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Outline

Purpose of this talk
∘ brief reminder of Belle II's scope /goals...
∘ ... in light of what is observed /obtained at LHCb
∘ ... in light of recent Belle results
∘ ... in light of phase 2 results

∘ Belle II
∘ CPV and Vxb , B→τ ν

∘ b→s γ , b→sl+ l−

∘ B→D(*) τ ν
∘ LFV B and τ decays

precision measurements

rare decays
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The Geography of the International Belle II collaboration
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Belle II has grown to
∼ 900 researchers
from 26 countries



Belle II , a flavour -factory ,
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' 'on resonance'' production
e+ e− → Υ(4S) → Bd

0Bd
0 , B+ B−

∘ 2 B's and nothing else !
∘ 2 B mesons are created simultaneously

in a L=1 coherent state

a rich physics program...
∘ We plan to collect (at least) 50 ab−1 of e+ e− collisions at (or close to)

the Υ(4S) resonance, so that we have:

− a (Super) B -factory (∼1.1 × 109 BB pairs per ab−1)

− a (Super) charm factory (∼1.3 × 109 cc pairs per ab−1)

− a (Super) τ  factory (∼1.3 × 109 τ+ τ− pairs per ab−1)

− with Initial State Radiation , effectively scan the range  [0.5 – 10] GeV
and measure the e+ e−→ light hadrons cross  section very precisely

− exploit the clean e+ e−  environment to probe the existence of exotic
hadrons , dark photons/Higgs, light Dark Matter particles, ...
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Belle(II) , LHCb side by side
Belle (II) LHCb

atΥ(4S) : 2 B's (B0 or B+
) and

nothing else ⇒ clean events

e+ e−
→Υ(4S)→bb pp→bbX

production of B+ , B0 , Bs , Bc , Λb...
but also a lot of other particles in the event

σbb ∼ 1nb ⇒ 1 fb−1 produces 106 BB

σbb /σtotal ∼ 1/4 σbb much higher than at the Υ(4S)

σbb /σtotal much lower than at the Υ(4S)

⇒ lower trigger efficiencies

⇒ lower reconstruction efficiencies

b b production cross-section ∼ 5×Tevatron , ∼ 500,000 × BaBar /Belle !!

B mesons live relativey long

mean decay length βγc τ∼ 200 μm mean decay length β γc τ∼ 7 mm

(near ) future

[1999-2010 ] = 1 ab−1 [run I: 2010-2012] = 3 fb−1 ,
[run II: 2015-2018] = 2 fb−1 → 8 fb−1 ?

data taking period(s)

[Belle II from 2018] → 50 ab−1
[LHCb upgrade from 2020 ]

(in the context of B anomalies)
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SuperKEKB, the first new collider in particle physics since the LHC in 2008
(electron-positron (e+ e−

)  rather than proton-proton (p-p)

Phase 1
Background , Optics commissioning

Feb - June 2016
Brand new 3 km positron ring

Phase 2: Pilot run
Superconducting Final Focus

add positron damping ring
First Collisions (0.5 fb−1

)
April 27 - July 17, 2018

Phase 3: Physics run
March 27 - June 30, 2019



Few words on Belle II detector

`

∘ 4 DSSD layers → 2 pixel layers + 4 DSSD layers
∘ larger radius outermost layer (8.8 cm → 14 cm)

KS reconstruction with PXD /SVD: K*0
γ TCPV

CDC track + SVD hits in the 1st and 2nd outermost layers
7cm → 12cm

∘ collecting 50ab−1 from 2019 to 2025...(or until we get 50 ab−1 ?)
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Precision measurements



The Unitarity Triangle in the year 2027
NB: α with couple of degrees @ Belle II

⇒ major updates for | Vub | , sin2β , α , γ
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Time−dependent CP asymmetries
in decays to CP eigenstates

BCP

flavor tag

Δ z∼cβ γ Δ t

effective tagging eff
ϵtag (1−2ωtag)

2 ∼30%

Raison d 'être of SVD+PXD
significant resolution improvement for Belle II

PRL 108, 171802 (2012)

PRL 87, 091802 (2001)

Observation of large CP violation
in the neutral B meson system

Precise measurement of the CP violation
parameter sin2ϕ1 in B0

→(cc)K0 decays

Critical role of the B factories in
the verification of the KM hypothesis

A single irreducible phase in
the weak interaction matrix

accounts for most of the CPV
observed in kaons and B's

dPsig

dt
(Δ t , q) =

e−|Δ t|/ τB

4 τB

(1 + q(S sin(Δmd Δ t ) + A cos(ΔmdΔ t )))

