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Babar and Belle achievements [NEN
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Nobel prize to KM /
Decisive confirmation of CKM picture

+ 9 Observation of direct
CP violation in B = r*n
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SuperKEKB (NN

* Electron-positron collider situated at KEK (Tsukuba, Japan), upgrade of KEKB
*ete (4 GeV + 7 GeV) — BB mainly at \/scm:10.58 GeV (peak of Y (4S) resonance)

25 =
Belle I - \ "
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=200 It N i

New interaction region = 2 / )
S i
b 1S EE e

kS Y(28) 8
% of : i s 1B
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42 : % i 3 5 Y(4S)
: - X . - . s
Add / modify RF systems o) : b Lk shs  Tiiee. . Asailane
X T s e e blan s’ Lanls
for higher beam current . qq pairs (contmuum) A
Inject low emittance Paositron source: 9.44 946 10.00 10.02 1034 1037 1054 10.58 10.62
positrons / electrons new target/capture Mass (GeV/¢)
section
o 3
M
Wi . 9 A 1
s B-factory (10° pairs per ab™)

* tau and charm factory (107 pairs per ab™)
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From KEKB to SuperKEKB [NEN
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E (GeV) B*, (mm) B*« (cm) ® 1 (A) L (cm3s?) X
LER/HER LER/HER LER/HER (mrad) LER/HER 8
KEKB 3.5/8.0 5.9/5.9 120/120 11 1 6/1 2 2.1 x10% - 0
SuperKEKB 4.0/7.0 (0 .27/0.30 3.2/12.5 41.5 36/26 | 80 x 10
factor 20 factor 2-3
. - ___beam current
Factor ~ 40-50 in the luminosity _ Y. o,(\1.5,. R,
L= (1+—¥)
2er, o, RE,
vertical beta function at IP
Higher backgrounds
— @ o / ® @ Q+
—— @ @ O ®® @ . .
o L - Radiation damage
Touschek z ..
- ~oao’aw) - Occupancy in inner detectors

Beam -gas a/ Radiative Bhabha  2-photon-processes Fake hits and pile-up
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5B From Belle to Belle 11 INFN

Belle Upgrade:
- Extended VXD region: PXD KL and muon detector

g ‘ Rgsigtive Plate Counter (barrel outer layers)
and SVD (silicon pixel and strips (ond-caps ,inner 5 barel layers)
detectors) B

EM Calorimeter
Csl(Tl), waveform sampling electronics

- Extended Drift Chamber region

- ECL: CsI(Tl) crystals. New
electronics (waveform sampling

and ﬁtting) [Vertex Detector

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

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

-TOP and ARICH detectors:

better hermeticity with new PID
. . Central Drift Chamber
detector mn the fOfW ﬂfd reglon Smaller cell size, long lever arm

positrons (4 GeV)

-KLM detector: RPCs and
scintillators (some RPCs layers
substituted with scintillators to resist

*only 1 PXD layer installed in 2019
Belle Il TDR, arXiv:1011.0352

* improved IP and secondary vertex resolution

\ * better K/ 7 separation and flavor tagging

* robust against machine background

neutron background)

* higher K, n” and slow pions reconstruction efficiency



Beam energy constraint: can be adjusted for
different resonances Y (nS)

Clean experimental environment: high B, D, K|

T lepton and neutral final states reconstruction
efficiency.

BB produced in quantum correlated state:
high flavour tagging etficiencies (36% vs 3%

@LHCh)

The full reconstruction of one B (B,,)
constraints the 4-momentum of the other (Bg)

Reconstruction of channels
with missing energy

Pv = DPete~ = DPBigy — pBSl-g

Unique capabilities of
e“e” B factories L

BELLE 3
Ftst(
T
/

~
Z
///////////////////////////////////Q/////// =N

Fg/gy/////ﬂ///?/////// ‘““!,’!I[ll[//#
o‘

v v Yo,

\\’.\ f“%‘ﬂ@@ﬁ'
0

. =

15 A\ 72 N

SN\

NN 7
A

\ \\\\\\\\\ N\ \\ /

q..\\ \iﬁi\\i\\\\\\\ "““\‘\\\ BT — DO ¥ )

vs wr- NN \\\ Kn™mrm™
————
DIRIRIMIMNIMIDY V/B —>T(—> evp)

&

v

|
/ B sig

Rt TC 1)



D Tag side reconstruction: -

<o

* It 1s a development of the Full Reconstruction (FR)
used in Belle, and uses a multivariate technique to
reconstruct the B-tag side (semileptonic or hadronic)
through O(10%) decay modes in a Y(4S) decay.

* Tested on Belle II early data

Belle Il preliminary Belle Il preliminary [cdt=5.15fb"!
—_ Cor'rectly reconstructed Je dt=5.15fb"! mmm DYDMX B* P >0.1
"L 5000} mEE Continuum & mis-reconstructed 1 4000 F = D™nn tagr /tag . ]
S § Data = /X
& 4000} Np;, =8898 + 204 ] 3500 | = DK+
” x mm DY)+ D0

& Pag > 01 3000f — 5o
S 3000 3 ] ) D
< . == Dn+
e 2500 @ Bonn
<2000 y ] .
2 . N 2000F
C
@ 1000 ]
o \ 1500}

0 , , , , 1000
_ 25}
S 0.0 [ = o 7 500 F
a [ u e

-2.5 ) ) ) )
5.24 5.25 5.26 5.27 5.28 9-2 . . . 5.28 5.29

Mpe (GeV/c?) Mpe (GeV/c?)

