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A tale of two B factories




A tale of two B factories

since 2000:

KM mechanism of CPV validated [ERREEEERIIISEEEII
Eur. Phys. J. C74 (2014) 3026

+ a lot of Flavour Physics

BaBar Belle
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CP violation in b — cCs decays e |
joint enterprise



The B factory approach

e CM energy = 10.580 GeV Effective cross sections:

( ] e’ O(nb)
) bb 1.05
cc 1.30
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Signal / Background: b
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BB threshold

 Asymmetric energy beams: boost the B pair
to measure At

Boost:

SuperKEKB
Ener = 7.0 GeV
ELer = 4.0 GeV

ee —-Y(4S)— B'B" N n yp ~ 0.28
B+tB~ A==




Quest for the new Holy Grail

| _FCNC beyond the SI\/I7

Physics Beyond the Standard Model
at the intensity frontier

New CP violating phases in the quark sector?
Is Lepton Flavour universality conserved?
Is there a Left-Right symmetry in nature?
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Challenges for a new B factory

Hunting for small BSM effects
IN many observed events:

&) Dy G NObS — L c O €
Belle || @ SuperKEKB

A HF cross-sections: no game 17
Opp, LHC = MD
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L uminosity at ete- colliders

KEKB peak-L record:

SuperKEKB is the intensity frontier
40x higher instantaneous luminosity than KEKB

L=21x10*cm-2s-!

peak luminosity
trends at e* e~ colliders

SuperKEKB aim:

L=8x10% cm-2s-!

A tactor 40 !
1970 1980 1990 2000 2010 ngredients?
year
Present progress?




SuperKEKB vs KEKB

4GeV 3.6A Belle Il detector

positron ring Tsukuba

A
—

Nikkodg & =

electron ring

7GeV 1.6A

electron-positron
injector linac

positron damping ring

lower emittance: new lattice, e- et sources,
e+ damping ring, LER bending magnets,
beam pipe; new SC final focussing (ﬂ;k)

Machine parameters

SuperKEKB KEKB
LER/HER LER/HER

E(GeV) 4.0/7.0 3.5/8.0

£ (nm) 3.2/4.6

(By at IP(mm)  0.27/0.30

Bx at

IP(mm) 32/25 120/120

Half crossing
angle(mrad) 41.5 H

I(A) 3.6/2.6 1.6/1.2

Lifetime ~|Omin [ 30min/200min

L(cm-2s-1) 80x | 034 2.1x]034

x 20 smaller beams (e,ﬁ;")

X 2 larger currents
=> luminosity x 40




nano-peam & final focus

beam currents

luminosity:

p, function at the IP

“hourglass” requirement:

KEKB: p¥ > 0, ~ 6 mm
oy
SuperKEKB:  fff > d = ? ~ 300 um

ﬁ;k squeezed by a factor 20 !

KEKB head-on (crab crossing)

interaction region = bunch length

« Jor
—>
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o,~6—"7mm, o ~100— 150 pm

SuperKEKB nano-beam

interaction region << bunch length
i G
>
. ' 2¢ = 86 mrad

o d S

o, ~5—6mm, of ~ 10— 12 pm

QCS system: SC quadrupoles & solenoids 9




Insertion of QCS magnets
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Continuous injection

The Japanese are very etficient in injecting large crowds
at rush hours into fast, frequent and precisely timed trains

Time in minutes
between stations

11



Continuous injection

Luminesity The Injector pushes
LERN particles into 4 rings

Belle Il Beam from Injector and storage current

SuperKEKB S S TN T simultaneously at 50 Hz,

3 km F: 2.5GeVe- 450mA

PRAR: 6.5GeVe- 60mA topplng Off the 1576
(R ‘ ' “e BT . HER and LER bunches

yrriciency

1Lor

Jerie

il 6 6 ’"fecgg;nfmac => HER, LER currents:

