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The Setup for a B-Factory

* Collide e*e™ at center of mass energy slightly above ~2x B-meson mass:

N /s = 10.58 GeV ole*e—Y(4S)) | 1.05nb
e (bb)y +— e~
Y(4S ) € o(e’e =TT 0.92 nb
S o(e*e"—cC) 1.33 nb
T;lS) : 6.0 IT(-IS) ' 3 |
20p - |8 [  Large, relatively clean samples of
3 L x| B-mesons, D-mesons and t-leptons.
15F ';| i50b atm 4 ¥ -
- ! ; $ » = K s ags
N T (25) “ast | * Well known initial state +
op ¢ " - B TR T T Large solid angle coverage (>90%)
: ‘ ' . Center-of-mass energy (GeV) - - -
B T O A — Well constrained decay kinematics
1 + ‘ ‘01‘ | OW. "“‘w ....s-..“#"“"‘«i-4-. {
N g s i o]  Advantage in studies with neutral or
9.44 9.46 10.00 10.02 10.3¢  10.37  10.54 10.58 10.62 missing particles.

Center-of-mass energy (GeV)



Time Of Flight Counters

The Belle Experiment gt

Aerogel Cherenkov
Counters

» Was located at the interaction region Flectromagnetic )L
of KEKB, a first generation B-factory Calorimster —§
iIn Tsukuba, Japan.

| | _ ) Central Drift

— ].OOO B > 1 ab—l - A Chamber
_'D On resonance:
et - Y(5S): 121 b B
) - ¥(4S): 711 b~ Silicon Vertex Detec't'or /K. d -
0 Y(3S): 3fb™" 1L/ K, detection
S 600 Y(2S):25M" i |
= Y (1S): 6 b » (General-purpose spectrometer operating
= Off reson./scan: between 1999 and 2010
T 400 ~100 fb™! - ©
% 00| ) » Collected ~1 ab-1, or approximately:
= e 772 million BB pairs
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Belle Il detector

J/ f

Electron ring

Super
KeKB
-~ 3 >

Positron damping ring

Belle Il/SuperKEKB succeed Belle detector and KEKB collider.
* SuperKEKB: Nano-beam scheme to achieve high luminosity.

. | Electron-Positron

L | linear accelerator

KL and muon detector
Resistive Plate Counter (barrel outer layers)

A\

EM Calorimeter
Csl(Tl), waveform sampling electronics

\m‘\

Vertex Detector

2 W

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

2 layers Si Pixels (DEPFET) + ) ‘ -  / -.. = e+ (4 GeV)
4 layers Si double sided strip DSSD /sty | , —~—

Central Drift Chamber & -

I

Smaller cell size, long lever arm -

Belle Il TDR, arXiv:1011.0352

Belle Il: all-new detector with improved vertex reconstruction and particle identification.



(o] Int. Lumi (Delivered)

5000

Int. Lumi (Delivered)

Belle Il Timeline

2021c 2022ab LS1

Target Ta rget
510fb-!

AQNfl-
480fb-!

4000

3000

* Roll-in in 2017 followed by commissioning.
* Full detector operation started in 2019. | 2% \ /

* Achieved world record luminosity 1000
of 4.65x1034 cm-2s-1(June 8th, 2022 o
( ) 0 M
* X2 Belle instantaneous luminosity 20/4/1 21/4/1 22/4/1 23/a/1 24/4/1 25/4/1 26/4[1

 Aiming one order higher

* Long Shutdown 1 (LS1) starts this summer | 151get: Extrapolation from 2021
to replace PXD + detector maintenance
and Improvement.

 ~400 fb-1 at LS1 can already match BaBar (~550 fb-1) and challenge
Belle's results (~1 ab-1) thanks to improved reconstruction performance.

with expected improvements
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Don't believe me?
Here's an example...



Charm Lifetime @Belle I

» Jest of effective theory models e.qg.
strong corrections to weak decays at low energy

Production vertex
* Challenge: requires high resolution and carefully controlled systematics

 New detector offers 2x decay time resolution of Belle and BaBar thanks
to smaller interaction region and vertex detector located closer to the IP.

