfully completed.

22

Mt. Tsukuba

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Central Drift Chamber (CDC)
• Hardware work almost completed. 
• Wire stringing done in 2014 January. 
• Gas leak check, tension measurements etc. 
• Cabling

21

HV cabling

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Central Drift Chamber (CDC)
• Hardware work almost completed. 
• Wire stringing done in 2014 January. 
• Gas leak check, tension measurements etc. 
• Cabling

21

HV cabling

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Central Drift Chamber (CDC)
• Hardware work almost completed. 
• Wire stringing done in 2014 January. 
• Gas leak check, tension measurements etc. 
• Cabling

21

HV cabling

Moved	
  to	
  main	
  experimental	
  hall	
  in	
  Jan	
  2015	
  
DAQ	
  tests	
  ongoing.

Hardware	
  work	
  almost	
  complete	
  
• Wire	
  stringing	
  done	
  in	
  2014	
  
• Gas	
  leak	
  checks,	
  tension	
  measurements,	
  
cabling

Sergey Yashchenko  | Future Prospects for Heavy Flavor Measurements   |  08.04.14  |  Page 46

Central Drift Chamber (CDC)

>Smaller cells near beam pipe

>Extended outer radius for better 
momentum resolution

>Faster readout electronics to 
reduce dead time

Belle

Belle II

normal cell

10~20 mm

18 mm
10 mm

6~8 mm

small cell

Belle Belle II

Innermost sense wire R=88mm R=168mm

Outermost sense wire R=863mm R=1111.4m
m

Number of layers 50 56

Total number of   
sense wires

8400 14336

Gas He : C
2
H

6
He : C

2
H

6

Sense wires W(Ø30μm) W(Ø30μm)

Field wires Al(Ø120μm) Al(Ø120μm)
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Pixel	
  detector

(Successful	
  test	
  beam	
  in	
  2014	
  with	
  PXD	
  and	
  SVD	
  Prototypes)	
  :	
  To	
  reduce	
   
20	
  Gbit/s	
  data	
  from	
  PXD,	
  read	
  out	
  	
  Regions	
  Of	
  Interest	
  from	
  projected	
  SVD	
  tracks

PXD: excellent spatial granularity (resolution ~15 µm)

low material (0.16%X0 for layer 1), huge data rate. 


 

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Pixel Detector (PXD)

26

2 DEPFET layers located at the 
innermost position at R=14mm

(cf. 18mm at Belle)

DEPFET sensor production going smoothly.

3 phases at metalization (2 Al, 1 Cu) “pilot run” underway

1st Al : OK 2nd Al : on-going
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Silicon	
  Vertex	
  Detector

• 4 Layers double sided 
silicon strip detectors 

• 2,3,4 or 5 sensors per 
ladder 

• Preparing to start SVD 
ladder production by 
mid-2015

Ladders

End rings

Carbon fiber 
(CF) cone End flange

PXD  
(inside SVD à individual sub-detector)

Outer CF shell

Beam pipe
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V0 and Conversions Finders
✦ V0 (KS,�) and photon conversions will be reconstructed using the full 

track object (i.e. when the full Kalman trajectories are still available)

✦ The code is in a quite advanced state. It will be deployed for the next release  

13

V 0

Q c⌧
K0(497) ! ⇡�⇡+ 206 /c 2.68
⇤(1115) ! p⇡� 101 /c 7.89
⇤̄(1115) ! p̄⇡+ 101 /c 7.89

� ! e�e+ 0

V

0

V 0

Greater	
  outer	
  radius	
  ~100→140	
  mm  
enhances	
  acceptance	
  for	
  long-­‐lived	
  
particles.
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Tracking	
  Performance

VXD	
  +	
  CDC	
  Tracking	
  
Resolution	
  much	
  better	
  than	
  Belle&Babar

Local Track Finder

✦ The Local Track Finder is almost 
ready for the CDC ( + TOP )
cosmic test 

10

Cosmic ray interacting with the
back endplate of the CDC

Two tracks successfully identified.
(The inner layer, orange hits,

are not associated to the track)

Some of Our Reference Plots

12

σ(d0) β pt Sin3/2 θ / (13.6MeV/c) vs pt

✦ Impact parameters resolutions are as good as 
expected when the PXD hits are correctly assigned 

✦ Transverse momentum resolution still needs some 
work  on the low momentum range

0 0.5 1 1.5 2 2.5 3 3.5 4

-210

Momentum resolution

•reference finder (still with PXD bug )
•MC ideal finder
•realistic finder ( w/o PXD )

Cosmic	
  ray	
  interacting	
  with	
  CDC	
  back	
  
endplate.	
  2-­‐tracks	
  identified.	
  

Less	
  multiple	
  
scattering	
  in	
  
Belle	
  II

Closer	
  to	
  beam	
  
pipe.

Belle	
  II	
  CDC	
  
Cosmic	
  MC	
  
2015

Belle II MC15 Preliminary
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Time-­‐of-­‐Propagation(TOP)	
  Detector

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Time-of-Propagation(TOP) Counter

19

Glue joint failure between quartz bar and prism.
Dedicated glue tests in progress…

MCP-PMT mounting

All production procedures 
have been examined in detail.

Will resume module production in 
March.

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Time-of-Propagation(TOP) Counter

18

All optical elements glued together

Optics into honeycomb box

1st module produced.

Critical path for Belle II

two quartz bars

mirror

prism

The 20th KEKB Accelerator Review Committee, 2015 Feb. 23-25

Time-of-Propagation(TOP) Counter

18

All optical elements glued together

Optics into honeycomb box
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  PID

Particle identification
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Level 1 Trigger System for the Belle II Experiment
Yoshihito Iwasaki, ByungGu Cheon, Eunil Won, Xin Gao, Luca Macchiarulo, Kurtis Nishimura, and Gary Varner

Abstract—The super-KEKB factory, currently under
construction at the KEK High Energy Accelerator Research Or-
ganization in Japan, has a goal of producing 50 ab of integrated
luminosity, thus allowing the Belle II experiment to study rare
decays of mesons, mesons, and leptons. Such large statistics
on these decays provide an experimental probe of physics beyond
the Standard Model. An online trigger system is indispensable
to Belle II to reduce the number of beam background events
associated with high electron and positron beam currents, as
well as to enhance physics-oriented events. For this purpose, we
have designed the Belle II online trigger system with two kinds
of primary Level 1 trigger components: a track trigger and an
energy trigger. The track trigger is composed of 2-dimensional
and 3-dimensional tracking algorithms, and the energy trigger
implements algorithms based on total energy, isolated clusters,
and identification of Bhabha events. In addition, precise event
trigger timing and muon tagging information are provided by the
time-of-propagation detector and iron flux return muon detector,
respectively.

Index Terms—Belle II experiment, Level I hardware trigger,
super-KEKB factory.

I. INTRODUCTION

T HE B factory experiments, Belle [1] at the KEKB collider
at the High Energy Accelerator Research Organization

(KEK) in Japan and BaBar [2] at the PEP II collider at the
SLAC National Accelerator Laboratory in the United States,
were performed primarily to measure large mixing-induced
charge-parity (CP) violations in meson decays. Most of the
results are in good agreement with the Standard Model (SM)
predictions of the Cabibbo–Kobayashi–Maskawa (CKM) struc-
ture of quark flavor mixing and CP violation [3]. However, the
experiments indicated several hints of discrepancies between
the SM predictions and the experimental measurements [4],
[5]. Accordingly, a much larger data sample is required to
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TABLE I
TOTAL CROSS SECTION AND TRIGGER RATES FOR cm s

FROM VARIOUS PHYSICS PROCESSES AT THE (4S)

investigate further whether these are truly indicative of New
Physics effects. Therefore, an upgrade to the Belle experi-
ment, designated Belle II, at the super-KEKB collider [6] was
approved with an instantaneous luminosity goal of
cm s . This rate is 40 times higher than the peak value of

cm s of the KEKB collider, with an eventual
goal of integrating 50 ab of luminosity by 2020. Essential
features of the Belle II upgrade [7] permit access to several cru-
cial measurements, reviews of which can be found elsewhere
[8], [19] and which are complementary to searches for New
Physics at the large hadron collider (LHC) experiments [9].

The total cross sections and trigger rates of several
physical processes of interest at the target luminosity of

cm s are listed in Table I. Samples of Bhabha
and events will be used to measure the luminosity and to
calibrate detector response. Since at this luminosity the Bhabha
and cross sections—and thus trigger rates—are large, a
prescale factor of 100 or more is applied to these triggers.

II. BELLE II EXPERIMENT

Because of expected increases in beam-gas-induced back-
grounds, the Belle II detector must tolerate higher occupancy
and radiation damage than the original Belle detector. In addi-
tion, the increased event rate puts a high demand on triggering,
data acquisition and computing. To cope with the conditions at
the super-KEKB, most of the components of the Belle detector
will be replaced with new ones, as shown in Fig. 1.

The innermost part of the tracking system consists of
two layers of silicon pixel sensors (PXD), based on depleted
p-channel field effect transistor (DEPFET) technology, and four
layers of double-sided silicon strip sensors (DSSD) to measure
the decay vertex position of mesons and other particles.
Precise determination of trajectories, momenta and dE/dx of
charged tracks is provided by a central drift chamber (CDC).
Improvements in the momentum resolution compared to the
Belle CDC are achieved by using a larger outer radius and a

0018-9499/$26.00 © 2011 IEEE

Hardware 
Trigger rate

Physics 
output rate event size

Belle 500 Hz 90 Hz 40 kB
Belle II 30 kHz 3-10kHz 200kB (max)
ATLAS 0.2kHz 1.6MB

Belle	
  II	
  TDR,	
  arXiv:1011.0352
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2014CY : required
CPU(kHS06)

2014CY : real
CPU(kHS06)

Japan(KEK+Nagoya) 34.12 11.43
US(15%) 19.99 5.07
Germany (12%) 15.99 27.42
Italy (10%) 13.32 14.96
Slovenia 2.87 2.32
Poland 2.87 4.30
Czech Rep. 1.08 2.49
Austria 2.51 0.00
Russia 11.49 4.73
Korea 7.54 1.46
India 4.67 0.00
China 2.87 0.00
Australia 2.51 2.32
Canada 4.31 3.61
Taiwan 5.03 0.09
Turkey 0.72 1.29
Mexico 1.08 0.00
Ukraine 1.44 4.47
Sum 134.42 85.95

LCG  sites  in  Europe, CA,  AU  show  
    nice  performance

Normalized  CPU  usage  by  countries

need  to  increase  resources  in  Asia
need  to  increase  Storage  in  the  World

(KEK,  DESY,  GridKa,  CNAF,  Napoli,  KMI, PNNL)

Now
 ~60 kHS  is  dedicated  for  Belle II

~1PB 300TB

~1PB

?0TB 50TB 100TB 200TB? TB

based  on  #  of  PhD  researchers
in  2013

Napoli,  PNNL,  Mexico,  Taiwan, India  K
(= corresponds  to  ~40%  of  required  CPU)

2014(4thMC)
real CPU(kHS06)

14.15
4.88

33.08
15.01
3.35
2.10
2.39
2.77
2.29
1.72
0.00
0.00
1.82
9.46
0.19
0.57
0.00
1.72

95.60

150 kHS06 @ Max

96kHS06 in  average

Resource : 2014 (4th  MC : Sep. 23 - Nov. 2)
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Installation	
  and	
  Commissioning
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Installations & Commissioning

30

Calendar 
Year 2015 2016 2017 2018

TOP

CDC

ARICH

FWD/BWD Endcap

Global Cosmic Ray Run
Roll-inCommissioning 

detector (Beast2)

Phase-1

Phase-2

Phase-3

VXD(=SVD+PXD)

QCS
Talk by H. Nakayama

All modules installed
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Molecule picture works�
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Decays to Υ and hb 
can co-exist. 
Signature in B*B(*) 
partial recon. seen. 