current

Damping | " ar gun constant at < 1 % level

Decay mode run ..o cmmmriooss: Continuous injection mode run

Peak L 2050 [10°2cm>k] @ 201905041107 HER Ipear: 3407 [mA]  fy.: 3.00 [mm] 1o 789 PeakL 3993 [10°%em?/s] @ 201905251125  HERIpeak:  500.5 mA]  Pysy.: 100/ 300 [mm] Mo
Int. L/day 47.08/ 88.33 [/ph] LER Ipeak’ 3604 [mA] 13, 3.00 [mm] fu 789 Int. L/day 108.36 / 12491 [/pb] LER Ipear:  500.6 [mA]  PBayy - 20w 3.00 [mm] No:
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SuperKEKB, past and present

gfr?wg?eekje(jr?w1fomm|33|on|ng Phase 3 (MarCh June 2019)
daily integrated luminosity

Phase 2 (2018)
pllOt run (500 pb‘1) with collisions, Belle Il online luminosity Exp: 7-8 - All runs
Belle II: without vertex detector 5 | Imtegrated luminosity [fo~1]

Il Day per Day
m TOtal

Total [ £ dt =6.49 [fb~!]

g

Phase 3 (2019 — ...)
physics run (6.5 fb-1), squeezing ﬁ;k

Belle |I: complete detector

Total integrated luminosity [fb~
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parameter | achieved design

IHER max [A] 0.940 3.6

lLER max [A] 0.880 2.0

gy Imm] 2 0.3

#bunches 1576 2364
Lpeak [cmM2 s1]| 6.1 x 1033 R frc;g.ressively sgueezing ﬁy*
(G| 125105
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beam backgrounds

e+e- colliders are “clean”, but...
at high luminosity, beam-induced
pbackgrounds become a challenge

at the highest luminosities,

QED backgrounds will dominate: _

ete” > eTeTy Bele at Belle at
S B e KEKB SuperKEKB

ete —ee e'e

LER single-beam study
I=450mA, beta_y* = 3mm

at present, single beam backgrounds 2

are predominant, higher in LER:

- beam-gas (residual gas in beam pipe)

- Touschek (intra-bunch scattering)

- Injection-induced

- “dust events”, occasional large losses

CDC HV trips with large bkgd

beam abort protection against radiation spikes
simulations & collimator studies

A

__________ ~-- Touschek o,
o/
//))/_,)e
v

| —
L]

Beam-gas

CDC current [uA]

u

04 06 08 1 12
Touschek scaling
(beam size scan)
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Luminosity plans
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aggressive plan for monthly

iIncrease In peak luminosity: ¢ o — Peak Lumi

MD alternating with physics [T
- 6

- - ®

continue with f° squeeze 2,

(11 months), then increase E

beam currents < 2
EE 0

design peak lumi in 2025...! 2019

Integrated luminosity ap

rough rule of thumb: &
lab=!(Belle Il) ~ 1fo~(LHCp)  © abin 2022
50 ab-1in 2027
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oroximate targets:

1 ab-1 (= Belle data sam

ble) in 2021



Belle || assets

servables & analysis methods

EM Calorimeter
CsI(Ti), waveform sampling electronics

electrons (7 GeV)

Vertex Detector
2layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

Central Drift Chamber

Smaller cell size, long lever arm

11.08x8.26in

Belle || detector performance & f

Exclusive
B Meson
Reconstruction

CP eigenstate

Y(4S) produces
coherent B pair:

+— At Az ~ 360;1:11'

At = Az / <By>¢c

/-

B-flavor tagging

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)
T “golden channel”
I; for CPV, CKM angle

sin2¢, (sin2p)

Particle Identification kinematics:

Time-of-Propagation counter (barrel) »
Prox. focusing Aerogel RICH (forward) two variables

AE = EB o Ehcam

‘beam

s 2 2
positrons (4 GeV) M. =1/ E P

beam-constrained
invariant mass

Belle Il TDR, arXiv:1011.0352

rst results from Phase 3

16



Time-dependent CP asymmetry

Exclusive
B Meson:
Reconstruction

CP eigenstate

Y(4S) produces
coherent B pair:

t — At

|Az ~ 130 um|
1

At = Az / <By>c
B-flavor tagging

Y(4S) decays into a coherent, entangled, anti-symmetric BB state

B-flavor tagging efficiency and At resolution function are obtained from data
(measurement of mixing, with exclusively reconstructed self-tagging B states)

