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Frontiers…
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Particle physics is pursuing a variety of approaches to 
find evidence for the new physics we know must exist 

Three frontiers of research in particle physics form 
an interlocking framework that addresses 
fundamental questions about the laws of nature  
and the cosmos.

P5 / HEPAP
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Outline

• The B Factory Era  
  - 3 Decades of Detectors & Flavour Measurements 

• Next generation: Belle II physics program (two examples) 
  -  
  - Dark Sector 

• Belle II Experimental Challenges  
  - Accelerator and Detector Upgrades 
  - Understanding and Monitoring the Backgrounds 
  - Schedules and Status

5

B ! D⇤⌧⌫
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The B Factory Era
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Three Decades of B-Factory results: a rich harvest

Goals of (heavy) flavour physics: 
• Study the flavour mixing and Charge-Parity violation (CP) in all its aspects

• Look for new physics far beyond the current energy frontier in rare and forbidden 
processes

• By these measurements we hope to get insight into the mystery of the observed 
flavour structure  

Large contributions from B-Factory experiments:
• Symmetric e+e- and hadronic experiments set the path

• Flavour physics at the luminosity frontier shaped by BaBar and Belle;   
plus recent huge contributions from LHCb

• Origin of CP in the SM was topic of the physics Nobel prize in 2008

7F. Bernlochner
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Vincent Pál

The B-Factories
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Vincent Pál

The B-Factories

ARGUS

CLEO

HERA-B

BaBar

Belle

LHCb

Belle II
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The B-Factories

ARGUS

CLEO

BaBar

Belle

Belle II

p
s = 10.58GeV

⌥(4S)e+ e�

hbb̄i

10

andBs mesons. Samples of b-flavored hadrons of di↵erent
types are available from production at higher energies,
in e+e� collisions on the Z resonance at LEP (ALEPH,
DELPHI, L3, OPAL experiments) and SLC (SLD experi-
ment), as wells in hadron collisions at the Tevatron (CDF
and D0 experiments) and the LHC (LHCb, ATLAS, CMS
experiments).

The cross sections for the process e+e� ! bb̄ at the
⌥(4S), ⌥(5S) and Z resonances are 1.1 nb, 0.3 nb, and
6.6 nb, respectively. The cross section for b-hadron pro-
duction in hadron collisions is much larger, e.g. �(pp !
bb̄) ⇠ 300 µb at a center-of-mass energy of

p
s = 7 TeV.

Table I gives an overview of the data samples recorded
by the various experiments.

TABLE I: Overview of the b-hadron samples recorded
by various experiments. For LEP and SLC the numbers
of produced Z bosons is given instead of the integrated

luminosity
R Ldt.

Experiment
p
s (GeV)

R Ldt ( fb�1) BB/bb̄ pairs

Belle 10.58 711 7.72⇥ 108 BB

BABAR 10.58 426 4.68⇥ 108 BB

CLEO 10.58 16 1.71⇥ 107 BB

ARGUS 10.58 0.2 2⇥ 105 BB

LEPa,c ⇠ 91 ⇠ 4⇥ 106 Z ⇠ 6⇥ 105 bb̄

SLD ⇠ 91 ⇠ 6⇥ 105 Z ⇠ 9⇥ 104 bb̄

LHCb 7000, 8000 3.2 2.6⇥ 1011 bb̄

ATLAS, CMSc 7000, 8000 25 ⇠ 1012 bb̄

Tevatronb,c 1960 10 ⇠ 1011 bb̄
a LEP is representative of the ALEPH, DELPHI, L3, and

OPAL experiments.
b Tevatron is representative of the CDF and D0 experiments.

c Quoted numbers are per experiment.

Semileptonic and leptonic decays of the B meson
are best studied in e+e� collisions, where the four-
momentum of the inital state is known and the events are
rather clean. Their study in hadron collisions is di�cult
due to the large hadronic background and the unknown
initial state, which makes a reconstruction of the neutrino
impossible. Moreover, hadron-collider experiments must
trigger on specific exclusive decay modes, preferentially
with charged particles in the final state. The B-factory
experiments can reconstruct a large variety of B-meson
decay modes with a high e�ciency and are thus able to
perform inclusive measurements.

