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e Summary

Due to limited time, | will only give highlights on some topics which

will be studied at Belle 11. Apologies if | neglect your favorite topics.
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Integrated Luminosity in fp
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B-physics In the last decade

5 ab’!

BaBar (PEPII@SLAC) and Belle (KEKB@KEK)
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= Belle and BABAR have
produced a large number
of important results, since
the beginning of their data
taking

= Competition between the
two experiments has
helped in pulling out the
best from the two datasets

The Physics of B factories
EPJC 74, 3026 (2018)

Belle Il will provide a significantly larger data sample (x50 Belle) that will
allow to continue the investigation with a much more powerful instrument



T—physics in the last decade
iy (~0.9 x 10” t*v pairs per ab™)

| 4

NP hunting: SM suppressed decay searches have reached limits
down to 107 ~ 1038,
SM: (Phys. Rev. D16 (1977) 1444)
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y Hadronic decays of 7 offer unique tools T— — "V,
for the precise study of low energy QCD, w }7< _

CP violation is also searched for Mo

[eptons
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Complementarity
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+ Clean environment
Efficient detection of neutrals (y, 1%, N, ...)
+ Quantum correlated BOB? pairs
High effective flavor tagging efficiency :
~34%(Belle 1) =P ~3% (LHCb)
Large sample of T leptons
» Search for LFV T decays at O(10-9)

. . . Tt : | |
Full reconstruction tagging possible >‘ Tag side  Signal side 4 T

+ A powerful tool to measure; e T(ﬁ:S) :
*  b—u semileptonic decays (CKM) K B., B ‘\\‘ (
: . T \
+ decays with large missing energy y
. etc. T
B—T1rlvV
» Systematics different from LHCDb B—>TV,DTV
+  Two experiments are required to establish NP B—Kvv

. Large cross section and decays to all charged particles



The Physics Program
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Initial state radiation

> a (Super) B-factory (~1.1 x 10° BB pairs per ab™);

> a (Super) charm factory (~1.3 x 10° cc pairs per ab™);
> a (Super) t factory (~0.9 x 10” t*t pairs per ab™);

> thanks to the Initial State Radiation, we can effectively scan
the range [0.5 — 10] GeV and measure the e'e” — light hadrons
cross-section very precisely;



Need O(100x) more data = Next generation B-factories

Peak Luminosity Trends (e'e” collider) SuperKEKB

Luminosity

108 |

BXI¥ == = = = = = — = = = F = =2K

40 times higher

luminosity

KEKB

=
&

=
B

=
=

SPEAR

10

10

1570

1580 1890 2000
Year

200 2020



High-Luminosity Asymmetric B Factory

beam beam-beam
: %= % Lorentz current parameter
= Target luminosity is & = 8x10% cms™ factor
(x40 w.r.t. BELLE) Y geometrical
: : L Ys reduction
= Achievable in the nano-beam scheme ™ factors
(P. Raimondi for SuperB) g
» double beam currents beam aspect vertical beta-function
» squeeze beams @ IP by 1/20 ratio at the IP at the IP
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| beamenergy | Ev

0425 0.28 |

I 41.5 mrad
18 24 3.2 4.6 nm
0.88 0.66 0.37 0.40 %
B*/By* 1200/5.9 32/0.27 25/030 |  mm
| beamcurrents | b [ 1.19 3 26 | A
0,129 0.09 0.0881 0.0807

100/2 10/0.059 um
2.1x10 | 8x 1035 | oms



High-Luminosity Asymmetric B Factory

heam beam-beam
; 5 Lorentz

= Target luminosity is & = 8x1035 cm2s-" e chor reduced CM boost

(x40 w.r.t. BELLE) N reduced vertex separation, At resolution

. , - _1 e increased detector hermeticity

= Achievable in the nano-beam scheme Y

(P. Raimondi for SuperB) b > e AN U —

» double beam currents beam aspeét vertical beta-funcffon

» squeeze beams G squeezed beams @ IP ) at the IP at the IP

e greatly improved constraint
for decay chain vertex fitting

| beamenergy | E JEER AN 4 A=l 7 GeV

0.425 0.28
' .3 mrad
x40 luminosity
higher background rates (~10-20 Za 3.2 i L
@ higher background rates ( ez X) 0.66 X 0.40 ”
» detectors occupancy, radiation ;
damage, fake hits, pile-up noise in 3.9 32/087 25/0.30 LiLLL
the calorimeter 19 3.6 ° 2.6 A
B= . higher event rate 90 0.088 LR 0.0807
N higher trigger rate, DAQ, computing ‘ ‘ | 9 um
7% ] © x40 produced signal events 0 ' 8x 03»5 cm2s™!

T —————.



Belle Il Detector

e

-

4. EM Calorimeter (barrel+endcap): \ ‘

™

Csl(TI), waveform sampling

\\\\\\\\\\

electron
(7GeV)

1. Vertex Detector
2 layers DEPFET + 4 layers DSSD

5.K,and p
detector:
Resistive Plate
Counter (barrel)
Scintillator + WLSF +

MPPC (end-caps)

positron
(4GeV)

2. Central Drift Chamber
smaller cell size, long lever arm

 3. Particle Identification

ﬁérrel : Time-of-Propagation counters

End-cap : prox. foc. ARICH

All sub-detectors are upgraded from Belle II:
* Except for ECL crystals and a part of Barrel KLM

Improved IP and secondary vertex resolution
Better K/m separation and flavor tagging
Higher Ks, n° and slow pion reconstruction efficiency
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Belle Il Collaboration

800+ colleagues, 25 countries/regions

11



nature

The world is waiting for us

NEWS - 12 JANUARY 2018

Revamped collider hunts for cracks in the
fundamental theory of physics

Experiment smashes electrons into positrons to search for unseen

particles and problems with overarching physics framework.