17



Time-dependent mixing

Exclusive
B Meson _
Reconstruction

Self-tagging
Flavor state

Y(4S) produces
coherent B pair:

t — At

lAz ~ 130 um |

At = Az / <By>¢
B-flavor tagging

Y(4S) decays into a coherent, entangled, anti-symmetric BB state

B-flavor tagging efficiency and At resolution function are obtained from data
(measurement of mixing, with exclusively reconstructed self-tagging B states)

18



iInclusive B-flavour tagging

Multi-variate analysis tagger
many sub-taggers with many variables
exploiting correlations with B flavour
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‘Back-of-the-envelope” sensitivity

Sensitivity for CP asymmetries

Observed asymmetry is diluted: A, = DAp

Uncertainty on Aqp = A,/ D:

B factory
IS strong here!




Full event reconstruction

e for signals with weak signature: Fully reco Look for signal

e decays with missing momentum
(many neutrinos in the final state)

¢ inclusive analyses

e background rejection improved
fully reconstructing the “tag” B

¢ tag with semileptonic decays

o PRO: higher efficiency €,,, =~ 1.5 %

CON: more background,
B momentum unmeasured

e tag with hadronic decays

e PRQO: cleaner events, B momentum OK
CON: smaller efficiency €,,, ~ 0.3 %
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e New algorithm developed by Belle II:"Full
Event Interpretation™:
Comput.Softw. Big Sci. 3 (2019) no.1, 6
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single-photon trigger

e only possible at a B factory!
e special single-photon trigger

e not available in Belle,
only 10% of BaBar data set

e allows searches for exotics
such as:

e dark photons A’
ete” - yA', A’ — invisible

22



The Belle || detector

Extensive upgrade: upgraded KL and muon detector
new/upgraded detectors e P Courder e e ayen)

(end-caps , inner 2 barrel layers)

30 kHz trigger & DAQ

upg raded EM Calorimeter

Csl(Tl), waveform sampling electronics

new

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

new

ertex Detector

1 ayers Si Pixels (DEPFET) + —

new
Central Drift Chamber

Smaller cell size, long lever arm

4 layers Si double sided strip DSSD | n \

positrons (4 GeV)

Performance in Phase 3 studied on a 2.6 fb-1 data set,
see next slides




examples of particle reconstruction

oo | e charmed mesons (already shown, Phase 2)

Bellell 2018 |

Preliminary

Entries / 6 MeV/c

e ready for charm physics!

205 21

e charmonium: J/y

e clectrons and muons on almost equal footing

j L dt =250 pb”

Bellell 2018

Preliminary

Entries / 2 MeV/c?

Jhy — puu~

Belle Il 2019 Preliminary

JIw — ete”

Belle Il 2019 Preliminary
J. Ldt=262fb" j Ldt=262fb"

Ny, = 1608 + 54 Nyq = 2186 £ 56

JL dt =250 pb”'

Candidates / (5 MeV/c?)
Candidates / (5 MeV/c?)

Belle ll 2018

Preliminary

Pull
Pull

3.15 3.2 . X . 3.15 3.2
M(e'e) (GeV/c) M(u*w) (GeV/c?)

My gonne (GEVIC?)



PID performance

K 1D from TOP only

e Particle IDentification (&, K, e, i, ...) is crucial:
e particle reconstruction

e B-flavour tagging

e Contributions from sub-detectors: here an
example of K efficiency&mis-ID, from TOP
only and combined with CDC, ARICH

35 4 45
Momentum [GeV/c]

® measured on a control sample:
* hals
Dt > DK ntxt

e compared with MC expectations

Side view of crystal

K Efficiency/n mis-ID rate

)

o st Y 7 misD rate (data
"E¥  nmis-ID rate (MC) |

T

35 4 45
Momentum [GeV/c]




photons

¢ Electromagnetic calorimeter:
clustering works well

e good resolution in inclusive 7, n
reconstruction from photon pairs

) — yy

Belle 11 2019 Preliminary Belle 1l 2019 Preliminary "\ —} Data

— Fit
I L dt=2.62 fb” 15 Signal
- Background

—+— Data
— Fit

(3991.3 + 19.9) 10° candidates 1 Signal
i =(132.296 + 0.005 ) MeV/c? —— Background

J- L dt=2.62 fb"

0 =(5.356 +0.013 ) MeV/c?
E>0.12 GeV

Events / ( 0.0002 GeV/c?)
W B
o o
o o
o o
o o

Events / ( 0.0025 GeV/c?)