In this article, we will primarily focus on the measure-
ments of the high-luminosity B-factory experiments Belle
at KEKB and BABAR at PEP-II. They provide the cur-
rently most precise results on B ! `⌫ and B ! X`⌫
decays. If competitive results from other experiments
exist for a specific decay mode, they will be mentioned
as well. The PEP-II collider operated from 1998 to 2008,

KEKB from 1998 to 2010 at a center-of-mass energy ofp
s = 10.58 GeV, equal to the mass of the ⌥(4S).
The production of B mesons in e+e� collisions at the

⌥(4S) resonance is illustrated in Fig. 4. The ⌥(4S) is
the lightest bb̄ resonance with a mass above the BB pair
production threshold: m⌥(4S) = 10.58 GeV > 2mB =
10.56 GeV. It decays almost exclusively to B-meson
pairs, with about equal probability to B+B� and B0B0.
The current upper limit for non-BB decays of the ⌥(4S)
is 4% at the 95% confidence level (Olive et al., 2014).

B! threshold 

(a)

(b)

FIG. 4: B-meson production in e+e� collisions at the
⌥(4S) resonance: (a) cross section for e+e� ! hadrons,

(b) diagram for BB production.

The energies of the collinding electron and positron
beams were chosen to be asymmetric, which resulted in
a boost of the ⌥(4S) resonance and the B mesons pro-
duced in its decay. This boost allows for a better spa-
tial separation of the two B-meson decay vertices. The
flight lengths of the B mesons are used to determine
their lifetimes and are thus important for time-dependent
measurements, in particular the measurement of time-
dependent CP asymmetries. Table II lists some of the
operation parameters of the KEKB and PEP-II colliders.

2. Detectors

The detection of B ! `⌫ and B ! X`⌫ decays re-
quires a reliable reconstruction and identification of the
charged lepton ` = e, µ and, in the case of semileptonic
decays, the hadrons that form the hadronic final state X.
In addition, the other particles in the event need to be
reconstructed to infer the kinematics of the undetected
neutrino from either the missing energy and momentum
in the event or the reconstruction of the second B meson.

Collision cross section to hadrons in nb
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The B-Factories

HERA-B LHCb

proton-atom collisions proton-proton collisions

Note: also  
proton-antiproton 
collisions

CDF DZero

(And proton-proton: 
ATLAS & CMS)
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The CKM Picture of Quarks in the Standard Model

The CKM Matrix source of ChargeParityViolation in SM
• Unitary 3x3 Matrix, parametrizes rotation between mass and weak interaction 

eigenstates in Standard Model

• Fully parametrized by four parameters if unitarity holds: three real parameters 
and one complex phase that, if non-zero, indicates CPV

• Can be visualized using triangle equations, e.g. 

13
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13F. Bernlochner
UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



B Factories: CP Violation in the B-Meson System
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Quark Mixing Matrix CKM Unitarity Triangle

Presence of CPV phase encoded in apex of triangle in the complex plane
Over-constraining the CKM matrix allows for non-trivial test of the SM 

S. Robertson
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B Factories: CP Violation in the B-Meson System
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From discovery (2001) by BaBar & Belle,  
to precision measurements.

2001 2016

• Picture still holds 16 years later, constrained with remarkable precision

• But: there remains room for new physics contributions

Most Measurements 
Statistically LimitedUCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Current open questions: New physics and anomalies

Can roughly be grouped into two categories: 
• Fundamental questions that the SM in current form does not provide, e.g.

• What is Dark Matter? 
• What causes the large CPV in the Universe? 

• Gravity?

• Existing anomalies in the Flavour sector, e.g.
• Inclusive and exclusive |Vqb | disagreement

• Enhancements in semi-tauonic decays
• Deviations in penguin decays

• Very rare Bs and B decays — not an anomaly!

