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.') Outline

» The status of Belle Il accelerator/dector

» Belle Il luminosity projection

» B signals in Phase 2 data

» Advantage in Belle Il physics analysis

» Prospect in various physics topics including: CKM,

Test Lepton Universality; LFV t Decays; Hadron

Spectroscopy; ....

Due to rich physics, here | just selected a few topics as examples. For more detalils,
please refer to Belle 11 physics book: arXiv:1808.10567
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Belle Il will provide a significantly larger data sample (x50 Belle) that will
allow to continue the investigation with a much more powerful instrument

arXiv:1808.10567



https://arxiv.org/abs/1808.10567

SuperKEKB/Belle I

New intensity frontier facility at KEK
* Target luminosity ; Lpeak = 8 x 1035cm-2s-!

~10'0 BB, T*T- and charms per year !
Linc > 50 ab-!
Rich physics program

Search for New Physics through processes sensitive to virtual heavy particles
New QCD phenomena (XYZ, new states including heavy flavors) + more
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SuperKEKB Accelerator
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Belle 1l Detector

electron
(7GeV)

positron
(4GeV)

General purpose 4rn Detector
Improved PID, Vertex detector
High background tolerance




From the Belle to Belle Il

What has been changed?

s PXD, vertex resolution in z direction (beam direction) will be factor 2
better than before:

50 um (Belle) — 25 um (Belle II)

s TOP: no TOF (time-of-flight) detector anymore, but TOP (time-of-
propagation) will do the timing of the Cerenkov light. Time resolution ~50
ps. TOP detector surface is polished to nanometer precision for total
reflection of Cerenkov light

s KLM: inner 2 layers of barrel + all layers in the endcap replaced by
scintillators, because of large background

s ECL readout electronics exchanged, fast FADC sampling for identify pile-
up of pulses

s Huge gain in luminosity in Belle Il compared to Belle: factor x40. How?

- factor 2 by beam current: 1.64/1.19 A (Belle) — 3.6/2.6 A for e*(e”) beam in
Belle I

- factor 20 by "nano-beam” principle (collision point in vertical direction will
be only 59 nm)




Belle Il and SuperKEKB Upgrade History

« 2010, Belle and KEKB operation completed
— Started upgrade to Belle Il and SuperKEKB

« 2016 Phase 1 Commissioning
— SuperKEKB single beams
— no collisions, without Belle Il

o« 2017 Belle Il Detector rolled-in to the beam line

« 2018 March-July Phase 2 Commissioning
— First e+e- collisions at SuperKEKB
» Confirm the nano-beam scheme

— Data taking with Belle Il Detector (w/o VXD, but
background detectors (BEASTII)

« Confirm the background condition for final VXD

« 2019 March- Phase 3 Operation
— Physics run with the full Belle Detectors
with the VXD (PXD+SVD) installed
— Aim at the design luminosity 8x10%°/cm?/s
— Search for the new physics




The first “B - anti-B like” event in the

The first hadronic event in the Belle Il
Belle Il Phase3 physics run

Phase3 physics run

On March 25 19:44 (JST), 2019, electron-positron collisions have restarted at the
SuperKEKB collider, and the Belle Il experiment has now kicked off its physics data

taking.

Belle Il will perform a broad range of extremely high precision and fundamental
measurements in flavor physics, particularly of properties of the bottom quark, charm
guark, and tau lepton. In recent years, there has been a great deal of excitement
worldwide about a number of intriguing hints of new physics in the decays of B

mesons, particles which contain bottom quarks.




SuperKEKB Luminosity Projection

Plan of instantaneous and integrated luminosity at SuperKEKB.