(100.8 + 46.2) 10° candidates
i = (542.1 + 1.3) MeV/c?

o =(11.9 +2.3) MeV/c?
E >0.40 GeV

20



“golden channel”
for CPV, CKM angle

sin 2¢), (sin 2f3)

kKinematics:
two variables

beam-constrained
Invariant mass

Belle Il 2019
Preliminary

J L dt = 2.62 fb-

'/v
3887
522 524 526 5.28 53

M, [GeV/c?]

Belle Il 2019
Preliminary

_[ Ldt=262fb"

counts / (2 MeV/c3

signal yield:

522 524 526 528 53
M, [GeV/c?]
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Belle Il ° ?atal ]
2019 (preliminar otalfit

(P y) B® — Dr" signal
B" — DK signal
Background

e an example: observation of one
of the decay modes that will be
essential for the measurement of
the CKM unitarity angle ¢p; =y

J Ldt=262fb"

>
Q
©)
o
A
Q
(]
—
O
o
n
Q
——
©
i)
e
c
©
@)

¢ it demonstrates the relevance of
PID at high momenta to improve
the signal/bkgd ratio with high-momentum PID

Total fit

BY — Dr signal
BT — DK™ signal
Background

2019 (preliminary)

J Ldt=262fb"

Candidates per 0.015 GeV
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e Searching for BSM
contributions to the loops
in b — sy radiative
penguins will be an
important part of the
physics program

Bellell 2019 [ B -K" - K'ry
preliminary BB =K'y = K'nly
.f Lat-262f" HB —K'y - Kiny

(6 ]

N, =355%6.9

PG-\
L
=
W
O
N
o
<
=)
——
%
_—
c
o
>
L

e re-discovery of B - K*y

in the 2.6 tb-1 data sample %2 521 522 523 524 525 526 5271 528 529
m, [GeV/c?]
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Hadronic B decays

Belle Il B — D(Kn,Knn', K3m)r
B — D(Kn, Knr', K3n)p®

2019 (preliminary) B" - D°(D°(Kr, Knr', K3njn)

= X B® - D '(0°(Kn, Knr’, K3t
J.Ldt—2.62fb Bo—>? Ti e, K3m)r)r
— D'(Knm)r
B’ - D'(Knn)p*

B’ » DI(Kgn)ni

e \/ery important for the “full
event reconstruction”

Candidates per 6 MeV

e A collection of B decays to :
hadrons “re-discovered’” in Q2 015 -0.1 005 0 005 0.1 015 02
Phase 3 data (2.6 fb-") - e

B — D(Kr, Knr', K3m)n' Belle Il

B - D(Kn, K, Kan)p® 2019 (preliminary)
B* - D'f(D"(Kn, Knr', K3m)n')r* »
B D (D°(Kr, Knr, K3m)r)rt Ldt=2.62fb
B — D'(Knm)rn"

B - D'(Knn)p*

B’ - D'(Kn)r’

« B0 5 DOy,

e distributions of candidates in
the (M., AE) variables
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=
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B2 521 522 523 524 525 526 527 528 5.29
M, (GeV/c?)