— S * 2
Mbc: ~— D

Belle FR: NIM A 654, 432-440 (2011)

Full Event Interpretation (FEI) L

_____
- ~,
’ ~.

", Tag-side B
N (hadronic)

Seame-—"

\\
K
Multiple
neutrinos
BaBar (SER) 0.4/0.2 30
Belle (FR) 0.28/0.1 8 10
Belle Il (FEl) 0.76/0.46 10

Performances with hadronic tag

Belle Il FEI: Keck, T., Abudinén, F., Bernlochner, F.U. et al. Comput Softw Big Sci (2019) 3: 6.
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https://doi.org/10.1007/s41781-019-0021-8

Belle II status and recent results INFN

* Phase 1 (2016-2018): no collisions, beam background studies St i il ol

Integrated luminosity [fb~1]

0.30

T
o

Il Day per Day
= Total

Total [ £ dt =6.49 [fb™1]

* Phase 2 (2018): collisions, no vertex detector, dark sector studies

* Phase 3 (2019-2027): full detector, superKEKB peak luminosity
in 2019 1.2%x 103*/(cm? -+ s) (half of the KEKB peak)

0.25 A

0.20 A

Total integrated luminosity per Day [fb~!]
Total integrated luminosity [fb~!]

0.15 - L3
— r T T T T =i
0040 ‘ — : — . : N§ 300 Belle Il 2019 Preliminary 3 0.10 A k2
E I 4+ CDC+SVD+PXD Belle Il 2018 (preliminary) [} E - E
01 0035 F 4+ CDC+SVD 3 E 2505_ Ldt=2.62fb" E 0.05 1 1
o ? + 1 = 200 3
S oo | Track 1 3 E N, = 1608 * 54 E
q s . 1 8 10 = 0.00 e Lo
§ 0025 | 50— 12,1 jum _+_+_+_ lmpact b g 3 \&\o S & & & \Qq,\'ﬁ
< 3 o\ o 9
= 0.020 - o6s=20.5/m parameter E % E + P s s 'P\,
s —— ] O = Date Plot on 2019/07/01
0.015 | E
b -+ 1 = imi
0010 he N 1 = k ! Belle Il preliminary [cdt=5.15fb"1
F 1 o o °° . oo . P —_ T T T T T T T
0.005 [ —— — /Ldt:Zth 1 OBe % a" Caaeteieet o e T, .0 L 0 * = Signal
I e 1 “1Ee ® o o %o o %t " o oo % L
0.000 L& =S e L e & S . ‘:232 Tt . - E’ swot BY = D nv [ Continuum
-100 -50 0 50 100 B : - - - : - o 350 F Imsl < 1.5 GevZ/c* mm fake D*,fake | ]
d, corrected for beam offset [m] 295 8 3.05 - - 5. 144 < AM <148 MeV/c? . 8D,
M(e'e) (GeV/c?) S 300F -
: : : : : ‘ ~ I I crossfeed BB
N E | wn 250 2 ]
> 3 2 I%E Bellell 2019 Preliminary E e v/ MC stat. unc.
8 90F Belle Il e Data 2 - F - E 8 200 ¥ Data ;
0 goE- 2019 (preliminary) e = S0F _[Ldt=2-62 fo 3 =]
) 3 e B* — Dn” signal © 300 E 5 150
© 70F |Ldt=515f" [ i - B' > DK'signal [ 3 250 N, =1684 + 48 E O 100
(0] E e R e Background L 200 =
P o0k S 1s0f + = = 50
% 50 0 T j00f ] / 'I’ U Hu 3
gk B - D K 5 E E 0
k] = o = seet’ece? . E 5 T T T T T T T
-(% 40: d. 09 AAARNAASATIAAAS. AT S SO TR SUF. i/ bt M/l A
O 30k re ISCOVel'Y 2.95 3 3.05 3.1 3.15 3.2 = S R 3 i
: = 3f T a LB | ! A S LH L0 Ea
20k = P . s et s
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o LFV, LFU, rare decays INFN

Belle IT

* Semileptonic B decays with missing energy
* B — X{v, measurement of R(D),R(D™)

* FCNC B decays with leptons in the final state
* B - X, £7¢7, measurement of R(K), R(K™), Pe

* Tau lepton decays
e 130, 1>y, T > *th

Other channels as B — K (*)VV, B — €v (¥) in the backup slides
Belle 11 physics reach projections summaried in the

Belle II Physics Book
( , soon avatlable on PI'EP) 21/10/19


https://arxiv.org/abs/1808.10567

Semileptonic decays: B — D()tv -
and B — DOy C

Clear test of the SM LFU: NP (charged .
Higgs n 2HDM models or aerV'11'9'(')9-12524

c,Ir)—~4.8:---|--"|""|""|' AR LR AL I L I =
Leptoquarks) can affect the BR, the SR c'= 10 contours 3
) . o 4.4 :_ Srlv _:
tau polarization P, and |V | SO S Inclusivg E
A B word Averae IV,: GGOU 3
— orid Average IV, global fitinKS =
prir ptirt pt/rt 38 ; : =
36 =
) , 4 | N =
W 32F E
B SE E
c E HFLAV [E
D* 28 T Somezoie 3
2'6:_...|....|....|....| {I T R BT F(.X?)lzj.j.q._-
35 36 37 38 39 40 41 42 43 44
IV, [107]