Elizabeth Gibney

}° PDF version

RELATED ARTICLES

Rare particle decays offer hope of
new physics

Physicists excited by latest LHC
anomaly

e

https //www natre com/artlcles/d41586 018 00162-x 12



Transitions to Operations

Photo credit: M. Fried|
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SuperKEKB/Belle Il schedule [oc 2017
<>

/

Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 20[L8 (power saving)
/ ! (end Feb. —mid Ju. 2018) \w/ full Belle I
phase 1 Weooe, 'phase 2 (MR); ' phase 3
|/ : [ - - -
| w/ QCS I |
MR renovation for phase 2, including e RIS e :
MR startup installation of QCS and Belle II : LER igﬁ VXD installation
N [ ]
: : | | Assumes phase 3 operation
DR installation & startup DR commissioning : 9 months/year
I I
| |
1 1

T T T | T T T | |

« Phase I: commissioning of the main ring; installation of outer detectors; vacuum
scrubbing and beam bkg. studies

« Phase 2: start of the collisions, detector commissioning without vertex detector;
first physics runs on Y(4S) and Y (6S) (~20=+ 20 fb-!) [now- July 2018]

« Phase 3: full detector operation in the end of 2018 14




15.01.2018: MILESTONE!

Superconductive magnet systems installed
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TERR - R, #i

DANGER: Current Hn
Magnetic Field

Belle VLA F @Erh
Belle Solenoid On

4100.0 A




D

A hadronic event recorded at h. 00:38, 26.04.2018 — </
first collision confirmation Belle II
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Bhabha candidate event

exp3 run126 ev/3
Apr. 26, 2018
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Beam Current [A]

Luminosity [1032]

Spec. L. [®]

SuperKEKB operation status

Lurninosity Run

12.295 (peakin 24H @15:43) [107 fem’/sec)

Beamn-Beam deflections were obsenved: 2018/04/25
The first collision was observed: 2018/04/26
Phase 2.1.1 collsion optics: 20180522

5/27/2018

HER 270 [4] 789  [bunches]
LER 246 [A] 789  [bunches]
Lurninosity 7.0486 (now)

Integ. Lum. O(Fll)  .0(Day) .0{24H)[/pb]
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D

First Preliminary Study with Data (5 pb™) QB%

mrimamanemas first bumps observed!

E _I TTT I LI |I T I|||||||IIII|I LI | T | TT IIIIII T | LI ]
= - i
21000 N fiese o 1.845 < M(KTT) < 1.885
o B 7 * +
= [ 1 ; Belley 2018 | o D*> DK x)=x (GeVic?)
.$ BOD— + pra‘"mlnary . NU - T Illmlmlmnl TT | TTT I|IIIIIIIII | TTT I|III T "__ T T T T =
E » ] = B [m] . E Belle lf 2018 (preliminary)
L + + - [ o o . sk J' 4 3
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UL N syt ity B sl T 2 E
- . : o o o g 3
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_IIIIII|||IIII|||||||IIII|||||||III||||I|II|||||||_ i T D_In-lm' II{”I“E 015 n1l55 07'15
d’450.46 047 0.480.49 0.5 0.510.520.63 0.54 0.5¢ [ oo o_ 1 M [Govic)
mix) (GeVic) I o_o o ] ST T ey
x]O‘?' 0.145la EIEID | 2 Bellel 2018 {prafiminary) _E
e T T T T T T =] o DI:I 1 25k L=5pb’ —-;'
L 5[ Bellell ﬁ det=~5 o o 1 £ E
= _— p 3
8 - 2018 (Preliminary) ) : . O O J'L b \sF 3
o i ¥ ,E>015GeV ] 0.14- =SPO 5 ]
o - 1 f i Belle If 2018 (preliminary) - 1E 3
q 10_ ' ] i b v b b b L E E
© Tt —+Data A ! ! 17 1.75 1.8 1.85 1.9 1.95 2 205 2.1 05 3
:.; : ¢ " : M, .. [GeVic?] e K X R
2 - ‘,," 5 4 M, . [Govic’]
= 05F " "
[ ! )
ki e itk 0.144 < AM < 0.146
F YY invariant mass (GeV/c?)
00 e e calibrations at a very early stage,
008 010 0.12 0.14 0.16 0.18
2y . .
My, (GRVE) no PID cuts applied
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Status of Belle Il Physics Book

Belle 11 physics book (>630 pages), to be printed by PTEP very soon
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus

The contents include Belle Il detector, simulation, reconstruction. analysis software

B decays, CKM angles, charm, quarkonium(-like), t, new physics, ....

Some golden channels are given with Belle Il MC simulations, theoretical

discussions, sensitivity and systematic estimates

1 ab
Mode Eff.(%)  Nps UL (107%)
f§—1_62 o . Vv, pn(— yy) 8.2 0.63 £0.37 3.6
8 7% E" Il Background: v v, en(— vv) 7.0 0.66+0.38 8.2
£ Ml sagoma v pn(— 7r’) 6.9 0.23+0.23 8.6
o Mg, v o e - en(— 7rx®) 6.3 0.60 % 0.40 8.1
-1.7= .: . ®
s F g0t o o9 ] . ' pn(comb.) 2.3
8—1.72:— uuuuu oo .I:‘tl Dql:‘ PR .
< B A W S50 - en(comb.) 4.4
4TF oy o e B ALY - T0T6
—1.?6:— $° .ﬁ. o Og O ’IE..E O o o a - 'U,T? (_} T J 8_]_ U.OU_DDO ].0.0
178 ; sgas e o enf(— m }) 7.3 0.63 £0.45 9.4
18F- R i (= 6.2  0.5940.41 6.6
- pry (= yp°
182 en' (— 1 0 7.5 0.2940.29 6.8
= | | 1 | | 1 | ?
02 o 02 o4 M,,, % cosa + [,)AE % sino [(GEVJ’E)Z? T {CDII]h J 3.8
en (comb.) 3.6
0 - ; =
: : : 4.2 0.64+0.32 2.
MC signal and background estimates fort - yu ", L 0sotod0 2o