Flavour and energy frontier experiments are complementary probes:

16

A lot more data will always be fun

• Flavor physics probes scales �1TeV; sensitivity limited by statistics, not theory

• Few discrepancies in SM fit; some anomalies may be related (both in SM & BSM)

• Even in charged currents there is O(10%) room for new physics

• Amusing if NP shows up in an operator w/o much CKM and loop suppression

• The B ! D(⇤)`⌫̄ data can be accommodated even in MFV models
It appears likely that sorting this out will take us to the 2020-s

• Flavor physics data will tell us a lot, whether NP is discovered or not

Evidence for BSM?
FLAVOR

yes no

ATLAS & CMS
yes complementary information distinguish models
no tells us where to look next flavor is the best microscope

Z L – p. 34

Zoltan Ligeti
16

(Belle II & LHCb)

F. Bernlochner
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Anomalies — what is there to learn?

If one carries out many measurements, one of course will every once in a 
while measure something that does not fit (cf. look elsewhere effect)

It is interesting though, that some measurements show persistent differences 
that either cannot be statistical in nature or show up for several experiments 
that don’t use the same observables in their measurements

• Could point to a common systematic error all measurements underestimate (our limited 
understanding of QCD could be the culprit) and similar models for backgrounds are used

• Or are we seeing an emergence of the first recent sign of New Physics?

To discern one from the other we need to keep measuring
• Future results from the LHC and the intensity frontier will either confirm or reject these 

anomalies

17

The Belle II experiment will play an important role in this

17F. Bernlochner
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The Belle II Physics Program
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Belle II Physics

• We know there must be new physics, but we don’t know 
what it is 

• Our approach is to make a large number of 
measurements for which the outcomes can be accurately 
predicted using the Standard Model 

• Because of quantum effects, these are sensitive to 
massive particles, even beyond the reach of the LHC 

• B-mixing ⟹ heavy top quark; Higgs mass prediction

19
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Predicted uncertainties on a selection of 
proposed Belle II measurements

20

VII. SUMMARY OF THE SENSITIVITY FOR SELECTED OBSERVABLES

TABLE XXXVIII: Expected errors on several selected observables with an integrated
luminosity of 5 ab�1 and 50 ab�1 of Belle II data. The current results (from Belle) are also
given. L

s

denotes the approximate integrated luminosity at which the statistical precision
of a given observable will match its systematic uncertainty. Errors given in % represent

relative errors.

Observables Belle Belle II L
s

(2014) 5 ab�1 50 ab�1 [ab�1]
sin 2� 0.667± 0.023± 0.012 ±0.012 ±0.008 6
↵ ±2� ±1�

� ±14� ±6� ±1.5�

S(B ! �K

0) 0.90+0.09

�0.19

±0.053 ±0.018 >50
S(B ! ⌘

0
K

0) 0.68± 0.07± 0.03 ±0.028 ±0.011 >50
S(B ! K

0

S

K

0

S

K

0

S

) 0.30± 0.32± 0.08 ±0.100 ±0.033 44
|V

cb

| incl. ±2.4% ±1.0% < 1
|V

cb

| excl. ±3.6% ±1.8% ±1.4% < 1
|V

ub

| incl. ±6.5% ±3.4% ±3.0% 2
|V

ub

| excl. (had. tag.) ±10.8% ±4.7% ±2.4% 20
|V

ub

| excl. (untag.) ±9.4% ±4.2% ±2.2% 3
B(B ! ⌧⌫) [10�6] 96± 26 ±10% ±5% 46
B(B ! µ⌫) [10�6] < 1.7 5� >> 5� >50
R(B ! D⌧⌫) ±16.5% ±5.6% ±3.4% 4
R(B ! D

⇤
⌧⌫) ±9.0% ±3.2% ±2.1% 3

B(B ! K

⇤+
⌫⌫) [10�6] < 40 ±30% >50

B(B ! K

+

⌫⌫) [10�6] < 55 ±30% >50
B(B ! X

s

�) [10�6] ±13% ±7% ±6% < 1
A

CP

(B ! X

s

�) ±0.01 ±0.005 8
S(B ! K

0

S

⇡

0

�) �0.10± 0.31± 0.07 ±0.11 ±0.035 > 50
S(B ! ⇢�) �0.83± 0.65± 0.18 ±0.23 ±0.07 > 50
C

7

/C

9

(B ! X

s

``) ⇠20% 10% 5%
B(B

s

! ��) [10�6] < 8.7 ±0.3
B(B

s

! ⌧

+

⌧

�) [10�3] < 2

52

TABLE XXXIX: Continued from previous page.