Semileptonic B decays

Belle Il preliminary [cdt=0.411b™

E Signal

[ Continuum

=3 BB Background

Y% MC stat. unc.
§ Data

& & & 8

w & wn
(=]

e Signalsfor B » D¢~ 0, D't - D™

=]

r
=
~
>
@
o
m
'
e
~—
"
oY
—
o
9
°
c
<
)

~N

e recoil mass technique: M~ .

e analysis performed on small sub-samples
of the available data:

e 0.41 fb-1 for £ = electrons

== Signal

1 Continuum
[ BF Background
@& MC stat. unc.

3

n
(=]

e 0.34 fb-1 for £ = muons

W
(=

Candidates / (0.53 GeV¥/c*%)
~N &
(=] o

e clear signals for both electrons and muons

31 m2 __ (GeVZ/c*)



time measurements

¢ \/XD: 4 double-sided Si-strip layers +
1 pixel layer at 14mm from the beam

demo exercise: DO |ifetime
on a small data set (0.34 fb-1)
TDO — (370 ls 40) fs

e mpact parameter resolution
~ 14um, 2x better than Belle

o At = yfcAz resolution is dominated
T T

» Data Belle Il Preliminary -

| signas J Ldt=034fb" -

e traditional beam-spot constrained z " [—

measurement will be biased at — Modei
smaller beam spots: study required

A

-4 -3-2-10 1 2 3 4 65 6
ty (PS)
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time-dependent B mixing

unmixed (U) N
opposite-flavour tag integrated: y, = 5 MN =(17.3%£3.6)%
Belle Il 2019, preliminary 1 U + M WA 18.6 %
Juamzoon time-dependent:
e, B N, (| At])
o] B, A(JAr]) = Ny(| At]) + Ny (| At])

[ continuum

self-tagqgin
sSielIake g Belle Il 2019, preliminary
T R signal: S
ME [GeV3/c'] B — D*Fu > j Ldt=2.66fb"
mixed (M) §
same-flavour tag +other-side =
. -
Belle Il 2019, preliminary tag : >
JLdt=2.66fb'1 OppOS|te f|aVOUI’ 6 ® Data
ljgata t. or CC) Expected
S same flavour | k& = 1525 ps
[ continuum L% Am, = 0.507 pS.1

33



dark sector: Z' — Invisible

e search forete™ - u*tu=7'
Z' — invisible

e /' poorly constrained at low mass,
could explain the (g — Z)ﬂ anomaly

e recoil mass distribution compatible
with backgrounds

e first physics from Belle II...
the upper limit will improve with
more data

e similar analysis completed for
+ — + Frpzv
NG IR

/ . . .
; py — Invisible

34

Belle Il Preliminary e 2018 data

j Ldi=276 pb’’

ete— pu(y)

e*e'— 1™1(y)
—_— ete— ete i’

e*e’— n(y)
HHH e*e— e*eere
$ ere— e*e(y)

5 6 7 8

Recoil mass [GeV/c?]

Belle Il Preliminary
J- Ldt = 276 pb’

LI

n

...... L,-L., BF(Z— inv)=1

1
M, [GeV/c?]



Physics prospects

e Physics potential of Belle II:
discussed in a series of "B2TIP”  Physics program of Belle II:
workshops (experiment + theory)

e CP Violation & CKM
e The Belle Il Physics Book:

https://arxiv.org/abs/1808.10567 e Lepton universality

I~ L e E
ur violation |

e

n n
@i Ayact itive MNMa iale DN cas e R e o s R
o ol B g {2 - / 7 VU | - MR AN N I p e oY Al hs K o e ol | \ \ T\ p \ \
N e M IR S FUE SOt 7o T TN Y o R P A i B g DY R L 0 P Fv e g " = 1 anton 11ave
: - o asd B " | ” ¥ k. ' i y . ! NJ | i i \



https://arxiv.org/abs/1808.10567

Process

Selected observables

Observable

Expected precision

Comment

B — 1K,
B — K™y

B — XS_|_d’)/
B — Xd’7

B — K*y
B — py

B — X 00~

B — Xgv
B — D™y

T — 1y
T — pp°
A" — invisible

o(Scp)
o(Br)/Br

limit on Br

limit on Br

limit on € (vy/A" mix-
ing)

0.03 (0.015)
25% (10%)

0.015 (0.005)
0.14 (0.05)
0.09(0.03)
0.19(0.06)
0%-12% (3%-4%)

4% (3%)
3(%)'60_0 (2%)'30_0)

10=2 (50 ab™1)
210719 (50 ab™1)
3-107% (20 tb=1)

