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Flavour Programs at e*e- near Y(4S)

o Are there new CP-violating phases in the quark sector? (Why is the Universe missing all its antimatter?).
o Quark mixing in B decays, searches for new sources of CP violation, CKM precision metrology.

« Need to disentangle strong phases.
e Does nature have multiple Higgs bosons? (Why is there a mass hierarchy in fermions)
o Semileptonic and Leptonic B decays, lepton flavour universality violation.

o Good “detection universality” (e.g. leptons) to tackle anomalies.

e Does nature have a L-R symmetry?

o Radiative and Semileptonic rare B decays.

o Isthere adark sector of particle physics at the same mass scale as ordinary matter?

o Dark photons, axion like particles, and dark matter, via flavour transitions.
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B—-DIlv/b—=clv
B-1mtlv/b—=ulv
M= 1v(y)

EK

Amd, Ams

B(s) = pt 1

Veb| via Form factor / OPE Observables with very different properties

Vub| via Form factor / OPE Tree: e.g., |Vubl/IVcbl, ®3
Loop: e.g., Amd, Ams, €K, sin(2d,)
CP-conserving: e.g., |Vub|, Amd, Ams

(p, n) via Bk CP-violating: e.g., v, €K, sin(2®,)

|Vup| via Decay constant fu

|V Viegd,s3| via Bag factor Bg

Exp. uncs.: e.g., a, sin(2d1), ®3
|\Vd,s3| via Decay constant s Syst. uncs.: e.g., |Vubl, |Vcbl, ek, Amd, Ams

Phillip URQUIJO 4



Flavour
changing

heutral currents

+ B— Xs I}l
- Loop In SM
-+ Rare at BR < ~10-6
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Missing particle and (semi-)leptonic signatures

Tests of lepton
flavour
universality

- Semileptonic or

leptonic

- BR ratios with T/

“' T/el l-«l/e

+ Tree or loop
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ete™ annihilation at a centre-of-mass v/s near the Y(4S) resonance = the production of coherent B-meson (B or BY) pairs.

Data recorded below the peak (“off-resonance”) used to the model the eTe™ — gq continuum background.

Hermetic detector enables the capture of almost all detectable particles; great for reconstruction of neutrals (y, z°, KB)

Average particle (charged and neutral) multiplicity from the collision: 15 - 20.
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SuperKEKB Record Breaking Luminosity
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Electron-Positron
linear accelerator

20x smaller beam spot (0=50 nm) but
generally higher beam background
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K-Long and muon detector:

Resistive Plate Chambers (barrel outer
layers); Scintillator + WLSF + SiPMs (end-

EM Calorimeter:

barrels endeap) .

Beryllium beam pipe
10 mm radius

Vertex Detector
1—2 layer PXD + 4 |&

positrons (4 GeV)

He(50%):C2Hs(50%), small cells,
lever arm, fast electronics
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(Anticipated) SuperKEKB/Belle Il Luminosity Profile
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Starting to achieve Super B-factory performance levels. B factory reference values:
Int(L dt)/day =2.4 fb-l/day (May 18, 2020) KEKB (1.48 fb-'/day); PEP-II (0.911 fb-/day);
Int(L dt)/week =15 fb-/week KEKB (8 fb' /week); PEP-II (5 fb1/week);
- Belle 1l Online luminosity Exp: 7-25 - All runs -l Int. Lumi (Delivered)
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Belle Il Track Counting

Neutrals and vetos
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Belle Il 2021 [Ldt=62.8 fo™

Lepton reconstruction
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Key Analysis Steps

« Exploit the clean eTe™ environment and well-defined kinematics (beam energy known to a few MeV precision) to

THE UNIVERSITY OF
MELBOURNE

reconstruct signal-side B candidates.

. M, E\/E2 -Dg, AE=E* —E}

¢ beam

« Mitigate continuum background using the difference in event topology (spherical BB vs. jetlike gqg) and decay properties

(exponential BB decay vs. prompt qq).

« If the signal B candidate has > 1 invisible decay product, utilise properties of the recoiling (‘tag’) B candidate.

« For CP eigenstates use the tag candidate to determine flavour.
Comput Softw Big Sci (2019) 3: 6.

0
"~ ){ Displaced H Neutral J
Bs:g l T ) Vertices | Clusters
ERERE b
— (T(4S
o= I A :
Kg o
D’ D' D, 4,
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Summary vs Belle (Approximate values only)

THE UNIVERSITY OF
MELBOURNE

<Systematics> Performance/Notes
Belle Belle Il Belle Belle Il
Tracking Fast 0.35% 0.70%
Slow 1.3% A%
Lepton ID elD (1-1.5 GeV/ 1-1.5% 1-2% 90%(eff) 90%(eff)
c barrel) (0.3% J/W) (0.5% J/W) 0.06% (fake) 0.06% (fake)
ulD (1-1.5 GeV/ 1-1.5% 1-2% 90%(eff) 90%(eff)
c barrel) (0.3% J/@) (0.5% J/Y) 12% (fake) 1.9% (fake)
Hadron ID KID 0.8% <0.9%
riD 0.8% <0.9%
Photons & m© y Eff 2% <1% Belle approach takes A not mea. error
o Eff 2% <4%
Counting nBB 1.4% 2.6% (1.1%)
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THE UNIVERSITY OF
MELBOURNE

UT angle current precision

0.7 T T T T T | T e T i Wy T T
- : Amy & Am, Wl -
0.6 £~ 0 Am, €k % —
.. 05 % sin 2 5 =
5-10% pPrecision my - > (l)1 ; sol.wicos 29 <0 _
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constraints. = gL R L, O
03 — ! : |V | e —
[ots of room for - : + otz 3
new physics!! 02 = . /B LN =
- ' | ub lSL |
0.1 — 5 IV |\ 0 =
E 0 | 0, " ApBe ' 9, E
0.0 7R Z ol . e BN L ‘ -
-0/ -0.2 0.0 0.2 04 0.6 0.8 1.0
P Single most precise value
Combination of | | from Belle
B — nx, nnm, pp from Belle Single most prec'g‘; ‘:1';‘: from LHCE  in(g)) = (0.667 + 0.023 + 0.012)
— : ' _ 0.69\0
and BaBar ¢, = (85.2J_rj:§)° #3 = ( “42) P = (22'14J—r0.67)
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MELBOURNE

« First measurement combining Belle and Belle Il data.

« Model independent Dalitz analysis of
Bt — D(KJhth™)h*, (h = K, 7). Simultaneous fit of two
channels.

e P3=(784=x11.4=%0.5=%x1.0)is statistics limited.