R(D™) B(B — DY) (¢ \ Inclusive vs exclusive tension

\ bt A— (}.‘ /_[

B(B — D™ (i)

Advantages of measuring R(D®):

- experimentally we eliminate the uncertainties on the tagging efficiencies

- theoretically we eliminate the uncertainties on |V, | and on the semileptonic
form factors — complementary to the inclusive / exclusive searches



* Simultaneous fit to the Eg; distribution of the

signal (D®1v) and normalization modes (D®4V)

Egcy is the extra energy left in the calorimeter
after the signal and tag B are reconstructed

x10° :

‘ ‘ ‘ ‘
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Signal and normalization separation is based mainly on the

missing mass and the angle between B meson and D™ system

1

Nsig

5n0rm

R(D*) =

2B(1— — (—pvr)

Esig Nnorm

—~
x
o
N—"

o

Belle measurements of R(D(*®)

)
INFN
(S

arXiv:1904.08794 (2019) SL tag

0.42

0.4
0.38
0.36
0.34
0.32

0.3
0.28
0.26
0.24
0.22

—BelleHadBTa ,Tolvv

——Belle 2019 SL BTag, t© — | v v (Preliminary)
— Belle Combination 2019 (Preliminary)
. SM prediction

Belle Had BTa ,T—>hv

nc contours

0.2

1 I 1
0.25

III 1
0.3 O. 04 045 0.5

R(D)

New Belle combination is

20 from the SM

21/10/19


https://arxiv.org/abs/1904.08794

R(D™) Belle 1I projections

World average

Belle II projection

o T I ] & - .
e, C Ax2 1.0 contours ] E C Belle Il Projection ]
X 04 __L““ ; — 045__ :gzltl)zr(;ombinalion —
C 40' BaBa:lZ ] E ——] l\;\;‘)?lz Combination E
0.35 — ] 0_4j . SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) —
C LHCb18 _ C ]
03 = = 0.35" -
C Average . C B .
0.25 :— Bellel9 Bellel5 _: 0_3f_ ® _:
E Bellel7 BaBar'19 WorldiAvera%e . E — —
02— +1}\z\(';r)agg gg ;yo%zzdlcnons Garillb no 11)9 gzg)o) 3(;03‘2‘g5 qungfb%gs — 025 :_ = —:
C R(D*) = 0.258 + 0.005 Bordone 19 p(}) 27/ ] 1o contours 7
I T B - .
02 03 0.4 o0l L b T L]
R(D) 025 03 035 04 045 05 055 06
Current combination: 3.1¢ from the SM R(D)
2 +
C
21200 — NP H* type Il at
AR(D) [%] AR(D*) [%] o 51000 tanf/my. = 0.5(GeV/c?)~1
Stat Sys Total Stat Sys Total Projections based 8000 - Pseudo-data SM
on Belle SL tag
1 . .
Bellell5abl 5 3 @ 2 2 @ (before 2019) 400 of @? spectrum in
Bellell50abt 2 3 3 1 2 2 2008 B — D®1v

Main systematics: D** modelling, soft
pions, yleld of fake D* candidates. Studies
of B — D**]v and B — D**1v planned

8 9 10 11 12

q? (GeV?/c?)
Differential distributions can
be measured to constrain NP
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B FCNC B — X ¢ INFN

10 |-
[ Bellell 2019 ] B - K% — K'ry
| preliminary s =K% - K'Y

i fL dt=2621" B —KY - Kay

- B->K'y

* Very rare in the SM: B(B—K®Il) ~ 10~¢8)

* Sensitive to NP (supersymmetry, 2HDM
models, fourth generation, extra dimensions...)

Events / (0.002 GeV/c?)
(o)}

* Experimentally we measure the ratios:

) _ BB K Optp)

0
52 521 522 523 524 525 526 527 528 5.29
2:
m, [GeV/cT]

I~ [
Rk B(B -> K®ete) /V /
W Wi
* Effective, model independent, hamiltonian: - ’ — =
C,: Wilson coefficients g ;
4G 7 5 V c)ﬁl) h .
Heg = — a V;&b E C;O; encode short distance physics L - phioton penguin
O;: Operators describing b Y I ,
. . Og’ vector coupling
long-distance physics ) s )
04 axialvector coupling

* Measurement of parameters related to angular

distributions of the decay products (P'5, Qs =P ’53 — P ’5”)

(see Ben Grinstein’s plenary talk for details)
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¥4 FCNC B — K¢¢: recent Belle studies INFN

e B — K¢ arXw:1904.02440 (Belle 2019)
i i . Signal extraction with fit to My, distributions
: iz * Dominant background: combinatotial
g T fw * Peaking background: charmonium J/yK

* Main systematics: lepton efficiency and

peaking background

Pull

arXi:1908.01848 (Belle 2019)

= N
==}
T T

[ ]
Kee 2l Signal 3 NN discriminant * Signal extraction with 3D fit to
% oof N g rﬂ M,,., AE, NN discriminant
S £ 1J%| BB comb i * NN discriminant built using
5% ] 1o kinematic and angular variables

* Main systematics: lepton

Eoiselictsicbiiobiletsebic bbb iiatds L2 122 Bl . | | sae®oe
g.2 5.215.225.235.245.255.265.275.285.29 -0.1 005 0 0.05 0.1 0.15 0.2 0.25 0‘8 -6 4 2 0 2 4 6 8