Similar precision for
each, K and K™ final
state

Quoted precision is for
an individual ¢* bin

Similar precision for
each, D and D* final

state

Table 1: Expected precision for Belle II measurements of selected observables [5]. Unless stated otherwise the

precision is given for integrated luminosity of 5 ab=! (50 ab™1).
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"The Belle Il Physics Book”
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2025 2027
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discovery
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—
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10 new physics
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summary

e B factories have unigue features, that make them
ideal tools to investigate flavour physics.

e | uminosity and beam backgrounds are the main
challenges for a successful participation in the quest
for BSM physics.

e SuperKEKB is progressing with an aggressive plan to
step up from the KEKB peak luminosity by a factor 40.
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e Belle Il has been taking the first physics data with the
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IR magnets
QCS-L Cryostat QCS-R Cryostat

Helium Vessel Helium Vessel

Helium Vessel

ESR2
ESR1 Solenoid

ESL solenoid QC1RE /

4 correctors
ld (al1,b1,a2,a3) b3 corrector

ectors

QC1LP

4 correctors .
(a1,b1,a2,b4) 2| coils

b6) /
QC2RE

IP 4 correctors
= S tatbta2,a3)~ — —
4 correctors 4 correctors 83 mrad

(a1,b1,02,b4) (a1,b1,a2,b4) eak fiel

cancel ¢ betors b3 corrector
(b3,b4,b5,4  d3,b4)

QC2RP

4 correctors
(a1,b1,a2,a3)

Helium Vessel

25 SC magnets in QCSL 30 SC magnets in QCSR

4 SC main quadrupole magnets: 1 collared magnet, 3 yoked magnets
16 SC correctors: al, b1, a2, b4

4 SC leak field cancel magnets: b3, b4, b5, b6
1 compensation solenoid

4 SC main quadrupole magnets: 1 collared magnet, 3 yoked magnets
19 SC correctors: al, b1, a2, a3, b3, b4

4 SC leak field cancel magnets: b3, b4, b5, b6
3 compensation solenoid




Y.Funakoshi

Collision Scheme

KEKB head-on (crab crossing) Nano-Beam Scheme SuperKEKB

P. Raimondi

. O'Z 5-6 mm
O, 100-150 um

O'Z 6-7 mm

¢winski ~ 20 )
Half crossing angle: ¢

interaction region = bunch length interaction region << bunch length

Hourglass requirement %

ﬁ:zo-ZNGmm L~ 300 um

Vertical beta function at IP can be squeezed to ~300um.
Need small horizontal beam size at IP.
- low emittance, small horizontal beta function at IP.

No crab waist scheme has
been assumed at SuperKEKB




Some definitions

* Key parameters
* B, chromatic effects

* Piwinski angle L bunch length/overlap area
Gx

Oy

6cBy

* Hour glass effect

ratio of overlap area and f3,,

8. : half crossing angle
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L uminosity projections

2022
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tracking performance: as expected

e impact parameter d,
distribution for 2-track events

e alignment and calibration are
working well

2019 (preliminary)

e \/XD resolution in impact
parameter Ody ~ 14 um

- Data
<+ Simulation
—== Beam profile

oo estimate
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Full Event Interpretation

e A new implementation of the “full event
reconstruction” concept at a B-factory

¢ the “tag side” B is exclusively
reconstructed in many hadronic and
semileptonic final states

e FE| = Full Event Interpretation: using a
machine learning technique (BDT =
Boosted Decision Trees) and a large
number of decay modes

e Comput.Softw. Big Sci. 3 (2019) no.1, 6

e Example shown here: on a data sub-
sample of 0.41 fb-
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Belle Il preliminary [cot=0.417b72

B Correctly reconstructed
600 F Ml Continuum & mis-reconstructed
M Data

NB;q =1066 = 77
Prag>0.1

o O
o O

Events / (0.0025 GeV/c?)
o
o

- N w & WU
o
o

o
o

2.5
0.0
—2.5
5.24 525 5.26 527 528
Mee (GeV/c?)

Belle Il preliminary [edt =041

BN Correctly reconstructed
B Continuum & mis-reconstructed
B Data

NB;Q =663 = 55

Events / (0.0025 GeV/c?)
o
o

0

2.5

0.0

—2.5
5.24 5.25 5.26 5.27

mee (GeV/c?)