Expect LHCDb-like precision with 10 ab-! in this channel
but others will be added.

I8 | 2
. <, 1.8}
N\ I
1% 3 16| 3
5'E 914 =
e x| =
30 Xq2| i
Al | i
05 1 15 2 25 3°1 1 12 14 16 1.8
m? (ng) [GeV4/c*] m? (ng) [GeV4/cY
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Events / (5 MeV) Pull Events / (5 MeV)

Pull

Belle + Belle II JHEP 02 (2022) 065

120 7 Belle B - DK’ m K’
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80 :_ l \ 'o'+‘

60 |- \ £ '
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0 ;.ﬁ.:.l.‘?._.%‘._'.":'l.. .‘... QQ'T....‘!‘?‘W:'_.W'_
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40 £ Belle Il B* - D(K2nm)K’
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TOW a rd S ¢ 9 Belle Il Preliminary

o Can extract a using info from three

isospin- related decays B — p™p”,

p°p°, ptp~.

e Belle Il has unique access to all.

« Measure direct CP asymmetry in
+ 0

B — pTp” where both p™ and p” are
longitudinally polarised.

—0.069 £ 0.068 (stat.) + 0.060 syst.)

23.212:% (stat.) & 2.7 (syst.)) x 107°
0.94370:933 (stat.) £ 0.027 (syst.

World average: Acp = —0.05 £ 0.05

Belle |1 2022 Phillip URQUIJO
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Belle Il €, = (30.0 £ 1.3) %
Belle €, = (30.1 £ 0.4) %

« Crucial inputs: a) vertex (IP) resolution, b) tagging efficiency.
. Modified beam-energies with reduced boost with respect to Belle gy = 0.43 = 0.29 = Az =200 — 130 um

« Recover the precision on Ar (= Az/Byc) with 1st layer of the vertex detector closer to beam-pipe

Belle |1 2022 Phillip URQUIJO 19
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Effective bunch length reduced x 1/10
And vertex resolution 2x better than Belle

Nano-Beam (SuperKEKB Phase2)

SuperKEKB

Nano-beams and the vertex detector

Z vertex distribution

= Belle I 2018 (preliminary)
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o H
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:‘ » + +
o 2000 -
Q ' + |+ Runs 1869-2047
5 1500 , ]
-
n n n ] n Lu
The vertex distribution is constrained 1000
in the nano-beam scheme. S001 ) gem 2appt -
| pb -
1 — 1 el "
-0.4 -0.2 0.0 0.2 0.4
Zo [em]
o =550 um
% 140} """"""""""""""""" | Fit function: o=\/a2+ b 2
25 T T T T T T T] — o pBsin(6)¥*
Belle 11 2019 (preliminary) o) 120P
—4— - c K Belle SVD2 cosmic (Data) BN715
-+ 4 o K | —— a=174:03um
20 - L F 1 5 100p| Z; PP tm GoV/e
8 - e e oy —— o [e) — .
. . 4 —— g 80 u* T Belle Il single track events (MC)
|i| 15 __ P TS +_._ —— I — m :: =mpmmm g= 90101 Mm
== - So ———— /’ ‘\\ 1 S . b= 17.5+0.2 um GeV/c
A~ o / \\ —— —— / \ — ~c 60_l e e ————— ————
o - ’ N - ’ \ o —
’B // \ / 3 ] 1
> 10 F / \ /! N 40
0.0) \ / \
© \ / \
b \\ \\ 20
5 F / + Data \ , v
W -4 Simulation (N /Ldt—21 Lop-! %
L/ — == Beam profile \\’/ P " — 0
O _I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I_ g g-g
-3 -2 -1 0 1 2 3 @ o
. o) =
¢y estimate > 13
o 1.6
= 0
o)
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~ 40 pum DO flight ™
path resolution

-+

e
——— -
DOextrap()lated production point  beam spot

Belle Il Phys.Rev.Lett. ~ 7(D”) = 410.5 & 1.1 (stat) & 0.8 (syst) fs

127 (2021) 21, 211801 7(DT) = 1030.4 4 4.7 (stat) & 3.1 (syst) fs

104 Belle II
e [Ldt=721b"
102 ¢ Data

2 — Fit

S 10

- E# ¥, - Background

2.

&

S

)

5

Q

Decay time [ps]



Mixing and lifetimes
Use about 40k decays reconstructed from
hadronic B —» DYh™, (h = K, r) channels.

« Compatible with WA. Slightly worse stat error than
Belle as B — D¢ not used here.

e Better alignment and background systematics.

THE UNIVERSITY OF
MELBOURNE

e Prepared to tackle o.

105
. ' Belle Il (Preliminary) —— Combined !
> | [Ldt=190 fb? -== B°>DUTK* +cc.
(D [ e BO_)D(*)_’T+ +c.c.
= 104 B BB Background
o B qgq Background
= { Data
0
3103
©
O
©
-
©
O

=
o
N

-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25

AE = EE - El;keam [GeV]

Belle |1 2022 Phillip URQUIJO

mix(t) =

Belle Il Preliminary

N(BO — BO) — N(BO — )(t) = cos(Amgyt)

N(BY — BO) + N(BY — B)

2500

(-
o
o
o

e
o wo

Ul

Asymmetry Candidates/ (0.4 ps)

2000

1500 |

500 |

' Belle 1l (Preliminary) 4 BOBO
:_IL dt =190 fb~! { B%B9/B°B° _




« Aim: Time-dependent study to measure the branching

fraction and direct CP asymmetry for B — K97 decays. —
S E . Data Belle Il (preliminary)
AL/ o 355_ —Total Flt .[Ldt= 189.8 fo'
B i 30 ---- B’ —>K 0
P(At) = ° 1 Z 11+ g{ Acp cos(AmyAt) + Sep sin(Amy At) } osp 2B . , BelleIIPreliminary
T 0 E ontinuum

Events / (0.015)

« Theisospin sum-rule is a precise null test, but depends
crucially on precision in this channel.