22



Prospects of T decays at Belle 11

23



Precise studies of t at B factories

Michel parameters in 7 — (v (p, 1, &, 6) at Belle: arXiv:1409.4969

Study of the radiative leptonic decays 7 — (vvy:
BABAR: Measurement of B(T7 — £frv-y); PRD 91, 051103(R) (2015)
Belle(prelim.): 7 = —1.3 1.5 4+ 0.8, £x = 0.5 + 0.4 4 0.2; arXiv:1609.08280

Lepton universality with = — fvv and m — hy (h=m,K) at BABAR:

{.%,;%J,_ = 1.0036 + 0.0020, {gTth — 0.9850 + 0.0054; PRL 105, 051602 (2010)

Tau lifetime:
Belle: 7, = (290.17 + 0.53(stat) 4= 0.33(syst)) fs; PRL 112, 031801 (2014)

BABAR(prelim.): 7, = (289.40 + 0.91(stat) & 0.90(syst)) fs; Nucl. Phys. B 144, 105 (2005)

Tau mass:
Belle: m, = (1776.61 + 0.13(stat) = 0.35(syst)) MeV/c?; PRL 99, 011801 (2007)
BABAR: m, — (1776.68 + 0.12(stat) + 0.41(syst)) MeV/c?; PRD 80, 092005 (2009)

Accuracy comparable with the most precision measurements done by BES and KEDR at the 7+ production threshold.

Tau electric dipole moment (EDM):
Belle: Re(d,) = (1.15 + 1.70) x 10~ e.cm, Im(d,) = (—0.83 = 0.86) x 10~ '" e-cm;
PLB 551, 16 (2003) {__]" Ldt = 29.5 fo—') We are working on EDM with full Belle statistics

Hadronic contribution to a,, (7— — 77, ):

Belle: 2" = (523.5 & 1.1(stat) = 3.7(syst)) x 10~ '%; PRD 78, 072006 (2008) va



L epton-flavor-violating (LFV) decays of t

Model Reference T MY T HUM
y SM+ v oscillations EPJ C8 (1999) 513 1040 10-14
W SM+ heavy Maj va PRD 66 (2002) 034008 10 10-10
/./""“"\, Non-universal Z' PLB 547 (2002) 252 109 108
T ,-’" \ SUSY SO(10) PRD 68 (2003) 033012 108 10-10
- \
-- >< - mMSUGRA+seesaw PRD 66 (2002) 115013 107 109
V‘C Vu(e) M (e) SUSY Higgs PLB 566 (2003) 217 10-10 107
@ Probabililty of LFV decays of charged leptons is extremely small
3 2 —53 —49
in the Standard Model, B(T — I7) = 327T|Z L| <107 ~ 10

@ Many models beyond the SM predict LFV decays W|th the
branching fractions up to < 10-8. As a result observation of LFV

IS a clear signature of New Physics (NP).

@ 7 lepton is an excellent laboratory to search for the LFV decays
due to the enhanced couplings to the new particles as well as
large number of LFV decay modes

@ Study of the different 7 LFV decay modes allows us to test

various NP models.
25



Tt LFV In NP beyond SM

Ratios of T LFV decay’s BF’s allow one to discriminate between
new physics models

SUSY+GUT nggs :
B(t — ppp)
R+ — i~ 0.06 - 0.1
B(T — py)

B(t — pee)
B(r = 1)

JHEP 0705, 013 (2007); PLB 547, 252 (2002)

. Good to measure LFV in as many modes as possible!

26



Past searches for t— yu at Belle

Blinding box approach with BG evaluated outside the signal region

Observables space: — AE = Eq, (! — Epear/2 (eXpected AE = 0)
— Signal-side my,, (expected m,, =m, =1.777 GeWc )

Signal regions after BG rejection cuts — data (points) and signal MC (shaded):

2wy Irreducible background
" = /| e 1 fvwwithISR

\ generic1-‘mopg
¥ decay

M, (GeV/c?)
e BtTTouy)<45x1078 e BrT o uy)<44x1078
e BT T >e y)<120x108@90%CL « B(t” »ey)<33x108
Belle: PLB 666,16(2008) best limits, BaBar: PRL 104,021802(2010)
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pe . , AFE vs. M;
sensitivity study using Belle [l MCincl. -
beam background simulation L.
B . o Y O I [ | o
e for sensitivity comparison with Belle (with ~ of R
JLdt =1 ab'!) i oskodopphE o -
02— . a2 o o°* E",,"..:.-: I
L '. ei®o 'a '|:_| xD' .F'. - j
Background: [ e hag e
_04f—= o= = o = - .
—T = pw —ee = ee/pu (V) SEREE
: _0'16.65-| —— 1.|7 — |1_|75| — 1_|8 — '1.252
—T—=ew »>+y —ee — hadronic m. (GeVe’)
e rotating (Mi,,, AFE) to minimize correlation
B T - TI-V %—1.82_ N
B E_Bmg N AE VS. Minv
G MO
Background rejection by =) _
¥ —1 pg [ s e e - 8° s
¢ event shape variables — thrust, Fox- 3 ¢ ARMLICR N E :
Wolfram moments, momentum flow &, E NG ,-;’- EE\ St :
distributions (“CLEO cones”), etc. 7eE- a e snoto o oa -
—1.78;— = oo EynRLe .
Signal extraction by (AE, Min) SteE
182
—3.2 I I I Cl) I I I O.I2 I I I 0|4 I I I O.IB I I I 0.|8

M,,, x cosa + AE x sina [(GeVIcﬁB



T— yu sensitivity at Belle I

Belle (535 fb-1) Belle Il (1 ab)