- * + =g+ e+ 1 0 + —rt
D*+—(D°= K-rt)rt* D**—(D* = KTt*r)m Ao = pKTT
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: f Ldt="721b ¥ 2R Y Background - f Ldt=T7216" % Blackgroun d - Belle II Preliminary . . ¢ Data
0 + - . " .
10° E LD —=K'K - r — Fit
1D —mtm- _/ L dr=20721b %y --- Background

[E—
-

(98]
|

Candidates per 1 MeV/c?

-----------------------
-------------------------------

Candidates per 1 MeV/c?
Candidates per 0.4 MeV/c?

185 19 1.95 ) 175 1.8 1.85 19 1.05 > 226 228 23 230

- Mass [GG\’/CQ]
+ V m(K-mtm GCV/CZ




Charm Lifetime @Belle I

» 2D fit of unbinned decay time distributions.

 Background from simultaneous fit of sidebands.

 Dominant uncertainties: physics background and detector alignment.

Belle |l

(D% = (410.5+x 1.1 £ 0.8) fs

7(D+) =(1030.4 £ 4.7 =+ 3.1) fs

Act) = (204.1 £ 0.8 + 0.7 - 1.4) fs

World average
(410.1 £ 1.5) fs

(1040 + 7) fs
(202.4 + 3.1) fs

2

extra syst from =c—=/AcTt

 World's best result, establishes the potential of the Belle || detector.
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Hadronic B decays



CKM angle ¢;@Belle+Bellell w/:/ o \<

- - — _
u u u

$; measured from interference of b—cus (favored) and b—ucs (suppressed)

Tree level process =+ SM benchmark mode, input for CKM fit. —~current status: |(66. 2+3 4)

- ; 1 1 ' _
First combined Belle (711 fb-1) and Belle |l (128 fb-1) analysis. ASPPE{ B~ s DOK]

"Optimally binned" Dalitz plot analysis of D—Ks h*h Alavor[B= — DVK~]
using BPGGSZ method [PRD 68. 054018 (2003)] :

— 1,

|
(@0)

.-I> OO O
|IBin number|

(Xpr Vi) = 1, (cos(gb3 + 0p), sin(¢; + 53))

, 5.2 D°-D° strong phase input from BES IlI/CLEO

|
w

N

I : fraction of decays to i-th bin

0511522531

m? (Kgn+) [GeV?/c*
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Events / (5 MeV)

Pull

Events / (5 MeV)

Pull

CKM angle ¢;@Belle+Bellell

o Jramiin S IR ] S st Y5 oeeeme e Simultaneous fit of B—+Dm, B—2DK
1200 = —¢— Data =  300F ° —+— Data . -
wf—— [ | o | 2 L) L e to extract K-t efficiencies and
00 —TE = S e I L R B backaroun o " e .
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200
e — | o K %
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CKM angle ¢;@Belle+Bellell

(65°] =124.8 + 12.9 (stat) + 0.5 (syst) =+ 1.7 (
re = 0.129 + 0.024 (stat) = 0.001 (syst) + 0.002 (ext) JHEP 02, 063 (2022)
($3[’]=78.4 +11.4 (stat) +0.5(syst) =1.0

ext) h

(ext) |

+15.1

Previous Belle (711 fb-1) result: ¢5[°] = 77.3 14,9 £ 4.1 £ 4.3 |[[Phys. Rev. D 85, 112014 (2012)]

Better Ks selection, bkg suppression, analysis strategy.

Improved systematics from BES Il external input. %
Total improvements w.r.t. previous Belle result %
equivalent to doubling statistics. >
Expect <3° uncert. at 10 ab-1 by including more D final states.
Measurement is still statistically dominated.
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Belle 1l

—— BPGGSZ

—=— GLW + BPGGSZ

o N H (o)) (00
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6 8 10
Luminosity [ab-1]




B Kst° @Belle i

Rare decays, model independent test of new physics.