B(K’r) 7 B(K*n)

(K e I
A B 2‘@ AE [GeV]

35
- o Data Belle Il (preliminary)
o 30~ — Total Fit 1
— - B - KO 7O l JLdt =189.8 fb
g 25 E_ __BB %'
< 20 Continuum
£ - 1\
o 15— :
L — .
10F Y +
5 f— ‘ ¢
91 J 8 6 4 2 0 2 ? 6 8 0
At [ps]
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Time dependent CP Violation Future

« ®1 & New physics TDCPV in b = ggs transitions (g = u,d,s) are major targets
o Atresolution ~0.77 ps (30% to a factor 2 better than Belle);

b U4 Constrains
b R C Gluonic - penguin
;21‘54‘3 ision) W- < Penguin b S pollution
precision . g ]
s (NP sensitive) < @) |
_ * — o - — d
d d d d
WA (2017) 5 ab ™1 50 ab~1 PTEP 2019

Channel o(S) o(4) o(S) o(4) o(S) o(A) GO0l
J/YK® 0.022 0.021 0.012 0.011 0.0052 0.0090

oK"Y 0.12 0.14 0.048 0.035 0.020 0.011 - Expect Belle Il
n KY 0.06 0.04 0.032 0.020 0.015 0.008 to dominate
wK?{ 021 0.14 0.08 0.06 0.024 0.020 all these
K%7% 020 0.12 0.10 0.07 0.031 0.021 channels

K" 0.17 0.10 0.09 0.06 0.028 0.018
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Leptonic and
semileptonic Tree

Decays

|Vubl|, Leptonic, LFUV




. . o+ 0+
4 Semileptonic B decays .
MELBOURNE W+ U H+ 7 / 1
< < ¢ b < < cC ph——"~- g - - 44/— C
> q (g > q (g > q

b
q
CF 4.8 [ | | | I | | | I | 1 1 I | | | I | | | I | : 9? - ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' -
ICD 46 :_ Exclusive IV | Ax* = 1.0 contours 7 @/ B AXZ = 1.0 contours _
: T E . Inclusive _ a2 04 —
— 4 4 - Exclusive IV | V_|:GGOU = ~ LHCb15 -
= T F : global f1 - - -
> 40 E Va1V oo o Mol lob 2 E BaBar12 B
E HFLAV Average E 0.35 C | __
‘e = B LHCh8 ]
38 = 0.3 = =
3.6 — C t : ]
34 E_ —E 025 [ ~ Bellel5 ]
32 - - - Bellel7 HFLAV World Average -
= = 02 R(D)=0339 0026 0014 ]
- m - ““ L 4 Exp+LQCD+HQET R(_D_z) 3:80.295 +0.010 0010 ]
2.8 P =89% _ 'I'Llattice QCD | | lg(;cz) = 28% | _
; ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ; : : : : : : : : : : : : : : : :
0.2 0.3 04 0.5
36 38 40 42 44 5 R(D)
V11107
« Discrepancy between exclusive and » Persistent, but diminishing LFUV results.
inclusive.
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Flavour physics anomalies

b — cluy b — S€+€_
SM tree ( charged loop ( neutral
Spin O _B — DZW B — Kt/
Spin 1 B — D*(p, B — K*0l, Bs — bt
Observables BR, Polarisation dr /dg? + Angular obs
with C=1T,u,€ (= pu,e
. Br(B — D(*)rv) Br(B — Kpuu)
T Rp«y = Ry =
SSIONS - 10t) = BB = D("Vr,) KT Br(B— Kee)
Veb| & [Vub| inclusive- Br (K, K*, ¢ + ”“)/
exclusive tension angular obs (e.g., Fs)

Table from S. Descotes-Genon
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Measuring the CKM matrix element |Vup|

L0 « Reconstruct 5 — eV . Belle Il Preliminary
T /m

30/55./' . Perform likelihood fit to missing mass squared in bins of g~.
Sh 2 2 2
Ve q = My, = (pe+e_ T thag o pW)

\ dB(Bﬁwéu)oc\Vqu( 2)

tag tag

THE UNIVERSITY OF
MELBOURNE

. Second fit performed to dI'/dg? o<f+(q2) |V b\ from data and

Belle Il Preliminary [cdt=189.3fb™!

25 F
G e 0Gev2/ct = g2 < 8 GeV2/ct LQCD (FNAL-MILC) with BCL (z-expansion) parameterisation.
N 20 | 72 MC stat. unc.
E | P e le—5 Belle Il Preliminary [cdt=189.3fb™"
m 15_ 14:_ | | | | | | i
o L XS, [ :
~— 10- ~N B = .
5 > K 1 Decay mode Fitted |V
c 5[ O 1.0F . _ P
g ' 1 B’ =7 et (3.71 £ 0.55) x1073
L I XS] i3 S DR
o 2 ’5»0'8: 1 Bt = 7ty (4.21 £+ 0.63) x10 3
=| : + » ] 10—
s O © OO 1 Combined fit (3.88 + 0.45) x10~3
ol -5t g £
-1.0 -0.5 CL;LOA: g
2 0.2} .
%955 5 10 15 20 25

q? [GeV?c™4]
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Inclusive |Vub|/|Vebl

o Belle analysis with Belle Il software and B-tag framework.

Ratio measured to cancel systematics.

« Require very Mgﬁss to be small, and Kaon veto.

« Background B — X_.£v model corrected using veto sample.

%103 Enhanced %103 Depleted
n(K)=0 o 1
— - B — D/y R — ( ) v B — D/y R
4t 0 i

= B— D'y W < s N K >Q' B— D'y W ]
= , B — D*(y = : B — D*(y =
O, 3t ’ B%Déapéy L O, 4 ! B%DGapKV N
L0 o X.7(— lov)v 10 — X1 (= lov)

g B — (fake () W = 3t o B (fake () WM |
= 2 B — (sec. () HEE - = B — (sec. ()
n (¢=1u,d,s,c) n 9ot p(¢g=u,d s,c) HE ]
45 ) Syst "/ 4 “E Syst 7 4
Lo Data ¢ 1 £ Data ¢

£3) oY

0 1 1 1 1 1 . ® 0 oo | 0
T T T T T T T | l' T T T T T T T I T T
o 1.2} . ' o 1.2} .. .
= R S ofh Folt & Fo s 72 P2 '/'/I/,’/ 4 = E S AT Sl SAIPIPY N /
0.8} /1  Fost ' :
3 7/
.00  1.25 150 B1.75 2.00 225 250  2.75 .00 125 150 B1.75 2.00 225 250  2.75
Py [GeV/d] PP eV /]

« Fit performed to g2 and lepton momentum to determine
B(B—- X v)/IB(B— X.tv).

« Lowest systematic error of any measurement - excellent
technique for large Belle |l data sets.

