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KEKB  
Design

KEKB
Achieved  
(Crab)

SuperKEKB
Nano-­Beam  

Energy  (GeV)  (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

y* (mm) 10/10 5.9/5.9   0.27/0.30

x* (mm) 330/330 1200/1300   32/25

x  (nm) 18/18 18/24 3.2/4.6

y /x    (%) 1 0.85/0.64 0.27/0.28

y(mm) 1.9 0.94   0.048/0.062

y 0.052 0.129/0.090   0.088/0.081

z (mm) 4 6  ~  7 6/5

Ibeam (A) 2.6/1.1 1.64/1.19 3.6/2.6

Nbunches 5000 1584 2500

Luminosity  (1034 cm-­2 s-­1) 1 2.11   80

Beam  Parameters:  KEKB  vs SuperKEKB

26

×20

×2

July  29,  2014 Doris  Y  Kim,  Soongsil UniversityCourtesy:  Ken-­ichi Kanazawa  @  ICHEP2014
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LNF-KEK Collaboration Present Status

• Benchmark studies of ring lattice has started

• Feedback studies and implementation is continuing

• Meeting with KEK and Belle-II management next June 
26th during the Belle-II collaboration meeting to 
better define topics and assignments

• Open to other topics and collaborators
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PADME Belle-II

Dark photon invisible decays:  A’→χχ

First results likely to arrive 
early in Belle2 running!

mixing mechanism between the QED and the new U(1) gauge bosons [1]. In the latter case the
charges qf in equation(1) will be just proportional to the electric charge and the associated
mixing term in the QED Lagrangian will be

Lmix = � ✏

2
FQED
µ⌫ Fµ⌫

dark. (2)

The associated mixing coupling constant, ✏, can be so small (< 10�3) as to preclude the discovery
of the dark photon in most of the experiments carried out so far. Another possibility is mass
mixing with the Z, in which case the particle could also have Z-like properties. If the dark
photon mass is smaller than twice the muon mass and no dark sector particle lighter than the
DP exist, it can only decay to e+e� pairs and it is expected to be a very narrow resonance
whose total decay width is given by:

�A0 = �A0!e+e� =
1

3
↵✏2MA0

s

1� 4me2

M2

A0

✓
1 +

2me2

M2

A0

◆
(3)

Figure 1: Current exclusion limits and prospects

for A0 ! e+e�. Filled areas are excluded at 90%

C.L. Lines represent regions accessible to future

experiments. Adapted from [7].
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FIG. 1: Dark photon parameter space with bounds that are
independent of the dark photon decay branching ratio. The
green band is the region within which the 3.6� deviation in aµ

can be explained by the dark photon (90% C.L.). The three
ae curves represent 3�, 2�, and 95% C.L. bounds.

and |"| . 10�2 is a (potentially loop induced) mixing
parameter. It can be viewed as an e↵ective counter-
term whose value is to be determined experimentally or
in some models may be finite and calculable.
After field redefinitions employed to eliminate the cross

term in Eq. (1), a coupling of the dark photon to the
ordinary electromagnetic current is induced.

L
dark � = �"eJµ

emZdµ, Jµ
em ⌘ Qf f̄�

µf + · · · . (3)

where Qf is the electric charge of a given fermion f and
the ellipsis represents non-fermionic currents. At leading
order, the e↵ective coupling is basically given by the ��
Zd mixing parametrized by ". Since |"| is very small, the
next-to-leading order "2 as well as O("m2

Zd
/m2

Z) e↵ects
can be neglected in the phenomenology we consider in
this paper.
An attractive feature of the dark photon model is that

there are only 2 parameters in its phenomenological de-
scription: dark photon mass (mZd) and kinetic mixing
angle ("). The e↵ective coupling of the dark photon to
SM particles is the same as that of the photon but sup-
pressed by ".
Figure 1 shows the dark photon parameter space (in

the mZd � "2 plane) along with the constraints from the
electron and muon anomalous magnetic moments. These
bounds are more robust compared to most other con-
straints, such as those from dilepton bump searches from
Zd decays, in the sense that they do not depend on the
assumed decay branching ratios of the dark photon.
The muon anomalous magnetic moment theory and
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FIG. 2: Present bounds from various experiments on the dark
photon parameter space. Some of these were obtained with
the assumption of BR(Zd ! `+`�) = 1.