JP=1+ is supported 
by Dalitz analysis. 
arXiv:1403.0992. 

A.E.Bondar et al., PRD84,054010(2011)�
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The	
  first	
  2-­‐years,	
  “Phases	
  2	
  &	
  3”
Maximise	
  early	
  scientific	
  output:	
  
diverse	
  program	
  of	
  unique	
  data	
  sets.

I. INTRODUCTION

The aim of this report is to identify a physics program that will maximise the original
physics research undertaken by Belle II in the first year of data taking, while allowing for
su�cient time to calibrate the detector at ⌥(4S). This report was partially motivated by
recommendations in the 2014 BPAC report [1].

One of the main motivating factors for looking at physics beyond ⌥(4S) and ⌥(5S)
resonances in the earlier phases is that large full-detector samples of 700 fb�1 and 123 fb�1

have respectively been collected already (see Table III A). This leaves the possibility for
quick acquisition of uniquely large samples at ⌥(1S), ⌥(2S), ⌥(3S), ⌥(6S), o↵-resonance,
and E

CM

scan points if su�ciently justified. The definition of “first physics” in this case
will be of order 300 fb�1 of non-⌥(4S) data.

TABLE I: Existing e+e� datasets collected near ⌥ resonances.

Experiment Scans/O↵. Res. ⌥(5S) ⌥(4S) ⌥(3S) ⌥(2S) ⌥(1S)
10876 MeV 10580 MeV 10355 MeV 10023 MeV 9460 MeV

fb�1 fb�1 106 fb�1 106 fb�1 106 fb�1 106 fb�1 106

CLEO 17.1 0.4 0.1 16 17.1 1.2 5 1.2 10 1.2 21
BaBar 54 R

b

scan 433 471 30 122 14 99 �
Belle 100 121 36 711 772 3 12 25 158 6 102

There are also several startup scenarios to consider that may have a negative impact on
the types of studies undertaken.

• The TOP Cerenkov particle identification device may not be fully installed. Therefore
K/⇡ separation may not be optimal for the first 6 months. (Although this was an
initial motivating argument for the report, the delayed SuperKEKB schedule may see
that the full PID is installed, but will take time to full calibrate.)

• It may take time to fully align the detectors, particularly the silicon vertex detectors.
Therefore analyses that are highly reliant on vertex fitting, such as time dependent
CP violation, will have large systematics in the early phases.

There are also some potential benefits to the early running phase. For example, the
luminosity will be relatively low, and therefore the triggers could be configured to be looser
than at nominal luminosity. This will benefit dark sector and precision electroweak analyses.
Concerning the latter, it should be noted that low multiplicity analyses that were limited
by trigger systematics in Belle may be measured more accurately in Belle II with relatively
small data samples if the trigger can be suitably designed. It may also be possible to perform
rapid Pythia tuning analyses of production processes with minimally biased events.

We focus this document on establishing an overview of the well motivated research topics
at ⌥(1S), ⌥(2S), ⌥(3S), ⌥(6S), o↵-resonance, and E

CM

scans. In the final part of the report
we provide a summary to inform future data taking plans. A full discussion of physics at
the ⌥(5S) and ⌥(4S) will be discussed in other Belle II notes.

A total of seven broad topics are covered in this report. Contact names of section editors
are listed.

4

Dark forces & light Higgs [ new triggers ] 
Bottomonium - exotics [ Y(3S), Y(5S)→Y(6S) ] 

Phase 1 2016 “BEAST”/SuperKEKB 
& cosmics

Phase 2 Mid 
2017- Early 

2018

Partial Belle II, 
commissioning data 
up to ~O(200fb-1)

Full physics
Oct 2018- Full detector
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The	
  first	
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FIG. 7: Existing exclusion regions (90% CL) on the dark photon mixing parameter ✏ and mass
M

A

0 (solid regions), with projected limits for Belle II and other future experiments (lines). Data
for current limits and extrapolations other than Belle II from [65].

as the square root of integrated luminosity. Therefore, the upper limit on ✏ scales as
the fourth root of luminosity.

• The number of background events under the signal peak directly scales with the dilep-
ton mass resolution, �

M

. The Belle II drift chamber radius is much larger than BaBar,
1130 mm vs 800 mm, implying �

M

/�0

M

= 0.5.

• ✏

``

is the e�ciency. BaBar su↵ered a factor of two loss of e�ciency in the e

+

e

� final
state due to a scale factor of 2 for radiative Bhabha events in the level 3 trigger. BaBar
also had a muon identification system that su↵ered from e�ciency loss. Assuming
the Belle II trigger will retain the maximum e�ciency for events of physics interest,
✏

``

/✏

0

``

= 2 for the electron final state and 1.1 for muons.

Note that the scaling is not done from the actual BaBar upper limits, but rather from the
expected limits based on the statistical and systematic uncertainties.

Systematic errors are negligible except at the lowest masses, where there is uncertainty
in the background mass distribution. The Belle II projections are based on the quadratic
sum of the statistical and systematic limits. Note that due to lower backgrounds and higher
e�ciency, the muon final state is dominant above threshold.

A number of dedicated experiments are planned or proposed to search for dark photons,
all of which are fixed target experiments at electron beams. Results will be limited to A

0

masses below 500 MeV/c2. Above this mass, only Belle II will be able to improve the existing
limits.

The BaBar analysis excluded 30–50 MeV/c2 regions around the !, �, J/ ,  (2S), ⌥(1S),
and ⌥(2S) resonances, where the backgrounds are changing rapidly with mass, and where
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FIG. 8: Projected limits for Belle II for a search for dark photons decaying invisibly, assuming
massless daughters. The BaBar region is an interpretation of the preliminary result from Ref. [67]
in terms of a dark photon search.
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FIG. 9: Higgs-strahlung production of a dark photon, which subsequently decays to a lepton pair
or hadron pair, and a dark Higgs, which subsequently decays to dark photon pair.

• Case (b), M

A

0
< M

h

0
< 2M

A

0 : h

0 ! A

0
A

0⇤ where A

0⇤ is a virtual dark photon that
decays into leptons. Only two dark photons can be reconstructed. The signature in
Belle II would be 6 leptons in the final state.

• Case (c), M

h

0
> 2M

A

0 : h

0 ! A

0
A

0. Three dark photons can be detected. The signature
in Belle II would be a combination of 6 leptons and hadrons in the final state. All
three dark photons can be reconstructed.

In the Higgs-strahlung channel, two couplings are involved: the electromagnetic coupling
of the dark photon to SM particles, ↵

0 = ✏

2

↵ (where ✏ is the kinetic mixing and ↵ is the SM
electromagnetic coupling constant), and the dark photon coupling to the dark Higgs, ↵

D

.
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dark	
  photons	
  decaying	
  invisibly

Dark γ to Leptons Radiative production of A’ via ee→γA’ 
Dark Light Higgs Y(2S,3S)→A0 γ, A0→ invisible, single γ   trigger.  
Dark Matter Non-resonant production in ee→A’ γ,  A0→invisible
Dark Higgs-strahlung ee → A’h’, h’→ A’A’(*), l+l- or hadrons.

dark	
  photons	
  decaying	
  to	
  charged	
  pairs

Belle II
Preliminary

Belle II
Preliminary
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The	
  first	
  2-­‐years,	
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  Y(4S)

Y(3S):	
  Bottomonium	
  dynamics	
  
(hyperfine	
  splitting,	
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states).	
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FIG. 1: The bottomonium spectrum.

B. ⌘
b

measurements

The main success of BaBar’s ⌥(3S) programme was the discovery of the ⌘

b

(1S) bot-
tomonium ground state [5]. Subsequent analyses at Belle from the ⌥(4S) [6] and ⌥(5S)
[4] datasets provided further measurements of ⌘

b

(1S) and evidence for ⌘

b

(2S). Analyses of
the CLEO data have also produced indications for these states [7, 8]. Despite these many
results, there remains a conflict between the BaBar/CLEO and Belle measurements of the
⌘

b

(1S) mass, and between Belle [9] and a rogue analysis of CLEO data regarding the mass
of the ⌘

b

(2S) [8].
The combined BaBar [5, 10] and CLEO [7] results from ⌥(mS) ! �⌘

b

(1S) decays give
m

⌘b(1S)

= 9391.1± 2.9MeV/c2, while the combined Belle [4, 6] measurements via h

b

(nP )!
�⌘

b

(1S) find m

⌘b(1S)

= 9403.4 ± 1.9MeV/c2. These measurements disagree at the ⇠3.5�
level. An unpublished Belle result for ⌥(2S) ! �⌘

b

(1S) found a mass value consistent
with that of the similar BaBar and CLEO radiative decays [11]. Combining the two existing
measurements of the ⌘

b

(1S) width [4, 6] still has an appreciable uncertainty, �
⌘b(1S)

= 10.8+3.5

�3.0

MeV.
As for ⌘

b

(2S), Belle [4] measured m

⌘b(2S)

= 9999.0±3.5+2.8

�1.9

MeV/c2in the decay h

b

(2P )!
�⌘

b

(2S), while an independent analysis of the CLEO dataset found m

⌘b(2S)

= 9974.6± 2.3±
2.1MeV/c2[8] (which has been both strongly disputed by [9] and rejected by the CLEO
Collaboration). Further measurements, particularly for the ⌘

b

(2S), are needed, and could
be provided by running at the ⌥(3S).

A recent literature review [12] covers more than 50 theoretical predictions for the bot-
tomonium hyperfine splitting for ⌥ � ⌘

b

, spanning both lattice and potential models. It
notes the inconsistency between the BaBar and Belle values, and points out the obvious

9

FIG. 3: Array of predicted and observed quarkonium-like resonances lying above open-bottom
threshold. [57]

E. b-quark mass from bottomonium sum-rules

The precise determination of the b-quark mass is an important task for the Belle II
experiment. Various methods have been employed to determine the quark masses, including
bottomonium sum rules, and semileptonic and radiative B decays. The latter exploits the
fact that m

Q

� ⇤
QCD

to construct e↵ective theories (m
Q

is the mass of the heavy quark
Q). The former involves systems containing two heavy quarks such as the ⌥, which can
be treated using non-relativistic QCD (NRQCD) to extract masses. The problem is that
the typical momentum and energy transfers in these systems is sensitive to scales much
smaller than m

Q

. However, smeared observables, such as R

b

(s) averaged over some range of
s that includes several bound state energy levels, are better behaved and only sensitive to
scales near m

Q

. For this reason, most determinations of the b (and c) quark masses using
perturbative calculations compare smeared observables with experiment. Determination of
heavy quark masses in this approach involves the direct comparison of the theoretical and
experimental evaluations of the contributions to the derivatives of the polarisation function
⇧

Q

(q2), the former evaluated in perturbative QCD, the latter through moments of the
measured cross section for heavy quark production in electron-positron annihilation.
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Data	
  taking	
  profile	
  &	
  “the	
  competition”
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•We	
  have	
  different	
  golden	
  modes:	
  e.g.	
  Missing	
  energy	
  modes	
  at	
  Belle	
  II	
  (well-­‐known);	
  
—powerful	
  constraints	
  on	
  the	
  charged	
  Higgs.	
  

