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Summer 19

CKM
f i t t e r

Aim to collect 50 ab−1 of e+e−

collisions at
√
s = mΥ(4S).

Wide range of physics: precision CKM
measurements, CP violation to new
physics searches.

The Belle II Physics Book [arxiv1808.10567]

Belle II Collaboration: 1050 members, 120 institutes, 26 countries
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Belle II

SuperKEKB

Upgrade of KEKB with original aim x40L

beam current, I
e

+/− ×1.5

Reduction in beam size, βy , by factor 20

New aim x30L
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Belle II

The Belle II Detector

Inner vertex detector:

I PXD: 2 layers of DEPFET
pixels

I SVD: 4 layers of DSSD

Central Drift Chamber for tracking.

1.5 T Superconducting solenoid

Excellent tracking and vertexing down
to pT∼100 MeV

Impact parameter resolution in z ∼20
µm

PID provided by Time of propagation
(TOP) counter and a aerogel RICH

Outer muon and KL detector
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Belle II

Belle II and LHCb

Event topology:

I e+e− → Υ(4S)→ B+B−,B0B
0

I σ(e+e− → Υ(4S)) small
I Clean environment =⇒ great for

missing energy

Detector:

I Fully hermetic
I Great performance for electrons, γs

and neutrals

Event topology:

I pp → bb̄
I σ(pp → bb̄) much larger
I Events less clean and less

constraints as partons interact
I Λb, Bs through fragmentation

Detector:

I Forward spectrometer
I Electrons and π0s challenging due

to ECAL
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Hidden sector searches

Hidden sector searches - the first Belle II papers

Search for a
e+e− → `+`−(Z

′
→ invisible)

Limit in the plane of MZ
′ and g ′

Published in PhysRevLett.124.141801

Search for a e+e− → (A→ γγ)γ

Bump hunt in the diphoton mass

Submitted to PRL arXiv:2007.13071

More searches to follow (e.g dark photon via e+e− → γISR(A′ → χχ̄))
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Semileptonic B decays

Semileptonic B decays motivation

Longstanding exclusive/inclusive |Vu/cb| puzzle.
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Summer 19

CKM
f i t t e r

∣∣∣∣ V∗ubVudV
∗
cbVcd

∣∣∣∣
∣∣∣∣ V∗tbVtdV
∗
cbVcd

∣∣∣∣

Potentially new physics in
B → D(∗)τν.

R
(
D(∗)

)
=
B(B → D(∗)τ−ν̄τ )

B(B → D(∗)µ−ν̄µ)
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Semileptonic B decays

Full Event Interpretation at Belle II

Collide e+e− to make Υ(4S) particles.

B+

B−

π+

D0

K−

π+

l− ν̄l

e+e−
Υ(4S)

Reconstruct tag-side (Btag).

Study remaining B as signal (Bsig).

Flavour constraints: B+
tag =⇒ B−sig

Kinematic constraints:
pν = p

e
+
e
− − p

`
− − p

B
+

FEI: employs over 200 BDTs to
reconstruct 10000 B decay chains.

Comput Softw Big Sci (2019) 3: 6.
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Semileptonic B decays

B → X `ν decays

Crucial for inclusive |Vub| and |Vcb|
Large branching fraction (∼20%).

FEI calibrated by measuring X `ν
[arxiv2008.06096]
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Semileptonic B decays

Rediscovering B → π`ν and B → D∗`ν with tagging

Υ(4S)
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Semileptonic B decays

Untagged B → D(∗)`ν

Key modes for exclusive |Vcb|.The Belle Experiment

Belle recorded 711 fb�1 on the ⌥(4S) resonance.

Search for B ! `⌫� and B ! µ⌫µ and Test of Lepton Universality with R(K⇤
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Starting from

0 = p2
ν = (p∗B − p∗Y )2

one can derive:

cos θBY =
2E∗BE

∗
Y −m2

B −m2
Y

2|~p∗B ||~p∗Y |

Differential measurements allow a
determination of the form factors,
f (q2)i [arxiv2008.07198]

B(B
0 → D

∗+
`ν) =

(4.60± 0.05(stat)± 0.17(sys)± 0.45(πs))× 10
−2

q
2 ∼ w
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Time dependent CP violation

sin 2φ1 from B0 → J/ψK 0
s

aCP (t) =
B(B

0 → K
0
s J/ψ)− B(B

0 → K
0
s J/ψ)

B(B
0 → K

0
s J/ψ) + B(B

0 → K
0
s J/ψ)

= SK
0
s J/ψ

CP
sin(∆md t) +AK

0
s J/ψ

CP cos(∆md t)