10
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Measurement of sin2β

WA 2016: β = (21.9±0.7)
∘

sin2β at Belle II

will be dominated by systematic uncertainties

anchor of SM
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increasing tree diagram amplitude

increasing sensitivity to new physics

' 'sin2β ' ' =−0.73 ±0.64±0.22

[PRD 67, 031102 (2003)]

first reported in Moriond EW 2002

EX−ANOMALY !

sin2β with b→s penguins
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sin2β with b→s penguins

More statistics crucial
for mode-by -mode studies

increasing tree diagram amplitude

increasing sensitivity to new physics

dominated by
B- factories
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sin2β with b→s penguins dominated by
B- factories

increasing tree diagram amplitude

increasing sensitivity to new physics
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γ measurements from B±→ DK±

∘ Theoretically pristine B→DK approach
∘ Access γ via interference between B− → D0K− andB− → D0K−

color allowed
B−

→D0 K−
∼Vcb Vus

*

∼A λ3

color suppressed
B−

→D0 K−
∼Vub Vcs

*

∼A λ
3
(ρ+ iη)

rB ≃ 0.1

relative weak phase is γ
relative strong phase is δB

D→K+ K− , π
+
π

− ...
D→KSπ

0 , KSη...

D→K K π
0 , ππ π

0...
D→KSπ π ,KSK K

D→KSπ π π0

D→...

B±
→DK±

B±
→D* K± , D*

→Dπ
0

B±
→D* K± , D*

→D γ

B±
→DK*±

B0
→DK*0

B±→DK ππ
B→...
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γ measurements from B±→ DK±

∘ Theoretically pristine B→DK approach
∘ Access γ via interference between B− → D0K− andB− → D0K−

color allowed
B−

→D0 K−
∼Vcb Vus

*

∼A λ3

color suppressed
B−

→D0 K−
∼Vub Vcs

*

∼A λ
3
(ρ+ iη)

rB ≃ 0.1

relative weak phase is γ
relative strong phase is δB

σ γ ∼ 6∘

(too) conservative estimate

long way to go ... (→ σ γ = 1∘ or less ?)16



Semileptonic and leptonic
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|Vub| from B→π l ν at Belle II
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Bsig→τ ν

τ→e νν , μ ν ν ,
τ→π ν , ππ

0
ν , 3πν Btag

hadronic tag
B→D(* )

π , D(* )
ρ ....

ϵ ∼ 0.2%
semileptonic tag

B→D(* ) lν X

Tauonic B decays: B→τ ν

Require no particle
and no energy left

after removing Btag &
visible particles of Bsig

(70 % of all τ decays)

BSM(B+→τ+ ν) =
GF

2 mBm τ
2

8π
(1−

m τ
2

mB
2 )fB

2 | Vub |2 τB

2HDM (type II): B(B+→τ+ ν) = BSM × (1−
mB

2

mH+

2 tan2β)

2

uncertainties from f B and | Vub | can be reduced to BB

and other CKM uncertainties by combining with precise Δ md
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Belle II

Belle semileptonic tagging

B→τ ν status and projections

not a single observation !!

observation of B→μ ν is also expected (from 5 ab−1
)

EX−ANOMALY !
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The Unitarity Triangle in the year 2025
NB: α with couple of degrees @ Belle II

⇒ major updates for | Vub | , sin2β , α , γ
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rare B decays



Sensitivity to new physics in rare B decays
M.Ciuchini et al , arXiv :1512.07157
T .Hurth et al , arXiv :1603.00865
S.Descotes-Genon et al , arXiv :1510.04239...

NP changes short -distance Ci

and/or add new long- distance ops O'i
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what about inclusive b → s γ?

energy threshold
for BB production

OFF-resonance data is scaled
according to luminosities and

subtracted from ON-resonance data



for Eγ
*
> 1.7 GeV ,

B(B→Xs γ) = (3.45 ± 0.15 ± 0.40)×10−4

[arXiv :1706.07414]

WA : B(B→Xs γ) = (3.49 ± 0.20)×10−4
(for Eγ > 1.6 GeV )

vs

SM: B(B→Xs γ) = (3.36 ± 0.23)×10−4
(for Eγ > 1.6 GeV )

[Misiak et al , arXiv :1503.01789 ]

Charged Higss bound (2HDM TypeII): MH+ > 400 GeV @ 95% C.L.