Null sum in SM from isospin rule:

2ACP(BO — K_|_7T ) + 1. 3ACP(B+ — KS’]T_I_)

—1.2Acp(BT — KT7%) —

ACP(BO — K57T )

Challenge: need good neutral reconstruction,

precise beam spot knowledge to reconstruct Ks decay

— unique to B-Factories.

4D unbinned maximum likelihood fit in AE, At, Myc, BDT out

- 1.2 (stat.)

+ 0.09 (syst.)

+ 1.0 (syst.)) x 107°

World average: Acp = 0.00 = 0.13.

14

dominant uncertainty

/

~ 0

Events/ (0.015)

Events/(0.9)

NEW @Moriond

Belle Il (preliminary)

a5F. @ Data J- .
- — Total Flt Ldt = 189.8 fb
30 ---- B’ - K 7t°
- BB
25 Continuum ¢

—%.3 -0.2 0.1 0 0.1 0.2 0.3
AE [GeV]
35F-
- e Data Belle Il (preliminary)
30 — Total Fit y
- B® KO 70 l J-Ldt =189.8 fb
255— —BB L 4
20 - Continuum
15F- \
10E Y +
it TSN I N oree . ¢
91 -6 4 2 0 2 4‘ 6 8 0
At [ps]
2 2 — 2 2
A * B *
Mpe = C | Dl | E p;| c*,



NEW @Moriond

Branching Fraction of B°—= Ksmt’y @Belle |

* b—syis only possible at loop level in SM.

» Flavor-specific polarization: B°— Ksn°y(RH) and B°— Ksrt®y(LH)

* we do not expect time-dependent asymmetry in SM

e possible in NP with different chiral structure

« B°->Ksmt’y is only measurable at B-Factories

* |n preparation of a time-dependent analysis,
we measure the BF;

Compatible with world average
b = (7.0 T 0.4) x 107°
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Candidates / ( 0.0625 GeV )

45 _ Belle 1l 2022 (internal)
40 b [Ldt=190 b
: —8— RS Data
35 e~ /5\
30 FI\
25 - e e
20 _ — -o—- Data
- — Signal+Bkg
15 3 ---- Signal
10 | Background
5F \
O E-l’l-’l‘l’ [ I NN N A 1~1\;\1"{~ dak 1
05 04 03 02 01 0 01 02 03 04 05

AE [GeV]



[Vub| and |Vcb|



IVub| and |Vcb| Puzzles

* |Longstanding tension (~30) between inclusive and exclusive measurements

* Crucial input for SM rare decay BF, limits power of CKM unitarity tests

F 4,8 C I | I I I | I I I | I I I | I I I | ]
' u : Ay? = 1.0 contours _
O - Exclusive IV | x =1L =
— 4.6 ¢ . . IVup| M t Ti
- - Inclusive - ub| Measurements over Time
T o 4 4 [ Exclusive qubl IV .I: GGOU — 7 CKMFitter Unitarity é |Vub| Exclusive B - TV
= ' F ® . - ] EPS 2019 PDG CKM Review Phys.Rev.D 92 (2015) 5, 051102
> - IV _I/IV .| V- global fit ] |Vus| Inclusive B - 1 A - pv
40 ub™ " " cb ® — : + PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 | Nature Phys. 11 (2015) 743-747
Z — 6 —
- HFLAV Average ~ .
4 e
u N S5 —
3.8F = = o + +
- 1 9 + + o 0 ® 9 +
3.6 — 44 9
- = . . ; © S— O S—0 6—0
34 g 1 o ? ¢ ! ! o ° B
L _ 3 _
32F = : M. Prim
3 - m . . | | | | — T T T T T —
C — < < < < < < S S O O O O O
= - [0) [0) [0) [0) o o o o o o (o o (o
n 2021 . @ % % % <o Q o X Yo > Yo Yo o
2.8 P(x?)=89% ]
; ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ;
36 38 40 472 44

IV, I[107]



Partial B.F. of B— X 8v @ Belle

* Extremely challenging due to dominant B—X:{v background (~50x B—Xu?v)