Full Event Interpretation

e More decay modes included in
full reconstruction of tag side

¢ Fast Boosted Decision Tree
(BDT) method

Number of decay miodes used in tagging

(Belle — Belle Il)
« B 17—29,B0: 14026
D+*/D**/Ds*: 18—26,D9/D™0: [2— 17

BT — Dt

)077 - ,'_:ll

0_+_0_0
" " "n

Optaty
DED"

>

>

>

—

—
$ *)
— D%

—

—>

>

>

>

—

r)'l‘lT.' - T'T'U
D¥gr gty

DVt pta— 70

DDV

D+ D
BT - DK™
BT - D gtgt
BT = WK™
B -5 . JyWwK =
Bt = Jap Kt
Bt — JwKr
BT = D atatal
Bt - Drtatx—ap
B* = D'D*
B' = D'D'KY
BY— D*DVYKY
Bt — DD+ K
Bt - DDt K°
B+ — DDOK
B+ — DDV KH
Bt = D'D*OKH
Bt = D'"D*°K+
Bt = D*nt %0

B™ modes BY modes

» D™ w ™
y D™ wta0
» D™ wtata
"5 DD
0 5 D*xt
— D 7‘_47('

- D' ntrtr

- D rtatr o

s DD~

» DY D=

, D*+D*-
- J K
— JW K ot

— JW K2 tw

» D™t a0zl
—= D atataa?
— DVt
— D DK
0 5 D DK
0 DDk
» D DK
» DD KY
B - D*~D*K°
B® - D-D**K?°
BY — D*—D* K'n.u

B(J — Dw T { 7‘_('7._[1

DY.D*" D} modes
DY - K—ntat
Dt 5 K ntatn
Dt - K-K™nt
Dt - K- Ktrtgl
Dt — K%+
Dt — K%+g0
Dt - KV9gtnta—
D*+ - DOt
D** — D*q"

D! - K'K"

DY - Ktgta™
DY - KYK—=t
DY - KYTK-—ntal
DY - K*Kr+r~
DY - KK nt
DY - K*Katntn
DY - gtata™
Dt — DFat

Dt — nta0

DY 5 rtrtn

DY - rtatr =0

AHKIKD?

0

Below line: not used in Belle NB tag.

DY D" modes
D - Kt
D" 5 K ntr
D - K—ntntn~

D - 7

0

DY g xtal

DY — K7

DY - KVrta—
D° - Kontgx—n0
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D'+ K K'K?
Dal[) y DUITU

D0 — DO

DY 5 K—atx0x0

D" 5 K atata ="

+ =

0.0
"

D5 nrn
N’ 5 r—xtn

D’ —+ K~K*n'




Belle || physics program

1808.10567

. Observables Expected the. accu- Expected Facility (2025)
® P reC | S | O n C K I\/l ra.cl})f ex;). uncertainty v
UT angles & sides
b1 [°] K 0.4 Belle II
b2 [°] *x 1.0 Belle 1T
- - é3 [° ok 1.0 LHCb/Belle II
e CPVinb— s Penguin decays |Vcb[| ]incl. *xe 1% Belle 1/1
[Vp| excl. ok 1.5% Belle II
|Vyp| incl. *x 3% Belle 1T
|Vup| excl. *x 2% Belle II/LHCb
- C'P Violation
e TaUOnlc deCayS S(B — ¢K"°) 0.02 Belle 11
S(B - n'K") 0.01 Belle 11
A(B — K%°7%)[107?] 4 Belle 11
AB — K*tr™) [1072] 0.20 LHCb/Belle II
[ ) (Semi-)leptonic
FC N C B(B — 1v) [1079) 3% Belle 11
B(B — uv) [1079] % Belle 1T
R(B — Dtv) 3% Belle II
R(B — D*1v) 2% Belle IT/LHCb
o C h arm d eC ayS Radiative & EW Penguins
B(B - Xs7) 4% Belle 1T
Acp(B = X, 4v) [1072] 0.005 Belle 11
S(B — K3n%) 0.03 Belle II
S(B = py) 0.07 Belle II
e | FV tau decays B(B, ) (10~ 03 Bele I
B(B — K*vv) [1079] 15% Belle 11
B(B — Kvw) [1079] 20% Belle II
R(B — K*¢) 0.03 Belle IT/LHCb
® |_| d t Charm
aaron specitroscopy B(Ds — wv) 0.9% Belle II
B(Ds — 1v) 2% Belle II
Acp(D° = K27°) 1072 0.03 Belle II
lg/p|(D° = K3ntn™) 0.03 Belle 11
L 0 0,4+, —\ [0
® Dark Sector ?\E}f — Kgm™m )[] 4 Belle 11