L (cm?/s) 2.11 x 1034 80 x 1034
Esignal 5.09% 4.59%
NBG 10 - _, Belle ll (30 ab-")
Boo(T = HY) 4.5 x10-8 2.7 x108 5.5 x10-10

a naive extrapolation
by luminosity

@ First T LFV sensitivity study at Belle Il

e even with much higher beam background, the sensitivity is
comparable to that of Belle (scaled by luminosity)

¢ signal region is background-free



T LFV summary & prospects
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HFAG summary plot for T LFV decays,

= CLEO
v BaBar
+ Belle

LHCb
e Belle ll

overlaid with Belle II extrapolation to 50 ab! assuming zero background

30



CPV In hadronic t decays

« CPV has never been observed in lepton decays; SM (A‘? < 10712)

« Observation of large CPV would be clear signal of NP, for examples,
MSSM[IHEP12,021;RMP80,577], multi-Higgs-doublet-models
[PRL37,657;NPB426,355]

« t—2mv [PRD50,4544], Kmv [PLB398,407], 3mv [PRD52,1614],
Ky, KKmv [Z. Phys.G62,413; PRD78, 113008; PRD91, 073006] have
been suggested to do CPV measurements.
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CPV In hadronic t decays

Two ways to measure CPV in hadronic T decays
|: Direct measure positive and negatively charged tau lepton decays
™ >~ K (> 0m®)v, : BaBar (PRD85, 031102(2012); 476 fb™)

Signal region

o:':! ------------------------ ~, 10455

> w0 ™ HKs > -

™ ¢ 10°E

r::... 10? Eg_ﬁu : P~ C

< =1 < bko S 102L

% 10* [ qa bkgd E =

@ 10 o 10:

£ N S  Miltn, (f 5 ¢

W 0.5 1 1.5 2 2.5 3 w1 : _ 3
M. (GeVic?) Mass (GeVic)

r(tt->ntK (z20n®)v,)-T'(t > K. (20n?)v
A, =N 5(20m° V)T s(20m Vi) 0.3640.2340.11)%

P r(zrt-ntKy(20m0)v,)+I(t~—»n~ K¢ (20m0)v,)
2.80 deviation from the SM expectation: A;p gy,=(+0.36 £0.01)%
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Events/0.0115GeV/c?

CPV In hadronic t decays

II: CPV in T~ - KV, at Belle (PRL107, 131801(2011); 699 fb1)
Angular distributions were analyzed, A p(W = M,,) was measured

Vi 4

L—_\/ﬁ/ -
| . n<<'<s

S P1
N, IS the dimensionless complex coupling constant ﬁ\w r
o _ﬂQ“ cosf cong(dfrf;_ - dg;_)dw j
/ a’F - dF X Y
5 ﬂ'Q_ ——)dw
o~ <COSB COSQ[/>T— — (cosﬁ CcOS dj)i" dw = dQ‘zd cosfd cos3
o 0.15p -
o et I (o With 50 ab-1 data at Belle I,
— PP [| —¥— MC with Im(1=0.1) )

1ot v e (0 oosp_ we expect 70 times
. —Prea : improvement, i.e.,

- _ - |AP| < (0.5 — 3.8) x 1074,
” off at 90% C.L. assuming the

S o ... | central value A¥ = 0

W (GeV/c?) W (GeV/c?) 33



Prospects of B decays at Belle I
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Time Dependent CP Violation

« Flagship measurements of the B-factories: access the weak phase
of the CKM Matrix by exploiting the interference between mixing

and decay: .
Y e~ All aspects of the experiment

crucially important:

e tracking efficiency:
N s reconsi

e neutrals reconstruction:;

KS vertexing;
Z’ PID;

B Flavor Tagging;
/ background rejection;

n ...

EO

tag

T(45) —»

o
[

Az = [BycAt :
At = tep — trag -

« Significant improvements over the previous generation of
experiments:
> At resolution ~0.77 ps (30% to a factor 2 better compared to Belle);
> effective flavor tagging efficiency ~35.8% (was 30.1% at Belle).
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Time Dependent CP Violation

« The measurement of sin2¢_ from B — cc K’ with the full dataset

will be dominated by systematic uncertainties:

Belle Belle 1l (50 ab™)
S 0.667 £ 0.023 + 0.012 | x.xxxx + 0.0027 + 0.0044
A 0.006 + 0.016 + 0.012 | x.xxxx = 0.0033 + 0.0037 Sin(ZBCH-) = Sin(zqﬁﬁ)@

(PRL 108 (2012), 171802) ooces Warld Average | | | osazoce

* Most gluonic penguin dominated oK' Avérage T otk
. . . . . n'K®  Average ! 0.63 + 0.06

modes will be limited by statistical oK. K, Avérage A oo
uncertainties. ::U . i:zzz: o - ' ; _ 0275;00”
Mode 50 ab™! oKs Average i — —  onzo2t

f, K Average : 069 51!

o(S) alA) Lk, Average e b ouiosa

nK° 0.011 0.009 WK Average  ———+—— 020105

‘f)Kg 0.018 0.023 n° mq-Ko—Avefﬂgﬁ—i 0724071

S on’K. Avérage A 097 0%

KsKsKs | 0.033 0.021 _.;-',;-K;; mZE o ooisom

. K K K° Avéerage i 0.68 0%

These modes are theoretically clean,and can ~ ... .0 .

be used for precise tests for non-SM contributions. 36



Belle’s legacy on EWP

First observation of B — K/ (~ PRL 88, 021801 (2002)
First observation of B — K*(T/~ PRL 91, 261601 (2003)
First observation of B — X, (7~ PRL 90, 021801 (2003)
First measurement of Agg of B — K*/T(~ PRL 96, 251801 (2006)

First observations of several radiative modes, oK+, K77, etc.
First observation of B — (p.w)~y PRL 96, 221601 (2006)