B-X-Av (x0.02)
B B-wlv
I B-n'tv
1 B-nlv
1 B-plv
[ B-mlv

o Higher resonances
& non-resonant

e Clean sample at lepton endpoint
... but large theoretical errors to |Vup|

[
Ul
] ) ' 1 L] L]

 Extend as much as possible into
the B—Xutv dominated region

Events / (0.04 GeV)

* Improve modeling of b—u and b—c

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
| E7 [GeV]
 Hybrid MC model [Phys. Rev. D 41, 1496 (1990)]

 Recent idea shown by Belle: Data-driven modeling of B—=Xc2v.
Derive b—c template in Xc-enriched sample, use for fit of Xc-depleted sample.

Not covered here - see M. Hohmann's talk @Barolo2022
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PRD 104, 012008 (2021)

[ Tracks ] {Displaced Vertices] [Neutral Clustersj

Analysis Strategy rReh B @

 Hadronic tag with Full Event Interpretation (FEI): i : .
Exclusive B-tagging with increased efficiency e \
(0.5 (0.3)% for B*(B%) using BDT. (T

[D*O D* T D:]

* Use second BDT classifier trained on 11 variables including BBt |
Mmiss2, #K, #Ks,... to suppress b—c background.

Signal and background after BDT cut

1750 |

B
T I T T T

w
T I T T T

= = =
~ o N Ul
(0] (@) Ul o
o o o o

N
T I T T T

Events / (0.03)

(9,
o
o

Events / (0.225 GeV)
Events / (1.25 GeV?)

=
T I T T T

250 -

o

0.0“ 0.2 04 0I6 0.8 1.0 %0 05 10 15 20 25 30 35 2.0 4.5
BDT classifier output Mx [GeV]
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PRD 104, 012008 (2021)

Results

. 2D fit on (My, g°) with E, > 1.0 GeV
« AB(B—Xu8v) =(1.59+0.07+0.17)x10"°

AB(B — X, 0" v,)

V| =
‘ b‘ TB°AF(B—)Xu£+I/g)

« Consistent with other inclusive
determinations.

Events / bin

Pull

Using theory predictions we calculate

IVub| = (4.10 = 0.09 = 0.22 = 0.15) x 10-3

20

e — 200 |
5000 | B Background . [
= Signa Example fit| s
s000 [} Dat - O 150
- /7., MCuncer tainty . =
[ = 125
3000 | = [
; ] © 100 |
i S~ i
2000 §rfpffhforfohotooodoton o e . D 15t
Z I GC) y
| g |
: : 0 s0f
1000 b LL
- ] 25
0 : 0
25 F T T T T T T T = 25 F
0.0 | ] ] 1 : S 0.0}
i 1 I i ] a i
-2 5 b - —-2.5 ¢

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

MX [GeV]
BLNP .-
DGE —_—
GGOU o
ADFR .
_—

Our average




Meanwhile at Belle ll...

IVub| from B—1mtev @ Belle li

e Reconstruct B°—1mre*v and B*—=mnt’e*v
with FEI hadronic tag.

. Fit missing mass in three g* = (p. +p,)2 bins.

« B(B°>1mret*v) =(1.43 + 0.27 + 0.07) x 10-4
B(B*—mte*v) = (8.33 + 1.67 = 0.55) x 10-5

o Fit dlS’/dq2 X |Vub\2f2(q2) using lattice QCD
input (Fermilab/MILC) [arXiv:1503.07839]

e Combined fit: |Vub| = (3.88 = 0.45) x 10-3
* Consistent with PDG but still imited by statistics.
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Events / (0.29 GeV?4/c?)

— MC

Data

dB(B° » m~et*ve)/dg? [GeV~4c?]
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Belle Il Preliminary [rdt=189.3fb™!

. ¢ Data

[ B B°-nev
- EEm Background
- /72 MC stat. unc.

0GeV?/c* < g% < 8GeV?/c?

-1.0 -05 0.0 0.5 1.0 1.5 2.0 25 3.0

M2. . [GeV?/c?]