X103F5'_,10 BRRERE BRERE BRERE BERREE 160
|m _—L
N - 50
— - 40
B o |
.3 i _‘30I_
o ~
c 4 &
- | 328 &,
£ - -
3 | - P—
= 10
8 il
m 0 1 1 1 I 1 1 1 1 1 I 1 1 1 i 1 I i

ohelgs  1/1/2021 1/1/2023  1/1/2025 1/1/2027

1/1/2019

Phase 3 (w/ full detector)

bb 1.1
+ lab! after | year o 13
* Sab’! by ~2022 Light quark qq ~2.1
 50ab-! by ~2027 T 0.9
ete ~40




Rediscovery of B mesons

Event Shape Distribution I, \/(E 12—
(Fox-Wolfram R2) be — N Fan P recon
h‘.“" _I TTT | TTTT | T TTT | TTTT | TTTT | TTTT | TTTT | TTTT | T'TT I_
; il'l'l r[\ rrT]II!YII TT l] LELELEL III ‘11Tl‘l1 I]I LI 11111‘111: §140_ B:-?D(KF,K3:,K.'TD:KK,KB:I::K;T[T[JE: |
S . g [0} - B*>D(Kr, K3mjp* _
©6000[- = = - B>D K, KS:IM, Knn -
= data E F120— | %0 ‘(Kn K3m Knn')F —
= MC total ] — B B0 (Kr, Kamd 7
35000? MC BB R 8 : B =D (Krr)d :
L MC qg - 5100 | 8%-0tkmmd _ _
r MC 1t 7 Lﬁ - B =diyie’e, uw) K. -
4000 . - -
I i 80 —
, : Belle Il 2018 - - Belle Il 2018 (preliminary) 1
3000f 1 Preliminary ] i ]
] A JL t=15ps" ] 80— JL dt =472 pb’ 7
2000} =1y 2 . ]
' : a0~ -
1000f S B ]
0 o T T ] 20— ]
0 01 02 03 04 05 06 07 08 09 R;
Sphencal R, Jet-like g.2 521 522 523 524 525 526 5.211 S(GZSWCSQI)ZQ
be
BB s
qaq .
» Clearly observed the excess of BB events in early
Y | phase 2 Data

 “Rediscovered” reconstructed B mesons.
Full reconstruction analysis chain is working well.




Physics at Belle Il

Observables Expected the. accu-  Expected Facility (2027) . - 1
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Advantage of e*e" Flavor Factory

Clean environment B> tv, 1>l %
F.-,‘ > Dn, Krun
Efficient detection of neutrals (Y, 10,1, ...) «> Dn. Qegiiuu

Quantum correlated BOBO pairs |

High effective flavor tagging efficiency : -
~34%(Belle Il) €= ~3% (LHCb) A\ Kl e
Large sample of T leptons @,
Search for LFV T decays at O(10-9) t

- Full reconstruction tagging possible 7 Tagside Signal side
A powerful tool to measure; . Y49 /
b—u semileptonic decays (CKM) K 7 B * B. N~~~y

i

tag g9 \
decays with large missing energy
n ‘v
» Systematics different from LHCDb B— Tr/V
Two experiments are required to establish NP B—=TV,DTV




Dark Sector Physics at Belle Il

Search for the direct production of low-mass new particles
will be highlights in early running period of Belle |

® Dark photon — invisible

e X
® A single, monochromatic high energy
ISR photon. m
P E* Ebeam o AE* e" X
beam ,
e Background from e+e-—YY(Y), e+e- 28 fnix strength between A’ with ordinary photon
: I o e
Y Y(Y) due to finite acceptance & dois
imperfect detector N (017
s . . 107 \.—-E-
® Dedicated single photon trigger. : -
Belle Il proje i
- “E -
e Anticipated results also for T :
Axion Like Particle ~ Z' — invisible i
0 | u 1075 L Y e : P ...:..’1 Ll
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ﬁ we@D) 107/ 10 m,. (GeV/c?)
% : @D hsioromadatmater s due o ek e result from NAG2
ALP-strablung N u Derived from E. Izaguirre, G. Krnjaic, P. Schuster, [JHEP 05, |82 (20 | 9) ]

N. Toro, Phys. Rev. Lett. 115, 2561301 (2015)




efficiency (%)

Belle Il Full Event Interpretation

e Belle Il has developed a new “Full Event Interpretation” tool

based on fast BDT.

Tag algorithm date MVA Efficiency Purity
Belle vl (2004) Cut-based (Vcb) - -
Belle v3 (2007) Cut-based 0.1 0.25

Belle NB (2011) Neurobayes 0.2 0.25
Fast
Belle Il FEI (2017) BoostsdDacidionTras 0.5 0.25
Belle || MC Belle Il MC
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purity (%)
e +NEW FEI method based on semileptonic tag
Fast BDT taginB->D(*) lv+B->D(*)m lv.