M, (Vi) AE (GeV) o identification, B counting,

AE = Ef —\/s/2 NN discriminant
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FCNC B — K*£¢€: summary )

INFN
arXw:1908.01848 (Belle 2019) arXip:1904.02440 (Belle 2019)
o 2.2f : ~22
X [ ——Belle2019 Belle 2019 ¥ F  ——Belle2019 Belle 2019
0T 2FULHGb 2019 Freliminary & 2 LHGh 5017 Preliminiary
1.8F BaBar2012 1.8F BaBar 2012
16; mz SM 165 ——.SM.JHEP.01,.093.(2018
1.4¢ 1.4F
1.20 1.2)
1 1
0.8 0.8
0.6- 0.6t
0.4- 0.4"
0.2; 0_22
00""5""10"I‘15I“I20‘I2“425 G_Ol 1 1 I5I 1 1 \10\ 1 1 I15I 1 1 \20
o? (GeV7/ch) o (GeV3/c?)
Observables Belle 0.71ab~! Belle I 5ab~* Belle II 50ab~*
Rk ([1.0,6.0] GeV?) 28% 1% 3.6%
Ry (> 14.4GeV?) 30% 12% 3.6% BCHC 11
Ry~ ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry~ (> 14.4GeV?) 24% 9.2% 2.8% pro] ectlons
Rx. ([1.0,6.0] GeV?) 32% 12% 4.0%
Ry, (> 14.4GeV?) 28% 11% 3.4%

Differential distributions in g (dilepton invariant mass squared)
Latest Belle result closer to the SM expectation (~1)
Measurements still dominated by statistical uncertainty

Inclusive studies of B — X £¥ possible: reduce hadronic uncertainties 21/10/19



FCNC B — X ¢¢: )

. : INFN
perspectives on Cg, Ps C

* Angular variables sensitive to NP
gular variab Ve N _ PRL118, 111801 (2017)
* LHCb measurement dominated by systematics Lo ' ' '
* Exploit Full Event Interpretation to perform fully — *°f : ‘
inclusive searches N I s ]
| I
Q‘,f’ 0.0 =
Lo} ' ~ N\ ' ' B A
/ \ / -05[ ]
05 L0 s SM from DHMV ]
2T 1 1 NP Example g = —1.1
/ o 5 10 15 20
/ 2 2.2
0.0} SM o ] q° [GeV*/c?]
. £ 40 N\ Projection for Belle Ii -
Ej, o 30 o
\; —05}F N “ \
S 20 NN
\\\\ .
ol Belle (incl.): 1ab™! 10 > Sc COIlfil'matIOfl Of
—LUF Belle II (incl.): 5ab™! . .
Belle I (incl.): 50ab~" N NP posmble with
. Belle (excl.): 1ab™! NN ]
y exclusive === Belle I (excl.): 5ab~" g B[40, 6.0]GeV? N 20 ab'l at Belle II
—hor === Belle II (excl.): 50ab~! ] _P: [2.5: 4.01GeV?
— LHCh: 3b i — P, [1.0, 2.5]GeV?
= LLHCD: 8fb~
= LHCh: 22.5fb~!
20 - - . l 1 1
—2.0 15 -1.0 —05 0.0 0.5 1.0 107" 1 10 102

Re(CH™)NP [ab™]
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LFV in tau decays {NF

* LFV in tau decays is a clear test of the SM: expected BR ~ 10%°
(NP predicts BR up to 10

Right handed
Y Susy N y Majorana v
B e "\‘/or neutral hadrons L o T [t
T>&------ — U, € T_ [ %L MU +
NP VA VN h

* Searches in different channels may provide discrimination among

NP models

(M.Blanke, et al., JHEP 0705, 013(2007), CYue, et al.,PLB547, 252 (2002))
SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated 2’ boson

(HW“) ~2%X103  0.06~0.1 0.4~2.3

T Uy

(T Z “ee) ~1%X102 ~1%X102 0.3~1.6 ~16
Ty

Br (¢ - 1) <107 <1010 < 1010 <107

21/10/19
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o Upper limits on tau LFV modes INFN

Belle IT

At Belle II an improvement of 2 orders of magnitude 1s
expected with full dataset

% by P° 1S’ I\V° Il lhh Ah 7
[ ]
S —
8 107E (e . EEEmm LI . . 3
o - mE L E = m ]
; oL . -...... L I | ]
10'6:— = mE _
L = 3
| - v =
- - v v iv Yoy M ]
‘9 10-7—— vv'V M Y Vv y oy M M —
."g E v v v v Vv M vy VE
-g :V A\ 4 v Y vvvvvv :
— 10%L _| = CLEO
Q S 3 vBaﬁar
C ] elle
a - e 3
S F sl . . .. 1 - LHCb
— 10 3 ¢ ® oo o0 ° e o e ® _© o = e Belle ll
. - e® o .... e © o e o . e © e O g4 o 7
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< - *. * Ceo ’ i
o~ 0 N 1 e 1 e O I O O
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/> Conclusions wN

D

* Within the next three-five years of data taking Belle II will collect 5-20 ab™
and will be able to address the Lepton Flavour Universality Violation by
precisely measuring R(D®); R(K®), P’

* With full dataset Belle II will also be able to potentially discover LFV in the
tau lepton sector