Belle Il Preliminary [r£dt=189.3fb™!
I I I I I 1 1 1 I I I I 1 1 I I I I I I 1

Preliminary
@Moriond | -




g2 moments of B— Xclv

Inclusive |Vco| measurement relies
on Heavy Quark Expansion (HQE)

Non perturbative matrix elements, number
increases If one increases expansion in (1/mp)

Recent idea [JHEP 02 (2019) 177] to reparametrise:
e Reduce number of M.E. for g2, 13—8 at O(1/mp*)

 Measured at both Belle (recent) and Belle Il (new!)
for < (qz)” > , n=1-4, using hadronic tag.

IVeo| global fits with this input in the near future.
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paper in preparation
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Phys. Rev. D 105, L091101 (2022)

LFU Ratio in Q:°—Q2*vy @Belle |

. . . 2100 H, — Al Fitted Bkg
 EW coupling of gauge bosons flavour-independent in SM. 2 + = Bkg from B{)
LO Wrong Q
S . BF(B - DY) 2 |
. LFU tensions in e.g. R(D)) = (~3.10 WA). g%
BF(B — D™¢v,) it
« NEW: First probe of LFU in Q.. oot 25 3
Mge (GeV/c?)
 Full Belle data set of 89.5 fb-1, 711 fb-1 and 121.1 fb-1 .
(10.52, 10.58 and 10.86 GeV) S + . Data
BF(QC — Q_e+1/e) 3 \MIIBngfrorgr; Bl
. Measured e e T 1.02 £ 0.10 = 0.02 P + oS
BF(QC — Q_M_I_ylu) § 50 - + e At
« Consistent with LFU. Reference mode: Q= Qm*

25 3
24 Mg . (GeV/c?)



LFV in T4y

 Within the SM lepton flavour and total lepton numbers are conserved.

« Lepton flavour violation observed the neutral sector (v oscillation).

 Charged LFV can occur in SM through loops, e.qg.

2 I

Busm (T — M/y) — 3 UTZ'U/MZ m23 T
%%

 Enhanced to ~10-19-10-7In several theories = unambiguous NP signature.
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¢,

CM

(tag),track(tag) — ‘

~ CM
p T(tag) p track(tag)

— CM

= CM

p T(tag)

~ CM

p track(tag)

Signal: N,=1, Ny=1 with 1-prong tag.

New selection on angular variable
(angle between 1-tag and tag track)
related to missing energy of system

e [0,1]

Dominant background from accidental coincidences In
T 8vv + Yy and ee— 22 + vy, y=(ISR or beam background)

Increased luminosity (5635/fb—988/fb)

Events /0.1

200
150

100
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JHEP 2110, 019 (2021

||||||||||||||||||||
300—

' f Ldt = 988 fb”
250_—

¢ Data
—— Total background

Events /0.1

two-photon

—— B(t—uy)=2.0x10° ]

50

New Measurement of T2y @Belle

/
€ H 5 Tag
220t Belle :
0F f Ldt = 988 fb t Data :
180 —— Total background -
160~ i .
140;_ [ two-photon ;
120 —— B(t— ey)=2.0x1 0° .
100 f— f
80 f— f
60[- .
0 .
20 L’*" ;
0_; ackll - e e ]
<,




Data e Data

Belle Ot — uy Belle Ot — ey

\g 0_03 B I.I_I_~I:|:I:I:I:I: :I:I:I:I:l.l.l [ \;D- 0_03 _.I:I..I |II [
L Tl ey T R
X - B SUNE <002 f il
;........u-...... ° : :......--uuu-.-..'. :

P I IS
- e o - - [ ] —
0.01 e 1 it ing et T 001 (¢ it
. « = & =& o é El"" ....... . . | a OO o = = « « « .« . .._

:?ogElDDn-.- g - ngDDEn

. ....".; 255{ E’]\;:ﬁ Ll - 2= E‘,\Z """ .

o= .. ..igg_g}jn. ..__ Oi_ ’§| %)D o
OQg @ = = « » - .9€ O
... *DDQD‘;. ....... ‘.: . Q\DE%]D/ e

DA IS == X Bl S e :\"E‘DE’E"Z::': N R
001 = ¢ . 0 Fnang %% i tY T —0.01 = [ 1l el ama g ae e - ey
- @ - ..... = O OO o og= =@ = = = =« o =] e T -.u.:]c]ngu B = = = = = =
B A AL SR S R B A
-0.02 — . 0. e o 002 s . ... ... .. e . . . . .. .
e LS e ge
003, 7 1.75 1.8 1.85 1.9 003,77 1.75 1.8 1.85 1.9

M, . [GeV/c] M, [GeV/c]
 Mu-channel improves previous limit set by BaBar.