Belle arXiv:2102.00020
Belle Preliminary

} [ B — Xlv |
st FTTT = Continuum
2.0}
T ils
K 1'OOE' '1'0""2'0"6&' 10 20
2 2 /.2
IV, 660U = (4.25 + 0.18 + 0.16 +$92) x 1073 ¢ [GeVZ/c7]

[V, |BENP = (4.15 +£0.17 + 0.15 318y x 1073
IV, |PCE = (4.26 £0.18 £ 0.16 11y x 1073

2o0F

BLNP
~ | ; GGOU

-

O 450F
i

100F

|‘ uhl [
- :
t
_*_*_-0—1-

Belle Preliminary

350F
a ) O A\ | /\‘ 3‘ N - L
> /\\ > S N \\@ A > “7 & -Q\
L7 & 7 e L o 15 & A
\V\ NS v N >R LIPS L7 ‘i’\v}
DK o > o >
N N R o oY N N
\. Q’. \’\ N, ‘Sj \\3 1’> \\
WS QO A
-
Qj.
b
Qj.
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Measuring the CKM matrix element |Vcp

. Reconstruct decay chain B — D™ [D%( — K*n7)n 1/ v,. Belle Il Preliminary

. Candidate selection based on M2. , m(D) — m(D%*), m(D).

miss’ 5 2 5
_ (mp + Mp) — 4 )

« Key challenge: detection of z, from the D*. W
Belle Il Preliminary Belle Il Preliminary 2mB mD(*)
O BT Latetso.3 “Daln » E—]Ldt—1893fb'1 * Data
% 100 E°B% - D v, and cc. OSignal . 60 [po —>_D.' ;v . [JSignal
G 140} K BBG 0 i RV BBG
9 120 | : *_i : --- selection 9, 505— SIMC error —> T(45)
S 10} : 2 40f e
g so0p S 30| SN
g % A . ;
§ 2 M eprie-p ~0.1% B,
O 20 : 10 :
s 0 05 1 o152 a5 3 i i1 18 18 14 1B
Missing mass squared (GeV?) ",
2 2 2 0.008 Belle Il Preliminary 50 Belle Il Preliminary
e Fitdl'/dw x &F (W) Vcb New using CLN 0.007 JERCE D ohestn s ener f J.Ldt=189.3 fo * best fit
. . . ’ . . BY D*-|+v|and cc. L] ;ccsyc:rrrrc;rr or")_' 45 - 0 . 106

parameterisation with Ri(1) and R2(1) constrained 5 0.006 = o T BoPivande e

< 0.005 | — :
to HFLAV averages (BGL can be done as well). eoogi | + 8 4

=Y ; | — [

T\;’ 0.003 | : M — 3

—3 = LL : ;
T""EW F(l)‘ Vcb| — (34.6 T 2.5) x 10 © 0.002 | ;_E 20 | [
0.001 | :
S T T T T T T og Lo vl vt 1 e
|Vcb‘ — (37.9 1 2.7) S 10—3 1105 11115 1.2 1\./\2,5 1.3 1.35 1.4 1.45 1.5 0 02 04 06 08 p12 12 1.4 16 18 2
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o Belle 2019 untagged study measured full decay differentials.
o Fit to BGL with non-zero lattice QCD inputs - new in 2021.
« Helicity amplitudes defined in terms of power series.

e The difference to inclusive remains!

Ho(w) = Fi(w)/v/ ¢,

dU'(B® — D*~t*tv,) Hy(w) = f(w) F mpompe= Vw? —1g(w),
dwd cos ,d cos Oy dy 1 00

2 3 2 . Z) = afzn ’
i 4721%?1) = G3| Va2V w02 — 1(1 — 2wr + 1) fz) Py (2)p5(2) ,nz:% "

. . ©.@)

{(1 — cos)*sin® Oy H3 + (1 + cosf,)” sin® Oy H? Fu(z) = 1 Z T
+4 sin® 6, cos? HVHg — 28in? 6, sin? Oy cos 2xH H_ P1+(Z)(/5J-"1 (Z) —0
—4sin0y(1 — cos ) sin By cos Oy cos xH Hy 1 o0
+4 sin 6y(1 4 cos 6y) sin Oy cos 0y cos xH_Hy} , 9(z) = Pl_(z)%(z) Z agz",

2.0F - —— BGL(1,1,2) I
" BGL(1,1,2), JLQCD ]
BGL(1,1,2), F-MILC J

{ JLQCD

B F-MILC

Belle 11 2022
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New LQCD inputs to excluswe |V eb)

< @ > v/

B

V 4——
4+—

E. Waheed et al. (Belle 2019)
Phys Rev D.100.052007
D. Ferlewicz, E. Waheed, PU

&—> D+ (2021) Phys Rev D.103.073005

PDG Inclusive
CKM fitter 2019
CKM fitter 2019 (no |Vsl)
PDG Exclusive, D*
PDG Exclusive, D
CLN

CLNnoR
CLNnoHQS
BGL(1,0,2)
BGL(1,1,2)

CLN, JLQCD
CLNnoR, JLQCD
CLNnoHQS, JLQCD
BGL(1,0,2), JLQCD
BGL(1,1,2), JLQCD
BGL(2,2,2), JLQCD
CLN, F-MILC
CLNnoR, F-MILC
CLNnoHQS, F-MILC
BGL(1,0,2), F-MILC
BGL(1,1,2), F-MILC
BGL(2,2,2), F-MILC

lllllllllllllllllllllllllllll

33 34 35 36 37 38 39
1)new|Vep| % 103

30




What about LFUV?

g—i-
THE UNIVERSITY OF H/jLJK v a ”,
. c «—7T [— /3/ —44/—5
o Belle. I.I needs toolmprove R(D) - also more . _ . R . ¢ .
+ _
sensitive to H=-like scalar. Sap] S0ab"]
» Beyond R(D) and R(D") - kinematics, polarisation R, (46.0 + 3.9)% 1+2.0 + 2.5)%
and other observables. - < ____ He-Du R p+ (£3.0 £ 2.5)% +1.0 £ 2.0)%
() B ] *k 1 1 1 1
8 oL B=Doty — — P.(D*) +0.18 & 0.08 +0.06 = 0.04
N S L B - N 1 —~ 1 N
% 0.4 :_ ] HFLAV average Ay~ = 1.0 contours _: ‘(\: 15 N . - : ) % ::::: |c|: :::::t?:n
 THCBIS - _,GE) E 05l zzna::fdiction:moas 094025 (2012), PRD87 034028 (2013) -
- _ 5 |
0.35 :_ BaBarl2 _: Lﬁ 10 : i E .B+ s Be“e PRD97, \T/:rc:tsclrr}PRDsmsmzs (2013) i
L LHCbI8 | - 5 I AN -pv - 012004 (2018)
0.3 » } = T __—_= Wl Fake D R(D?), P Had tag
0.253— T Belle19 _Bellels _f ' ' ' ' '
B Bellel7 =
: 3 HFLAV B
02 T s o _
B | | IR(D":)=0|.258|1-0.0|05I - POO=27% i %
0.2 0.3 0.4 0.5 O o E
RD) = 1200}
Belle PRL 124, 161803 (2020) S O
R(D), R(D*) SL tag = Belle 1150 ab1, SM s00f
#(D) — 0.307 = 0.037 + 0.016 (13%)" (s DM oo
/(D) = 0.307 4 0.037 + 0.016  (13% o
ﬁ(D*) — 0.283 = 0.018 = 0.014 (8%) ; 200
O 02 04 06 08 1 1.2
Ece, (GeV) %5 6 7 8 9 10 11 12