• But	
  there	
  are	
  some	
  areas	
  of	
  fierce	
  competition…

Schedule / timeline 

30th%May%2014% FPCP%2014,%Marseille,%France% 36%
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Summary	
  of	
  CKM	
  Metrology

Belle BaBar Global	
  Fit	
  
CKMfitter

LHCb	
  
Run-­‐2

Belle	
  II	
   
50	
  ab-­‐1

LHCb	
  Upgrade	
  
50	
  fb-­‐1

Theory

φ1:	
  ccs 1.4o 1.5o 0.8o 0.4o 0.3o v.	
  small.

φ2:	
  uud 4o	
  (WA) 2.1o 1o ~1-­‐2o

φ3:	
  DK 14o 3.8o 4o 1.5o 1o negl.

|Vcb|	
  inclusive 1.7% 2.4% 1.2%

|Vcb|	
  exclusive 2.2% 1.4%

|Vub|	
  inclusive 7% 4.5% 3.0%

|Vub|	
  exclusive 8% 2.4%

|Vub|	
  leptonic 14% 3.0%

No result
Moderate precision
Precise
Very Precise

Moderate precision

Clean / LQCD

Clean

Experiment Theory
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H+	
  Search:	
  B+→τυ,	
  µυ

|Vub|

τ 

ν 

b 

u 

H+,W+ 

_ 

Helicity	
  suppressed	
  -­‐	
  very	
  small	
  in	
  SM.	
  
NP	
  could	
  interfere	
  e.g.	
  charged	
  Higgs.

and the Gegenbauer momenta [43]:

g(a)
⊥ (u) = 6uū

[

1 + a∥1ξ +

{

1

4
a∥2 +

5

3
ζA
3

(

1 −
3

16
ωA

1,0

)

+
35

4
ζV
3

}

(5ξ2 − 1)

]

+6 δ̃+ (3uū + ū ln ū + u ln u) + 6 δ̃− (ū ln ū − u ln u) , (169)

g(v)
⊥ (u) =

3

4
(1 + ξ2) + a∥1

3

2
ξ3 +

(

3

7
a∥2 + 5ζA

3

)

(

3ξ2 − 1
)

+

(

9

112
a∥2 +

105

16
ζV
3 −

15

64
ζA
3 ωA

1,0

)

(

3 − 30ξ2 + 35ξ4
)

+
3

2
δ̃+ (2 + ln u + ln ū) +

3

2
δ̃− (2ξ + ln ū − ln u) . (170)

To compute X⊥, the parameter X = ln(mB/Λh) (1+ϱ eiϕ) is introduced to parametrize the
logarithmically divergent integral

∫ 1
0 dx/(1 − x). ϱ ≤ 1 and the phase ϕ are arbitrary, and

Λh ≈ 0.5 GeV is a typical hadronic scale. The remaining parameters are given in Appendix I.

SuperIso first computes numerically all the integrals and the Wilson coefficients, and then
calculates the isospin asymmetry of B → K∗γ using all the above equations.

E.3 Branching ratio of Bu → τντ

The purely leptonic decay Bu → τντ occurs via W+ and H+ mediated annihilation pro-
cesses. This decay is helicity suppressed in the SM, but there is no such suppression for
the charged Higgs exchange at high tan β, and the two contributions can therefore be of
similar magnitudes. This decay is thus very sensitive to charged Higgs boson and provide
important constraints.

The branching ratio of Bu → τντ in supersymmetry is given by [44]

BR(Bu → τντ ) =
G2

F f2
B|Vub|2

8π
τBmBm2

τ

(

1 −
m2

τ

m2
B

)2 [

1 −
(

m2
B

m2
H+

)

tan2 β

1 + ϵ0 tan β

]2

, (171)

where ϵ0 is given in Eq. (66), and τB is the B± meson lifetime which is given in Appendix I
together with the other constants in this equation.

The following ratio is usually considered to express the new physics contributions:

RMSSM
τντ

=
BR(Bu → τντ )MSSM

BR(Bu → τντ )SM
=

[

1 −
(

m2
B

m2
H+

)

tan2 β

1 + ϵ0 tan β

]2

, (172)

which is also implemented in SuperIso.

In the 2HDM, Eq. (171) takes the form

BR(Bu → τντ ) =
G2

F f2
B|Vub|2

8π
τBmBm2

τ

(

1 −
m2

τ

m2
B

)2 [

1 −
(

m2
B

m2
H+

)

λbbλττ

]2

, (173)

where the Yukawa couplings λbb,λττ can be found in Table 1 for the four types of 2HDM
Yukawa sectors.
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BFSM

rH

Belle, B→ τ ν (Had) PRL110 131801 (2013) 
Belle, B→ τ ν (SL) Preliminary (2014 CKM)

Type λUU λDD λLL

I cot β cot β cot β
II cot β − tan β − tan β
III cot β − tan β cot β
IV cot β cot β − tan β

Table 1: Yukawa couplings for the four types of 2HDM. U , D and L stand respectively for
the up-type quarks, the down-type quarks and the leptons.

C.2 Charged Higgs contributions

At the Leading Order, the relevant charged Higgs contributions to the Wilson coefficients
are given by [26]:

δCH(0)
7,8 (µW ) =

λ2
tt

3
F (1)

7,8 (xtH±) − λttλbbF
(2)
7,8 (xtH±) , (48)

where

xtH± =
m2

t (µW )

M2
H±

, (49)

and

F (1)
7 (x) =

x(7 − 5x − 8x2)

24(x − 1)3
+

x2(3x − 2)

4(x − 1)4
ln x ,

F (1)
8 (x) =

x(2 + 5x − x2)

8(x − 1)3
−

3x2

4(x − 1)4
ln x , (50)

F (2)
7 (x) =

x(3 − 5x)

12(x − 1)2
+

x(3x − 2)

6(x − 1)3
ln x ,

F (2)
8 (x) =

x(3 − x)

4(x − 1)2
−

x

2(x − 1)3
ln x .

λtt,λbb are the Yukawa couplings. In supersymmetry, they read:

λtt = −
1

λbb
=

1

tan β
. (51)

For the different types of 2HDM, the Yukawa couplings are summarized in Table 1.

At the NLO, the charged Higgs contributions can be written in the form [26]:

δC(1)
7 (µW ) = GH

7 (xtH±) + ∆H
7 (xtH±) ln

µ2
W

M2
H±

−
4

9
EH(xtH±) , (52)

δC(1)
8 (µW ) = GH

8 (xtH±) + ∆H
8 (xtH±) ln

µ2
W

M2
H±

−
1

6
EH(xtH±) , (53)
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II cot β − tan β − tan β
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IV cot β cot β − tan β

Table 1: Yukawa couplings for the four types of 2HDM. U , D and L stand respectively for
the up-type quarks, the down-type quarks and the leptons.

C.2 Charged Higgs contributions

At the Leading Order, the relevant charged Higgs contributions to the Wilson coefficients
are given by [26]:

δCH(0)
7,8 (µW ) =

λ2
tt

3
F (1)

7,8 (xtH±) − λttλbbF
(2)
7,8 (xtH±) , (48)

where

xtH± =
m2

t (µW )

M2
H±

, (49)

and

F (1)
7 (x) =

x(7 − 5x − 8x2)

24(x − 1)3
+

x2(3x − 2)

4(x − 1)4
ln x ,

F (1)
8 (x) =

x(2 + 5x − x2)

8(x − 1)3
−

3x2

4(x − 1)4
ln x , (50)

F (2)
7 (x) =

x(3 − 5x)

12(x − 1)2
+

x(3x − 2)

6(x − 1)3
ln x ,

F (2)
8 (x) =

x(3 − x)

4(x − 1)2
−

x

2(x − 1)3
ln x .

λtt,λbb are the Yukawa couplings. In supersymmetry, they read:

λtt = −
1

λbb
=

1

tan β
. (51)

For the different types of 2HDM, the Yukawa couplings are summarized in Table 1.

At the NLO, the charged Higgs contributions can be written in the form [26]:

δC(1)
7 (µW ) = GH

7 (xtH±) + ∆H
7 (xtH±) ln

µ2
W

M2
H±

−
4

9
EH(xtH±) , (52)

δC(1)
8 (µW ) = GH

8 (xtH±) + ∆H
8 (xtH±) ln

µ2
W

M2
H±

−
1

6
EH(xtH±) , (53)

34

4

 (GeV)ECLE
0 0.2 0.4 0.6 0.8 1 1.2

Ev
en

ts
 / 

0.
05

 G
eV

0

20

40

60

80

100

120

 (GeV)ECLE
0 0.2 0.4 0.6 0.8 1 1.2

Ev
en

ts
 / 

0.
05

 G
eV

0

20

40

60

80

100

120

)4/c2 (GeV2
missM

0 5 10 15 20 25 30

)4
/c2

Ev
en

ts
 / 

1 
(G

eV

0

5

10

15

20

25

)4/c2 (GeV2
missM

0 5 10 15 20 25 30

)4
/c2

Ev
en

ts
 / 

1 
(G

eV

0

5

10

15

20

25

FIG. 2: Distributions of EECL (top) and M2
miss (bottom)

combined for all the τ− decays. The M2
miss distribution is

shown for a signal region of EECL < 0.2 GeV. For both fig-
ures, the solid circles with error bars are data. The solid
histograms show the sum of the signal and background com-
ponents. The dotted histograms show the total background
component. The dashed histogram for EECL shows the sig-
nal component. The dash-dotted histogram for M2

miss shows
the signal component for τ− decays into e−ν̄eντ and µ−ν̄µντ ,
while the dash-dot-dotted for π−ντ and π−π0ντ .

TABLE I: Results of the fit for signal yields (Nsig), detection
efficiencies (ϵ), and branching fractions (B). The efficiencies
include the branching fractions of the τ− decay modes. The
errors for Nsig and B are statistical only.

Decay mode Nsig ϵ (10−4) B (10−4)

τ− → e−ν̄eντ 16+11
−9 3.0 0.68+0.49

−0.41

τ− → µ−ν̄µντ 26+15
−14 3.1 1.06+0.63

−0.58

τ− → π−ντ 8+10
−8 1.8 0.57+0.70

−0.59

τ− → π−π0ντ 14+19
−16 3.4 0.52+0.72

−0.62

Combined 62+23
−22 11.2 0.72+0.27

−0.25

the efficiencies, and the number of B+B− pairs. The sys-
tematic error from MC statistics of the PDF histograms
is evaluated by varying the content of each bin by its
statistical uncertainty. To estimate the systematic error
due to the possible signal EECL shape difference between
MC and data, the ratio of data to MC for the EECL his-
tograms of the B− → D∗0ℓ−ν̄ℓ sample is fitted with a
first-order polynomial and the signal EECL PDF is mod-

ified within the fitted errors. The uncertainties for the
branching fractions of B decays that peak near zero EECL

are estimated by changing the branching fractions in MC
by their experimental errors [17] if available, or by ±50%
otherwise. To estimate the uncertainty associated with
the Btag efficiency for the signal, B(B− → D∗0ℓ−ν̄ℓ) ob-
tained from the B− → D∗0ℓ−ν̄ℓ sample is compared to
the world average value [17]. The results are consistent
and the uncertainty of the measurement is assigned as
the systematic error. The uncertainty for the fraction of
the correctly reconstructed Btag in the background is ob-
tained by changing the fractions by errors obtained from
the EECL sideband sample. The systematic errors in the
signal-side efficiencies arise from the uncertainty in track-
ing efficiency, particle identification efficiency, branch-
ing fractions of τ decays, the reconstruction efficiency
of π0, and MC statistics. The systematic uncertainty
related to the K0

L veto efficiency is estimated from the
statistical uncertainties of the D0 → φK0

S control sam-
ple and the fraction of events with K0

L candidates in the
B− → D∗0ℓ−ν̄ℓ sample. The estimated systematic errors
are summarized in Table II.