experiment exhibit a 3.6� discrepancy [1]

�aµ = aexpµ � aSMµ = 288 (80)⇥ 10�11 (4)

with a slight change in the last digit made from a recent
improved QED calculation [9], Higgs mass of 126 GeV
[10, 11], and a small change in the experimental value
[1]. The long standing discrepancy could be an early
hint of new physics [12], assumed here to be the Zd.
A one loop contribution of the dark photon to the a`

(` = e, µ) [3, 4, 13, 14] is given by

aZd
` =

↵

2⇡
"2FV (mZd/m`) (5)

FV (x) ⌘
Z

1

0

dz
2z(1� z)2

(1� z)2 + x2z
, FV (0) = 1 . (6)

The parameter region of the dark photon that accommo-
dates the aµ deviation, using the fine structure constant
↵ = 1/137.036, is indicated by the green band (90% C.L.)
in Fig. 1. That figure also contains the aµ bound at 3�
C.L. and ae bounds at 3�, 2�, and 1.64� (95% as it is
one-sided) C.L. using the constraint

�ae = �1.05 (0.82)⇥ 10�12 (7)

of Ref. [9]. The �ae value was significantly improved
recently [15–17] by updates in the value of ↵ and im-
provements in theory [9, 18]. In the subsequent plots, we
will employ only the 2� bound on ae.
There are additional bounds on the dark photon pa-

rameters from various experiments (Fig. 2). They include
beam dump experiments [19], rare meson decays (⌥ de-
cays at BaBar [20], � decays at KLOE [21], ⇡0 decays

Figure 2: Model independent bounds for A0 !
�� [8].

which leads to a lifetime ⌧A0 proportional to 1/(✏2MA0). In this scenario many experimen-
tal constraints are available and the preferred by g-2 region has been recently ruled out by
NA48/2[6], in the hypothesis that the dark photon couples to quarks. In Figure 1 exclusion for
A0 ! e+e� are shown. In the most general scenario the dark sector may contain particles lighter
than the dark photon itself, thus allowing the so called ”invisible” decays. The decay product �
in this case are non standard model particles which escape detection and all the decays to stan-
dard model particles are suppressed by ✏2 and therefore the presents exclusions are weakened.
There are few studies on the searches of a A0 not decaying into Standard model particles. The
exclusions however are in general model dependent or introduce additional parameters, namely
the dark matter mass and coupling M� and ↵D[9]. Without making further assumptions about

2
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FIG. 9: 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.

then calculated for the analysis acceptance.
BaBar had a large systematic error on the residual �� peaking background due to the

time variation in the response of the muon identification hardware. We assume that this can
be reduced to a negligible level. Otherwise, we do not assume any analysis improvements,
or optimisations for the light Higgs/dark photon di↵erences. The result is shown in Fig. 9
for a massless �.

The ability of Belle II to undertake this analysis depends entirely on the presence of a
single photon trigger. Such a trigger could also be used to search for non-resonant production
of weakly interacting particles, e

+

e

� ! ���. In this case, there is no peak in the energy
distribution of the photon, but rather an overall increase in the single photon rate compared
to the expected QED backgrounds.