Belle 11 2022
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Loop Decays

Missing energy, dilepton
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o If one keeps mass terms aside, the SM does not distinguish between
leptons of different flavour

oy _ BB KOutuT) | |
- R(KY)) = is expected to be 1 with corrections for

u > u k + ,—
- i BB - KPete)
[ — phase space differences.
« LHCDb finds evidence for lepton flavour universality violation.
, ) : 1 T I 1 I 1 T I 1 | I
u > u : BaBar : R .. Belle
B+ e Lt | g . 0.1 <q?<8.12 GeV? ¢ S 1.1 < ¢? < 6.0 GeV?/c*
T B Wi < s PRD 86 (2011) 032012
k - =owem " : R . Belle
. e ' 2 2/ 4
, g_* . 1.0 < g2 <6.0 GeV2 ™ 0.045 < g2 < 1.1 GeV“/c
: JHEP 03 (2021) 105 , § Ry, Belle
o /- : LHCb 5 fb™ 1.0 < ¢2 < 6.0 GeV?/c*
: 1.1<¢?<6.0 GeV2c™ ; 1 4
PRL 122 (2019) 191801 o 140 R LHCO O
: : 0.045 < g2 < 6.0 GeV?/¢*
«——>i3.10 LHCb 9 b~ :
ot L <—> 1.50 R . LHCb 9 fb’'
| ! Nat. Phys. 18 (2022) 277 ° ; 11'< 2 < 6.0 GeV/c*
0.5 1.0 15 ) | 9 3
Ry RK(*)
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-7, AE=E* —E*

beam B Belle 11 Preliminary

B — K*¥JIw(£7¢7) & earﬂ measurements

e« B— K*¥J/w(£7¢ )used as a

control mode - also a background. E Belle 11 e T
. _ —1 O
Bremsstrahlung recovered in . Jrdi=180 80 < oo | J £t =189 B
. . o %
electron channels. S, B—J/P(ee)K S FBIGuoK
. . o« o e n o
« Belle (ll) has similar sensitivity both 2 ~
= b
for electron and muon modes. Also & g 20
. L
seen in B = K¢ at Belle. 100
-0.15 -0.1 -0.05 0 0.05 0.1 —%.15 —1 -0.05 0 B .1
Belle JHEP 2103,105 (2021) B —» K£¢ AE [GeV] AE [GeV]
Belle Phys. Rev. Lett. 126, 161801 (2021) Belle Il Preliminary B — KZ7
e 60 NE : G O
; - = 500 S 16 ¢ Data Belle Il
2 sob Electron S Ut 2 = preliminary
8 E g 40: < 2_ ....... Csifr:ilinatorial Background JLdt =62.8 fb
S 40 - 8 - c\n 1 B Peaking Back roung
3| + 2 308 £ o B" 5 K'I'[
= B ~ g i i
g% g @ - |
£ 204 £ 207 S O Voo
. - + . 10 :; : N { 1 ‘
Ok AZTERN i £ RAN
ok S ¢ e 0 Y 4 5.2 5.21 522 523 524 525 526 527 528 5.29
52 522 524 526 528 53 52 522 524 526 5.28 M, [GeV/c?]

M, _ (GeV/c?) M, (GeV/c )
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B K*Z¢ fit projections Belle Il Preliminary

»  Signal extraction from 2D fit to Mbc and AE. & | Belle 11 3 -
Q [ _ —1 20
« Uncertainty in electron channel only 2.5 O 25 ;—fﬁ dt = 189 1b SERTY SN
times that of PDG average. S af = t +
,C_s, (\0 12 ™ - N -
o Expected to be competitive with 1 ab-. > PHY | . 2 10 ¢ +
Q0 10 .‘- A ' e 8 Rk = =
-E : L 6 + '
L 5 _ + 4 *
5 . : =~ N
05.2 521 522 523 524 525 526 5.27 5.28 5.29 —00.15 -0.1 ] -0.05 0 0.05 0.
M., . [GeV/c?] AE [GeV]
PDG averages
B(B — K*pu) = (1.19 £ 0.31+£70-0%) x 1075, (1.06 £ 0.09) X 10°6
B(B — K*ee) = (1.42 £ 0.48 £ 0.09) x 107, (119 £ 0.20) X 10
B(B — K*£0) = (1.25 4+ 0.30+700°) x 1076, (1.05 + 0.10) X 107

e Bellell can
a) provide essential independent checks of R(K*) anomalies with a few ab-! data,

b) measure R(Xs) for inclusive B decays,
c) provide independent measurements of absolute branching fractions for e and u modes .
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Where are we going?

Belle X Exclusive: Phys. Rev. D 93, 032008 (2016)

« Need to wait till 2026 to have 5 ab- of data that B’ decags B~ decays
(o) (Ks) K_
would allow us to probe LFU to 6(10%). o (KO0 om0 Kon-
: ~nt Kon—n™) K ntn™ Kon 7!
e ... But we will have many channels to probe. Kot (Ksmm S
Y P K nn 7" (ng—wﬂro) K 7t n 70 K@w‘w*w‘
(K ntr atn)(Kegr ntn n" (K ntn ntn ) Ken ntn m°)
Exclusive projections PTEP 2019 (2019) 12, 123C01 (Belle Il Physics Book) Inclusive projections
Observables Belle 0.71ab™ ! | Belle Il 5ab™! Belle I 50 ab ™! Observables 1()321;6 - ]5361131?111 ]535115_111
Rx ([1.0,6.0] GeV?) 28% 11% 3.6% T I ETEToT 2‘9/a 1;‘/ : 63/
9 r(b — A B U, 0. c % % 6%
R (> 14.4 GeV7) , 307 12% 3.67% Br(B — X.0t07) ([3.5,6.0] GeV?) 4% 11% 6.4%
Ry~ (]1.0,6.0] GeV*=) 267 10% 3.2% Br(B — X.0t07) (>14.4 GeV?) 23% 10% 4.7%
2