TABLE II: Summary of the systematic errors for the branch-
ing fraction measurement.

Source B syst. error (%)
Signal PDF 4.2
Background PDF 8.8
Peaking background 3.8
Btag efficiency 7.1
Particle identification 1.0
π0 efficiency 0.5
Tracking efficiency 0.3
τ branching fraction 0.6
MC efficiency statistics 0.4
K0

L efficiency 7.3
NB+B− 1.3

Total 14.7

The branching fraction measured here is lower than the
previous Belle result with a hadronic tagging method [6].
Using the first 449× 106BB̄ sample, that corresponds to
the data set used in Ref. [6] after reprocessing, we ob-
tain B(B− → τ−ν̄τ ) = [1.08+0.37

−0.35(stat)] × 10−4. Note
that the overlap of events between the two analyses is
small because the reconstruction efficiency has increased
by more than a factor of three. Assuming that all the
events used in the previous analysis overlap with present
analysis, the remaining events provide a result statisti-
cally consistent within 1.9σ. Using the last 323×106BB̄,
we obtain B(B− → τ−ν̄τ ) = [0.24+0.39

−0.34(stat)] × 10−4,
which is statistically consistent with the result for the
first 449 × 106BB̄ data set within 1.6σ. Our results
are also consistent with other publications within the er-

Belle 2013

6

(a) (a)

(b) (b)

(c) (c)

(d) (d)

(e) (e)

FIG. 2. Distributions for (a) ⌧+ ! µ+⌫̄⌧⌫µ, (b) ⌧
+ ! e+⌫̄⌧⌫e,

(c) ⌧+ ! ⇡+⌫̄⌧ , (d) ⌧+ ! ⇢+⌫̄⌧ , and (e) the sum of them.
The left and right columns show the distributions of EECL

and p⇤sig projected in the region EECL < 0.2 GeV, respec-
tively. The markers show the data distribution, the solid line
the total fitted distribution, and the dashed line the signal
component. The orange (red) filled distribution represents
the BB̄ (continuum) background.

lated to the best candidate selection, we repeat the fit
without applying the best candidate selection. The re-
sult is divided by the average multiplicity of 1.07 and
compared to the nominal fit result. The uncertainty on
the e�ciency of the reconstruction of charged tracks and
neutral pions, and on the e�ciency of the particle identi-
fication have been estimated using high statistics control
samples. The charged track veto has been tested using
the D

0
⇡

+ double-tagged sample by comparing the num-

TABLE III. List of systematic uncertainties.

Source Relative Uncertainty (%)

Continuum description 14.1
Signal reconstruction e�ciency 0.6
Background branching fractions 3.1
E�ciency calibration 12.6
⌧ decay branching fractions 0.2
Histogram PDF shapes 8.5
Best candidate selection 0.4
Charged track reconstruction 0.4
⇡0 reconstruction 1.1
Particle identification 0.5
Charged track veto 1.9
Number of BB̄ pairs 1.4
Total 21.2

ber of additional charged tracks in MC and data events.
We find that it agrees well, so we take the relative statis-
tical uncertainty on the control sample as the systematic
uncertainty. We also test an alternative description of
the continuum background in EECL by using a polyno-
mial of second order, but the deviation is well covered by
the related systematic uncertainty, so we do not include
it separately. The quadratic sum of all contributions is
21.2%.
We find evidence for B+ ! ⌧

+
⌫⌧ decays with a signifi-

cance of 3.8�, by convolving the likelihood profile with a
Gaussian whose width is equal to the systematic uncer-
tainty. The significance is given by

p
2 ln(L/L0), where

L(L0) is the value of the likelihood function when the
signal yield is allowed to vary (set to 0).
In summary, we report the measurement of the branch-

ing fraction of B

+ ! ⌧

+
⌫⌧ decays using a sample of

772⇥ 106 BB̄ pairs, which we analyze with the semilep-
tonic tagging method. Our result is

B(B+ ! ⌧

+
⌫⌧ ) = [1.25±0.28(stat.)±0.27(syst.)]⇥10�4

with a significance of 3.8 �. This result is consistent
with our previous measurement based on the semilep-
tonic tagging method of B(B+ ! ⌧

+
⌫⌧ ) = [1.54 ±

0.38(stat.)± 0.37(syst.)]⇥ 10�4 [9] and supersedes it. A
combination with the recent Belle measurement based on
the hadronic tagging method [10] of [0.72+0.27

�0.25(stat.) ±
0.11(syst.)] ⇥ 10�4, taking into account all correlated
systematic uncertainties, gives a branching fraction of
B(B+ ! ⌧

+
⌫⌧ ) = [0.91±0.19(stat.)±0.11(syst.)]⇥10�4

with a combined significance of 4.6 �. This value is con-
sistent with the SM expectation based on a fit using in-
dependent experimental input [4].

We thank the KEKB group for the excellent operation
of the accelerator; the KEK cryogenics group for the ef-
ficient operation of the solenoid; and the KEK computer
group, the National Institute of Informatics, and the
PNNL/EMSL computing group for valuable computing
and SINET4 network support. We acknowledge support
from the Ministry of Education, Culture, Sports, Science,
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FIG. 23. (Color online) Efficiency corrected q2 distributions for B → Dτ−ντ (top) and B → D∗τ−ντ (bottom) events with
m2

miss > 1.5GeV2 scaled to the results of the isospin-constrained fit. The points and the shaded histograms correspond to
the measured and expected distributions, respectively. Left: SM. Center: tanβ/mH+ = 0.30GeV−1. Right: tanβ/mH+ =
0.45GeV−1. The B0 and B+ samples are combined and the normalization and background events are subtracted. The
distributions are normalized to the number of detected events. The uncertainty on the data points includes the statistical
uncertainties of data and simulation. The values of χ2 are based on this uncertainty.

Due to the subtraction of the large B → D∗τ−ντ feed-
down in the Dℓ samples, the measured q2 spectrum of
B → Dτ−ντ decays depends on the signal hypothesis.
This dependence is very small, however, because the q2

spectrum of B → D∗τ−ντ decays is largely independent
of tanβ/mH+ .
The measured q2 spectra agree with the SM expec-

tations within the statistical uncertainties. For B →
Dτ−ντ decays, there might be a small shift to lower val-
ues, which is indicated by the increase in the p value for
tanβ/mH+ = 0.30GeV−1. As we showed in Sec. II B,
the average q2 for tanβ/mH+ = 0.30GeV−1 shifts to
lower values because the charged Higgs contribution to
B → Dτ−ντ decays, which always proceeds via an S-
wave, interferes destructively with the SM S-wave. As a
result, the decay proceeds via an almost pure P -wave and
is suppressed at large q2 by a factor of p2D, thus improv-
ing the agreement with data. The negative interference
suppresses the expected value of R(D) as well, however,
so the region with small tanβ/mH+ is excluded by the
measured R(D).
The two favored regions in Fig. 22 with SR+SL ∼ −1.5

correspond to tanβ/mH+ = 0.45GeV−1 for B → Dτ−ντ
decays. However, as we saw in Fig. 3, the charged Higgs
contributions dominate B → Dτ−ντ decays for values
of tanβ/mH+ > 0.4GeV−1 and the q2 spectrum shifts
significantly to larger values. The data do not appear to
support this expected shift to larger values of q2.
To quantify the disagreement between the measured

and expected q2 spectra, we conservatively estimate the
systematic uncertainties that impact the distributions
shown in Fig. 23 (Appendix). Within these uncertainties,
we find the variation that minimizes the χ2 value of those
distributions. Table IX shows that, as expected, the con-

TABLE IX. Maximum p value for the q2 distributions in
Fig. 23 corresponding to the variations due to the system-
atic uncertainties.

B → Dτ−ντ B → D∗τ−ντ

SM 83.1% 98.8%

tanβ/mH+ = 0.30GeV−1 95.7% 98.9%

tanβ/mH+ = 0.45GeV−1 0.4% 97.9%

servative uncertainties give rise to large p values in most
cases. However, the p value is only 0.4% for B → Dτ−ντ
decays and tanβ/mH+ = 0.45GeV−1. Given that this
value of tanβ/mH+ corresponds to SR + SL ∼ −1.5, we
exclude the two solutions at the bottom of Fig. 22 with
a significance of at least 2.9σ.

The other two solutions corresponding to SR+SL ∼ 0.4
do not impact the q2 distributions of B → Dτ−ντ to the
same large degree, and, thus, we cannot exclude them
with the current level of uncertainty. However, these so-
lutions also shift the q2 spectra to larger values due to the
S-wave contributions from the charged Higgs boson, so
the agreement with the measured spectra is worse than
in the case of the SM. This is also true for any other
solutions corresponding to complex values of SR and SL.

On the other hand, contributions to B → Dτ−ντ de-
cays proceeding via P -wave tend to shift the expected
q2 spectra to lower values. Thus, NP processes with
spin 1 could simultaneously explain the excess inR(D(∗))
[44, 45] and improve the agreement with the measured q2

distributions.

,

• B → D(*) τν : WA is ~5 sigma from the SM!  
•Need differentials and more NP observables. 
   

But, large background (D*(**)lν, D*X) 

Belle II → better low pT tracking, & low p PID.

New Belle & LHCb results anticipated in 2015
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|Vub|	
  (&	
  |Vcb|):	
  Future

•Only	
  Belle	
  II	
  can	
  resolve	
  |Vub/cb|	
  exclusive/
inclusive	
  puzzles	
  (or	
  →	
  NP).	
  Both	
  3	
  σ!	
  

|Vub|	
  @	
  2-­‐3%	
  precision	
  for	
  all	
  approaches!

]-1Integrated Luminosity [ab
1 10

| [
%

]
ub

 |Vδ

1

2

10

20 | Exc. had-tag.)
ub

(|V
| Inc.)

ub
(|V

| Exc. untag.)
ub

(|V
| leptonic)

ub
(|V

Belle II Projection

Belle, Exclusive B→ π/ρ/ω  l ν (Had), PRD88 032005 (2013)

Semileptonic&B&decays&(inclusive&&&exclusive)&for&|Vub|,&|Vcb|&

* ∃&lingering&concerns&on&“exclusive&vs.&inclusive”&puzzle&

CPV&and&mixing&for&charm

not"discussed,"but"no"less"important
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Belle II_
_

Measuring |Vcb| and |Vub| 

3σ discrepancy between exclusive and inclusive measurements for |Vub|.  
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FIG. 1. The allowed |V L
ub|� ✏R regions. The black ellipse in the left (right) plot shows the result of a �2 fit using the first three

(four, excluding !) measurements in Table I. The fainter ellipse in the right plot is the same as that in the left plot.