[model − dependent ]



26



Bsig→D(*) τ ν

τ→eν ν , μ ν ν ,
τ→πν , ππ0 ν , 3π ν

Btag

hadronic tag
B→D(*)

π , D(* )
ρ ...

ϵ ∼ 0.2%

semileptonic tag
B→D(*)l ν X

Event reconstruction in B→D(*)
τ ν at B factories

Require no particle and no energy left
after removing Btag and visible particles of Bsig

main signal-background discriminator
mmiss

2 = (pee − ptag − pD(*) − pl)
2

(70 % of all τ decays)

2HDM (type II): B(B→D τ
+
ν)= GF

2
τB | Vcb |2f (FV , FS ,

mB
2

mH+
2 tan2

β)

uncertainties from form factors FV and FS can be studied

with B→Dl ν (more form factors in B→D*
τ ν)

D(*)
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R (D) = 0.440 ± 0.058 ± 0.042
R (D*

) = 0.332 ± 0.024 ± 0.018

R (D) = 0.375 ± 0.064 ± 0.026
R (D*

) = 0.293 ± 0.038 ± 0.015

R (D*) = 0.336 ± 0.027 ± 0.030

R (D) = 0.340 ± 0.027 ± 0.013
R (D*

) = 0.295 ± 0.011 ± 0.008

average

difference with SM predictions
is at 3σ level

BaBar

Belle

LHCb

R (D) = 0.307± 0.037 ± 0.016
R (D*

) = 0.283 ± 0.018 ± 0.014

R (D(*)
) =

BF(B→D(*)
τ ντ)

BF(B→D(*) l νl)

R (D*
) = 0.270± 0.035 −0.025

+0.028

R (D*) = 0.280 ± 0.018 ± 0.029

Summary for B→D(*) τ ν
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∘ More modes used for tag-side hadronic B
than Belle , multiple classifiers

∘ Good performances on Belle II predicted
beam background conditions:

Hadronic full reconstruction at Belle II
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Projections for Belle II R (D(*))

projection for 50 ab−1

Predictions of uncertainty using
hadronic full reconstruction:

Systematic uncertainty dominated
by D** and missed soft pions:

∘ Studies of D** l ν and D** τ ν planned
∘ Branching ratios and decay modes from data

30



Other observables from B→D(*) τ ν
Additional observables as Pτ(D

*
) (FL(D

*
)) and q2 distribution can help

discriminate between New Physics models

P τ (D
*
) = −0.38 ± 0.51 −0.16

+0.21

[Belle , arXiv :1612.00529]
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R (D(*)) =
B(B→D(*) τ ν)

B(B→D(*) l ν)
, in red

Rps =
τ

B0

τ
B-

B(B→τ
-
ν)

B(B→π+ l- ν)
, in blue

R (π) =
B(B→π τ ν)

B(B→π l ν)
, in grey

Dashed: Belle II

B→D(*) τ ν and other observables

[Details in Watanabe et al , B2 TiP theory ]

where the four -Fermi operators:
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∘ Start with b→s γ , pay a factor αEM =
1

137
→ Decay the γ into 2 leptons

∘ Add an interfering box diagram
→ b→l l s, very rare in the SM
B(B→l lK *

) = (3.3 ± 1.0) . 10−6

∘ Sensitive to Supersymmetry , Any
2HDM, Fourth generation , Extra

dimensions , Axions...

∘ Ideal place to look for new physics

b→sl+ l−
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BSM LFNU and effect is in μμ , not ee

Test of lepton universality using B+
→K(*)l+ l− decays

BSM LFNU and effect is in μμ , not ee ?!

Model candidates

RK(SM) = 1

Lot of those models predict also LFV
b→seμ ,b→se τ ,...

Leptoquarks are color-triplet bosons that
carry both lepton and baryon numbers
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First observation
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B→K * l+ l− decays
[Belle, arXiv :0904.0770 ]∘ Channels: K *

→K+
π

− , KS
0
π

+ , K+
π

0 , l = e or μ

SM

C7 =−C7
SM

illustration : q2 ∈ [0.0, 2.0] GeV2

hint of NP ?

RK * = 0.83 ± 0.17 ± 0.08
RK = 1.03 ± 0.19 ± 0.06

`Situation pre-LHCb
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RK , RK
* ,...