Most precise measurement of B — X~y
covering the widest E., range PRL 103, 241801 (2009)

and many more published results
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Electroweak Pengums B Kl

1 SM from DHMV/LQCD

, Sen5|t|ve to interference
. Several tensions at the 2-3o level 15| between Ziy/Wdiagrams ¥ 54 (mer v
Projection of uncertainties at Belle Il for P.’ Lof % Lich 015
q2 (GeV2c4) Belle Belle II 2= 0 CMs 2017
0.0 _—r
0.1-4 0.416 0.059 -
05 F
4-8 0.277 0.040 S _ih git
—10F
10.09 — 12 0.344 0.049 5
_l.SU.OI | ‘2!5‘ | IS‘.OI I IT.‘SI | ‘l[;.O l? 5 1) O 7.-
14.18 — 19 0.248 0.033 2 [GeV2/eh
* Lepton Flavor Universality S ik ot vkl RS
. . . ) g LHCb |
violation in B* —» K*[*[? o ;
, _ 1 1 2.60 tension from
Gmax dUB ~K ] qz — } ——1 latest LHCb
R qrzmn dq* 1 —‘+— 1 measurement
p— ~J 0.5 -
qmm dq GO- s ; T .]IOl = ll5 v .ZI(}I :

g2 [GeV?3/ 4
« LHCDb will have the edge on many of these decays, but
confirmation from Belle II will be crucial.
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R(K), R(K*), R(Xs) at Belle I

The errors reach to 0.04 for all K, K* and Xs modes in Belle Il.
Errors are still statistically limited (systematic error ~ 0.4%)

/ /|

pects.

10

: : i : \ —[10,601GeV TN

1L Hi 1 1
10~ 1 10 10° 10°! 1 10 10° 10~ 1 10 102

[ab™] [ab™] [ab ]

Belle Il should be able to claim the R(K(*)) anomaly with a significance of 50, if it

is indeed due to new physics.
However electron mode is challenging at LHCb, especially for high g2.
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Search for NPin BT - 77y,

T * Branching ratio depends strongly on the mass of the
\ lepton due to helicity suppression. Thus B™ — 77v,
._"_’”'_VT_ is expected to have the largest leptonic branching
fraction.
a / Vub * NP could significantly suppress or enhance the
u v branching ratio i.e. via exchange a charged Higgs

boson from supersymmetry or from two-Higgs doublet
Grmpm? (1 m> models (2HDM).

B(B* =ty )gm = ——») /5IVu’T5e In the absence of NP, this channel provides a direct

8x mry,
,)R determination of the B decay constant /g and the CKM
B(g_rv) = Bsm > (1 — tan’ 3 m.{}i) matrix |Vuo|.
My
* Hadronic tagging * Semi-leptonic tagging (agree with Had. tag and SM)

* dominate backgrounds: B~ — D¢~ p,

[0.727027(stat) = 0.11(syst)] X 10~ D" = ') =28 0ansmt] & U 2tlmmefls 10~

800 .

120 Belle PRL 110 131801 (20} T - At (201?_ Ut
E 100 | { 1L ; tau decays: S,‘: 600!

30» T | - EEYR Y < 500;
§ ol . 1 T =/ vV, % 400!
P S = T >V £ 300} The orange (rgd) filled
o - ; 3.00 d L;>': 200 distribution represents the
@ 20 o T — p_V " 100 BB (continuuim) background.

L --x..P -------------------- ', bescewmsed 0 e R
00 0.2 0.4 0.6 0.8 1 1.2 %0 0.5 1.0
Egco (GeV) Eycy, (GeV)
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B* — t'v_ prospect at Belle |l

e Analysis on Belle Il full simulation using
hadronic B reconstruction.

¢ Signal yields extracted from fit to extra
neutral energy.

¢ The extra energy resolution at Belle ll is
better than Belle despite the increased
beam background.

0.25

1/N * dNdE,

0.35 T
03? Extra energy in the

0

—
]
i
]
o
3
]
1
i
3
=
]
3
1
i

lllll lllll

calorimeter, nominal
machine background
included

Il‘lllllllllllllllll'

0 010203040506 07 0809 1

Eee, (GEV)

—Belle I MC

— Bcllc MC

 Comparison with Belle hadronic tag.
1 ab™! equivalent statistics

EECL < 0.25GeV
# background events 1348
Belle II | # signal events 136
signal efficiency (%) < 1.6 >
# background events 365
Belle | # signal events 60

signal efficiency (%o) C__0.7 D

e Extrapolation at full Belle Il statistics

Integrated Luminosity (ab™") 50

hadronic tag

semileptonic tag

statistical uncertainty (%) 4.1
systematic uncertainty (%) 4.6
total uncertainty (%) @
statistical uncertainty (%) 2.7
systematic uncertainty (%) 4.5

total uncertainty (%) @
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SearchNPin B — D"t'v,

pt /Tt pt/rt ut )t
b NV b - H+< v b \ v
B B B LQ
c c c
D~ D* D*

In the Standard Model (SM), the only difference between B — D”7*v_and B — D" u'v,
is the mass of the lepton
The ratio of them is sensitive to additional amplitudes, i.e. involving an intermediate
charged Higgs boson.

NP: type-lI-2HDM (charged Higgs boson appears), Leptoquarks(LQ) model...

NP could affect this decay topology in two ways:

* Branching fraction

* rpolarization



RDY)in B » D"t'v.

Test for lepton universality using the ratio typically: BaBar PRL 109 101802 (2012)
PRD 88 072012 (2013)
> ) Belle PRD 92 072014 (2015)
R(D(*)) = B(B — D( )T I/T) (g —e M) PRD 94, 072007 (2016)
, L)

PRL 118, 211801 (2017)
arxiv1603.06711
LHCb PRL 115 111803 (2015)

B(B — D)= ﬂg)

SM: R(D) = 0.300 +- 0.008 Phys. Rev. D 92, 034506 (2015)
R(D*) = 0.252 +- 0.003 Phys. Rev. D 85, 094025 (2012)

e Current world average for R(D")) is in ~4.10 tension with SM!