R+ (> 14.4GeV )2 247 9.27% 2.87% Aep(B — X.0767) ([1.0,3.5]GeV?)  26% 9.7% 3.1%

Rx, ([1.0,6.0] GeV?) 32% 12% 4.0% Acr(B — X.167) ([3.5,6.0] GeV2)  21% 7.9% 2.6%

Rx. (> 14.4GeV?) 28% 11% 3.4% Acp(B — X £107) (>14.4GeV?) 21% 8.1% 2.6%
Ars(B — X.0767) ([1.0,3.5]GeV?)  26% 9.7% 3.1%
Ars(B — X.0107) ([3.5,6.01GeV?)  21% 7.9% 2.6%
Aps(B — X.0+107) (>14.4 GeV?) 19% 7.3% 2.4%
Acp(Arg) ([1.0,3.5]1GeV?) 52% 19% 6.1%
Acr(Ars) ([3.5,6.0] GeV?) 42% 16% 5.2%
Acp(Arg) (>14.4 GeV?) 38% 15% 4.8%
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Belle 11 Phys.Rev.Lett. 127
(2021) 18, 181802

o This suppressed FCNC decay offers a complementary probe of NP

1%
scenarios proposed to explain flavour anomalies. / /
e Novel inclusive approach on 63 fb-1 of Belle Il data :e’/ :
« Use ML approach (2 BDTs in cascade) based on kinematics, event B f
h — ‘ — 3
u > u

shape and vertex variables to suppress background

o Signal efficiency ~4.3% - very sensitive!

SM  Average
1 1.1+0.4
. - — — — . |—|_|IL| [ T T T 'I T T T [ I‘ T ll 'I T T . T 1
[0.93<BDT,»<0.95 : 0.95§BDT2<0.97§0.97<_:BDT2<:().99§ 0.99<BDT, l n Beﬂe H (63 ﬂ,) ’ IHCIUSIVG)
| : o I 1.97;% This work
400 CR11 SR : Belle II preliminary h !
- — §l/£dt:(63+9) fb—! :

Belle (711 b~ !, SL)

1.0+ 0.6 PRD96, 091101

f

‘Hl BT Ktwur -

% 300 :C Neutral B ] :
= @@ Charged B | | B
g’ - Contgluum 1 | B Be]-]-e (71 ]- fb 11 Had)
[0 200 . ¢ Data B : 3.0+1.6 PRD87,111103
. ] !
| B 1
_ 1o abar (429 fb~, Had+SL
100 scaled by 2 | | | 0.840.7 PR(D87, 112005 )
| I J ll 1 I 1 1 | l | 1 1 I 1 1 | l ] 1 1
0 0 2 4 6 8 10
0.5 2.0 2.4 3.50.52.0 2.43.50.520 24350.52.0 24 3.5 5 4+ + -
pr(KT) [GeV/c] ].O X BI‘(B 4)K I/I/)
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Beyond Belle Il

Why, Future Landscape, Upgrade
program



What can we learn with A LOT more data?

e New observables and channels opened up with larger data sets. e.g.

o Helicity or Cabibbo suppressed: B=1r TV, iV
e CPVinb—s EW and radiative transitions: B—Ks 1° {v, |*l-}

e Forbidden processes
o Feeble (dark sector) interactions in missing energy decays

e Lepton flavour violation

o Classes of channels with very low measurement systematic uncertainties

e LFUV, Tree level hadronic decays (®3)

o Better precision = sensitivity to larger energy scale or smaller couplings

e Advances in LQCD will evolve simultaneously
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Bellell

Higher sensitivity to decays with
photons and neutrinos (e.g.
B—Kvv, pv), inclusive decays,
time dependent CPV in Bg, T
physics.

LHCb

Higher production rates for ultra
rare B, D, & K decays, access to all
b-hadron flavours (e.g. A\p), high
boost for fast Bs oscillations.

Overlap in various key areas to
verify discoveries.

Upgrades
Most key channels will be stats.

limited (not theory or syst.).

Observable 2022 2022 Belle-I1 Belle-I1 LHCDb Belle-11
Belle(II),  LHCb 5 ab~! 50 ab~? 50 fb—? 250 ab~!
BaBar

sin 283/ ¢4 0.03 0.04 0.012 0.005 0.011 0.002

v/ 93 11° 4° 4.7° 1.5° 1° 0.8°

/o 4° — 2° 0.6° - 0.3°

Viol/| Vi 4.5% 6% 2% 1% 2% < 1%

Scp(B — 1'KJ)  0.08 — 0.03 0.015 — 0.007

Acp(B — 7°KQ)  0.15 - 0.07 0.04 - 0.018

Sep(B — K*0v)  0.32 - 0.11 0.035 - 0.015

R(B — K*(T ()T 0.26 0.12 0.09 0.03 0.022 0.01

R(B — D*1v) 0.018 0.026 0.009 0.0045 0.0072 <0.003

R(B — D1v) 0.034 - 0.016 0.008 - <0.003

B(B — Tv) 24% - 9% 4% - 2%

B(B — K*vi) — — 25% 9% - 4%

B(t — ev) UL 12 x 1079 — 22x 1079 | 6.9x107% | — 3.1 x 1079

B(r — ppp) UL 21 x 1077 46 x 1077  3.6x 107§ 036 x1077) 1.1 x 1072 | 0.07 x 10~

Belle 11 2022

Phillip URQUIJO
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Table 1: Projected precision of selected flavour physics measurements at Belle IT and LHCb.(The § symbol denotes
the measurement in the 1 < ¢ < 6 GeV/c? bin.)
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Leptonic B — tv, uv >Www< M

Belle, PRD 92, 051102 (2015) SL tagged B— 1t v 1
> ‘ B el Belle I, B—D* Iv, arXiv: 2008.10299
> © ClIC —> V, AT A1V, -
@700 e, nchannels S 80 | % L1 j{ ’ ’
600 & 70 i BDT ECL neutral energy classifier (left before, right after)
= (e) 60
o500 | —
g 250 Belle Il  prelimi Jcdt=34.6fb1 imi * dt = -1
<400 | ~ _ reliminary Ldt=34.6 Belle Il preliminary [cdt=34.6fb
B300 ; 40 | No beam background suppression : S;fg‘r’o”und 40 | Beam background BDT applied = Z—'f‘lv |
- i -IE 30 — 25 . B Continuum - szmirf:;,
G>)200 Q > [ 7//. MC stat. unc. ; 35 /77 MC stat. unc.
LLl Lﬁ 20 8 20:— ¢ Data 8 . 4+ Data
10 - 1 ----------------------------------------------------- 8 g 25
8.0 """""""" 05 10 85 1.0 1.5 2.0 §152- g 20
GeV/c) é 10} T 15
5 ] £ 10
5
5
0 0
U 2.3 C P 2.5 -
= i
“Ig 0.0 ié 0.0 )
8 -25¢L 1 8 -2.5
0.0 0.5 1.0 1.5 2.0 2.5 0.0

EecL [GeV]

o fgis known very well - precise extraction of Vup.