Observables Belle Belle II L
s

(2014) 5 ab�1 50 ab�1 [ab�1]
B(D

s

! µ⌫) 5.31⇥ 10�3(1± 0.053± 0.038) ±2.9% ±(0.9%-1.3%) > 50
B(D

s

! ⌧⌫) 5.70⇥ 10�3(1± 0.037± 0.054) ±(3.5%-4.3%) ±(2.3%-3.6%) 3-5
y

CP

[10�2] 1.11± 0.22± 0.11 ±(0.11-0.13) ±(0.05-0.08) 5-8
A

�

[10�2] �0.03± 0.20± 0.08 ±0.10 ±(0.03-0.05) 7 - 9
A

K

+
K

�
CP

[10�2] �0.32± 0.21± 0.09 ±0.11 ±0.06 15
A

⇡

+
⇡

�
CP

[10�2] 0.55± 0.36± 0.09 ±0.17 ± 0.06 > 50
A

��

CP

[10�2] ± 5.6 ±2.5 ±0.8 > 50
x

KS⇡

+
⇡

� [10�2] 0.56± 0.19± 0.07

0.13

±0.14 ±0.11 3
y

KS⇡

+
⇡

� [10�2] 0.30± 0.15± 0.05

0.08

±0.08 ±0.05 15
|q/p|KS⇡

+
⇡

� 0.90± 0.16

0.15

± 0.08

0.06

±0.10 ±0.07 5-6
�

KS⇡

+
⇡

� [�] �6± 11± 4

5

±6 ±4 10
A

⇡

0
⇡

0

CP

[10�2] �0.03± 0.64± 0.10 ±0.29 ±0.09 > 50

A

K

0
S⇡

0

CP

[10�2] �0.10± 0.16± 0.09 ±0.08 ±0.03 > 50
Br(D0 ! ��) [10�6] < 1.5 ±30% ±25% 2

⌧ ! µ� [10�9] < 45 < 14.7 < 4.7
⌧ ! e� [10�9] < 120 < 39 < 12

⌧ ! µµµ [10�9] < 21.0 < 3.0 < 0.3

53

Belle2-Note-021

• Ideally, a pattern of deviations 
from the SM will elucidate the 
nature of the New Physics
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                     and 
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B̄ ! D⇤⌧�⌫̄⌧B̄ ! D⌧�⌫̄⌧

• Fraction of B mesons that decay to D(∗)τν should be equal to 
D(∗)μν or D(∗)eν, except for mass difference (lepton universality)  
 

• Charged Higgs would affect decay to τ, but not e or μ.

R(D⇤) ⌘ B(B!D⇤⌧�⌫̄⌧)
B(B!D⇤`�⌫̄`)

R(D) ⌘ B(B!D⌧�⌫̄⌧)
B(B!D`�⌫̄`)

` = e or µ

  

arXiv:1703.01766
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• The tau decays to e or μ plus neutrinos  
  ⟹ same particles are reconstructed in the final 
state, other than the neutrinos, which we can’t detect. 

• If we can’t detect neutrinos, how do we know we 
have the correct final state?

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Reconstruction: Tag the companion B meson

23

• Infer signal B-meson kinematics by reconstructing 
the tag B-meson (hadronic, semileptonic) 

• A powerful tool for reconstructing events with neutrinos  

• Not available at proton colliders like the LHC

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Belle II vs. LHCb: Very different reconstructions
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G. Ciezarek et al., arXiv:1703.01766

B̄ ! D(⇤)⌧�⌫̄⌧
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Separating                          and 

• But how to distinguish                       from                        ?  
  