More recent update: 1807.08680

Number of decay modes used in tagging
(Belle = Belle II)
- B+ 17—-29,B% 1426

* D*/D*/Ds*: 18—26,D/D™0: 1217
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Below line: not used in Belle NB tag.




CKM fit with Belle

Il + LHCD

Input Current WA SM value Belle I1 SM value Belle II+LHCb
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e Precision improvements require improved uncertainties and resolved
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Test Lepton Universality

Observed deviation from SM
(as of Spring 2018)
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deviation from SM [o]

It is important to test lepton universality precisely.




B— D(*)tv

New Physics may appear at tree level. b o ¢
3rd generation quark (b) and lepton W-/H-,

(T) involved. Vr
* large masses — sensitivity to NP -

* Charged Higgs, Leptoquark, ...

B—-D® Tvand B— TV are Spring 2019 update

complementary

_—
T [ HFLAV average Ay* = 1.0 contours

Quantities of interest L

B BaBarl2
: . 0.35 o
* Lepton Flavor Universality : R f\(\
s ~——_
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* Polarization: P+, Pp+
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3.10 deviation from SM




R(D*)

Belle Il sensitivity

* Lepton universality violation may be established even with 5ab-! (2020).

* High statistics data will provide more detailed information, such as T
polarization, g2 distribution, to discriminate type of NP.
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arXiv:1709.10308 R(D) R(D")
AR(D) [%] AR(D*) [%] More observables (distributions) !
Stat Sys Total Stat Sys Total * P(1),P(D¥)
Belle0.7ab! 14 6 16 6 3 7 « dl/dq? dl'/dppe), dl'/dpe, ...

Bellell5abl 5 3 6 2 2 3

* More modes !
Belle 1150 ab! 2 3 3 1 2 2

s B—oT1TY,
Will soon hit the systematic limit ! « Bs— DsTV (at 55 runs) , ...




LFV 7 Decays
SuperKEKB provides N(T+T-) ~ N(BB)

Lepton flavor violated in
the neutrino sector.

Some NP models predict
LFV to be observed in

‘near’ future experiments.

T is the heaviest charged
lepton, sensitive to NP.

T LFV complementary to
muon programs

® Li—eY,eee

® u—e conversion

Limit

Diagonal elements by
LHC & g-2, EDM

[(u-’ey, u—e conv.) )

Muon LFV

Slepton
mass matrix

—
| /1? ey
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J S

Tau LFV processes
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& more decay modes.
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Prospect on LFV t Decays at Belle Il
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- Trying to increase sensitivity by improved analysis technique.

os'o'so 1m3—®i®im1® 3‘lﬂlf. ggxz

m CLEO
v BaBar
A Belle
¢ LHCb
* ATLAS

Belle Il will push down the current bounds further by more than

an order of magnitude.




B-factory = hadron factory!

m

B meson decay
-1+, 0L
- X(3872), Z(4430)....
- Open charm hadrons

eij:>y¢¢¢¢Q<::::U¢
<XCE

e+
(C=+1)

:|m 0|0

Double charmonium
- C-even charmonium

Initial state radiation
. JPC=1-
- Y (4260)

ete —cc

Charm,mesons/baryons

Two photon collision
- JPC=Qt 2+F
- Extract two photon width

Bottomonium transition

Z, states




Hadron Spectroscopy
'S0 351 'PL 3Py 2P 3Py YDy PDy Dy 3D3 JP no JPete

[ [ [ [ [ [ I I I I I
U~ Many states require confirmation or detailed studies!
5.0~ Many stat q firmat detailed studies!
4.8 X (4700) Y (4660)
N
4 41— (4415) Y (4360)
X(4274) Y (4260) R}, (4240) X*(4250)
~Z_4.21X(4160) X (4140) —_—
> 1(4040) ¥ (4160) Vi{(%lﬁ(mm)
0‘4'0;( 3940 XEo18)  xe2lZH) D)V I(I(D) | X (020)
EY SN or (A C I )
3.6/ (25) he oy Xe2 DD threshold
3 4L _Xc0 Discovered before 1980
' New conventional states
3oL Neutral charmoniumlike states
' J/ Charged charmoniumlike states
3.0="

