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Outline
∘ Belle II and phase 3
∘ Anomalies in B→D(*)

τ ν and b→sl+ l−

∘ b→sl+ l− , l = e , μ , τ
∘ LFV B and τ decays
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e+e− → Υ(4S) → Bd

0 Bd
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∘ 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 (∼0.9× 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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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

Nano-beams and more beam current to increase luminosity

⇒ to reach 8×1035 cm−2 s−1

⇒ cumulate 50 ab−1 by ∼2027
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Belle 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)



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

5



6

ϕ → K+ K−

J / ψ → e+ e−

KS
0 → π+ π−

π0 → γ γ

with PID

Detector performance with data...



Belle II VXD installed on Nov 21, 2018

Fall 2019,
Installation of vertex detector



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



First results of phase 3. .. shown at LP2019, Beauty 2019

Observation of B→K*
γ

N (K*
γ) = 35.5±6.9

D0 lifetime

t
D0 = 370±40 (stat ) fs

(D0
→ Kπ)

step by step... observation of B → DK

NS = 137 ±13

NS= 53 ±9

... observation of B → D(KSπ π)π

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 )
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In the context of B anomalies ...



Bsig→D(*) τ ν

τ→eν ν , μ ν ν ,
τ→πν , ππ0ν , 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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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
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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 ,...
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Leptoquarks are color-triplet bosons that
carry both lepton and baryon numbers



[Belle , arXiv :1908.01848]

RK = 1.06 −0.14
+0.15

± 0.07

q2
∈ [1.0, 6.0 ] GeV2

/ c4

K+
μ
+
μ
−

K+ e+ e−

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

RK = 0.98 −0.23
+0.27

± 0.06

RK , RK
* ,...

`Mbc ΔE O'



RK , RK
* ,...

LHCb

[Belle II , arXiv :1808.10567 ]

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
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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

greatly enhanced in NP models...



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

BaBar 's result with had tag : 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'ν l '

[Belle II , arXiv :1808.10567 ]
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result with had tag only .... (on−going thesis at LAL)
⇒ exploring additional tags in B→K+ τ μ /e (see following slides )



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 , (nπ

0)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 an inclusive tag...
⇒ can do K * τe , K* τ μ with similar sensitivity ...
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cLFV : beyond the Standard Model

how to improve ?

...considering τ→μ /eh+h−

in function of one prong
tag categories
...for τ→3muons ,
improve μ−ID at low mom
(ECL info)
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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...

∘ Not only complementary , but stimulating competition between
(super) B-factories and LHCb (upgrade)...
... especially for the modes with τ

B→K (*)
τ τ , LFV B →K(*)

(μ , e) τ , LFV τ decays

Conclusion

20272018 ... and beyond 50 ab−1 ?
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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



`

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 ]



for Eγ
*
> 1.7 GeV , B(B→Xsγ) = (3.45± 0.15± 0.40)×10−4

predicted BF for 1 < q2
< 6 GeV2 , B(B→Xs ll) = (1.62 ± 0.09)×10−6

and lot of leptons in B decays...

sum-of-exclusive method instead...

− difficult to achieve using inclusive method (à la b→s γ)
− some on-going efforts using full had. tag , but ϵ < 1%...

[BaBar , arXiv :1312.5364 ]

10 modes for Xs : K+ , K+
π

0 , K+
π
− , K+

π
−
π

0 , K+
π
−
π
+ ,

KS
0 , KS

0
π

0 , KS
0
π
+ , KS

0
π
+
π

0 , KS
0
π
+
π
−

M(Xs) < 1.8 GeV
70% of total inclusive rate

what about inclusive b → sll?



[Belle , arXiv :1402.7134]

inclusive as sum-of -exclusive

(goal here was AFB , flavor of B needed)

10 modes , M (Xs) < 2.0 GeV
50% of total inclusive rate



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)



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



∘ 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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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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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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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→Xsγ) = (3.45± 0.15± 0.40)×10−4

[arXiv :1706.07414]

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

vs

SM: B(B→Xsγ) = (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 ]



and more...

B→K (*)ν ν
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