  - momentum of μ is lower   
  - more neutrinos ⟹ more “missing” energy (or missing 
mass)

25

B̄ ! D(⇤)⌧�⌫̄⌧ B̄ ! D(⇤)`�⌫̄`

B̄ ! D⇤µ�⌫̄µ
! µ�⌫̄µ⌫⌧

B̄ ! D⇤⌧�⌫̄⌧

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Distinguishing                          and 
• A glimpse at how complicated it actually is… 

26

B̄ ! D(⇤)⌧�⌫̄⌧ B̄ ! D(⇤)`�⌫̄`

B → Dτ−ντ

B → D∗τ−ντ Background

B → D∗∗(ℓ−/τ−)νB → Dℓ−νℓ

B → D∗ℓ−νℓ

m2
missing (GeV2)

= 0 for events 
with only 1 ν

D ℓ- ν and D* ℓ- ν 
peak near 0 Dτ- ν and D* τ- ν have 

more missing mass 

background 
with extra π0

(for illustration)

C. Hearty
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Current World Situation: Moriond EW 2017
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                                        •  ~4σ discrepancy between SM and the World Average  

• All experimental results so far measure larger R(D*) & R(D) than SM predicts 

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Potential Interpretations:

28

                                                                                                    
• Charged Higgs in extensions to SM  
 
 

• Leptoquark mediators 
 
 
 

• Other? Important to use Belle II to improve precision: 

• Target inclusive and light-meson          modes, excited states R(D**) 

• Differential measurements 

• Projected sensitivities:

      
S. Hirose, Moriond EW 2017

G. Ciezarek et al., arXiv:1703.01766

R(⇡)
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The Dark Sector

• The dark sector is hypothesized to contain massive 
particles that carry “dark charge” (like electric charge), 
which couples to a dark photon A′. Unlike the real 
photon, the A′ would not be massless.  

• The A′ and 𝛾 mix with strength ε.  

• Any process that creates a photon can create an A′.

29

heavy dark fermions

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Connection with Dark Matter

• In this model, dark matter would be heavy dark fermions. These 
could annihilate to produce a pair of dark photons, which could 
decay to e+e- ⟹ astronomical excess of e+.  
      - assuming that the A′ is the lightest dark particle.

30

Should see rate drop above 
~1/2 the dark matter mass

positron flux

Note: High-Altitude Water Cherenkov Observatory (HAWC) 
observations point to significant Pulsar contributions [D. Hooper et al., March 2017]

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Search for a dark photon at an e+e- collider

• Final state is a photon plus e+e- or μ+μ-. Very large 
backgrounds from SM processes. 

• Difference is that the invariant mass of the μ+μ- pair is the 
A′ mass for signal, a smooth distribution for background.

31
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Figure 1: Feynman diagrams for (a) dark-photon production in e+e� collisions, (b) dark-
Higgs production in ⌥ decay, and (c) dark-Higgs production in penguin B decay. The dark
photon A0 or dark Higgs � is shown decaying into a pair of SM fermions ff or invisible
dark-sector fermions ��.

SM photon, and may then decay back into a pair of SM fermions ff or dark-sector fermions
(WIMPs) ��. In e+e� collisions, the relevant Feynman diagram is shown in Fig. 1(a).

The Higgs portal features a light scalar �, which mixes slightly with the SM Higgs, and
therefore has mass-proportional couplings to the SM fermions. The e↵ective Lagrangian
may be written as [4]

Le↵ = LSM � y
mf

v
�ff � 1

2
���, (2)

where y is the e↵ective scalar-mixing parameter, and  is the dark-Higgs coupling to the
WIMP. The �ff term enables creation of the dark Higgs in radiative decays of the narrow
⌥(nS) resonances (where n = 1, 2, 3), shown in Fig. 1(b). Production in radiative decays
of the J/ are also interesting, although they are suppressed due to the small charm-quark
mass. Another possibility for production of the dark Higgs is in penguin B-meson decays,
shown in Fig. 1(c). These have two advantages over ⌥ decays: the first is that B mesons
are many orders of magnitude narrower than the ⌥ states, and the second is the large
coupling of the dark Higgs to the top quark in the penguin loop. On the other hand,
penguin B decays have a very small branching fraction compared with radiative ⌥ decays.
Furthermore, production in B decays is limited to dark-Higgs masses of m� . 4.5 GeV.

2 B factories and other dark-forces facilities

Electron-positron B factories are well suited for searching for new physics at the GeV scale,
mainly due to their large data samples. Together, BABAR [5, 6] and Belle [7] have collected
about 1.6 fb�1 [8] at and around the ⌥ resonances. This large sample, plus the sizeable
e+e� ! �� cross section of about 3 nb at B-factory energies, give an idea of the ✏ sensitivity
of these experiments.