Fit |V L
ub|⇥ 104 ✏R �2 / ndf Prob.

3 modes 4.07± 0.18 �0.17± 0.06 2.5 /1 0.11

4 modes 4.00± 0.17 �0.15± 0.06 4.5 /2 0.11

TABLE II. The results of the �2 fits to the first 3 and all
modes but ! in Table I. The correlation between |V L

ub| and ✏R
in the two fits are 0.01 and 0.01.

esting to explore how the best sensitivity to ✏R may be
obtained using current and near future data sets.

In Section II we discuss the decay rate distributions.
Besides investigating the well known forward-backward
asymmetry, we propose a generalized two-dimensional
asymmetry as a new observable that would be interest-
ing to measure. Additionally we explore the possibility
to extract the full information on the di↵erential rate
by considering asymmetries in all three angles simulta-
neously. In Section III we discuss the theoretical uncer-
tainties in existing form factor calculations. Using re-
sults from a light-cone sum rule calculation [9], we esti-
mate the correlations among the uncertainties. Then we
perform a simultaneous fit to a (simplified) series expan-
sion parametrization of the form factors. In Section IV
we discuss the best theoretical predictions to extract in-
formation on right-handed currents. We investigate the
discriminating contour for the two dimensional asymme-
try. We estimate the sensitivity both with the current
B-factory data, as well as with the anticipated Belle II
dataset to compare the various observables. We use this
information in Section V to explore the impact of the
sensitivity to right-handed currents by performing global
fits simultaneously to |V L

ub| and ✏R assuming di↵erent sce-
narios for both the current B-factory as well as expected
Belle II dataset. Section VI contains our conclusions.

II. POSSIBLE OBSERVABLES

Starting from the Lagrangian in Eq. (1), the B ! ⇢`⌫̄

decay is described by replacing in the matrix element
the vector (V ) and the three axial-vector (A

0,1,2) form
factors via

V ! (1 + ✏R)V , Ai ! (1� ✏R)Ai . (2)

(If Im ✏R = 0 then this can be done in the decay rate,
too.) Recently, the similar B ! K

⇤
`

+

`

� decay has re-
ceived a lot of attention, in which case the decay distribu-
tions are in exact analogy with B ! ⇢`⌫̄ (assuming that
the neutrino is reconstructed). It has been advocated [13]
to use the form factor relations proposed in the heavy
quark limit [14, 15] to construct observables, which are
ratios of terms in the fully di↵erential decay distribution,
to optimize sensitivity to new physics. However, the size
of perturbative and nonperturbative corrections to these
relations are subject to discussions [16–18]. Thus, other
recent papers [19] also have to resort to some extent to
QCD sum rule calculations to estimate the corrections to
the form factor relations, which we discuss in Sec. III.

A. The general parameterization

The fully di↵erential decay rate for the four-body de-
cay B ! ⇢(! ⇡⇡)`�⌫̄` can be written in terms of four
variables. These are conventionally chosen as the mo-
mentum transfer to the dilepton system, q2, and three
angles describing the relative orientation of the final state
particles. As usual, we choose ✓V as the angle of the ⇡

+

in the ⇢ restframe with respect to the ⇢ direction in the B
restframe. Similarly, ✓` is the angle of the `� in the dilep-
ton restframe with respect to the direction of the virtual
W

� in the B restframe. Finally � is the angle between
the decay planes of the hadronic and leptonic systems
in the B restframe. This convention coincides with the
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Time	
  Dep.	
  CP	
  Violation

05/02/15 Belle II - physics meeting 9

Test Ks-selection

• K-­‐shorts	
  in	
  most	
  signatures:	
  VXD	
  Larger	
  
acceptance	
  (+30%)	
  for	
  π	
  from	
  KS	
  

Systematics dominated by vertex resolution: 
σ(z) on Vertex: Belle~61µm ⇣ Belle II~18µm 

Belle II should 
dominate 
penguin CPV

New	
  sources	
  of	
  CPV:
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Year (end)
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0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Average
HFAG

0.679 ± 0.020

BaBar
PRD 79 (2009) 072009

0.657 ± 0.036 ± 0.012

Belle
PRL 108 (2012) 171802

0.670 ± 0.029 ± 0.013

Average
HFAG

0.665 ± 0.024

BaBar
PRD 79 (2009) 072009

0.694 ± 0.061 ± 0.031

Belle
PRL 108 (2012) 171802

0.642 ± 0.047 ± 0.021

Average
HFAG

0.663 ± 0.041

BaBar
PRD 79 (2009) 072009

0.897 ± 0.100 ± 0.036

Belle
PRL 108 (2012) 171802

0.738 ± 0.079 ± 0.036

Average
HFAG

0.807 ± 0.067

BaBar
PRD 79 (2009) 072009

0.614 ± 0.160 ± 0.040

Belle
PRL 108 (2012) 171802

0.640 ± 0.117 ± 0.040

Average
HFAG

0.632 ± 0.099

BaBar
PRD 79 (2009) 072009

0.925 ± 0.160 ± 0.057

BaBar
PRD 79 (2009) 072009

0.601 ± 0.239 ± 0.087

H F A GH F A G
Moriond 2012
PRELIMINARY

Φ1

TABLE XLI: 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(0.9�) 0.4� 0.3� 0.6� 0.3�

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

(⇤)
K

(⇤)) 68 ± 14 6 1.5 4 1
2�s(Bs ! J/ �) [rad] 0.07 ± 0.09 ± 0.01⇤ 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] �0.17 ± 0.15 ± 0.03⇤ 0.12 0.03
�

e↵

s (Bs ! K

⇤0
K̄

⇤0) [rad] � 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 ± 2.4%) 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 ± 10.8%) 4.7% 2.4%

Leptonic and Semi-tauonic B(B ! ⌧⌫) [10�6] 96(1 ± 26%) 10% 5%
B(B ! µ⌫) [10�6] < 1.7 20% 7%
R(B ! D⌧⌫) [Had. tag] 0.440(1 ± 16.5%)† 5.6% 3.4%
R(B ! D

⇤
⌧⌫)† [Had. tag] 0.332(1 ± 9.0%)† 3.2% 2.1% ...

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
2�e↵

s (Bs ! ��) � 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%
B(Bs ! ⌧⌧) [10�3] � < 2 �
B(Bs ! µµ) [10�9] 2.9+1.1

�1.0
⇤ 0.5 0.2

70

Naive	
  LHCb	
  projection	
  
similar	
  to	
  EPJC	
  
73:2373	
  2013

New	
  LHCb	
  result	
  March	
  2015
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UT	
  angle	
  Φ3=γ:	
  Future
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FIG. 1. The past (2003, top left) and present (top right) status of the unitarity triangle in the presence of NP in neutral-meson
mixing. The lower plots show future sensitivities for Stage I and Stage II described in the text, assuming data consistent with
the SM. The combination of all constraints in Table I yields the red-hatched regions, yellow regions, and dashed red contours
at 68.3%CL, 95.5%CL, and 99.7%CL, respectively.

tal and theoretical sides. Our Stage I projection refers
to a time around or soon after the end of LHCb Phase I,
corresponding to an anticipated 7 fb−1 LHCb data and
5 ab−1 Belle II data, towards the end of this decade. The
Stage II projection assumes 50 fb−1 LHCb and 50 ab−1

Belle II data, and probably corresponds to the middle
of the 2020s, at the earliest. Estimates of future experi-
mental uncertainties are taken from Refs. [17, 18, 21, 22].
(Note that we display the units as given in the LHCb and
Belle II projections, even if it makes some comparisons
less straightforward; e.g., the uncertainties of both β and
βs will be ∼ 0.2◦ by Stage II.) For the entries in Ta-
ble I where two uncertainties are given, the first one is
statistical (treated as Gaussian) and the second one is

systematic (treated through the Rfit model [8]). Consid-
ering the difficulty to ascertain the breakdown between
statistical and systematic uncertainties in lattice QCD
inputs for the future projections, for simplicity, we treat
all such future uncertainties as Gaussian.

The fits include the constraints from the measurements
of Ad,s

SL [10, 11], but not their linear combination [23],
nor from ∆Γs, whose effects on the future constraints
on NP studied in this paper are small. While ∆Γs is in
agreement with the CKM fit [10], there are tensions for
ASL [23]. The large values of hs allowed until recently,
corresponding to (M s

12)NP ∼ −2(M s
12)SM, are excluded

by the LHCb measurement of the sign of∆Γs [24]. We do
not consider K mixing for the fits shown in this Section,

Belle II 50ab-1
LHCb Upgrade

Theory	
  Errors?	
    
	
   D	
  mixing,	
  K	
  mixing  
	
   CPV	
  in	
  D	
  decay  
	
   Higher	
  order	
  EW	
  effects	
  
All	
  <	
  1o:	
  Golden	
  
Sensitive	
  to	
  NP	
  scenarios.

Experiment:	
  statistics	
  limited!!	
  
Belle	
  II	
  naive	
  scaling:	
  gives	
  Δ~1.5-­‐2o  
(based	
  on	
  D→KSππ	
  only).  

Many	
  more	
  D	
  modes	
  to	
  explore.

Year (end)
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

 [d
eg

] U
nc

er
ta

in
ty

3φ

0

2

4

6

8

10

12

LHCb

Belle II

Belle II Projection (Feb 2015)

Φ3
LHCb	
  error	
  (numerical	
  
average	
  of	
  CKMfitter	
  
&	
  LHCb	
  fitters)



P. Urquijo, Belle II Experiment, Flavour @ 100 TeV 38

NP	
  in	
  Bd	
  mixing:	
  Φ1,	
  Φ2,	
  Δmd,	
  aCPSL

AIP 2014, Global CKM Analysis Phillip URQUIJO 18
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• Stage II: similar sensitivity to gluino masses explored at LHC 14TeVAIP 2014, Global CKM Analysis Phillip URQUIJO 18
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New$Physics$in$mixing:$past$&$future$data

•Assume$NP$from$Trees$in$negligible,$test$
for$NP$in$loops$only$i$i.e.$New$Physics$
only$enters$M12,$the$real$part$of$the$
mixing$Hamiltonian.$

•3$x$3$CKM$matrix$is$unitary.

• SM: CSM/mW2

• NP: CNP/Λ2 

•What$is$the$scale$Λ$?$How$different$is$CNP$from$CSM$?$
• If$deviation$from$SM$seen$→$upper$bound$on$Λ$

• Meson mixing,

M12 = MSM
12 ⇥

�
1 + he2i�

�

Neutral-B mixing

i
d
dt

⇣ |Bq(t)i
|B̄q(t)i

⌘
=

⇣
Mq � i

2
�q

⌘⇣ |Bq(t)i
|B̄q(t)i

⌘

M and � hermitian: mixing due to off-diagonal terms Mq
12 � i�q

12/2

=)Diagonalisation: physical |Bq
H,Li of masses Mq

H,L, widths �q
H,L

In terms of Mq
12, |�q

12| and �q = arg
⇣
�Mq

12
�q

12

⌘
[small in SM]

Mass difference �Mq = Mq
H �Mq

L = 2|Mq
12|

Width difference ��q = �q
H � �q

L = 2|�q
12| cos(�q)

Asymmetry aSL = �(B̄q(t)!`+⌫X)��(Bq(t)!`�⌫X)
�(B̄q(t)!`+⌫X)+�(Bq(t)!`�⌫X)

=
|�q

12|
|Mq

12| sin �q

p/q from mixing in time-dependent analysis of B decays
”phase” �Mq ' arg(Mq⇤

12 ) + O
⇣ |�q

12|
|Mq

12|
⌘
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Mixing observables in SM

b

s

s

b

u,c,t

u,c,t

b

s

s

b
[Beneke et al 96-98,

Nierste and Lenz 06]

Effective Hamiltonian approach
Mq

12 dominated by dispersive part of top boxes
involve one operator at LO: Q = q̄�µ(1� �5)bq̄�µ(1� �5)b

�q
12 dominated by absorptive part of charm boxes

non local contribution, expressed as expansion in 1/mb

involve two operators at LO: Q and Q̃S = q̄↵(1 + �5)b� q̄�(1 + �5)b↵

right set for �12, depending mainly on Q, taming 1/mb-corrections

��s = f [fBs, B, B̃S;µ, mpow
b , B1/mb . . .]