Observables Belle Belle 11
5 ab1 50 ab—!
== B(B — 7v) [107°]  91-(1+24%) 9% 4%
N . e . B(B — uv) [107] < 1.7 20% 7%

24 25 26 27 28 29 3 3.1 . . —
pi (GeVic) o Leptonic decays will soon reach <10% precision on [Vuyp|.
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B— K/K*/mi/p ... + invisible or long-lived

Observables Belle 0.71ab™' | BelleIll  BelleII
o« B—-K®vv studies: We may have significant o (0.12ab™") 5ab”! 50ab”"
u/cC S -
. . i 1 X X Br(B™ — KTvp) < 450% 30% 11%
Slgnal of SM with 2-5 ab-. Br(B" — K*'vp) < 180% 26% 9.6%
. . Br(BT — K*tvv) < 420% 25% 9.3%
X + =
e« B—X+ ALPs, Dark.Ph.o’.cons, Higgs like - F (B0 Ke0vp) = - 2o
scalars. B— X + (invisible, vy, I*l, h*h- etc.). S, FRBT - KTvD) — — 0.077
Br(B’ — vv) x 10° < 14 < 5.0 <15
Br(B, — vv) x 10° < 9.7 < 1.1 —
PTEP 2019 (2019) 12, 123CO1
R e DA a '—>lir}v'is'ib1e 10‘1E Long lived - Higgs-like scalar +———
6] ettt oo o et | -\ AFilimonova,etal. PRD = Ui

Belle IT BR(B — K*vv) 68% CL allowed
Belle IT B — K*vv 68% CL allowed

BaBar mono-v, 23/fb .

101, 095006 (2020)

- n
oo @ EEUTEIIIES f : -
: Belle II mono-vy . 1 B
L : 5 1 Belle |1 uu
| 107 e
B%mB%K&\/VM/ = : :
______________ Fleds k0 :
: - 1074 :
ALPs, I1zaguirre et al. _ : HL-LHCD ;
Phys.Rev.Lett. 118 (2017) 11, |
| , 111802 _
0s . . . — 107F
—08 —06 —04 _O'QCNPO/OCSMOQ 04 06 0. 0.1 -1 5 R e
L /~L M, |GeV] ms [GeV]
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=4 SuperKEKB / Belle Il Program

e Phase 1(2016): no detector, no collision, test rings 1.Consolidate the machine

Four steps: Intermediate luminosity (1-2 x 1035 /cm2/sec, 5ab-);
e Phase?2 (2018): first collisions Complete High Luminosity (6.5 x 1035/cm2/sec, 50 ab-) a detector upgrade

accelerator Polarisation Upgrade, Advanced R&D
Ultra high luminosity (4 x 1036/cm2/sec, 250 ab-), R&D Project
backg round detector PXD completion in LS1, TOP detector PMT replacements

o Phase 3 (2019-): luminosity run with complete 3.Improve the detector (LS2) o

Upgrade programs for LS2 and for Ultra high luminosity

detector
Int. Lumi (Delivered)

o Pixel Detector (PXD): layer 1+ only 2 ladders in layer 2
5000
o Full 4-layers strip detector (SVD) it Lumi (Delivered)
N . d . J 2020 2000 1000 2021c 2022ab LS1 Target
-irst physics paper appeared in Januar
: PhY Pap PP Y b i LS2 2026 Possible
1000 | 510fb! second shutdown for
o . . ./_/ o high luminosity
« New and difficult accelerator. Additional operational Base upgrades (SuperKEKB
complexity during the pandemic. 2000 S, s @i 2wl ez and Belle 1)
e Record peak luminosity 3.81x1034cm-2s-1. 1000 \ B
« Path to reach 2x1035cm-2s1 identified. o
0 #’
° Stil Iarge factors to reach 6.5x1035 cm-2s-1. 20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

LS1 PXD completion
and CDC electronics

Belle |1 2022 Phillip URQUIJO 43



Belle Il arXiv:2203.11349 Snowmass

Motivation for Belle Il upgrades “sicmrombenumgaa

10000

THE UNIVERSITY OF
MELBOURNE

S—

Life-extended ALD

e Improve detector robustness against
backgrounds

Assume 65%
09 . — \
run time eff.

)!ll

\
t16 \

.o slot03-09

QE/QE, (A =400 nm)

. . 0 Conventional: \‘:ﬂ .
o Provide larger safety factors for running at | weoss |
higher luminosity TOPPMTs &
e E jection
« Increase longer term subdetector radiation - owmgan e | o messremen
reSiSta nce Jan/2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
» Develop the technology to cope with Pixel detector
technologies

different future paths, e.g. IR redesign for
target luminosity

DuTiP 1+t prototype

e Improve physics performance: get more
physics per ab.
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THE UNIVERSITY OF
MELBOURNE

Upgrade overview

KLM: Replacement of barrel RPC with scintillators,
upsgrade of readout electronics, possible use as TOF

—

e

ECL: Crystal replacement with pure \{{\\{\\\ d
APD; pre-shower; replace PIN-diodes \\\\

APD photosensors.