* In addition Belle II will also have the sensitivity to shed light on anomalies in

the B = X, £V decays and investigate other rare processes suppressed in the
SM (B - ¢v,B - K®vy, B - v, etc.)

x1035_| 11U [ B B NN S N RN RN | l ||||| I ||||| I ||||| I ] ou i
- 1 Labels (incl. some dreams)
nw |
B—n'Ks I = 50 Wk in
new CP 5 - B—py
_— 40 3
B :
Confirm B—5D*tv - [ 130 ™ B—Kvv SM
new physics 8 ] =™ discovery
c 4+ Q
i L ] o
e | 120 7,
= St
Resolve =1 5 [ ] B—Kee LFUV
|Vub| puzzle % - 110 new physics
e | | = ]
g 2019 ‘ 2021 — ST — Belle+Babar : 1.6 ab™
All the details are in
“The Belle Il Physics Book” eeA"(xx)y ee—dan(y) =iy

precision for (g-2)u discovery
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Backup

Belle II first data (22-23)
FEI Calibration (24)

B —> X, Inu decays (25-28)
Leptonic B decays (29-32)
B —> K#*vv (33-35)

B —> sl (36-39)

21/10/19



D

<o

Belle IT

—_
N
L
>
[
O]
I\
S
S
S
o
=
S~
(2]
a
C
o
>
m

70000

B a [o2]
o o [=]
o o o
o o o
o o o

30000

20000

10000

Belle II first data
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Belle I 2019 Preliminary

— —+ Data —
E | Ldt=2.62 ™ — Fit e
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p(B) ~ 0.3GeV/c

ete” — T(4S) —» BB

ete” - qq (q€{u,d,s,c})

Events/(0.02)

)
INFN

(%

R, is the ratio between H, and H,

H, /%“P (cos@_]

I —eh 43y Momentum of Legendre Angle between
, | = charge particleiand j| |polynomial| | particle iand j
o’
600 Belle II 2019 Prellmlnary ]
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Early physics: the dark sector

+ Light dark matter and light mediator searches in Belle II:

+ Dark photons, dark higgs, axion-like particles (ALPs), mass scale ~GeV or sub-GeV.

+ Production, e.g.: e*e" = M+X, e*e"— Y(ns) = M+X, e*e"— B+X = K+M+X.

+ Example: on-shell dark photon decaying to invisible DM:

+ Signal: single, mono-energetic, high-E photon & peak in recoil mass.

+ Single Photon trigger with 1 GeV threshold.

< m T
‘? 8- Signal example ;.|
§ [ m, =7 GeV "
s ™ "
w it
i .
: iR
2r i 18
' . B
- o *4‘/.. w . .‘.
=] 5F =
c Of % .
-5t 3x10°
0 1 2 3
B2TIP document E.. [MeV]

+ Particularly relevant with Phase 2 data:

+ Low luminosity and lower beam background allow to open up triggers.

+ Small dataset can still give world best sensitivity.
10

L L TS SR

Belle Il (Phase 2)

T \LDMX1@4GaV
LDMX2&8GeV

Belle Il (Phase 3)

My = 3 My
gx=03

PUIYINY Y Y Y I B A oy ot

B2TIP document

)
m, [GeV/c?]

Belle Il calo more

hermetic than BaBar

Isabelle Ripp-Bandot



5B FEI Calibration INFN

FEI validated on Belle real data

B = D* (D~ (Ktr n)n%)tv ——
B° = D (D (K*r)r~ )ty —
B’ - D~ (Ktr n )¢ty ror—dp—os
B —» D~ (Ktn—nmn nt)lty +
B = D™ (K*tnn )ty —pre
B~ — DD K-nt)y)t v e
B~ — D(D°(K-n)n%)¢ v ———
B~ — D(K—ntn%)¢ v s o
B~ = DK ntrtn ) v s
B~ = DY(K-1+)t-7 ———

0.4 0.6 0.8 1.0 1.2 1.4 1.6
€= Ndata/ch

Figure 4.18.: The overall efficiency correction calculated by measuring the known
branching fractions of 10 control channels on converted Belle data [76].

Thomas Keck’s master thesis
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<2 Semileptonic decays: B — X v INFN

Belle IT

Year Exclusive B—mlv

Measurement of |V, | from 2004 :

. . . 2008 *

inclusive and exclusive B decays 010
2012 S
2014 —

. A, —puv
* Inclusive decays measurement 2015 e
- HadronlCtag 2017 |._:_‘|||

_— : : 25 3 35 4 45 5 55
- Exploit kinematic endpoints to |Vub|><]‘03
reduce B — X lv bkg Tension between inclusive and

exclusive |V, | measurements

d dI'(b—c)

L 2 .