��s/�Ms = f [B̃S/B; B1/mb , mpow
b , µ, m̄c . . .]

as
SL = f [B̃S/B; |Vub/Vcb|, �, µ, m̄c , B1/mb . . .]
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W W

CKMFitter, PRD 89, 033016 (2014)

•Assume	
  NP	
  from	
  Trees	
  (|Vud|,|Vus|,	
  |Vcb|,	
  |Vub|,	
  
Φ3)	
  negligible,	
  test	
  for	
  NP	
  in	
  loops	
  only	
  (only	
  
enters	
  M12,	
  real	
  part	
  of	
  mixing	
  Hamiltonian.)
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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.
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• Belle	
  II	
  but	
  not	
  LHCb	
  does	
  modes	
  with	
  KS	
  mesons	
    
big	
  fraction	
  of	
  b→s	
  penguin	
  modes	
  (surprise)	
  !

• NB:	
  Belle	
  II	
  projection	
  based	
  on	
  naive	
  extrapolations

S(B→	
  Φ	
  Ks)

b→s	
  Penguin	
  φ1:	
  10	
  yr	
  Timeline
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Direct	
  CPV	
  in	
  B→Kπ:	
  Future

The B ! ⇡K system and its PV, VP, VV variants
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Very rich phenomenology: ratios with little dependence on �, but sensitive to electroweak pen-
guins. CP asymmetry differences and sum rules.

R00 =
2�(B̄

0 ! ⇡0
K̄

0)

�(B

� ! ⇡�
K̄

0)
= |1 � rEW|2 + 2 cos � Re r

C

+ . . .

R

L

=
2�(B̄

0 ! ⇡0
K̄

0) + 2�(B

� ! ⇡0
K

�)

�(B

� ! ⇡�
K̄

0) + �(B̄

0 ! ⇡+
K

�)
= 1 + |rEW|2 � cos � Re(r

T

r

⇤
EW) + . . .

�ACP = ACP(⇡
0

K

±) � ACP(⇡
⌥

K

±) = �2 sin �
⇣

Im(r

C

) � Im(r

T

rEW)
⌘

+ . . .
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Explore this for ⇡K

⇤, ⇢K, ⇢K

⇤! Larger effects expected and different signs, since P

c

is strongly
dependent on V or P.
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TABLE VIII: Projections for the B ! K⇡ isospin sum rule parameter, I

K⇡

, at the Belle
measured central value.

Scenario A

K

0
⇡

0
I

K⇡

Value Stat. (Red., Irred.)
Belle 0.14 0.13 (0.06, 0.02) 0.27 ± 0.14
Belle + B ! K

0

⇡

0 at Belle II 5 ab�1 0.05 (0.02, 0.02) 0.27 ± 0.07
Belle II 50 ab�1 0.01 (0.01, 0.02) 0.27 ± 0.03

F. Direct CP Violation in Hadronic B decays

Charmless 2-body B meson decays are a good example of rare SM processes in which the
possible contribution of NP could be observed in the future. The decays B ! K⇡ proceed
through a tree diagram but are suppressed by the small CKM matrix element |V

ub

|. Thus,
the contribution of the loop penguin diagram is of similar magnitude. The interference of
the two leads to a direct CP asymmetry. Neglecting additional diagrams contributing to B

+

decays only, the asymmetries A

K

+
⇡

0

CP

in B

± ! K

±
⇡

0 decays and A
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+
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decays are expected to be the same. However, a precise CP measurement by Belle showed
a significant di↵erence between the two, �A = A

K

+
⇡

0

CP

�A

K

+
⇡�

CP

= 0.164±0.035±0.013 [27].
The di↵erence could be due to the neglected diagrams contributing to charged B meson
decays, for which the theoretical uncertainty is large, and to some unknown NP e↵ect that
violates isospin. To resolve this issue, a sum rule has been proposed demanding precision
measurements of all isospin states.
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Belle has found the value of the identity parameter, I

K⇡

, to be �0.270 ± 0.132 ± 0.060,
consistent with the theoretical expectation of 0.

The most demanding of these measurements is to the all-neutral final state K

0

⇡

0. It
requires vertex reconstruction of the charged pions from the neutral kaon decays and depends
crucially on a vertex detector with a large radial acceptance. Belle measures A

K

0
⇡

0

CP

=
+0.14±0.13±0.06 with a data sample of approximately 600 fb�1 [32]. The main systematic
uncertainty contributions are mostly multiplicative and ordered from largest to smallest as
follows: tag side interference (±0.054), vertex reconstruction (±0.022), background fraction
(±0.022), and potential fit biases (±0.020). These are expected to improve with the larger
data set, particularly since similar systematic uncertainties in the analyses of the other K⇡

modes, which all have more signal events, are all substantially smaller.
The projection for the precision on I

K⇡

are given in Table VIII assuming the current
central values for the branching fraction and CP asymmetries. The table includes the pro-
jection if only the all neutral mode is improved, and the full Belle II improvement. Clearly
the precision is limited by the all neutral mode, demonstrated by a simplistic 2D comparison
in Fig. ??. There is a lot of room for discovery in this mode, demonstrated by the

Prospects for 3-body final states are also very encouraging, and will be covered in Belle
II projections for B2TiP.
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in Fig. ??. There is a lot of room for discovery in this mode, demonstrated by the

Prospects for 3-body final states are also very encouraging, and will be covered in Belle
II projections for B2TiP.

13

• ACP	
  in	
  hadronic	
  modes	
  cannot	
  be	
  
understood	
  w/out	
  full	
  isospin	
  
analysis.	
  

➡Need	
  neutral	
  modes.

 
B0→ K+π- 
 

 
B+→ K+π0 
 

Belle, PRD 87 031103 (2013) 
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  Scan	
  (ignore	
  correlations)
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Inclusive	
  Radia�ve	
  B	
  decays	
  (BF)
Theory	
  precision	
  near	
  experimental	
  in	
  b→s	
  
b→d	
  can	
  only	
  be	
  done	
  well	
  at	
  Belle	
  II.
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B→Xs g  (sum of exclusives), results
● Measured BF, 710 fb-1   (E*

g>1.8 GeV and MXs<2.8 GeV/c2)

● Extrapolation to E*
g>1.6 GeV

BF x 10
-4MXs (GeV/c

2
)
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Belle, B→ sγ Sum Excl, (Submitted to PRD) 1411.7198
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Error @ 50ab-1

Precise	
  probes	
  of	
  CPV	
  &	
  flavour	
  structure!
Generic NP Scenarios

Direct	
  CPV	
  in	
  Inclusive	
  decays
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Belle, ACP(b→s+d γ) arXiv:1501.01702 
Babar, ACP(b→s γ), PRD 90 092001 (2014)

30/04/2014 Electroweak and penguin decays at Belle  —  Luis Pesántez 9

Result for ACP in B→X(s+d)g  
● Most precise measurement of ACP

● Consistent with SM and other experiments

This measurement, 

E
*
g>2.1 GeV

Belle preliminary

x 10
-2

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.
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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.
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b→s{d}	
  Radiative	
  Penguins	
  φ1	
  (Null	
  test!)

22

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)
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helicity flip
∝ mb ~ 4.8 GeV
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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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$$Driving$questions$for$Belle$II$(2)

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�
R-­‐handed	
  current	
  is	
  a	
  signature	
  of	
  NP  

c.f.	
  S=0.5	
  in	
  L-­‐R	
  symmetric	
  NP	
  model

Belle, B→ Ks η’ γ Preliminary (2014)
S=−2(ms/mb)sin(2φ1)∼−0.03	
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study	
  b→d	
  penguins

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

0�

In SM, one naively expects:
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Neutrino	
  EWP	
  decays

•Ulnmate	
  test	
  of	
  Belle	
  II.	
   
B-­‐Tag	
  efficiency,	
  beam-­‐background,	
  
be�er	
  KL	
  ID.	
  

•We	
  aim	
  for	
  5σ	
  on	
  B→	
  K(*)	
  ν	
  ν!	
  

Babar, B → K(*) ν ν , PRD 87, 112005 (2013) 
Belle, B → K(*)/π/ρ  ν ν, PRD 87, 111103(R) (2013)
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FIG. 2: The E
ECL

distributions for B ! h(⇤)⌫⌫̄ decays.
Points with error bars are data; the solid black histogram
is the total fit result. The blue cross-hatched region is the
background component; the dashed red histogram shows the
signal contribution.

on the branching fraction at 90% confidence level (C.L.)
is evaluated through a Bayesian method by integrating
the likelihood function from zero to the bound that
gives 90% of the total area; this assumes a uniform prior
distribution for the branching fraction. We obtain the
branching fraction using the signal yield Nsig, the signal
e�ciency ✏ and the total number of BB̄ pairs NBB̄ :
B = Nsig/(✏ ·NBB̄).

To evaluate the sensitivity, simulated experiments
with the expected amount of background events and
zero signal events were generated. For each of the
experiments, an upper limit on the branching fraction
at 90% C.L. was calculated. The median values of the
obtained upper limit distributions are summarized in
the rightmost column in Table I.

The EECL distributions in data are shown in Fig. 2,
superimposed with the fit result. The total numbers of
observed events, the signal yields, the significances of the
observed signal, the reconstruction e�ciencies and the
upper limits on the branching fractions are summarized
in Table I. None of the signal modes show a significant
signal contribution. According to MC studies, the
enhancements in the K

+
⌫⌫̄ and ⇡⌫⌫̄ modes are unlikely

to be caused by peaking background contributions. The
signal reconstruction e�ciencies are estimated with
MC simulations using the B ! h

(⇤) form factors from
Ref. [16].