LHCb

RK * = 0.83 ± 0.17 ± 0.08
RK = 1.03 ± 0.19 ± 0.06

[Belle, arXiv :0904.0770 ]

`

[Belle II , arXiv :1808.10567 ]

for the whole q2 range: of course excluding the ψ ...

5σ confirmation
possible with Belle II 20 ab−1
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q2 range for predictions for B → H τ
+
τ
− : from 4 m τ

2
(∼ 12.6 GeV2

) to (mB − mH)
2

to avoid contributions from resonant decay through ψ(2S), B→Hψ(2S) , ψ(2S)→τ+ τ−

predictions restricted to q2 > 15 GeV2 :

B→K (*) τ τ
[D.Du et al , arXiv :1510.02349 ]
[D.Straub , Flavio ]

[B.Capdevila et al , arXiv :1712.01919 ]

B(B→K τ+ τ−)SM = (1.20 ± 0.12) 10−7

B(B→K* τ+ τ−)SM = (0.98 ± 0.10) 10−7

38

B(B+
→K+

τ
+
τ
−
)SM = (1.22 ± 0.10) 10−7

B(B0
→K0

τ
+
τ
−
)SM = (1.13 ± 0.09) 10−7

B(B+→K*+ τ+ τ−)SM = (0.99 ± 0.12) 10−7

B(B0 →K *0 τ+ τ−)SM = (0.91 ± 0.11) 10−7



B→K (*) τ τ [BaBar , arXiv :1605.09637]

B(B+
→K+

τ
+
τ
−
) < 2.25 × 10−3 at 90%CL

strategy used : B fully reconstructed (had tag), τ+→l+ νl ντ

background : mostly B→D(*) l νl , D(*)→K l 'νl '

[Belle II , arXiv :1808.10567 ]
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and more...

B→K (*)ν ν



LFV in B decays



LFV b→sl l 'decays

A .Crivellin et al , 1706.08511
c9

ee

c9
μμ

Glashow, Guadagnoli and Lane , 1411.0565, LUV ⇒ LFV , such as B→Kμe, Kμ τ
could also be generated ...
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LFV B→K * l l ' decays
[Belle , arXiv :1807.03267 ]

B(B0
→K *0

μ
+ e−

) < 1.2 × 10−7 at 90%CL

B(B0
→K*0

μ
+ e−

) < 1.6 × 10−7 at 90%CL

Belle II can get 90% UL at 10−8 level with 50 ab−1
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L.Calibbi et al , arXiv :1709.00692

R (D*) and b→sμμ ⇒ B→K τμ
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LFV B→K τ l decays

[Belle II , arXiv :1808.10567 ]

[BaBar , arXiv :1204.2852]
strategy used: B fully reconstructed (had tag), τ+→l+ νl ντ , (nπ0)π ν , with n≥0
using momenta of K , l and B, can fully determine the τ four -momentum

B(B+
→K+

τ
−
μ

+
) < 4.5 × 10−5 at 90%CL , B(B+

→K+
τ

+
μ

−
) < 2.8 × 10−5 at 90%CL

(also results for B→K+
τ
±e∓ , B→π

+
τ
±
μ

∓ , B→π
+
τ
±e∓ modes)

⇒ can we do better ? combining hadronic tag with inclusive tag ?
⇒ can do K * τe , K* τ μ with similar sensitivity ...45



more observables...
C.Hati et al , arXiv :1806.10146

A .Datta et al , arXiv :1609.09078: interesting modes are τ→3μ , and Υ(3S)→μ τ
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cLFV : beyond the Standard Model

...also Υ(nS) LFV decays47
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Belle II's first steps...



phase 2 → phase 3

Phase3, physics run

Phase2, BEAST II
collision + partial Belle II

First collisions May to July

∼ 500 pb−1

B rediscovery program

first studies of performance of hadronic
tagging in Belle II data
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Belle II detectorBelle II detector
KL and muon detector

Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC

(endcaps)

Particle Identification
Time−Of−Propagation

counter (barrel)
Prox . focusing Aerogel RICH

EM Calorimeter : CsI(Tl)
waveform sampling

Central Drift Chamber
He (50 %) :C2 H6 (50 %)

small cells , long level arm ,
fast electronics

Vertex Detector
2 layers DEPFET +

4 layers DSSD
(phase 3)



Belle II VXD installed on Nov 21, 2018
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ϕ → K+ K−

J / ψ → e+ e−

KS
0 → π+ π−

π0 → γ γ

with PID



Spring 2019, first phase 3 physics run

Only 2 months
of collisions

L (peak) ∼ 5.5 × 1033/cm2 /sec

(βy
*
= 3 mm)

L (SuperKEKB peak )∼

1.2 × 1034
/cm2

/sec

(βy
* = 2 mm)

Comparable to PEP−II best
but bkgs × 3 too large

to turn on Belle II
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Rediscovering beauty : B→D(*) h ...