T T T T T — T T T
BaBar, PRL109,101802(2012)

% osE 1 E
% 05 : Belle, PRD92,072014(2015) Ay = 1.0 contours . PRD 94 072007 (2016) SL tag
C b, 5,111803(2 . - .
045 - ngfp;%gl;‘u?lzlt:{ffﬁ;uf}(:}s} = SM Predictions = — ———— - Slgnal -
T Belle, PRL118.211801(2017) R(D)=0.300(8) HPQCD (2015) ] > ~ Normalization
- LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) —
0.4} B Average R(D*)=0.252(3) S. Fajfer et al. (2012) __] 8 60 - B—D"Iv
C e . e || Others
035__ - e do — o 40 - Fake D(}
o > - ] o
03" 326 AN ~
0.25F - e H . *g 20
2 P() = 71.6% —] 0
I L 1 L I L 1 I} '} I L L L 'l I 1 L L 1 | m
02 03 0.4 0.5 0.6 00 02 04 06 08 10 1.2
R(D)
Ece, [GEV] 43



T Polarizationin B — D"'t'v,

First measurement of the tau polarization
in this decay.
First use tau had. decays in z _, po.+,

T 5TV, T —pV.
Belle PRL 118, 211801 (2017) had. tag

J
B signal B>D*Iv, || Fake D*and qg
P(D")i dified rcross feed |l B ﬁaodrorii% 24 o Data
 (D*) is modifie o0 -

[*—r- S 8
P.(D*) = S
‘l'( ) r+ +F_ § 50
'+ for right-(left-)handed 7 =
i

R(D*) =0.270 + 0.035(stat.) }3:928 (syst.)

P.(D")=-0.38 £ 0.51(stat.) ¥5-1& (syst.)
0 02 04 06 0.8 1 1.2 1.4

Compatibility with the SM. Ecei (GeV)

Signal significance of about 7c
P,(D*)sm = —0.497 + 0.013 Phys. Rev. D 87, 034028 (2013)
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R(D*)

P-(D%)

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.5

B — D"t"v_ prospect at Belle I

Belle Il Projection
—— Belle Combination
—— Babar
LHCb
—— World Combination
+  SM prediction: PRDS2 054410 (2015), PRD85 094025 (2012)

-

-

1@ contours

I\l\l\l‘llll‘l\\I‘I\I\l\l\l‘ll\l‘l\l\_
025 03 035 04 045 05 055 06

R(D)

Belle 1l Projection
——— Belle Combination
SM prediction: PRDE5 094025 (2012), PRD87 034028 (2013)

Scalar
Vector PRDB7 034028 (2013)

Tensor

Current measurements are statistically limited, dominant
systematic uncertainties from

limited signal MC samples — larger at Belle II

limited knowledge of dominant bkg (involving soft
pions) — dedicated measurement with large data
samples feasible at Belle Il
e With higher statistics, study polarization
and g° distributions, essential to distinguish
NP.

Uncertainties at Belle Il

5 ab—! 50 ab~ !

III|\III|IIII_

(ST
=]
N
)]
=
W
=]
o
&)

=2 Ol
=

Rp  (£6.0+£3.9% (£2.0+25)%
Rp-  (£3.0+£25)% (£1.0+2.0)%
P.(D*) £0.18+£0.08  +0.06 +0.04

the first and the second values are the expected

statistical and systematic errors.
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Summary

mB-factories have provided unprecedented information on the flavor

dynamics in SM: CPV in B/D decays, evidence in DD mixing, XYZ states,

(semi-)leptonic B decays, ...

mB-factory iIs also a t-factory experiment. With ~1 billion t*t sample, many

precise measurements and most stringent upper limits in T LFV/LNV/BNV

are obtained.

m Belle Il will start full physics run in the end of 2018, reach 50 ab?! by

2023-2024, which will provide greater sensitivity and complimentary

approach to LHC in flavor physics area: CKM angles, CPV in B and charm

decays, NP searches at the loop level, ...

mWith ~50 billion t*t events expected at Belle Il, most searches and

measurements in t decays will be greatly improved.

m Belle Il physics book (to be published in PTEP):
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus

: (g:n‘ I
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Michel parameters

In the SM charged weak interaction is described by the exchange of W= with a pure
vector coupling to only left-handed fermions ("V-A” Lorentz structure). Deviations from
"V-A" indicate New Physics. 7= — ¢/~ vy (¢ = e, u) decays provide clean laboratory

to probe electroweak couplings.
The most general, Lorentz invariant four-lepton interaction matrix element:

M= 22 5 ol UM n(a) | ()|

i
2V/2
Ten couplings gé\*' in the SM the only non-zero constant is gE/L =1

Four bilinear combinations of gé\’ which are called as Michel parameters (MP): p, 7, &
and o appear in the energy spectrum of the outgoing lepton:

=, I =t I = (V9" = "")

dr(r¥) 4GEM.Ej,
dQdx  (2n)4

1 2 - Eg my
T —P.cosb,¢ x2x2[1x+—o 4x — 4 + 1x2]),x — . Xp =
3 £s 0 3 ( L ) . Elllax . 0 Elllﬂx

2
x2 — x3 (x(1 —x)+ §p(4X2 — 3x — x3) + nxg(1 — x)

Inthe SM: p=2,7=0,£=1,0=3




SVD ladder mount

e Jan 2018: Mount of the +X half shell was
successfully completed



F/rst Measurements of Beam
Backgrounds at SuperKEKB,
submitted to NIMA, 101 pages

* Final experiment/simulation
LERBeam- gas:M.87" M
LERM@ouschek :M.4 "} @
HERMeam- gas:108" "

HERMouschek: [@.8" [
e Phase 2 dedicated beam
background detectors installed
— VXD Volume: FANGS,CLAWS,PLUME
— VXD dock space: TPCs, He-3 tubes
— On QCS: PIN diodes, scintillators

* Next challenge: Phase 2 integration
of DAQ and simulation

S. Vahsen, H. Nakayama et al


https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL

Phase Ill:

Milestone: Completion of +X clam-shell of the SVD on Jan 18, 2018




Higher energy run

from K Akai,
BPAC Feb 2012

> Design: original design maximum energy is 11.05 GeV at Y(6S)

> Possible higher energy run (11.5 GeV — 12 GeV ) ?

