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The cram course
for B-mesons (@ Belle (II)

Fal ¢ — (x)Eet (1999-2010)

(D 7 GeV 4 GeV .
e — (*) — e"‘ (since 2019)

See Appendix 0 (p.45-47)




eTe” — T(4S) as a B-factory

23 ;
' The Upsﬂon System
Sg b N 1.Inb o(ete” - Y(4S))
= p ~3nb o(ete” - qq)
=
8 15_ +' |: (qzu,d,S,C) ’
AN 10.58 GeV
T 101 i [ Fs Y(4-S) ‘ —
Lo b t o .
L 5L .'| .'*i' ‘;’; * .,’ " i
D + | IR % ‘Q-ﬂhoq m.g..““.“-" .‘-‘,_i a_>
o TI(IS) | 1”1(28) T(SS) o .
044 946 10001002 1034  10. 37 1054 : 10 58 10.62

Mass (GeV/c) 2 X mpg=10.56 GeV

e B(Y(4S) — BB) > 96%, with pt™ ~ 0.35 GeV/c

e nothing else but BB in the final state
-, if we know (E, p) of one B, the other B is also constrained
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Key variables of B decays

AE = EX —\/s/2 My =1/(/s/2? =5

Signal
| Continuum

BB background

Signal
Continuum

BB background

03 -0.2 -0.1 0 0.1 0.2 0.3 5.2 5.22 5.24 5.26 5.28 9.
AE (GeV) My . (GeV/c?)
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Full Event Interpretation (FEI)

B,

@ FEl algorithm to reconstruct 5, ag

B 2
Sig/,rv

B N
\Y(4S>/ N4 Xu

Hadronic Tag Signal Side

e’ I e

e uses ~200 BDT’s to reconstruct O(10%) different
B decay chains

e assign signal probability of being correct 5y,

Comput Softw Big Sci 3, 6 (2019) arXiv:2008.060965

( Tracks ’ LDisplaced Vertices j (Neutral Clusters ’
e 4 <

x 104 Belle Il preliminary
L [ _ -]
i - I Correctly reconstructed f[: dt=34.6fb™1 | B Correctly reconstructed IE dt=34.6fb
List B Continuum & mis-reconstructed 8000 - Il Continuum & mis-reconstructed
N : & ¢ Data
U 1sof t Data 0 7000 f
o | Ngg, =65855 % 590 D 6000 Ngg, =35401 + 297
& ) & Prag > 0.5
2 i Ptag > 0.1 =l 5000 tag .
© 1.00F 8
o [ -
p - o 4000
Z 075} - _
o | & 3000
€ o.50f =
i ! w
0.25 1000
0
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The Ay puzzle

— a historic tension



B — Kr

e charmless hadronic decays, with & ~ 0(107)
® Tree (with V ;) + Penguin = “direct CPV”
Aqp # 0, observed for both BT, B

e Not much difference in A» is expected for Bt & B’ ﬂ
extra diagrams for B™, but no new weak phase Ysa
a y b
K*, tt W
W _, J 5 S_, d_ K+, n‘l‘
b u u
B B+, BO g
B+, BO 70, _
’ u 70 -
u, d ———u, d u, d ud =’
C d
b u u,d
W u ~ u, d
B+ b d s
a, s o+, K+ B w at, K*
u > u u = u

Status of flavor anomalies with Belle & Belle I1 Youngjoon Kwon (Yonsei U.)

PPC 2023 (June 12-16, 2023)

12



D

nature Vol 452|20 March 2008 |doi:10.1038/nature06827 @

BELLE

LETTERS The “Ay puzzle”

Difference in direct charge-parity violation between
charged and neutral B meson decays

- a Kot - b Ktam
| 750 | —
The Belle Collaboration* " C
] b 500 |- -
K*, &t W - -
i W s, d b s, d K+, o+ N§ 250 = N
b a u ()] B
B+, BO g = _
B+, BO .T[O, T ’ y 0 CE 0 |
A O E -
U, g =——, d u, d u, d S 300 - d Ktad
2 _
o d 5 -
b u u,d 200 —
70 Z _ - 79 _
w u _ u, d C
B+ b d, s 100
J o +
dJ S 7[+, K+ B W .7'[+, K+
u > u u = u 0

5.2 5.25
M, . (GeV/c?)
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Current status of AAy

Acp
Mode BaBar Belle LHCDb
Ktr= | —0.107£0.0167005 | —0.069 +0.014 +0.007 | —0.080 = 0.007 + 0.003
K*+79 | 0.03040.0394+0.010 | 0.043 & 0.024 £ 0.002
Ko7t | —0.029 £ 0.039 £+ 0.010 | —0.011 £ 0.021 +0.006 | —0.022 + 0.025 4 0.010
K97 —0.13 £0.13 £ 0.03 0.14 +0.13 + 0.06

Sum rule test for AAg_

M. Gronau, PLB 627, 82 (2005)

=

within 1%

Tinw = B(KT17 ) Agsn + Aot B(K 7)) £
TR+
2 g o B(E 70 2L — 2 A 0,0 B(K 70)
TR+

Status of flavor anomalies with Belle & Belle I1

Youngjoon Kwon (Yonsei U.)