Show capacity for charm physics in e+ e−→ c c
∘ D0 , D+ , D*

∘ Cabibbo favoured and suppressed modes

... for B- physics
∘ hadronic modes from b→c , including modes with neutrals and KS

0

∘ semileptonic decay modes from b→c

Candidates in signal box
( Mbc > 5.27 GeV / c2 ,

|Δ E| < 0.050 GeV)

Results for 2.6 fb−1

Δ E = ECM / 2 − Erecon Mbc = √ (ECM /2)
2
− precon

2

2200 fully reconstructed hadronic B decays



Observation of B−
→D0 K−

No PID With high momentum PID

N (DK) = 38±8, fit gives 6 σ

Demonstration of Belle II high momentum PID on a decay mode
to be used for future determinations of the unitarity angle γ (a . k . a ϕ3 )

Observation of B→K*
γ

N (K*
γ) = 35.5±6.9

∼ 1/2 of the initial phase 3 dataset

D0 lifetime

t
D0 = 370±40 (stat ) fs

(D0
→ Kπ)



Conclusion
∘ Few tantalizing results on rare decays in B sector covered in this talk ...

but much more in B decays: LFV searches, B→K (*)
ν ν , B → τ ν , μ ν ...

also in charm , charmonium, bottomonium, light Higgs, τ , DS, kaon sectors...

∘ Definitely not only complementary , but stimulating competition
between (super ) B- factories and LHCb (upgrade):
− for the expected: results on B(s)→μμ , B→K*μμ , Bs→ J /ψϕ, γangle...

− for the less expected: results on |Vub| , D* τ ν ...

Conclusion





B→K *(KS
0π0 ) γ

time-dependent CPV

SCP
K*0 γ

=−0.16 ± 0.22

ACP
K *0

γ =+0.04 ± 0.14

HFAG

[467 MBB]

[arXiv :0807.3103 ]

[535 MBB]

[hep-ex /0608017]

control sample is J/ψKS
0 !!



Mixing-induced CP violation
Remember B0

→ J /ψKS
0 :

interferes with

What about B0
→γ KS

0
π

0 ?

interferes with right-handed component of

In SM mainly B0
→KS

0
π

0
γR and B0

→KS
0
π

0
γL : KS

0
π

0
γ  behaves like an effective flavor eigenstate,

⇒ mixing-induced CP violation is expected to be small S ∼−2(ms /mb)sin (2ϕ1)



B→K *(KS
0π0 ) γ time−dependent decays rate of B→fCP γ

S and A : CP violating parameters

SM: SCP
K *

γ ∼−(2ms /mb)sin2β ∼−0.04

Left-Right Symmetric Models: SCP
K *

γ ∼ 0.5

[D. Atwood et al , PRL 79, 185 (1997)]

In SM, the photon from b→s γ is (mostly ) lefthanded (polarized).
⇒ Mixing induced (time-dependent) CPV does not occur in B→fCP γ
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At Belle II, expect significant improvement in the  determination of ACP(t) in KS
0
π

0
γ

∘ Belle II SVD larger than Belle (6 → 11.5cm)

⇒ 30% more KS with vertex hits available , effective tagging eff . 13% better

Constraints on NP from radiative B decays

SCP
K *0 γ =−0.16 ± 0.22

ACP
K *0 γ

=+0.04 ± 0.14

HFLAV
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`

2.6σ from SM
for μμ mode,

1.1σ for ee mode

B→K *ee B→K *μμ

Belle results for both ee and μμ
[Belle , arXiv :1612.05014 ]
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Inclusive di -lepton , B→Xs l
+ l− (at Belle II)

[arXiv :1808.10567 ]
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Rediscovering charm : D*+→Dπ+ , D→K− π+ , K− π+ π0 , K− π+ π− π+



Dark Sector Physics

dark photon A ' mixes with
SM photon γ with strength ϵ

phase 2

exploit the clean e+ e−  environment to probe the existence of
exotic hadrons, dark photons/Higgs, light Dark Matter particles, …

search for a dark photon decaying invisibly, and the search
for an axion-like particle may be possible even in ''Phase 2''



same decay in theories
extending the SM

(some of NP scenarios
may boost the B→μμ

decay rates)

higher -order FCNC
allowed in SM

loop diagram + suppressed in SM + theoretically clean =
an excellent place to look for new physics

B(s)→μμ : ultra rare processes...