— If any, higher energy run will be after several years running at Y(4S)~Y(6S)

— present max E__ is 11.24 GeV, limited by e Linac and e" BT magnets

— In order to inject the electron beam to HER at the required energy for 12 GeV
operation, there must be huge reinforcement of Linac (replacement of S-band

with C-band, 7.571 » 8.6 GeV

e” Linac (present limit)

e BT magnets

ST T T

440
% : : 1 i :
.. 0 o 116.1 118 12GeV|. .-
3 F : : ‘E\\\ 5
e [ E={Z 32 . 18F N NG o
54'2':1:05 GeV; origina:ul E... ma
14
ﬂ - E 11.24?(59\!; | \

1 preseft attainable E__, max .

| P S 1 A ] I - i i 1

7.4 786 78 8 8.2 8.4

HER Energy (GeV)

11.24 GeV region: A, A, threshold

1 4.364 GeV @ 860A
- Power supply of LER

main dipoles

e* BT magnets

] (with replacing power

1 supplies) e.g. [arXiv:1211.0103]

on- going discussion with SuperKEKB people
about beam energy measurement using
backscattered photons produced by laser
radiation scattered head-on the beams




Electroweak Penguins

i A Sensitive to the:
i / C: elctromagnetic penguin
. 4 _ Cg: vector electroweak
Wi Wi C : axial-vector electroweak
b - - S 10
t Wilson Coefficients

» Very suppressed in the SM (BF ~ 10°);

« Many observables and often very precise predictions from theory;

Belle, PRL 103 171801 (2009} —-LHGb Theory = Binned theory
—+— CDF, PRL 107 161801 (2011) ﬂ?“jo A B {a}
: B
MORE o S ke + .
i : 5 0
: = meeo -{—:t
T i e
. ;' -+
_ — 0.5 L=5.21b VE=7TeV
by 2: BABAR, PRD 79 031102 (2009) "% | | ;ae-we e LHCh, PRL 108 181806 (2012)
u;' ; 5l e e B . : .
: & 1 0 5 10 15 s H<SM>
B '-. . ? iy
R EUED "f;;{‘g;ﬁ;};;, LHC turn-on

I T T S S T R 7 T a1

q° (GeV?)

CMS, PLB 727 77 (2013)
6 R T R TR TR T 1'a
q° (GeV?)
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Electroweak Penguins: P’,

Angular analysis of B’ - K

BT

Many observables investigated, can cancel the leading

uncertainty on hadronic
form factor by defining
“optimised” observables:

Interesting discrepancy
1s observed in P'ﬁ;

(full definitions of observables in backup)

a

1

0

-1:

-2

0 5 10

2F

LHCb
:— SM from DHMV —

o

LHCb Collaboration,

- JHEP 1602, 104 (2016) -

—L
q* [GeV¥c4

1DHMV:
JJHEP 1412,
1125 (2014)

Global fit to complete set of observables gives a 3.40 tension with

SM: New Physics or hadronic effects larger than expected?

While the experiments improve the precision, input from theory

1s essential.
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Electroweak Penguins: LUV?

Tests of Lepton Universality

in b — s/*l” decays can reveal the

presence of Higgs-like particles;

LHCDb measured the ratio RK

QE]:JX dr[B+_}K+#+#_] d 2
q?nin d‘?z q

RK:

2 dU[BT=Ktete
I [ s ] dq2
qmin dq

In1<q®<6 GeV%:

in B* —» K*[*[":

~ 1 (modulo tiny corrections)

Challenging analysis, need to correct for Bremstrahlung;

+0.090

Ry = 0.745700%

(stat) £ 0.036(syst)

¢ [GeViicd]

2.60 tension wrt
expectation: this needs
confirmation!

LHCh (a) B !

42 [GeVel]

. P - T
5000 5200 5400 5600

m(K ereT) [MeVie?]

LHCb Collaboration,
PRL 113, 151601 (2014)

5000 5200 5400
mK ) MeVict

4800

5a00
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Electroweak Penguins: Outlook

¢ Quite a few channels where LHCb will improve a lot in the next
couple years:

> Bl Keep refining precision on differential BF's,
> B - ¢ ', CP asymmetries, angular observables,
R Az N2 Lepton Universality...