∼ sin(2φ1) sin(∆md t) asAK
0
s J/ψ

CP ∼ 0

Measure
a(∆t = ∆zboost/(γβboostc))

One requires:

I excellent ∆z resolution
I a good flavour tagging performance
I stats B(B0 → J/ψ(``)K 0

s (π+π−))∼
3.6× 10−5

τ
B

0 = 1.48± 0.28(stat)± 0.06(sys) ps

[arxiv2005.07507]William Sutcliffe The Belle II Experiment 14 September 2020 - FSP 12 / 25
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Time dependent CP violation

Flavour tagging at Belle II

Performance characterised by:

I w - wrong tag fraction
I εeff = εtag(1− 2w)2

Quantified performance with
B0 → D(∗)−π+ [arxiv2008.02707]

Belle εeff = 30.1± 0.4%, Belle II
εeff = 33.8± 3.9%, LHCb εeff∼5%

Flavour tagger ouput: q · r where
q = [−1, 1] flavour estimate, r = dilution
factor=1− 2w

William Sutcliffe The Belle II Experiment 14 September 2020 - FSP 13 / 25

https://arxiv.org/abs/2008.02707


Time dependent CP violation

A first time dependent CP measurement at Belle II

Experimentally measure

aCP(t) =
N(B0

tag)− N(B
0
tag)

N(B0
tag) + N(B

0
tag)

(∆t)

= sin(2φ1) sin(∆md∆t)×
(1− 2w)R(∆t)

R(∆t) resolution function.

w is determined from a time
dependent measurement of
mixing in B0 → D−π+.

First 2.7 σ evidence of TDCP
violation at Belle II!

∆Md = 0.531± 0.046(stat)± 0.013(sys)

sin2φ1 = 0.55± 0.21(stat)± 0.04(sys)

σBII
φ1
∼0.4◦
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EWP decays

b → s`` anomalies

A wide range of anomalies observed:
exclusive Bs, angular distribution of
B → K∗``, R

K
(∗)
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EWP decays

Belle II’s orthogonal and complementory role

Soon rediscovery of B → Xs`` which
has orthogonal OPE theory inputs to
B → K (∗)``

Good performance for both e and µ
reconstruction.

b → sνν̄ orthogonal probe without cc̄
contributions
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Charmless B decays

Charmless physics

3
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CKM
f i t t e r

φ3 (γ) from B± → D0K± σBII
φ3
∼1◦

φ2 (α) from B0 → π±π∓ σBII
φ2
∼1◦

Bs and ACPs for several modes
in [arxiv2009.09452]
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τ physics using e
+
e
− → τ

+
τ
−

τ physics using e+e− → τ+τ−

clean e+e− enviroment excellent
for τ physics

τ mass recently measured
[arxiv2008.04665]

Precision τ physics (e.g. mτ , Bs)

Can search for LFV in τs at O(10−9)

ττ events also used to study tracking and
PID performance.

mτ = 1777.28± 0.75(stat.)± 0.33(sys.)
MeV

William Sutcliffe The Belle II Experiment 14 September 2020 - FSP 18 / 25
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τ physics using e
+
e
− → τ

+
τ
−

Future prospects

A joint effort from Belle II and LHCb will be instrumental in resolving the B
anomalies and finding any inconsistencies in the CKM picture.
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Conclusion

Conclusion

Belle II will provide precision determinations of the CKM parameters
I Differential measurement of untagged D∗`ν already =⇒ |Vcb| soon
I First measurement of sin 2φ1 with B0 → J/ψKs
I Observation of B → π`ν =⇒ |Vub| soon
I Measurements of key charmless modes for φ2 and φ3

Belle II will play a crucial role in the B anomalies
I B → D∗`ν observed with tagging in preparation for R(D(∗))
I Belle II will provide orthogonal probes of the b → s`` anomalies

While being a B factory Belle II has a diverse physics program.
I τ mass measurement
I First papers dark sector searches
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Backup

mτ systematics
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Backup

Flavour tagging: miss tag fraction

William Sutcliffe The Belle II Experiment 14 September 2020 - FSP 22 / 25



Backup

Effective tagging efficiency
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Backup

Belle II b → sll and LFV prospects

Uncertainty on R(K) and R(K∗) of 3-4%

Complementory constraints on C9 and
C10.

P ′5 projections for B → K ∗``

Clean environment and
possibility of tagging essential
will allow competive searches for
B → K ∗ττ and B → K ∗`τ
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Backup

|Vxb| and R(D∗) prospects

Eventually systematically limited
by tagging calibration

stat. sys.

LHCb and Belle II will resolve
R(D∗) anomaly.

Will achieve 1-2% uncertainty on |Vub| and
|Vcb|

=⇒ high precision tree level determination
of the UT apex
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