0F 1= 15 077 177 277 2% [—— 2-= 3= charged
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Observed charmed baryons

LHCb ?
, [Q(3188) 7°]
Belle (Z3123) 7)) 2
. . [Qc(3119) 2]
apar = (3080) ?’ 0(3090) 75
CLEO _ ? 0(3066) 7,
= ((3055) ? Qc(3050) 7/
? _ 2 0,(3000) ?°
A (2940) 7’ = (2970) 7
A (2880) 5/2°
+
[A(2860) 3721 , = (2815)(3/2)
% ((2800) ?* _ -
A (2765)7° c =c(2790)(1/2) 0 (2770)3/2™)
. Q0/2%)
A (2625)(3/2) = (2645)(3/2™)
- _—r +
A ((2595)(1/2)) =" c/2h
+
Z(252003/2°) Prog.Part.Nucl.Phys.
+ =024
% (2455)1/2 c

Review paper:
https://doi.org/10.1016/j.ppnp.2019.01.001

A12)

N ¢ (udc) 2 ¢ (udc,uuc,ddc)

105 (2019) 61-81

- State with [] observed in single exp.
- P with () is QM prediction

Qe (ssc)

= ¢ (usc,dsc)




JP determination at Belle Il

= B-meson two body decay constrains the helicity to be %
as B meson has spin zero and proton has spin %. This largely reduce uncertainty

= Statistics at current B-factory is not good enough for higher excited states.

D . (RO
P (®

J:1/2 J=0 J:?

A4

Exam p|e Higher excited states observed!
B—>Z_(2930)A,, =.(2930)—>KA
o - St : —c ¢’ —c c
B%ZCO pbar 22N AT angular distribution i
—_ 30 ——Dpata
Gasof "()— < 450 3 - - —— Total Fit
e S0 F a) S 400, = © [ eeeee Total non =.(2930) Bk
E s S B N R = Sanoric MG
—250F = 2505 ) E — C
22005 E ::) 200 | L E = °F
2 1505 3 wsof T el ] S oF
m100;— E w0 e E ,_%) 10 . > ot 0 S
g ; sE Lo e
Codd T had a4 Uhag haT T has 0108 {06 04 02 -0 02 04 06 08 | 0 : . ..‘"rlé' :‘":"?'-.‘m.r-.-. l-: E‘".‘-.’_:-":—.:'_:".“' -
« (GeV/E?) cos 6, 2.8 2.85 2.9 2.95 3
10.1103/PhysRevD.78.112003 A . . - -
Y $=1/2, exclude 3/2 by ~4c My, (GeV/c?)

Eur. Phys. J. C (2018) 78: 252.



Hadron Spectroscopy at Belle Il

® High statistics data at Belle Il enables us to do

e Search for new states near thresholds |State |Production and Decay N
, _ X (3872) | B— KX (3872), X(3872)—J /yyntm— [~14400
P
® Amplitude analyses to determine JP¢ Y (4260) | ISR, Y(4260)—J /vt = ~29600
® Precise determination of resonance Z(4430) | B KT Z(4430), Z(4430)—J /Y7~ |~10200
arameters 3 4+ 90%C.L -
P . —— E L Ei?rlala!tion 4 30 significance X(3872)—>DD1T0
e.X.. X(3872) Wldth % 2:_ h -+ 50 significance
. s 2 . .
The current 90% C.L. ULis 1.2 MeV F ]éh Coreggareeym | 190% C.L1 ~ 180 keV
° Varie ty o f approaches 3 :__4_,_54.};,. W H'***;-.._ [30 significance] ~ 280 keV
i .""'-.-.:“ .......... “""' [So significant] ~ 570 keV
® B decays T e
Integrated luminosity [ab™]
® [SR — study XYZ at threshold — :
fb1/10 4G IRRTSIN. B Ao o
[ ] >I b-l I Mev at E T~ ev ‘gzsmf c*‘" ”.+ 'gaoou:— w(3770)
cm EMWM ESMD?MM
. 8 & T
® Recoil mass = measure absolute | :*| PrRD97,012005 (20%8):
branching fraction — i o B 2K Xz byBelle (772MBB
. b Sector by running on Y(S S) e - 3.6 Mmin(:??iewcz) Y " " * Mm!::(smwc,i“ 8.95
Br[B—KX(3872) ] can be measured at Belle Il

Also spectroscopies of non exotic quarkonium and baryons.