: dmx | Vvub| — Alg’u..él/ / (TB AR)

- Measured BR in fiducial B meson Predicted partial
7 phase space region lifetime decay rate

L i
0 05 1 15 2 25 3 35
m, / GeV




 BY—> mwlvdecay

- Untagged or tagged (with FEI)

Semileptonic decays: B — X, 1v

)
INFN

C

Belle II Full Simulation study

- Exploit missing mass and extra energy in the calorimeter

- B~ f|Vy |3 form factors £, computed with LQCD (PRD 91, 074510 (2015))

Belle Il MCx10°

12 Belle Il MC

1

Eora [GEV]

=

[

25 O
£

qu)

0.8
0.6
0.4

0.2

Q1 050 05 1 15 2 25 3

M2 [GeVZ/cY]

signal

Mz [GeVZ/cY]

background

Belle IT MC

—8— tagged + current LQCD

=B~ untagged + current LQCD
current == tagged + LQCD in 5 yrs
status =B- untagged + LQCD in 5 yrs

=8 tagged + LQCD in 10 yrs
—B=- untagged + LQCD in 10 yrs

L [ab™!]
B — n 1 v projections

Belle IT @ 50 ab™!: ~3% (inclusive) / ~2% (exclusive 1 1 v) uncertainty



Semileptonic decay: B — nlv INFN

Belle Il MC

o SARARRAREDsaas IRARASRALSS Aann

8 r —B =l vy

20'25: — B S X, Iy ]

] r —B° > p I v] ]

5 02r ]

<

0.15F -

0.1 -

0.05F -

0: il R R M R ]

-1 05 0 05 15 2 25 3

M s [GEV/C]

Belle Il MC

o e e e R

g 0.3 —B Sl v+

C S

> r —B =X, v] 1

@ 0.25 —B" > p I v] 4

= C ]
£
<

0.15f
0.

0.05f

Table 54: Summary of systematic uncertainties on the branching fractions of B® — 7~ ¢Tv,
decays in hadronic tagged and untagged Belle analyses with 711 fb~! [271] and 605 fb~! [269]
data samples, respectively. The estimated precision limit for some sources of systematic
uncertainties is given in brackets.

Source Error (Limit) [%]
Tagged (%] Untagged
Tracking efficiency 0.4 2.0
Pion identification - 1.3
Lepton identification 1.0 2.4
Kaon veto 0.9 I
Continuum description 1.0 1.8
Tag calibration and Nz 4.5(2.0) 2.0 (1.0)
X lv cross-feed 0.9 0.5 (0.5)
Xlv background - 0.2 (0.2)
Form factor shapes 1.1 1.0 (1.0)
Form factor background - 0.4 (0.4)
Total 5.0 4.5
(reducible, irreducible) (4.6, 2.0) (4.2, 1.6)

LQCD: current is the world avergage by FLAG group

-5yt w/o EM": We assume a factor of 2 reduction of the lattice QCD uncertainty in the next ve
years and that the uncertainty of the EM correction is negligible (e.g. for processes insensitive to the
EM correction).

-5 yrw/ EM": The lattice QCD uncertainty is reduced by a factor of 2, but we add in quadrature 1%
uncertainty from the EM correction19.

- 10 yr w/0o EM": We assume a factor of 5 reduction of the lattice QCD uncertainty in the next ten
years. It is also assumed that the EM correction will be under control and its uncertainty is negligible.

- 10 yr w/ EM": We assume lattice QCD uncertainties reduced by a factor of 5, but add in quadrature
1% uncertainty from the EM correction.
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Belle IT

R(D®)) Belle measurement

Source AR(D) (%) AR(D*) (%)
D** composition 0.76 1.41
Fake D*) calibration 0.19 0.11
Biag calibration 0.07 0.05
Feed-down factors 1.69 0.44
Efficiency factors 1.93 4.12
Lepton efficiency and fake rate 0.36 0.33
Slow pion efficiency 0.08 0.08
MC statistics 4.39 2.25
B decay form factors 0.55 0.28
Luminosity 0.10 0.04
B(B — D™ w) 0.05 0.02
B(D) 0.35 0.13
B(D*) 0.04 0.02
B(t™ — £ Dgry) 0.15 0.14
Total 5.21 4.94
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D . )
i Leptonic B decays INFN

* Helicity suppressed decays b "
2 5 72 (H+,W+)
BRSM(B —/ v)= Mf; v, |2 _m_z;] -------------
87T m?
u v

SM Prediction

B(B* - e+l/e) (1.09£0.21) - 107"
* Sensitive to NP contributions, e.g. type II1 B(BT - u+1/#) (4.65+0.91)- 1077
Higgs doublet model | ] B(B" —7"y,) (1.03+02).107*

* Clean theoretically, hard experimentally:

Belle PRD 92, 051102 (2015), SL ta
only B — tv has been measured . | ( ) g

continuum bkg

w
(=]

+

N
n

signal

&

Belle combination S50

B =[0.9140.19(stat.) £0.11(syst.)] x 1074 | &

(evidence at ~4.6 o level) Pl

0 05

Events / ( 0.1 GeV/c )
h o

BB bkg

-
(]}

\n

10 15

10 2.0
Eycp, (GeV) s (GeV/c)


http://journals.aps.org/prd/pdf/10.1103/PhysRevD.86.054014

1/N * dN/dE,

0.35
0.3

0.25

Leptonic B decays: B — tv

Belle IT full simulation study

Hadronic tag with FEI
I-prong T decays (Lvv, evv, Tv, pv)
Dedicated study on machine background impact

Extra energy in the calorimeter

IIIIIIIIIIIIIIIIIIIIIIIII[IIIIIIII]

}

Egcr. resolution
robust against

beam background

lllIlllIIllllIllllllllllllllllllll‘

ML fit to extra energy Egcp,

—Belle I MC

—Belle MC

Main systematic uncertainties:
background Eg,, PDF, branching

fractions of the peaking backgrounds,
tagging efficiency, and K veto efficiency

Integrated Luminosity (ab™1!) 1 5 50
statistical uncertainty (%) 29.2 13.0 4.1
hadronic tag systematic uncertainty (%) 126 68 4.6
total uncertainty (%) 31.6 @ 6.2
statistical uncertainty (%) 19.0 85 2.7

semileptonic tag

systematic uncertainty (%)

total uncertainty (%)