T — py [10719) Belle 11
T — ey [10710] Belle IT
T — ppp [10710] Belle II/LHCb
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B — n’KS projection

b Cog % 5,
- : g\ s

B - B’ <_
d S d 3K
g

e BSM physics in penguin loops

e Measurement of
sin 2¢1€ff (B = n'Ky)

* projection to 50 ab-! Belle |l
data set

o Jy KS (§ =0.70)
< (S =0.55)




tests of LFU In semileptonic decays

B B—-Dr v, [EAB-— Dy WMB—-D"({ /v )
EB-Drt v, B = D*¢ v, [3Background
200

Standard Model prediction theoretically clean
Yield and g2 distribution from a form factor

Simplest case of new Physics from Charged Higgs

Measure a ratio R =B(B—> D*) t v )/B( B>D*)v)
Experimentally hard: signature is not a peak
on a smooth background!

Data driven methods to control the backgrounds
(most dangerous D** background)

Guglielmo De Nardo - Flavour Physics at Belle Il - QCD 2019




test of LFU In leptonic decays

LFU W|th |eptOnIC decayS Very clean theoretically, hard experimentall

SM is helicity suppressed
Sensitive to NP contribution (charged Higgs)

Belle Il can test LFU
also with

Rru _ F(B — MV)
I'(B—1v)

RY _ I'(B—ev)
I'(B—1Vv)

_ I(B—=1v)

RTJT —
I(B— nlv)

Current meas. Belle Il | Belle
5ab-1 | 50 ab-1

20% uncertainty 15% 6% R Belle Il Full simulation with expected
background conditions with hadronic

10 40% uncertainty* | 20% 7%
tags onl
ev 101 Beyond reach - - \ & Y

* PRL 121 031801 2.4c excess [2.9,10.7]1x107 at 90% C.L. Extrapolation of untagged Belle analysis

Guglielmo De Nardo - Flavour Physics at Belle Il - QCD 2019




B2>K* vy

Current limits

® BaBar hadronic == SM prediction

Belle hadronic Belle semileptonic

Suppressed in the SM : BRs 10 — 10®may be A BaBar semileptonic _

enhanced by NP

[ ]
A

=~
o
I
S
D
(@)
X
=
o
+—
=
=

Constraints on new physics
contributions to Wilson
coetticients C;, Cy

L U SV SR B S
K*vo Kgvv K*"vo Ko nivw 7 oup ptow

B decay channel

>~ 90% CL excluded

N\

/ }fi(l\/il)
7~

—0.8

Observables Belle IT 5 ab~! Belle I 50 ab—!
Br(B* — K tui) 30% 1%
Br(B" — K*%w) 26% 9.6%
Br(B+ — K*tvis)  25% 0.3%

by Belle and Babar

68% CL allowed

-08 -06 -04 -02 NF?.O SMO.Q
C'L /CL

o~

by Belle II at 50 ab!

Guglielmo De Nardo - Flavour Physics at Belle 11 - QCD 2019




Tau LFV decays: projections

= CLEO
» BaBar

- Belle

LHCDb
* Belle li

A
<
U]

1 N A |
o= boaiib bk ki RS DL BN Mk

PXPAP=V2pA P *¥ ki

-
3
O
-
>
5
S
‘g
=
g
S
-
-
:

—t

Qo
'y
o

e cxpect an improvement by more than an order of magnitude
in tau LFV decay limits by Belle |l
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