The systematic uncertainty is dominated by the
statistical uncertainty of the background model. The
stringent selection increases the signal to background
ratio but also reduces the number of MC events in
the signal box. This leads to a large uncertainty in
the background shape, despite using an MC sample
corresponding to five times the data luminosity. To
estimate the uncertainty, we replace the nominal back-
ground model with two alternative models compatible
with the simulation and repeat the fit. The alternative
background models are Chebyshev polynomials of order
0, 1 or 2. For each channel, the two models that are most
compatible with the background distribution are used.
After the fit with these models, the largest deviation
of the signal yield from the nominal fit is assigned as
systematic error, which can vary in size among channels
due to the di↵erent background shapes. To validate
the procedure we also performed a crosscheck for one
of the channels by refitting the sample with randomly
fluctuating background histogram models and obtained
a compatible result. The fit bias is evaluated through
pseudo-experiments with signal and background yields
set to the observed values. The systematic uncertainty
due to MC data discrepancy of the track and ⇡

0 rejection
was studied using a D

(⇤)
l⌫ control sample. Uncertainties

associated with the Btag reconstruction e�ciency, signal
MC statistics, particle identification, track or particle
reconstruction e�ciency, the total number of the BB̄
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FIG. 2: The E
ECL

distributions for B ! h(⇤)⌫⌫̄ decays.
Points with error bars are data; the solid black histogram
is the total fit result. The blue cross-hatched region is the
background component; the dashed red histogram shows the
signal contribution.

on the branching fraction at 90% confidence level (C.L.)
is evaluated through a Bayesian method by integrating
the likelihood function from zero to the bound that
gives 90% of the total area; this assumes a uniform prior
distribution for the branching fraction. We obtain the
branching fraction using the signal yield Nsig, the signal
e�ciency ✏ and the total number of BB̄ pairs NBB̄ :
B = Nsig/(✏ ·NBB̄).

To evaluate the sensitivity, simulated experiments
with the expected amount of background events and
zero signal events were generated. For each of the
experiments, an upper limit on the branching fraction
at 90% C.L. was calculated. The median values of the
obtained upper limit distributions are summarized in
the rightmost column in Table I.

The EECL distributions in data are shown in Fig. 2,
superimposed with the fit result. The total numbers of
observed events, the signal yields, the significances of the
observed signal, the reconstruction e�ciencies and the
upper limits on the branching fractions are summarized
in Table I. None of the signal modes show a significant
signal contribution. According to MC studies, the
enhancements in the K

+
⌫⌫̄ and ⇡⌫⌫̄ modes are unlikely

to be caused by peaking background contributions. The
signal reconstruction e�ciencies are estimated with
MC simulations using the B ! h

(⇤) form factors from
Ref. [16].

The systematic uncertainty is dominated by the
statistical uncertainty of the background model. The
stringent selection increases the signal to background
ratio but also reduces the number of MC events in
the signal box. This leads to a large uncertainty in
the background shape, despite using an MC sample
corresponding to five times the data luminosity. To
estimate the uncertainty, we replace the nominal back-
ground model with two alternative models compatible
with the simulation and repeat the fit. The alternative
background models are Chebyshev polynomials of order
0, 1 or 2. For each channel, the two models that are most
compatible with the background distribution are used.
After the fit with these models, the largest deviation
of the signal yield from the nominal fit is assigned as
systematic error, which can vary in size among channels
due to the di↵erent background shapes. To validate
the procedure we also performed a crosscheck for one
of the channels by refitting the sample with randomly
fluctuating background histogram models and obtained
a compatible result. The fit bias is evaluated through
pseudo-experiments with signal and background yields
set to the observed values. The systematic uncertainty
due to MC data discrepancy of the track and ⇡

0 rejection
was studied using a D

(⇤)
l⌫ control sample. Uncertainties

associated with the Btag reconstruction e�ciency, signal
MC statistics, particle identification, track or particle
reconstruction e�ciency, the total number of the BB̄

Belle
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Figure 11: Summary of allowed e�ects in the plane of B æ K‹‹̄ vs. B æ Kú‹‹̄ normalized to their
SM values for various NP scenarios. For details see text.
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τ	
  Lepton	
  Flavour	
  Viola�on:	
  m→mGUT

•LFV	
  is	
  a	
  theorencally	
  clean	
  null	
  test	
  of	
  the	
  
SM:	
  BF~10-­‐25	
  

•τ	
  decays	
  uniquely	
  studied	
  at	
  B-­‐factories.	
  	
  

•NP	
  may	
  induce	
  LFV	
  at	
  one-­‐loop:

LFV)in)τ)decays)

•  From)an)experimentalist’s)perspec:ve)
– No)SM)background)

3)

→)Any)signal)is)an)unambiguous)sign)of)New)
Physics)

Beyond)experimental)
sensi:vity)
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Lepton	
  Flavour	
  Violation

• 2	
  orders	
  of	
  magnitude	
  improvement.	
  	
  

• Hadron	
  machines	
  not	
  competitive-­‐	
  trigger	
  and	
  track	
  pT	
  limiting	
  (even	
  µµµ).

2014 BPAC Phillip URQUIJO

LFV decays
•2 orders of magnitude improvement. 

•Hadron machines not competitive- trigger and track pT limiting (even 

µµµ).

!44
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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 as ⌧ ! l� that have irreducible backgrounds.

Results for ⌧ ! µµµ: 4.5⇥ 10�9 and 9.1⇥ 10�10

38

Ta
u 

LF
V

Belle II Flavour Prospects (B2TiP 2014)

• Big	
  program	
  of	
  τ	
  physics	
  in	
  preparation!
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Summary

• 50	
  ×	
  integrated	
  luminosity	
  @	
  Belle	
  II	
  will	
  probe	
  significantly	
  into	
  >	
  1	
  TeV	
  mass	
  scale	
  

• Rich	
  physics	
  program	
  at	
  SuperKEKB/BelleII	
  in	
  preparation	
  

• Precision	
  CKM	
  

• New	
  sources	
  of	
  CPV	
  	
  

• Lepton	
  Flavour	
  Violation	
  

• Dark	
  Sectors	
  

• QCD	
  exotics	
  

• SuperKEKB	
  	
  commissioning	
  starts	
  2016	
  

• Belle	
  II	
  sub-­‐detectors	
  partially	
  built,	
  and	
  DAQ	
  integrated.	
  

• Belle	
  II	
  first	
  physics	
  in	
  2017	
  (Phase2)—2018(Phase3)!	
  



Backup
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The	
  Belle	
  II	
  Collabora�on

•Belle experiment@KEKB 
(1999-2010) 
[400 collaborators, 15 nations]


•Belle II experiment@SuperKEKB 
(online in 2016) 
[~650 collaborators, 99 institutions, 
23 nations/regions]

International collaboration from: 
Saudi Arabia, Australia, Austria, 
Canada, China, Czech, Germany, 
India, Italy, Japan, Korea, Malaysia, 
Mexico, Vietnam, Poland, Russia, 
Slovenia, Spain, Taiwan, Thailand, 
Turkey, USA, Ukraine



P. Urquijo, Belle II Experiment, Flavour @ 100 TeV 51

Golden	
  modes:	
  B	
  physics	
  
Table 1.2: 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 Belle II
(2014) 5 ab�1 50 ab�1

UT angles sin 2� 0.667 ± 0.023 ± 0.012 [64] 0.012 0.008
↵ [�] 85 ± 4 (Belle+BaBar) [24] 2 1
� [�] 68 ± 14 [13] 6 1.5

Gluonic penguins S(B ! �K

0) 0.90+0.09
�0.19 [19] 0.053 0.018

S(B ! ⌘

0
K

0) 0.68 ± 0.07 ± 0.03 [65] 0.028 0.011
S(B ! K

0

SK

0

SK

0

S) 0.30 ± 0.32 ± 0.08 [17] 0.100 0.033
A(B ! K

0

⇡

0) �0.05 ± 0.14 ± 0.05 [66] 0.07 0.04

UT sides |Vcb| incl. 41.6 · 10�3(1 ± 1.8%) [8] 1.2%
|Vcb| excl. 37.5 · 10�3(1 ± 3.0%

ex. ± 2.7%
th.) [10] 1.8% 1.4%

|Vub| incl. 4.47 · 10�3(1 ± 6.0%
ex. ± 2.5%

th.) [5] 3.4% 3.0%
|Vub| excl. (had. tag.) 3.52 · 10�3(1 ± 8.2%) [7] 4.7% 2.4%

Missing E decays B(B ! ⌧⌫) [10�6] 96(1 ± 27%) [26] 10% 5%
B(B ! µ⌫) [10�6] < 1.7 [67] 20% 7%
R(B ! D⌧⌫) 0.440(1 ± 16.5%) [29]† 5.6% 3.4%
R(B ! D

⇤
⌧⌫)† 0.332(1 ± 9.0%) [29]† 3.2% 2.1%

B(B ! K

⇤+
⌫⌫) [10�6] < 40 [30] < 15 30%

B(B ! K

+

⌫⌫) [10�6] < 55 [30] < 21 30%

Rad. & EW penguins 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 [68] 1 0.5
S(B ! K

0

S⇡

0

�) �0.10 ± 0.31 ± 0.07 [20] 0.11 0.035
S(B ! ⇢�) �0.83 ± 0.65 ± 0.18 [21] 0.23 0.07
C

7

/C

9

(B ! Xs``) ⇠20% [36] 10% 5%
B(Bs ! ��) [10�6] < 8.7 [42] 0.3 �
B(Bs ! ⌧⌧) [10�3] � < 2 [44]‡ �

13

SuperKEKB TDR (2014)
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Golden	
  modes:	
  D	
  and	
  Tau	
  physics

Table 1.3: Continued from previous page
Observables Belle Belle II

(2014) 5 ab�1 50 ab�1

Charm Rare B(Ds ! µ⌫) 5.31 · 10�3(1 ± 5.3% ± 3.8%) [46] 2.9% 0.9%
B(Ds ! ⌧⌫) 5.70 · 10�3(1 ± 3.7% ± 5.4%) [46] 3.5% 2.3%
B(D0 ! ��) [10�6] < 1.5 [49] 30% 25%

Charm CP ACP (D0 ! K

+

K

�) [10�2] �0.32 ± 0.21 ± 0.09 [69] 0.11 0.06
ACP (D0 ! ⇡

0

⇡

0) [10�2] �0.03 ± 0.64 ± 0.10 [70] 0.29 0.09
ACP (D0 ! K

0

S⇡

0) [10�2] �0.21 ± 0.16 ± 0.09 [70] 0.08 0.03

Charm Mixing x(D0 ! K

0

S⇡

+

⇡

�) [10�2] 0.56 ± 0.19 ± 0.07
0.13 [52] 0.14 0.11

y(D0 ! K

0

S⇡

+

⇡

�) [10�2] 0.30 ± 0.15 ± 0.05
0.08 [52] 0.08 0.05

|q/p|(D0 ! K

0

S⇡

+

⇡

�) 0.90 ± 0.16

0.15

± 0.08

0.06

[52] 0.10 0.07
�(D0 ! K

0

S⇡

+

⇡

�) [�] �6 ± 11 ± 4

5

[52] 6 4

Tau ⌧ ! µ� [10�9] < 45 [71] < 14.7 < 4.7
⌧ ! e� [10�9] < 120 [71] < 39 < 12
⌧ ! µµµ [10�9] < 21.0 [72] < 3.0 < 0.3

14

SuperKEKB TDR (2014)
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Dark	
  Sector
Dark	
  matter	
  suggests	
  the	
  presence	
  of	
  a	
  dark	
  sector,	
  neutral	
  under	
  all	
  Standard	
  
Model	
  forces	
  (i.e.	
  non-­‐WIMP)

Dark Sectors

Standard Model
�g

Known Forces

W±, Z

strong, weak, EM

A dark sector consists of particles that do !
not interact with known forces

Dark Sector
forces + particles

dark matter?

unlike matter that interacts with 
known forces, dark sector particles 

can be well below Weak-scale

Dark Sectors

Standard Model
�g

Known Forces

W±, Z

strong, weak, EM

A dark sector consists of particles that do !
not interact with known forces

Dark Sector
forces + particles

dark matter?

unlike matter that interacts with 
known forces, dark sector particles 

can be well below Weak-scale

Standard Model
�g W±, Z

Dark Sector
forces + particles

dark matter?