17.9 4.5
26.1 (12.2 )5.3

Observation at ~3 ab

1



D Leptonic B decays: )

D o
Bolo B — pv and radiative B — lvy L

Belle PRD 91, 052016 (2015) had tag

B — uv
* Two body decay: p;, = mp/2in B

rest frame

Events / (0.025 GeV/c)
© AN WAoo N OO

Ny

\Q\Mﬂ__«

21 2.2 2.4 25 26 27 2.8
p (GeV/c) B" - u* v,

Belle arXiv:1712.04123 (2018), untagged

T

* Tagging — better p,, resolution
but small statistics

* ~2.40 measurement 5 —
>
3 800 B
g i B—niv
\2/600 i B—plv
k4 [jes
: LML BN LB B B BB S S B SN B B S *2400 — —
1o & WA B w ng:SvESw
s Belle Had Tag 3
! 30ab-1 :
(] SM T 29 3 3d
% 105 l E Pj; (GeVic)
: 't B — lvy
10%} . Radiative decay lifts the helicity suppression
' 1 e w ; 1 ¢ Allows a measurement of Ay — crucial input
107 to QCD factorization predictions of

RS
< & &L L charmless hadronic B decays



Leptonic radiative B — lvy INFN
C
dl e Gamp| V|2
= dE, - 41:871’32 : X$(1 —Xv)[Ff‘ +F\2/]-
Q,mgfp i Qpmgfp Q,mgfp
Fy(E,) = R(E., 1)+ |£(E,) + :
Q, mgf i Q,mafs  Qumafs  Q,f
FA(E) = uBlB pip Vo |e(p ) - SoMBle  “uMels | SelB

Beneke and Rohrwild, 2011, https://doi.org/10.1140/epjc/s10052-011-1818-8
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Flavour changing neutral current )
B - K®vy C

* Prohibited in the SM at tree level: penguin + box diagrams

* BR ~ 10° =+ 10 NP contribution can increase the BR by factor 50
— non standard Z-couplings (SUSY)

. : Belle PRD(R) 96, 091101 (2017
— New missing energy sources (DM, extra dim.) ®) ( )

b ) s S ®  BaBar hadronic == SM prediction
W } ® Belle hadronic Belle semileptonic
: . h/ . g A  BaBar semileptonic
s Sou te ’ ! : ! : ! : ! : . : . : . : .
S S 5 '
b 7 S s : @
Z ¢ N :
%y /I/\/MM W 10~ al A Qa2 |
= I ¢
O
:’;\—: 1 1
& el
Belle measurement with SL tag e
% [l signal [TJgeneric 3 1 @ : : : : ; : :
10} .M continuum [Wljrare g -g 10-5L A : : : C : : : ]
S 3 = : : P o— t | : ]
g 13 =
2 @ — -
c
g
L ' '
e 1078

02 04 06 08 1 12 Erey (GeV) Ktve Kgvv K*%vo K*vw wtvw 7w pPup  ptuw
EecL (GeV)

B+ _ K+l/l7 Bt _s K*+l/l7 B decay channel



Flavour changing neutral current
B - K®vy

Belle IT full simulation study

* Hadronic tag with FEI
o K*— Kl

* Powerful discriminating
variable E¥*,; + ¥,

* Projections performed with

a cut and count analysis in
extra energy signal window

Observables

Belle II 5 ab—!

Belle II 50 ab—!

Br(B* = K vi)
Br(B" — K*%vi)
Br(B+ — K*tup)

30%
26%
25%

11%
9.6%
9.3%

[Observation at ~18 ab’! J

4 5. . 6
miss + Cp;kniss (GeV)

Constraints on new physics
contributions to Wilson
coefficients Cj, Cy

>~ 90% CL excluded

\\

2
C L
g L
UJGOOO:
5000 f
4000 |
3000
2000
1000
0
El*
0.8 — <
i \\\ /“‘ \\/Z
064 N / [ N
\\\ \\\ \\\
04 - N
AN )
0.2 \ N\ N\ . /
0.0 \/ <
N/ "\

flavio

—0.8

by Belle and Babar

T T T
-08 -06 -04 0.

2 NPO'O SM
Crr/Ct

—
0.2 0.4

68% CL allowed
by Belle II at 50 ab-!



Flavour changing neutral current
B - K®vy

In BSM right handed

¢ — _ :
o QR = (5rYbr) (e~ ver)
operator for neutrinos

Br(B — Kvp 1
( ) ==Y (1—2m)€.

Br(B — Kvi)gm 3 e

Br(B — K*vv) 1 ,
4 1+ k) €2
Br(B —» K*viv)sm 3 %: (1 4 Kn7e) €

wmuww
5]

~Re (C4C%)

CLP +|ChP

Ny =

21/10/19
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0.16; .
0.14E
0.125

01
0.08
0.06
0.04 o 70% data Y(4S), 6 months

0.02

B — sll : R(K¥)

70% data Y(4S), 6 months, slow ramp-up

—e— 70% data Y(4S), full 9 months

LHCb values based on
naive run-1 extrapolation
(not official)

Belle Il scenarios due to
operating conditions at
KEK

** Consider it as a sketch
to show Belle Il can

All data Y(4S), full 9 months provide confirmation of

[~ LHCbestimate — i any persistent anomaly.