Fixed-target experiments typically have much larger integrated luminosities and lower
center-of-mass energies than collider experiments. As a result, they are sentivive to lower
values of ✏ at lower regions of mA0 .

The Higgs-portal sensitivity of theB factories stems from their large sample of B mesons,
pair-produced in ⌥(4S) decays, as well as samples of the narrow ⌥(1S, 2S, 3S) resonances.

2

    

    

C. Hearty
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BaBar search for A′ → μ+μ-

• 0.22 < mA′ < 10.2 GeV/c2
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→ μ+ μ-

smooth distribution from standard 
model muon pair production

Method: 
• Select single-photon final states 
• reconstruct missing mass 
• look for bump

C. Hearty
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Latest limits from BaBar

33

M. Roehrken, Moriond EW 2017

          

Measurement rules out the entire region 
preferred by the (g-2)µ anomaly 

Note: BaBar 
ceased data taking 
in 2008

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Projected Belle II limits on A′ parameters
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• Many dedicated experiments planned (at JLab in particular), 
but Belle II has unique reach. 

C. Hearty
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Invisible decays of the dark photon

• The A′ will decay to other dark particles if it can. These 
do not interact in the detector, so the observed final state 
is a single photon.  

• Very challenging measurement; large backgrounds.

35
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Belle II projection for A′ → invisible

• With appropriate trigger and background suppression, 
Belle II can rapidly exceed probable BaBar limits. 36
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What about LHCb?
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FIG. 2: SuperKEKB and LHCb integrated luminosity projections in fb�1 and ab�1

respectively.

Systematic uncertainties are taken into account in these projections. We base most pro-
jected systematic uncertainties on values presented in BELLE2-NOTE-21/BELLE2-NOTE-
PH-2015-002, and LHCb EPJC 73, 2373. If projections are not provided in that report, the
assumptions will be provided here.
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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). It assumes that Belle II will
spend 70% of the time at ⌥(4S), which is a realistic, but conservative operating scenario.

4

• LHCb is running and exceeding expectations
• There are overlaps between the physics programs, 

but also numerous unique strengths
• Large baryonic samples and decays into visible 

particles play into LHCb’s corner
• Missing particles, inclusive measurements, low 

multiplicity final states with few constraints are 
Belle II’s forte

• For some channels there will be neck-and-neck 
competition!

B. Golob
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Experimental challenges

38
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C. Hearty
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Nano-Beam Scheme 
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Transformation of a B-Factory into a Super B-Factory

To achieve the necessary sensitivity to further push the intensity frontier, the instantaneous 
luminosity needed to increase from 2.1x 1034 cm-2 s-1to 8 x 1035 cm-2 s-1

The key to this is a beam-configuration called the nano-beam scheme that squeezes the beam 
to a very small vertical spot size of about 50 nm
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Major upgrade of existing accelerator needed
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Transformation of a B-Factory into a Super B-Factory
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Upgrade positron capture section

Redesign the lattices of HER & LER 
to squeeze the emittance. Replace 
short  dipoles with longer ones (LER)

Replaced old beam pipes with TiN 
coated beam pipes with 
antechambers

New superconducting final 
focusing magnets near the  IP

Reinforced RF (radio 
frequency) system for 
higher beam currents, 
improved monitoring & 
control system Damping ring

Low emittance 
positrons to inject

Low emittance 
electrons to inject

Low emittance gun

42F. Bernlochner
UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Transformation of a B-Factory into a Super B-Factory
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Upgrade positron capture section

Damping ring

Low emittance 
electrons to inject

Low emittance gun

All magnets 
installed ✔

Beam pipes 
replaced ✔

new positron dampening 
ring constructed ✔

new positron dampening 
ring constructed ✔

RF system for higher 
beam currents upgraded ✔

Work on final focus 
magnets progressing well

43F. Bernlochner
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Arrived Feb. 2017: Last “missing part” of SuperKEKB

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Recent View: Belle II Interaction Region
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45
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The Belle II Detector

To cope with the higher luminosity, a new detector is needed 
Design concept similar to the B-Factory detectors Belle and BaBar
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Electrons (7 GeV)

Positrons (4 GeV)

Needs to cope e.g. with 20-40 times larger beam backgrounds, many technological challenges
46F. Bernlochner
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The Belle II Detector