Portals?

?

only a few important interactions exist that 
are allowed by Standard Model symmetries

“Kinetic Mixing”

Standard Model
�g A0 (massive)W±, Z

Holdom

X
A0�

ordinary photon & Aʹ can mix

�L =
✏

2
FY,µ⌫F 0

µ⌫

✏

Galison, Manohar

Dark Photons

Dark Sector
“Kinetic Mixing”

Standard Model
�g A0 (massive)W±, Z

Holdom

X
A0�

ordinary photon & Aʹ can mix

�L =
✏

2
FY,µ⌫F 0

µ⌫

✏

Galison, Manohar

Dark Photons

Dark Sector

One	
  way:	
  Dark	
  
Photons.

“Kinetic Mixing”

Standard Model
�g A0 (massive)W±, Z

Holdom

X
A0�

ordinary photon & Aʹ can mix

�L =
✏

2
FY,µ⌫F 0

µ⌫

✏

Galison, Manohar

Dark Photons

Dark Sector
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Absolute normalisation: Bs

Bs Yields  

Tag Method Tag Eff. NBs/NB 121/fb 5/ab

Untagged 2.000 fs/fd,u≃0.25 1.4E+07 6.0E+08

Lepton tag 0.100 fs/fd,u≃0.25 7.0E+05 3.0E+07

Ds:Φπ,KSK,K*K 0.040 10⋅fs/fd,u 2.8E+05 1.2E+07

Bs Full Recon. 0.004 ⨠10 2.8E+04 1.2E+06

•5 ab-1 BS SL or Full recon. @ Y(5S) similar precision to B0 
studies / 325 fb-1 of Y(4S)


•fs will be well measured: WA=15% → O(1)% 

•SU(3) Symmetry heavily relied upon at LHC,  
e.g. in Bs→µµ normalisation, needs to be  
rigorously tested. 
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Leptonic	
  EWP

Inclusive	
  B→Xs	
  {ee,µµ}	
  

• More	
  precise	
  theory.	
  	
  

• Sum	
  of	
  exclusive	
  hadronic	
  final	
  states	
  

• Lepton	
  “universality”.

5

TABLE II. Fit results for the four q2 bins. For AFB, the first uncertainty is statistical and the second uncertainty is systematic.
AFB values predicted by the SM [4, 7] are also shown with systematic uncertainties. For the signal yields, only statistical
uncertainties are shown. The uncertainties of α and β are due to the statistical uncertainties of the MC.

1st bin 2nd bin 3rd bin 4th bin

q2 range [GeV2/c2]
(B → Xse

+e−)
[0.2,4.3]

[4.3,7.3] [10.5,11.8]
[14.3, 25.0]

(B → Xsµ
+µ−) [4.3,8.1] [10.2,12.5]

AFB 0.34 ± 0.24± 0.02 0.04 ± 0.31± 0.05 0.28 ± 0.21± 0.01 0.28 ± 0.15± 0.01
AFB (theory) −0.11± 0.03 0.13 ± 0.03 0.32 ± 0.04 0.40 ± 0.04

Nee
sig 45.6± 10.9 30.0± 9.2 25.0± 7.0 39.2± 9.6

Nµµ
sig 43.4± 9.2 23.9 ± 10.4 30.7± 9.9 62.8 ± 10.4
αee 1.289 ± 0.004 1.139 ± 0.003 1.063 ± 0.003 1.121 ± 0.003
αµµ 2.082 ± 0.010 1.375 ± 0.003 1.033 ± 0.003 1.082 ± 0.003
β 1.000 1.019 ± 0.003 1.003 ± 0.000 1.000
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FIG. 1. Mbc distributions for (a) B → Xse+e− candi-
dates with cos θ > 0, (b) B → Xse

+e− candidates with
cos θ < 0, (c) B → Xsµ

+µ− candidates with cos θ > 0, and
(d) B → Xsµ

+µ− candidates with cos θ < 0. The thicker
dashed curve (red) shows the sum of the signal and the self
cross-feed components. The thinner dashed curve (green)
shows the combinatorial background component. The filled
histogram (gray) shows the peaking background component.
The sums of all components are shown by the solid curve
(blue).

change in AFB is taken as the systematic uncertainty
for the varied parameter. Systematic uncertainties for
AFB are summarized in Table III. In the 1st and 3rd
q2 bins, the dominant systematic uncertainty arises from
the translation of Araw

FB to AFB with α and β. Even if
a MC sample with a different set of Wilson coefficients
produces the same values of AFB, the Araw

FB values and
hence the α coefficient may differ. It gives rise to an un-
certainty of the offset in the linear fit. To estimate this
uncertainty, the relation between Araw

FB and AFB are pro-
jected onto the axis perpendicular to the fitted linear line
and fitted by a Gaussian function. To estimate system-
atic uncertainties from the peaking background, the yield

of each such background is varied by its uncertainty. For
the charmonium peaking background, the yield is var-
ied by ±100%, conservatively, because it is determined
from MC events. A possible peaking background from
B → Knπℓν(n > 0), where one pion is misidentified as a
lepton and the missing neutrino is compensated by a pion
of the other B decay, is examined. The number of events
in the whole q2 region is estimated fromMC to be 0.2±0.6
(1.1±0.7) for electron (muon) channel, and the resulting
systematic error is O(0.001). To estimate the systematic
uncertainties from signal modeling, the related param-
eters are varied. The fraction of B → K(∗)ℓ+ℓ− and
non-resonant B → Xsℓ+ℓ− are varied within experimen-
tal uncertainties. The Fermi motion parameter is varied

]2/c2 [GeV2q
0 5 10 15 20

F
B

A

-1.0

-0.5

0.0

0.5

1.0

FIG. 2. Measured AFB as a function of q2. The curve
(black) with the band (red) and dashed boxes (black) rep-
resent the SM prediction while filled circles with error bars
show the fit results. The J/ψ and ψ(2S) veto regions are
shown as teal hatched regions. For the electron channel, the
pink shaded regions are added to the veto regions due to the
large bremsstrahlung effect. The uncertainty on the SM pre-
diction is estimated by varying the b-quark mass (4.80± 0.15
GeV/c2), the s-quark mass (0.20 ± 0.10 GeV/c2), and the
renormalization scale (µ = 2.5 and 5 GeV) [4, 7]. The lower
edge of the uncertainty is set to zero in the uncomputable
region.

Belle	
  Preliminary

arXiv: 1402.7134
Sub. to PRL

AFB	
  in	
  B→Xs	
  l+	
  l-­‐

30/04/2014 Electroweak and penguin decays at Belle  —  Luis Pesántez 15

AFB in B→Xs l
+
l
-
, results

● Consistent with SM, statistical uncertainty dominates
● First bin consistent with SM within 1.8s
● In OPE, AFB can be written as:

● In high q2 region, exclude C10*C9>0 with 2.3s

arXiv:1402.7134

       stat.     syst.

Belle, B→ Xs l l, arXiv:1402.7134 (2014) 
Babar, B→ Xs l l, PRL 112, 211802 (2014)

TABLE I: B → Xs e
+e−, B → Xs µ

+µ− and B → Xs ℓ
+ℓ− partial BFs (in units of 10−6) and ACP by q2(GeV2/c4) and

mXs(GeV/c2) bin. The number in parentheses after each result is the multiplier which is applied to the measured semi-inclusive
rate to account for unreconstructed and mXs > 1.8GeV/c2 final states. Estimated contributions from the vetoed charmonium
q2 regions are included in both the total and mXs binned results, but not in the total ACP . The first uncertainties are
statistical, the second experimental systematics and the third model-dependent systematics associated with the multiplicative
factor. There are no model-dependent ACP systematics and ACP is not measured as a function of mXs ; the multiplicative
factors are not used in calculating the total ACP .

Bin Range B → Xs e+e− B → Xs µ+µ− B → Xs ℓ+ℓ− ACPB→Xs ℓ+ℓ−

q20 1.0 < q2 < 6.0 1.93+0.47
−0.45

+0.21
−0.16 ± 0.18 (1.71) 0.66+0.82

−0.76
+0.30
−0.24 ± 0.07 (1.78) 1.60+0.41

−0.39
+0.17
−0.13 ± 0.18 −0.06± 0.22± 0.01

q21 0.1 < q2 < 2.0 3.05+0.52
−0.49

+0.29
−0.21 ± 0.35 (1.96) 1.83+0.90

−0.80
+0.30
−0.24 ± 0.20 (2.02) 2.70+0.45

−0.42
+0.21
−0.16 ± 0.35 −0.13± 0.18± 0.01

q22 2.0 < q2 < 4.3 0.69+0.31
−0.28

+0.11
−0.07 ± 0.07 (1.73) −0.15+0.50
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FIG. 1: Differential BF as a function of q2 for electron (blue
circles), muon (black squares) and lepton-flavor-averaged fi-
nal states (red triangles). The errors correspond to the to-
tal uncertainties. The histogram shows the SM expectation,
which has uncertainties of approximately 10-30% in different
q2 regions. The shaded boxes denote the vetoed charmonium
regions. The horizontal spread of points in each bin is meant
only to aid visibility.

tions in the vetoed charmonium q2 regions. The lepton-
flavor-averaged B → Xs ℓ+ℓ− results are weighted aver-
ages of the individual B → Xs e+e− and B → Xs µ+µ−

results that take into account correlations in the system-
atic uncertainties. Figure 1 shows the differential BF
results as a function of q2 and mXs

overlaid with the SM
expectation. The results in these bins, as well as in the
q20 region, are generally in good agreement with SM pre-
dictions. Given our experimental uncertainties, we are
insensitive to the relatively small differences in the e+e−

and µ+µ− rates expected in the SM, and observe no sig-
nificant differences between e+e− and µ+µ− final states.

Several model-independent analyses of the form-factor-
independent angular observables reported in a recent
B0 → K+π−µ+µ− LHCb analysis [35] explain the
anomaly reported there in terms of a non-vanishing
beyond-SM contribution CBSM

9 [59–68]. These phe-
nomenological studies all present generally similar re-
sults, yielding a three-sigma range for CBSM

9 of ∼ [−2, 0],
implying a corresponding suppression in the fully inclu-
sive BF of up to ∼ 25% in the 1 < q2 < 6GeV2/c4 and
q2 > 14.4GeV2/c4 ranges. Although our results in the
q20 range are consistent with both the SM expectation as
well as a possible suppression in the decay rate, our re-
sults in the q25 range show an excess, rather than a deficit,
of ∼ 2σ in both the B → Xs e+e− and B → Xs µ+µ−

rates with respect to the SM expectation [22].

We search for CP violation in each q2 bin by divid-
ing our dataset into four disjoint samples according to
lepton identity (e+e− or µ+µ−) and the B or B flavor
as determined by the kaon and pion charges of the Xs

system. Modes with Xs = K0
S
, K0

S
π0 or K0

S
π+π− are

not used; and, because we perform no model-dependent
extrapolation of signal rates, we measure ACP only for
the particular combination of final states used here. We
simultaneously fit all four datasets, sharing a single value
of ACP as a free parameter, using the BFs fit model de-
scribed above. Our ACP results are shown in Table I;
a plot of the results as a function of q2 is included as
part of our supplemental EPAPS material [56]. We an-
alyze the vetoed J/ψ dataset, where CP violation is ex-
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