B (Bs→μ+ μ−)=(3.65±0.23)×10−9

B (Bd→μ+ μ−)=(1.06±0.09)×10−10

[Bobeth et al ,
PRL 112 (2014) 101801]



B(s)→μμ : ultra rare processes...

' 'I'm too old for limits ,
I want to see signals' '

(Francis Halzen)



Bs→μ+μ− results

[arXiv :1703.05747 ]

B(Bs
0
→μ

+
μ

−
) = (3.0 ± 0.6 −0.2

+0.3
)×10−9

(7.8σ significance)

B(B0
→μ

+
μ

−
) < 3.4 ×10−10 @ 90%CL

first lifetime measurement :
τ (Bs→μ+μ±) = 2.04 ± 0.44 ± 0.05 ps

SM: heavy state decays to μ+μ−

B(Bs
0→μ+μ−) = (2.8 −0.6

+0.7)×10−9

first observation : 6.2σ significance

B(B0→μ+μ−) = (3.9 −1.4
+1.6)×10−10

first evidence: 3.0σ significance



Constraints on NP models



B→D(* ) τ ν

1,768 decay chains

⇒ D τ ν and D*
τ ν clearly observed

∘ 2D unbinned fit to mmiss
2 and pl

*

∘ fitted samples
− 4 D(*) l samples (D0 l , D*0 l , D+ l and D*+ l )

− 4 D(*)
π

0 l control samples (D**
(l / τ)ν)

[BaBar , PRL 109, 101802 (2012)]



B→D(* ) τ ν

∘ combined 3.4σ away from SM
∘ doesn' t fit 2HDM Type II

[BaBar , PRL 109, 101802 (2012)]



B→D(*) τ ν at Belle

SM: D τ ν

SM: D*
τ ν

stat error only !

[Belle , arXiv :1507.03233]

B→D+
τ ν B→D0

τ ν

projections for large Mmiss
2 region , N(D τ ν)∼300, N(D* τ ν)∼500

B→D*+
τ ν B→D*0

τ ν

[disagreement with SM at 1.5σ]

R (D) = 0.375± 0.064 ± 0.026
R (D*

) = 0.293± 0.038± 0.015

(with hadronic tagging)



Summary for B→D(*) τ ν

R (D) = 0.440 ± 0.058 ± 0.042
R (D*

) = 0.332 ± 0.024 ± 0.018

R (D) = 0.375± 0.064 ± 0.026
R (D*

) = 0.293± 0.038± 0.015

R (D*) = 0.336 ± 0.027 ± 0.030

R (D) = 0.397 ± 0.040 ± 0.028
R (D*

) = 0.316 ± 0.016 ± 0.010

average

difference with SM predictions
is at 4.0σ level

BaBar

Belle

LHCb

R (D*
) = 0.302 ± 0.030 ± 0.011

⇒ R (D(*)
) =

BF(B→D(*)
τ ντ)

BF(B→D(*) l νl)

in 2016

semileptonic tagging (B→D*+ l− ν)

sig: B→D*+
τ
−
ν , τ→l νl ντ

[Belle , arXiv :1607.07923 ]



B→D* τ ν at Belle D(*) leptonic with hadronic tagging , arXiv:1507.03233
D* with semileptonic tagging , arXiv :1607.07923

[Belle , arXiv :1612.00529]

τ polarization result using :

θhel = angle of τ daughter meson momentum
with respect to direction opposite to

momentum of τ ν system in τ rest frame

1
Γ(D*

)

dΓ(D*
)

dcosθhel

=
1
2

[1+αP τ(D
*
)cosθhel]

R (D*
) = 0.270 ± 0.035 −0.025

+0.028

P τ (D
*
) =−0.38 ± 0.51 −0.16

+0.21

α = 1 for τ−→π−ντ

α = 0.45 for τ−→ρ− ντ

∘ hadronic decays of τ : τ
−
→ π

−
ντ , ρ

−
ντ

∘ hadronic tagging
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