 Could Belle Il be competitive at LS1 luminosities?
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New Measurement of T2y @Belle

e Unbinned maximum

likelihood fit in 2D signal
region centered In:

in _ 2 2
M ( = \/Efy — Pfy) ~

AE (= ES" -
Y

CM
Ebeam

M

T

)No

95% CL

T—>ey

=N

Luminosity

Belle (2021)

<5.6x10-8

<4.2x10-8

088 fb-1

BaBar

<3.3x10-8

<4.4x108

516 fb-1




LFV B°— 1€ @Belle

b T
W+
 Can similarly occur at loop level in SM, but is enhanced in NP (e.g. leptoquarks)
~ : R
* Biag reconstructed hadronically, Y(4S)— BtagBsig(— T2). P
ﬁ(Bsig)
% : --- B >Dxr \_ 48"39) )
g --- B 5D*x "
5 “° ... Background  Use 4-momentum conservation to
> [ T A componens reconstruct T kinematics = Mmiss

- x?/ndf = 0.894  No T reconstruction required.

200

Belle(preliminary)
/ Lt — 711 b » Validate by reconstructing B—Dm
using the B— Tty selection.

— (Good agreement with PDG.




LFV B°— 1€ @Belle

PRD 104, L091105 (2021)

e Unbinned extended maximum likelihood fit of Mmiss In 711 fb-1 of data.

R [
2 —
:0>) 60— ¢ Data
[ /
e meew BYo1p
L S — B 5D =«
= . B 5D«
% 0 e Background
LE — —— All components
305_ N — 1 8+8 2 y
20 sig —-7.6 + ,
- d +
10— %‘
N + + e & +
:I#. I.M‘r%“% . | 1 | J
: 2;._. ................................................................................................................................................
= . - -— -
A _(2)3_ __________________________________________________________________________________________________________________________________________________
14 15 1.6 17 18 19 2 2.1 22
Mmiss (GeV/c2?)

Events/(16 MeV/c?)

Pull

D
@)

50

{ Data BO _’Te 4

- BY 5 rteF

-=== Background
— All components +

N =0.3"°
sig

—-8.2

lllll|llll|llll|llll|llll

— | 1 1 1 I’-H-‘ : ’-'+|* | >L | |
.Zl 15 16 1.7 18 19 2 21 22
Mniss (GeV/c2)

* Upper limits of BF(B?—1)<1.5x10—° and BF(B?—1e)<1.6x10~° at 90%C.L.

LHCb BF(B°—1)<1.2x10-5

_
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Summary

* Belle and Belle Il offer a unique and fertile physics environment.

» Belle Il with ~400 fb-1 LS1 data can already provide physics output on the level of its
predecessors.

 Many more topics | wasn't able to cover: (in backup)

* Electroweak penguin B decays (B»K*{¢, B—»va,./..);'
* Dark sector (e.g. Dark Higgsstrahlung, shown by Belle Il at Moriond);
 Hadron spectroscopy at energies above Y(4S);

+ BP lifetime and mixing measurements; and more.

 Expect more results to come soon.
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PRL 127, 181802 (2021)

B—Kvv @Belle Il L W/ : ;ﬁi

b —» > > S

<

 Hermetic detector offers unigue opportunity to study this Channel
» FCNC strongly suppressed - SM expectation: (4.6+0.5)x10-6
 New inclusive tagging approach.