« ... and quite a few more where we need to wait for Belle II:

> B> K" T'T’; current limit ~2 orders of magnitude above predictions

(*) : . . :
> B-oK'v v might see a signal with full dataset
> B — yy; but it is crucial to control the machine backgrounds

> (semi-)inclusive b — d/s y;
> Time dependent CPV in B" —» K iy, B® — p°y;
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Electroweak Penguins

e Definitions of main observables:

EE B B i ( dlEs  di )
Si= L+ 1I; o
dg? dQ T 32 ZI fil8) ( ) / dg? dq_2
dEEIBY T i A= ([T (dr . dr)
dg? A0 32 Zl filt) e / dg* ~ dg?
25
1(g°): g dependent angular observables. P i [i T AR
They are expressed as a combination of 6 o :
decay amplitudes (3 transversity states x P=3 i _F?: ;
2 chirality states of the uu system) g =
Py=—2
AP + | A .
L = 51 = = S458
©AGP AT+ [ARP o+ LARP 4 AT+ JATP Piss = s
Pl = i
! —
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Electroweak Penguins: A__

f = dq f d cos B sgn(cos ) —2——

2 D) dq chosg
AFB (qmim qmax) - 9
IQmaX d f dCOSH d°T
q“a q dqﬁdcosﬂ
6 : angle between the [ ()
momentum and the B (B)
momentum in the [*/" rest frame
1 d'T : [3(1 Fy)sin? 05 + Fycos? 8
- — sin® Oy COSs
dl'/dg? decos By dcos O dg dg? T 32r ! o o
+ _11(1 — FL) sin® 0 cos 20,

— F,r cos? O cos 26, + Sy sin® 65 sin® 6y cos 20
e LHCbdata o ATLAS data

m Belledata © CMS data
| SM from DHMV

SM from ASZB + Sg sin 20 sin 20, sin ¢ + Sy sin® O sin® O sin 2¢

+ 5'4 sin 20 g sin 20 cos ¢ + S sin 26 - sin fy cos ¢

+ Sgsin? 6x cos 0 + S7sin 205 sin By sin o

-
L |y iy

0 5 10 15
2.8 and 3.0 ¢ from SM qg [C}evl/’ (,4]




Belle’s history of B > D*tv

First observation PRL 99, 191807 (2007)

B(B® — D* 7)) = (2.02705) £ 0.37)% with 5.20

Updated w/ full-recon hadronic B-tag PRD 92, 072014 (2015)
B —- D*rtvand B — Dtv

Independent measurement w/ semileptonic B-tag
B — D*tv PRD 94, 072007 (2016)

First measurement of T polarization PRL 118, 211801 (2017)
3 PRD 97, 012004 (2018)
B — D*tv
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B—>K(*>vv + theorekical and experimeh&at skakus

Flavour changing neutral current, Wesnia, hE

b s
prohibited at tree level in the SM f-c\wﬁcv &u
Z - =

NP contribution (from new
mediators or sources of missing

energy) may be comparable to SM
ones

—_
o
A

free of uncertain long-distant
hadronic effects, theoretically clean

Experimental searches from BaBar
and Belle on both HAD and SL

10°°

Upper limit on branching fraction at 90% C.L.

recoillknn2] SM [knnl]
2 - [ DI V  Belle-SLtag
no signal evidence, UL less than | s - &  Bafe- HADfag

order of magnitude away from o | ® BaBar- SLHAD tag combined |
SM predictions for K™ channels ' | |

10°° I i i
K'vv Kovv K™*vv K v
B decay mode
L ee—— N
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B—>K(*)vv: robuskness against machine back‘grouv\d

Analysis on Belle Il Full simulation using hadronic B reconstruction using K" —=Kn° to
establish machine background impact

Simple cut-and-count analysis, signal efficiency and bkg yield estimanted in extra neutral
energy signal region

nominal machine bkg (BGx 1) and machine bkg-free (BGx0) simulated samples analysed

Negligible impact of machine background both in terms of variables shape and signal

significance

_ — signal MC Belle Il full simulation B*B- MC
| ab”! equivalent statistics ; § :

“BGx0” “BGx1” Goref - +
Nikg 6415+ 80 | 3678 & 61
e (1074) 10.3+0.3 | 5.38 4 0.23 L e
Nsig//Nokg 0.16 0.15 I
UL (107%) 26 3.8 i
— — Eec(GeV) Ecc(GeV)
L e— e

Detector performances and reconstruction proves to be robust against machine background
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B—K®

Perspec&ives @ Relle 11

Extrapolation on full Belle Il statistics on Belle HAD and SL analyses, assuming two times

better Beg reconstruction efficiency:

observation with about 18 ab"!

precision on the branching fraction at 50 ab™':

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA stat only

__________ = i 45 ) . .

......... Bf=lChimw _ LFe
B*—=K*%uu 8,2%

Fraction of longitudinally polarized K* may

be measured, ~20% precision with full statistics

Robustness against machine background proved,

predicted precision can be exceeded by improving

analysis strategy

‘_ﬁ
AAAAAAAAAAAAAAAAAAAAAAAA total
_________________ 10,/%
................. 200 |
9,6%
Belle Il full simulation with machine background
g f signal
= uds

8. 6

E*miss+CP*miss (GeV)

T —
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0s :g ; e, AmdA"’k!m Eg"-f_@ =
i S0 mrvs
04 § : , Y =
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E :':fe", =
02 : 3
i I 3
o1 H =
‘.Z 1 : ety I N 1 .ll 1 :—:
0.0
04 02 00 02 04 08 08 1.
3]
@1(B) [deg.] 0.4
@2(a) [deg.] 1.0
@3(y) [deg.] | 1.0 (w/LHCb)
For a SM-like scenario
E¥ 0 Amfam SdE
Vol e
P

Belle Il Physics Prospects - CKM

Is the unitary triangle really a triangle
Currently, (a+ B +y)=(175+9)

Angle ¢1(/5) is measured with 1° accuracy;
angles ¢, () and ¢5(y) ~5- 15% accuracy

* Accuracies forV, ~3%;V,, ~10%;
V,y ~ 7%V, ~6%:V,, 1V, ~3%

Vel incl. 1%

Vel excl. 1.5%

IVl incl. 3%

IVul exel. | 2% (w/LHCb)

If the current WAs hold
or § LINE) B VRN . ; S B 'A'IH;?E;TAI;\' I RNURER. In"‘:." '—;:
N3 Y 4 \
n iWu R

) 03 v i \‘. o’j

Y/ &3

.L. | | ¥
1 1 1 ; " & 1 n L o] KRy 1 _é
P -

For details, please see Belle Il physics book:
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus
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