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B-factories (and LHCb)
Belle

Past
� Belle and BaBar
� 1999 – 2010
� e+e−, asymmetric
� Collectively accumulated 1.5 ab−1

Present
� LHCb
� 2008 – today
� pp, symmetric
� ∼ 8 fb−1 (not directly comparable)

(Very near) Future
� Belle II
� 2018 –
� e+e−, asymmetric
� Plans to accumulate 50 ab−1 by 2026
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B-factory Advantages
Belle

� Low background (compared to hadronic machines)
� Just above Υ(4S) threshold
� Low multiplicity (∼ 15 – 20 vs hundreds in pp)

� Knowledge of collision 4-momentum — can reconstruct decays with missing energy
� e+e− annihilation⇒ initial 4-momentum is known
� Hermeticity

� Good reconstruction efficiency of neutral particles
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Discoveries so Far
Belle

� Confirmation of CKM mechanism
� CPV in B decays
� D0 mixing
� Discoveries of exotic particles

� X(3872)
� Y(4340)
� Z(4430)
� …

� Limits on New Physics scenarios
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Instant Luminosity
Belle

Increased luminosity
+

Improved detector

A chance to study highly
suppressed (B)SM
processes, or other
processes with high
accuracy
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How to Get More Luminosity
Belle
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Parameter KEKB SuperKEKB

I+/−[A] 1.6/1.2 3.6/2.6

β∗
y+/−[mm] 5.9/5.9 0.27/0.30

L[cm−2 s−1] 2.1× 1034 8× 1035
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Nano-beam
Belle

Beams at interaction point:
� σ∗

y = 42 nm
� σ∗

x = 6µm
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New Challenges
Belle

� 40× higher luminosity
� 20× higher background (shielding and collimator
optimization)

� Higher rate DAQ, trigger
� Volume of data
� Pile-up (faster SVD, CDC, ECL)
� Radiation damage
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Belle II Detector
Belle
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Belle II Schedule
Belle

(one layer of PXD in 2019)
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First Hadronic Event (April)
Belle
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First Results
Belle
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FIG. 2: m�� distribution in Exp 3, runs 112-1355. A ⌘ peak at about 542 MeV/c2 is visible.
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FIG. 1: m�� distribution in Exp 3, runs 112-1355. A ⇡0 peak at about 132 MeV/c2 is visible.
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Figure 1: This figure shows the invariant mass distribution of π0 → γγ in 5 pb−1 of collision
data. Events are required to contain at least three good tracks to purity the sample with
processes of the type e+e− → hadrons, while rejecting beam induced background, Bhabha
scattering, and other low multiplicity background sources. The photon daughters of the
π0 candidates are required to have an energy of greater than 150 MeV, and to be within
the acceptance of the Central Drift Chamber (CDC). The internal document reference is
BELLE2-NOTE-PH-2018-002.
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Figure 1: This figure shows the invariant mass distribution of J/ψ → e+e−candidates in
472 pb−1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e− →hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e− candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p ≥ 0.9 is applied to both e+ and e−. Bremsstrahlung photons
with Eγ < 1.0 GeV are added to e+and e− tracks in a cone < 5◦. The J/ψ candidates are
searched in, 0.4 ≤ p∗J/ψ ≤2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 1: This figure shows the invariant mass distribution of charm candidates in 472 pb−1

of collision data, in the mode D∗+ → D0π+, D0 → K0
Sπ

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

S candidate selection is applied as mentioned in BELLE2-
NOTE-PL-2018-016. The internal document reference is BELLE2-NOTE-PH-2018-017.
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Figure 2: This figure shows the Mbc distribution of B candidates in 472 pb−1 of collision
data, in the mode B → D(∗)h, J/ψK(∗) where h = π, ρ. Events are required to contain at
least three good tracks to purify the sample with processes of the type e+e− → hadrons,
while rejecting beam induced background, Bhabha scattering, and other low multiplicity
background sources. The charged kaon and pion tracks are required to have impact param-
eters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. Particle identification criteria >
0.5 is applied to K. The K0

S , D0, ρ+, J/ψ and K∗ candidates are selected within 0.489 <
Mπ+π− < 0.506 GeV/c2, 1.85 < MD < 1.89 GeV/c2, 0.675 < Mπ+π0 < 0.875 GeV/c2,
3.0 < Ml+l− < 3.12 GeV/c2 and 0.845 < MKπ < 0.942 GeV/c2, respectively. The D∗+

candidates are required to have 0.143 < ∆M < 0.147 GeV/c2 and D∗0 candidates are re-
quired to have 0.140 < ∆M < 0.144 GeV/c2. qq̄ background is suppressed with R2 < 0.3,
0.25 and 0.4 for B → Dπ and B → J/ψK(∗), B → Dρ and B → D∗h modes, respectively.
The internal document reference is BELLE2-NOTE-PH-2018-004.
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Physics Program
Belle

� Precise measurements of the CKM unitarity triangle
� Search for Lepton Flavor Violating (LFV) decays
� Dark sector searches
� Flavor Changing Neutral Current (FCNC) studies
� Hadronic spectroscopy
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Precise Measurements of the CKM Unitarity Triangle
Belle
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ICHEP 16

CKM
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� Look for discrepancies in tree-level and
loop decays
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� Look for discrepancies in tree-level and
loop decays
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Investigate Anomalies in R(D∗) and R(D)
Belle

R(D∗) =
B(B→ D∗τν)

B(B→ D∗lν)
SM
= 0.258± 0.005, (l = e, µ)

0.2 0.3 0.4 0.5 0.6
R(D)

0.2

0.25

0.3

0.35

0.4

0.45

0.5

R
(D

*) BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, PRL120,171802(2018)
Average

Average of SM predictions

 = 1.0 contours2χ∆

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Summer 2018

) = 74%2χP(

σ4

σ2

HFLAV
Summer 2018

� (One of) the largest
discrepancies between
SM and measurement

� 4.1σ disagreement
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Search for Lepton Flavor Violation
Belle

� Neutrino oscillations⇒ neutral LFV beyond SM
� Some NP models also predict charged LFV of various
degrees (B ∈ [10−7, 10−40])⇒ powerful probe of NP

� B-factory exclusive, LHCb not competitive
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Dark Sector Searches
Belle

� Vector portal (minimal scheme): massive dark photon A′ mixes with SM photon γ with
coupling ϵ

SM
SU(3)C × SU(2)L × U(1)γ

Dark Sector
U(1)D (massive)

Dark Photon searches.
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• In the so called “vector portal”, a dark photon A’ mixes* 
with the SM photon γ with strength ε: 
 
 
 

*Holdom, Phys. Lett B166, 1986

Standard Model 
SU(3)C x SU(2)L x U(1)Y

Dark Sector 
U(1)D (massive)×

γ A’ 

ϵ

γ A′

 (GeV)A'm

0 2 4 6 8 10

 (
n

b
)

 A
γ 

→-
e

+
e

σ

0

20

40

60

80

100

)| < 0.933
CM
θ|cos(Initial State Radiation

Lepton Pair 
or 

Dark Matter

� Belle II has a single photon trigger⇒ can look for decay into dark matter 16



Summary
Belle

� Belle II offers high sensitivity to possible New Physics at the intensity frontier, largely
complementary to LHCb

� Improved detector offers good neutral particle reconstruction, precise decay vertex
determination, possibility to study decays with missing energy

� Physics program includes: CKM, CPV, LFV, dark sector, FCNC and many others
� Physics runs to start in February 2019
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Thank you!
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	Appendix