47

KL and Muon detection system
RPC based

Electromagnetic Calorimeter:
Thallium activated Caesium Iodide 
scintillation crystals

Central drift chamber:
Gas mixture of Helium & Ethane (C2H6)

Particle identification
Time-of-propagation counter, 
Aerogel Cherenkov ring detector

Vertex detectors
2 layers of Pixel (DEPFET) + 4 
layers of strips (DSSD)

To cope with the higher luminosity, a new detector is needed 
Design concept similar to the B-Factory detectors Belle and BaBar

47F. Bernlochner
UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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Commissioning is proceeding in 
three phases: first two phases are 
the BEAST II commissioning phases
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Commissioning is proceeding in 
three phases: first two phases are 
the BEAST II commissioning phases

BEAST II: specialized 
detectors to measure and 
compare the predicted 
beam backgrounds

Phase 1: single beams with varying 
vacuum pressure and beam size

Phase 2: provide real-time background 
levels to control room, measure individual 
beam background composition, 
commission background sensors

Done ✔

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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BEAST II 
Phase 1 
Setup

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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Commissioning is proceeding in 
three phases: first two phases are 
the BEAST II commissioning phases
Phase 2: Mostly for machine studies, final 
focussing magnets in place, some useable data.

Possible scenarios: collect data at unique 
centre-of-mass energy

Phase 3: Start of physics run, detailed 
initial program is being discussed

Possible scenarios: Carry out an initial 
scan and then commence Y(4S) data taking

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Longer term Belle II schedule
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30x combined 
BaBar + Belle

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Beam Backgrounds at SuperKEKB

53

A. Fodor (McGill)
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Radiative Bhabhas: e+e- → 𝛾 e+ e-

• Thousands per bunch crossing. 
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• Despite shielding, many 1—2 MeV photons reach the 
detector.  
- e.g. extraneous hits; compromised photosensor lifetimes

tungsten shielding

e- with lower energy is 
steered into beam pipe

superconducting magnets 
steer nominal energy 

electrons in beam pipe 

trajectory of e- 
with full energy

C. Hearty UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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Sven Vahsen (U. of Hawaii)

• All background components present in Phase II, 
but much less space for commissioning detectors. 

• Phase II ends when we are convinced that the real 
vertex detectors will not be damaged.  

BEAST II, Phase 2: Full Belle II but with specialized 
background detectors in place of Si Strips & Pixels

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



BEAST II Phases 2 & 3: Canadian Hardware 
Fast Real-Time Beam Background Monitors 

• Measure “trickle injection” backgrounds from lost beam particles as individual bunches 
are topped up during live data-taking  
* Not included in background simulations: must be measured empirically in data 
* Fast feedback to SuperKEKB control room needed, for accelerator tuning
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New electromagnetic calorimeter endcap shield design

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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Beam Background Monitors: Design

A. Fodor (McGill)

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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(From 2015: some student names have been replaced due to graduations)

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



The Belle II Collaboration 

• 686 collaborators (~25% Japanese), 
23 countries/regions.

59C. Hearty
UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31
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Next Steps…

60

• Detector roll-in (to Interaction Region): April 11th 

• This summer/fall: install beam-background monitors into calorimeter shields 

• Cosmic-ray data-taking shifts (summer) 

• Feb. 2018, start BEAST II Phase 2 data taking 

• Dec. 2018, start Belle II Phase 3 physics data taking, 
with Canadian beam-background monitors in long-term operation 

UCL HEP Seminar, Belle II, A. Warburton, 2017.03.31



Summary

• High-intensity flavour-physics measurements play an 
important role in our pursuit for answers to fundamental 
questions in particle physics  

• Although operating at a relatively lower energy than the 
LHC, the Belle II experiment is sensitive to a broad range 
of new physics, through a large number of measurements 

• The high luminosity and high resulting backgrounds are 
challenging for the experiment, but Belle II is on track for 
first collisions in 2018

61
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Special Thanks:

• UCL ATLAS group (for office space at CERN!) 

• Florian Bernlochner (U. Bonn)  

• Christopher Hearty (UBC/IPP) 

• Steven Robertson (McGill/IPP)
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