C. Dark photon and dark Higgs searches

The dark U(1) symmetry group could be spontaneously broken by a Higgs mechanism,
adding a dark Higgs h

0 (or several dark Higgs bosons) to these models [66]. Therefore, since
the dark photon has a mass, the dark photon coupling, ↵

D

, to the dark Higgs is non zero.
The hypothetical dark photon and dark Higgs particles can be searched in the so-called
Higgs-strahlung channel, e

+

e

� ! A

0
h

0 (Fig. 10).
The dark photon A

0 can decay into either `

+

`

�, hadrons or invisible particles while dark
Higgs h

0 can decay into either A

0
A

0(⇤), `

+

`

� or hadrons. The decay modes of the A

0 and h

0

depend on their masses, kinematic thresholds, and their respective decay lengths [66, 69].
There are three main cases:
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FIG. 2: SuperKEKB and LHCb integrated luminosity projections in ab�1 and fb�1 respectively
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FIG. 3: Expected yield enhancement for selected analysis types in Belle II and LHCb (left), and
expected statistical error reduction factors (right).
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Existing(data(sets

1.(Unique(data(sets(away(from(Y(4S),(O(100(fb_1(—(1(ab_1(),(offer(a(chance(for(

unique(results(in(the(first(2(years.((

+(Allow(for(time(to(calibrate(the(detector(at(Υ(4S).((

2.(The(instantaneous(luminosity(will(be(lower(in(early(data,(but(the(DAQ(will(be(

at(design(capacity(—(good(chance(for(low(multiplicity(studies.

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 IIIA). 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
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Phase(2(Physics
Silicon&Vertex&Detector&(SVD)&&&Pixel&detector&(PXD)&not&installed.&&
•Clear(limitations(on(flavour(analyses(in(this(period.((
•Sample(size(<(Belle(@(Y(4S),(not(bigger(than(Belle(Y(5S).(
•A(task(force(is(working(on(checking(detector(performance(for(this(
configuration.(

Primarily&WG7&&&WG8&&
—Topics*extracted*from*Belle*II*Note*34*

• ee→γγ:(dark(sector,(particularly(invisibles(
• Fragmentation(
• Y(2S):(dark(forces,(light(Higgs(
• Y(3S):(conventional(bottomonium(
• Scan(around(Υ(5S)(and(b(quark(mass(determination(
• Y(6S):(exotic(bottomonium,(Rb(scan((ECM(design(max(11.25(GeV)
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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
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Phase(3(Physics:(First(O(1(ab_1)

Full(detector(operation.((Considering(options(
for(balancing(unique,(non_Y(4S)(samples,(and(
Y(4S)(samples.(Proposals(required.(

1.(Y(4S)(is(our(core.(Clear(motivations(to(run(
mostly(at(Y(4S)(→(see(Φ3(projection.(

2.(Quantitative(arguments(for(running(non(
Y(4S)([for(a(few(weeks](will(be(seriously(
considered.((
Quarkonia(like)(/(Y(3S),&Y(6S),&Scans&
We(won’t(decide(the(program(in(the(
report,(only(to(provide(physics(cases.  

3.(Dark&sectors(and(low(multiplicity(trigger(
limited(at(Belle(may(have(good(opportunities(
irrespective(of(ECM.(
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FIG. 5: Precision projection profiles for various direct CP violation measurements.
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FIG. 4: Projected precision for various measurements of time dependent CP violation.
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FIG. 5: Projected precision for various measurements of direct CP violation.
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V. SEMILEPTONIC B DECAYS

The Belle |Vub| exclusive precision value is taken from a naive average of the hadron
tagged and untagged partial branching fraction measurements in the LQCD safe region at
high q2. The LHCb result, based on a measurement of ⇤b ! pµ⌫ was shown at Moriond
Electroweak 2015. The measurement is dominated by systematic uncertainties. Exclusive
|Vub| will continue to be theory and systematics limited, so it is di�cult to give a reliable
projection. The projections are shown in Table III and Figure 6. LHCb and Belle are
expected to release new measurements of R(B ! D⇤⌧⌫). We therefore await those results
before providing comparisons here.

TABLE III: Extrapolations for selected semileptonic B decay measurements. See Table I
for a description of the symbols.
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FIG. 6: Projected precision for various measurements of semileptonic B decays.
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