VXD: C.Bespin #151, Thurs@12.15

Trigger: K.Unger #201
electron (7GeV)

QCS replacement and
IR redesign

'STOPGAP: Study of fast CMOS to
‘ tr}ef'f.OP gaps and/or provide

Y > ‘/ SR PR = timing layers for track trigger

l“.
-

VXD: optio [ ABICH: possTbla Dhotogensor.
TRIGGER: Take - DEPFET upgrade on longer term
advantage of electronics - Thin Stiri | |

- Q0I- 4 - . positron (4Ge
technology development. ) gOI DUSTIP -~ | [ ( V)
Increase bandwidth, MAE / Computin
open possibility of new e P g
trigger primitives CDC: Replacement of the readou =

electronics (ASIC, FPGA) to improve 4 071 70001
radiation tolerance and x-talk '
Lots of Data
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Belle Il arXiv:2203.11349 Snowmass
white paper on Belle Il upgrade

Upgrade time scale
£0I | Upgrade idensscopeand technology | Timescale__

THE UNIVERSITY OF
MELBOURNE

DEPFETs Adiabatically improved replacement of existing PXD system LS2

DMAPS Fully pixelated Depleted CMOS tracker, replacing the current VXD. Evolution from LS2
ALICE ITS developed for ATLAS ITK.

SOI-DUTIP Fully pixelated system replacing the current VXD based on Dual Timer Pixel concept on LS2
SOI

Thin Strips Thin and fine-pitch double-sided silicon strip detector system replacing the current L.S2
SVD and potentially the inner part of the CDC

CDC Replacement of the readout electronics (ASIC, FPGA) to improve radiation tolerance < LS2
and x-talk

TOP Replace readout electronics to reduce size and power, replacement of MCP-PMT with LS2 and later
extended lifetime ALD PMT, study of SiPM photosensor option

ECL Crystal replacement with pure Csl and APD; pre-shower; replace PIN-diodes with APD > |.S2
photosensors.

KLM Replacement of barrel RPC with scintillators, upgrade of readout electronics, possible LS2 and later
use as TOF

Trigger Take advantage of electronics technology development. Increase bandwidth, open < LS2 and later
possibility of new trigger primitives

STOPGAP Study of fast CMOS to close the TOP gaps and/or provide timing layers for track trigger > LS2

TPC TPC option under study for longer term upgrade > LS2
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U p g Ia d e I m p a Ct white paper on Belle Il upgrade

e lIdentifying crucial performance challenges impacting physics reach.

THE UNIVERSITY OF
MELBOURNE

3
50
o0
al e = = =
| < A 2 O 2 )
Topic -~ O A B X E
. g G
Low momentum track finding v v 2 R o g =2 3
Track p, M resolution v T(gpic o > O & A B
. B(B — Ttv,B— K\%vp v v v oV
IP /Vertex resolution v B(B — X,0v) Y ;o Y
Hadron ID v v R, Polarisation(B — D™ rv) v v
0 FEI VY, v
KL ID \/ \/ SCP,CCP(B %WOWO,Kgﬂ'O) v v v
Lepton ID v v v Scp, Cop(B — py) oV v
7.‘.07 ,.Y \/ SCP,CCP(B—)J/@DKg,n/Kg) v v
. Flavour tagger v v
Irigger v v T LFV v v
Dark sector searches v v v

Table 3: Key performance requlrements vs subdetector upgrades' Table 4: Selected key physics channels and high-level analysis algorithms with the sub-

detector upgrades that would make substantial impacts to measurement reach. The
symbol () refers to solid angle coverage of the particle identification systems.

« The transition to a construction project is needed soon
o SKB International Task Force should reach conclusion by summer 2022

o The preparation of an Upgrades Conceptual Design Report should start afterwards, ready in 2023

Belle 11 2022 Phillip URQUIJO A7
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« 360 fb' of data collected - now in a competitive realm for flavour measurements!

« Performance generally better than Belle on lepton ID, neutral/extra calorimeter energy, K.-1D,
tracking at low momenta and B full-reconstruction (etc.).

o« Focused on some of the recent analyses from Belle Il (and some from Belle with Belle Il
software) that are mostly sensitive to new physics

o See Belle Il publication page for much more.

e Reaching for 50 ab-1 and beyond is still a big challenge, with an ongoing upgrade program to
support the ambition.

e Most flavour observables will continue to improve uninhibited by systematic or theoretical
uncertainties.
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Additional slides



TLFUV & LFV

« New phenomena coupling to ts can be probed e y
directly via ee—=TT. VYU Belle arXiv:2103.12994

0 _492x10°8
2e N

B(r= = e57) < 28]9\;) = 5.6 x 1078,
€N

THE UNIVERSITY OF
MELBOURNE

« Good near term prospects for exotic searches, e.qg. Bt~ — ™) <
T—| a (invisible), and T decay LFUV (need to push
Lepton ID systematics).

Belle JHEP 10 (2021) 19
« Data . Data PTEP 2019 (2019)12,123CO1
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LF conserving channels with t probably out of reach of

B—1tt,B— Xzt

LFV channels, use tagging to infer recoil mass near m-.

Br(BT — K* Tt 7)gu = (0.99 +£0.12) - 1077,
Br(B" > K*t Tt )gm = (0.91 £0.11) - 1077,

u u
SM, but good for NP sensitivity. s BT
Belle arXiv: 2110.03871 s e 2
Results from Belle Il on the way. :
Signal Mode M 0. M2
Belle Phys.Rev.D104 (2021) 9, L091105 (GeV/c?) (GeV?/ch)
P K*eTe™ > 14 > 3.2
RET K eFut >14 > 1.6
= 60— 5 Data r Kutpy= > 16 > 1.6 . I e A
= F BY — g% 7 KnFer  >14  >20 A
= Y5 e B oD KOnFpt  >14 > 20 R R UL VL PP
Z oE I haceend Korin  >15 <9 4 T
2 ~ — All components 0 0.5 1 15 N 2
] 30:_ Ecol (GeV)
0 + + B(B° — K*°7777) < 2.0 x 107° at 90% confidence level
- d
10;¥ ] + Jr L T Observables Belle 0.71 ab™! Belle 11 Belle 11
_ P 2 YRR RS R I AW I S (0.12 ab_l) Sab_l 50 ab_l
S
E O - e g —— " Br(B* - KTttt7) - 10° < 32 < 6.5 < 2.0
12 15 16 17 138 19 P 21 22 Br(B — ttt7) - 10° < 140 < 30 < 9.6
Mhiss (GeV/e?) Br(B) — t7t7) - 10° < 70 < 8.1 —
, UL UL
Mode (X12_4) Nig N51g (le05) BI’(B+ s K+.L.j:e:|:) i 106 L L <21
n 52 Br(B™ — KTt*uF) - 10° — — < 3.3
BY — r=puF| 11.0 187*5; 124 1.5 Br(B8° — te%) - 10° <16 - - 16
B - rreT| 98 03%55 116 16 Br(B" — %) - 10° <15 - - 1:3
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