The Belle |l Collaboration
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* Belle Il has now grown to ~ 1000
researchers from | 12 institutions in
26 countries.

* Large international collaboration
hosted by KEK, Japan




» Belle Il has successfully concluded the phase 2 physics run
» Phase 3 run started in March 2019: there is much better
vertexing, particle 1D than in Belle; and full reconstruction on

¢ Summary f;

tag side is notably improved over Belle/BaBar.

> Belle Il aims to explore NP in the flavor sector with 50ab-* with
ultimate precision measurement (a few % typically) of heavy
flavor decays.

» Variety of subjects (including low-energy QCD, dark photon,
exotic states, mesons/baryons, ...)

» We expect many exciting results in the coming years !

Belle 11 physics book (arXiv:1808.10567):
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus




I Total width with X(3872)—DDm? decay mode 30

* In general, the mass resolution is better for smaller mass difference.

Mass difference (MeV/c?)

- The mass difference is smallest in DDt® mode. J/brre ~500
DDn° 7

* The mass resolution is 680 keV: ~3 times better than J/ynt*nt mode.
- No width measurement at Belle (1) due to poor statistics

- _ _ Total width ( prevE)us study ) 50 sensitivity Pre/;
* No bias seen up to O(100 keV) in the simulation. % ! + + 30 sensitivity I'mi"ary
2 H 90% UL
* The expected 90% UL is 180 keV. £ 1510 + +
E Ty
3.t !
iy e ", current UL
K ,6 §§§§+ $
L 1 LAL AL TP
L @ @ P sebatee,
05 ? ..o.. 00.. 0 sos
0 i . . ‘ ! , . . I *
0 20 40

Integrated luminosity [ab™]




I JP determination at Belle 31

200

A (2765) A.f(2880) 2t decay angular distribution
J N
e S Phys. Rev. Lett. 98, 262001 )=5/2
m A\.(2880)

1500

Events / 0

150

1 1=3/2

1000

AC(2940) ool T _+_
WMMM

i oo
(IR L |
W A »"IF}M“\NM"‘ o,
0 1 L 1 L 1 | 1 1 1

100

J=1/2

50

IAbou'c !I'm exclulsion forispin 1/2, 3/2
X B X R S e 03 05 0 0.5 1
cos 6

M(ZCT[) The decay angular distribution for spin 5/2.

3 ,
Ws/2 = g[p552(-5 cos* @ — 2 cos® 0 + 1) +

paz(—15cos’ @ + 14 cos® 0 + 1) + p115(1 — cos” 0)?]

* Decay angular distribution depends on helicity fraction (p;).
Difficult to predict p; in continuum production.

* If a charm baryon is not polarized (p,; have same value), angular distribution becomes flat.
-> ltis difficult to distinguish spin 1/2 and no polarization.

- JP determination is essential.




I A.” In Belle Il phase2 data!
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Prospect for CKM N

® For |Vx|, Belle Il is able to perform both inclusive and exclusive
measurements with B tagging, including

e detailed studies of exclusive decays to understand the
difference, which is presently seen.

® |nterplay with theoretical studies is important.

1808.10567
Belle Il prospect for Vx|

& o Statistical Systematic Total Exp  Theory Total

% uncertainties (reducible, irreducible) Lattice
|‘—ub exclusive (had. tagged) projections
711 fb~! 3.0 (2.3, 1.0) 3.8 7.0 .
5ab} 1.1 (0.9, 1.0) 1.8 1.7 59
50 ab ™! 0.4 (0.3, 1.0) 1.9 0.9 1.7
V| exclusive (untagged)
605 fb~ " 1.4 (2.1, 0.8) 2.7 7.0 7.5
5ab ! 1.0 (0.8, 0.8) 1.2 % 2.1
50 ab ! 0.3 (0.3, 0.8) 0.9 0.9 1.3
|Vup| inclusive
605 fb~ ! (old B tag) 4.5 (3.7, 1.6) 6.0 2.5—4.5 6.5—7.5
5ab! 1.1 (1.3, 1.6) 2.3 2545 34-51
50 ab~? 0.4 (0.4, 1.6) 1.7 2.5-4.5 3.0-4.8
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Polarizations in B — D*rv

e R(D(™) deviations from SM (by ~3.8c as of 2018) motivates further study

e Detailed kinematic information of the final-state particles, e.g. angular
observables, can provide a good clue for NP signature (if there is any!)