2017 2018 2019 2020 2021 2022 2023 2024

Year

Observables Belle 0.71ab~! Belle Il 5ab™' Belle IT 50ab!

Br(B — X7¢7) ([1.0,3.5] GeV?) 29% 13% 6.6%

Br(B — X /1¢7) ([3.5,6.0] GeV?) 24% 11% 6.4%

Br(B — X 107) (> 14.4 GeV?) 23% 10% 4.7%
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Q:/@ B — sll : R(K*) INEN

Differential rate

1 d'r 9 [3 5 ) 1 -
= —(1 — Fp)si F 0 —(1—-F 0 20
dI'/dg? dcosfp dcosOk dop dg? 32w 4( L) sin” O + F, cos™ O + 4( 1) sin” O cos 20,

— F} cos? O cos 20, + S5 sin? O sin® 6, cos 2¢ 4+ Sy sin 20 i sin 26, cos ¢

+ S5 sin 20 sin 0, cos ¢ + Sg sin® O cos Oy + S7sin 20 sin 6, sin ¢

+ Sg sin 20 sin 260, sin ¢ + Sy sin® A sin? 6, sin 20 |,

P Sj=4,5738
VFL(1 = Fp)

i=4,5,6,8 —
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D Prospects for tauonic EW penguins [NFN

Observables BelleII Sab™! Belle I1 50ab™!
Br(B* - K*tt17) - 10° <6.5 <20
Br(B’ —» vt7t7) - 10° <30 <9.6
Br(B? — t*r7) - 10* < 8.1 —
Br(Bt — K*t*e™) - 10° — <2.1
Br(Bt — K*t*u™) - 10° - <33
Br(B’ — t%e™) - 10° — <1.6
Br(B" — t*u¥) - 10° - <13

B » KMt hard to measure even with 50 ab™ at Belle IT (SM BR ~107)



B SM prediction (prior)
ZZ1 NP fit (posterior LLH2)
s LHCb 2015

11

1.0/

0.5

—0.5/

-1.0!

—4— data from LHCb -
—+— data from Belle |
[ SM from DHMV |
[ ] Predfrom LFUV |

1

10 15

——

20
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Physics prospects: Belle Il vs LHCb ~ [NFN

Observables Expected th. accuracy =~ Expected exp. uncer- Facility (2025) Observables Belle or LHCb* Belle II LHCb
_ tainty (2014) 5ab~! 50 ab~" 2018 50 fb~!
g:f[;‘]"gl‘ﬁ & sides . o Belle 11 Charm Rare  B(D, — pv) 5.31- 10 3(1 £ 5.3% £ 3.8%) 2.9% 0.9%
é2 [°] *% 1.0 Belle 11 B(D, — Tv) 5.70-1073(1 £ 3.7% + 5.4%) 3.5% 2.3%
#3 [°] Hoxk 1.0 Belle IT/LHCb B(D° — ) [10-9] <15 30%  25%
|Vep| incl. ok 1% Belle I1 0 K- 4 ]
Vir] excl. rs 15% Bdle 1t Charm CP Acp(D - KK _) [10 ]3 3242149 1n 6
|Vyup| incl. *# 3% Belle IT Adcp(D” — K*K™) [1077] 3.4° 0.5 0.1
[Vip| excl. *x 2% Belle II/LHCb Ar [1077] 0.22 0.1 003  0.02 0.005
CPV . Acp(D° — 7%2°) [1077) —0.03 +£0.64 +£0.10 0.20  0.09
S(B -+ ¢K O) o 0.02 Belle IT Acp(D° — K27% [1072]  —0.21£0.16 £ 0.09 0.08 0.03
S(B —n'K%) *oHk 0.01 Belle 11 N
A(B = K°2%)[1072] - 4 Belle T Charm Mixing z(D° — K3r*7~) [107%] 056 £0.19+ 0% 0.14 011
A(B — K*n™) [1072)] o 0.20 LHCb/Belle II y(D° — Kdr*x™) [1077 030 +0.15+ o 0.8 0.5
(Semi-)leptonic_ la/p|(D° — K3n+n~) 0.90 + 1% + 08 0.10  0.07
B(5 2 ) 10~ - 35" Bl T AP KO e v
— pv o elle
R(B — Drv) o 3% Belle 1T Tau T — py [1079] <45 <147 <47
R(B - D*TV) ok 2% Belle II/LHCb T—ey [10—9] <120 <30 <12
g‘i’g‘ff:‘;j;)Ew Penguins % Belle 11 7 — ppp [109] <210 <30 <03
Acp(B = Xgqv) [1072]  #* 0.005 Belle 11
S(B — K2x% Hx 0.03 Belle 11
S
S(B = pv) *E 0.07 Belle II
B(Bs — vy) [1079] ** 0.3 Belle II
B(B = K*vw) [107°] *x 15% Belle I
B(B — Kvw) 1079] Ak 20% Belle II
R(B — K*{£) *x 0.03 Belle IT/LHCb
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* https://confluence.desy.de/
display/Bl/B2TiP+ReportStatus
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* Belle Il Detector, Simulation,
Reconstruction, Analysis tools

* Physics working groups

* New physics prospects and
global fit code
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The report of the Belle 11 Theory Interface Platform is presented in this document.
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