» Validated using B*—=J/{(—=pp)K* >3.5x better than hadronic tag,
~20% better than semileptonic tag

I at similar luminosities.
.. Bellell ---- Expected 4 Average
. ] 1.1+0.4
08 E °".,../£dt_(63+9)ﬂ)_1 Bl Expected+tlo ] # I | B
' : Expected+20 | : . ReHe H (bq H) R Incluswe)
= X —— Observed : L9535 This Work
Ehads _ : lle (711 fb
:>m : Measured: 1. 91_% g x 107 *, IP())en 'eP(R|7)<)(' ()‘ﬂ)l()‘l  SL)
3 0.4} 90% CL - | ]
O ] Expected: 2.3x10 ° | : - B“elllel(lzml 1]]f]13][) Had)
02 L Observed: 4.1x10 ° ] :
o—i Babar (429 fb ', Had+SL)
[ . d _ | 0.8+0.7 PRD87, 112005
OO | | e .. o | L 1 Xl()—.) | g | 1 . . | . 1 . : 1 1 1 : | , |
0 2 4 6 3 0 2 4 o 3 10
+ + 4,5 g . - o
B™ — K" vw branching fraction 10° % Br (B+—>K + VV)
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ds (v) @Belle+Bellell

IL dt =711 o

Belle

B" — DK"

e

Bin

=2 0 2 4 6 8-2 0 2

J

........... $ ...

Belle 1
Ldt=7111fb

B" —» Dn"

Bin

=2 0 2 4 6 8-2 0 2

Belle Il
JL dt=128 b

B" — DK"

Bin

Belle Il
JL dt=128 fo~

B* - Dn"

4 2 0 2 4 6 8-2 0 2

Bini
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» Simultaneous fit in each Dalitz bin to extract CP observables (x., y. )

e Misidentification rates fixed from
previous fit.

e [, extracted directly in data
— |ess reliant on simulation

DK __

At

xPK = +0.092 + 0.033
yPK = 4 0.100 % 0.042

—0.113 £ 0.032
0.046 = 0.042



B*—p*p® @ Belle li

 Can access CKM angle ¢, by combining
measurements of B*—=p*p?, B°—p°0° B’ —p*p

* Direct CPV measurement only possible at B-factories

Acp = —0.069 & 0.068 (stat.) -

(23.2757 (stat.) £2.7 (syst.)) x 10~°

fi = 0.94370:033 (stat.) -

World average: Acp = —0.05 £ 0.05
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- 0.060 (syst.)

- 0.027 (syst. )

Preliminary @Moriond

> . .
% 200 E Belle Il (preliminary)
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Lepton Flavor Universality

 EW coupling of gauge bosons is expected to be flavour-independent.

* Hints of LFU violation In Charged
current decays, e.g.:

BF(B — D"t

R(D(*)) =
BF(B — D )z/”l/g)

*

EZ

» World averaged tension of ~3.10 .

0.4
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2 _ —
- 30 o : \\ —
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[ \\\‘ —
= ? Average —
- * \\\\_ _ /"‘: —
C % Bellelg  —— == Bellel5 _
— BCHCl 7 PRD 94 (2016) 094008 World Average =
4 HFLAV SM Prediction 10 ‘j"(‘ 00 R(D)=0.339+0.026+0.014 ]|
- R(D) = 0.299 +0.003 PLB 795 (2019) 386 R(D*)=0.295+0.010x£0.010 _
- R(D*) =0.254 £0.005  PRL123(2019) 091801 p=-0.38 _
| EPJC 80 ‘J 20) 2, 74 P(%?) = 28% —

| | | | | | | | | | | | | | |
0.2 0.3 0.4 0.5
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T LFV Theory Predictions

Model Reference T MY T MMM
SM+ v oscillations EPJ C8 (1999) 513 10-40 10-14
SM+ heavy Maj vr PRD 66 (2002) 034008 109 10-10
Non-universal Z’ PLB 547 (2002) 252 109 10-8
SUSY SO(10) PRD 68 (2003) 033012 108 10-10
MSUGRA+seesaw PRD 66 (2002) 115013 107 109
SUSY Higgs PLB 566 (2003) 217 10-10 107
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