0—@ PSM — _0.497 4+ 0.014

by M. Tanaka & R. Watanabe,
\, Always right-handed PRD 87, 034028 (2013)

L’ P.(D*) is modified

e |In 2017, Belle has reported world-first measurement of Ptin B=> D* tv

P.(D*) = —0.38 £ 0.511) 74




Measurement of T polarization

® Belle Il will be able to measure distributions; such as T
polarization, g2 distribution, to discriminate type of NP.

Measurement of T polarization

L dl ! (1+ aP.(D" Ohel)
= = - a Cos
F dCOSQhe] 2 T( ) hel
_ [ 1 fort™ = v,
“=1~045 forr~ - PV, Known
Ps < B taggin
T rest frame | W rest frame B gg g
Dy 2E.Egq—mZ-m% * Pp < D recon.
6. — cosl,,; =
o 7d 2|p<llpal
hel )
— :‘17‘[’;
|pr| ”
By the Lorentz transformation,
5 IPglcosbhe = —BYEy + vIpalcost g
:: Vg, R i i ‘
o m$ B mfi Iﬁrl E:

: 2

ms my m,

Solving the equation, c0sf},,] is obtained!




B— 1TV, IVatBellell

B—TV

e Exploits high efficiency of the hadronic

tag method through the Full Event
Interpretation (FElI).

e Selection of photon candidates is
important to cope with machine

background in Belle Il (x20 w.r.t. Belle)
e Cluster energy, timing, shape (E9/E25)

e Multivariate continuum suppression

B—uv

e Tagged searches are possible, but
efficiency is too low

e Extrapolation from Belle to Belle I

® Branching fraction error : 7%(stat.)

at 50ab-!

I

1808.10567

Belle Il MC, L =1 ab™

."..C" 1200 Wsignal
e We's . 6%
w 1000 [ continuum
800
600
400
200
00 0.1 02 03 04 05 06 0.7 08 09 1
B (GeV)
Frcr < 1GeV < 0.25GeV
Background yield [events] 12835 2062
without background Signal yield [events] 332 238
Signal efficiency (%o) 38 2.7
Background yield [events] 7420 1348
with background Signal yield [events| 188 136
Signal efficiency (%o) 2.2 1.6
700 =
500 B R Belle MC signal 1
500% ; /] Belle MC background :
m i |l BeleMCsignaix10 | |
100 //’ ,,,,, ot :

2.6 2.7 28 2.9 3 31
p: (GeV/c)

Experiment Upper limit @ 90% C.L. Comment
. . —6 i 8 - - -1
°® - Belle [225] 2.7x 10 Fully reconstructed hadronic tag, 711 fb
50- Observatlon at 6 ab Belle [226] 1.1 x 106 Untagged analysis, 711 fb™!
BaBar [222] 1.0 x 106 Untagged analysis, 468 x 10 BB pairs




Efficiency ¢

B-tagging and FEI

Exclusive Tagging:
Inclusive Tag /'é The Full Event Interpretation (FEI)
?

Keck, T., et al. Comput Softw Big Sci (2019)
e = 0(100)%

Consistency of Btag % Tracks | VO objects KLMClusters | ECLClusters

~—

esezmé;??;;)nlc Tag_B /DE e+—} I.t:j ’ Kﬂ 1r:' J Kﬂ J ﬂ

Knowledge of B : N\ VAN
i . - S NN\ N — m

Hadronic Tag |
c—00)% —&&
Exact knowledge of B ~

aje )S J1039939(]

|
S\)l.)! ].ll?d l?)l!(l
reut

Aing

so8er)g djRIpoULId)U]

FEI
+ the most evolved version of B-tagging S/W
» developed for Belle Il; used in several Belle studies

- 0O(200) decay chains with BDT trained for each
- O(10k) decay chains in 6 stages
- x3 high MC efficiency than existing Belle algorithm