PPC 2023 (June 12-16, 2023)

14



D

<[O

Belle Il for Az sum rule test
BY - K*tn~ Bt — Kt B+ KQJZ'

k

1750 F [ i e
- Belle Il (Preliminary) --—— BOSKYm +c.c. 400 __Belle Il (Preliminary) -——— Bt K% +c.c. 1000 " Belle Il (Preliminary) -———- Bt _)Kg,-ﬁ +c.c.
- 1500 | [ dt = 362 fbL —— Y S S - JLdt=362 fb~ B Bt +c.c > [Ldt=362fb! Bt KKt +c.c
%} 1250 L e Background %J 300 L B BB background g 800 mmm BB background
S 1000 | o ! BN Continuum background o [ B Continuum background
[ ~ B =~ i
750 ~ 200 | . _
O . i 2 400
S 500 S [ S '
© _ I [
250 I [
~ . ¢ (]
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— 25§ % 2.5 E e e 5 BB .m . mm % 2:3 ;_'- e -"ﬁﬂ
) a — — 4_.—_r—‘4- - —_——r-__ —f-.d—1*_-_;-.4-
D'_25_||||| D-_25I|||| D-_25_II|||
-0.10 —0.05 0.00 0.05 0.10 0.15 0.20 —-0.3 —-0.2 —-0.1 0.0 0.1 0.2 0.3 —-0.3 —0.2 —-0.1 0.0 0.1 0.2 0.3
AE [GeV] AE [GeV] AE [GeV]
800 |5 i 0y - >0 Belle It (Prelimi --—- B*-n*n®
| Belle Il (Preliminary) --——- B%Ssnatn—+c.c. | Belle Il (Preliminary) BT™-nmn"nm’+c.c.
S - [Ldt=362fb? mm B°-K*n +c.c. S 00 [ JLdt=3621b" mm B*-K*nd+c.c.
Y 600 @ Background %J [ B BB background
= : [ :
o o 1501 @ Continuum background What abOut
— I — I
- i -8 100 O O O
c
© © B a I i ?
O 200 @) 50 Sﬂ ™
0 0 -
o —-25¢F | | | | | B o —-2.5 _ A R RS S S S
—0.10 —0.05 0.00 0.05 0.10 0.15 0.20 —-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
AE [GeV] AE [GeV]

U

BY — gtn Bt - ntn
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D

Cand./ 10 MeV

Pull

b” — K¢z for sum rule test
120 | Belle Il (Preliminary) ---- Signal 70 ;_.B’?ag (g=+1) + Belle Il
' = -1 3 roun Q60 I i
100 _IL ree — gfn?iizzgmosa:kground CE 50 ;_VB?ag (g=-1) det =362 fb1 SKthO — +O 751—8%g i O 04
80 [ , o 40F A = 40.04+ 0.15 + 0.05
60 | | T S 30| _+_“ : Kim? = - -
L TR T I 2 20] meaning of S,A, in the
40 F o\ + O ,AF R4 :
| y S 1 10 g Y= \ back-up slide, p.49
ol AN N R .-
I —--'T'.——.".”.’ll T .\\.\\T-Jg.._._ —_— % 05_ —+—
2_2: ----- — g 0:+__?_{§7/ T
ey ey - g — 2_05F
e Bttt L 1 R sl What about
0.3 0.2 0.1 0.0 0.1 0.2 0.3 0 0 0
At [ps]
AE [GeV] B — KSJZ' ?
Signal  Feed-across Signal Feed-across 6
D
ceay yield yield e [%] e [%] B 107 Ace
B’ > KTn~ 3868 + 71 880 + 16 49.91 11.37 20.67 £ 0.37 £ 0.62 —0.072 £+ 0.019 + 0.007
B — ntxa” 1187 + 43 327 + 8 54.31 14.94 5.83 + 0.22 + 0.17 -
BT —» Kt7° 2052 4+ 57 359 £ 10 36.91 6.46 13.93 &+ 0.38 &+ 0.84 0.013 £+ 0.027 £ 0.005
BT — ntx° 785 + 44 136 + 8 37.60 6.50 5.10 + 0.29 + 0.32 —0.081 + 0.054 + 0.008
BT —» KOrt 1547 + 45 - 15.89 - 24.4 + 0.71 £ 0.86 0.046 £+ 0.029 + 0.007
0 0_0
B = Ko 502 + 32 - 12.67 - 10.16 £ 0.65 &= 0.67 —0.06 £ 0.15 =+ 0.05

time-integrated

Status of flavor anomalies with Belle & Belle I1 Youngjoon Kwon (Yonsei U.) PPC 2023 (June 12-16, 2023) 16



D

— K¢~ for sum rule test
120 | Belle Il (Preliminary) ---- Signal 70 .B’?ag (g=+1) Belle Il
 [L dt=360 fb1 B BB background a 60F P -1 +0.20
% 100:_ Continuum background %50 i—vBtag (@=1) | % det=362 b SKng'O = +0.75 —0.23 +0.04
= :
S 805 b + AKO o =+0.04+0.15 + 0.05
\_ 60 \ 1 +
S T ~I\ ¢
8 40 £ / "\ +
T AN £05 e
0 e e e e e W T WO | R O S | O ST Sy Ny N SR O | R S N S c
_ oy
oot et Fosf |t
-0.3 —0.2 0.1 0.0 0.1 0.2 0.3 5 4 2 0 2 4 6
AE [GeV] At [ps] _ 4
I..=—0.03£0.13 %+ 0.05
Signal  Feed-across Signal Feed-across _6
D B (10
L8y yield vield ¢ [%]  e[%] [1077] Ace
B — K%xY
fime. mtegrated 502 + 32 — 12.67 — 10.16 = 0.65 £+ 0.67 —0.06 = 0.15 =+ 0.05
B® — KOx0
time dependent 415 + 26 -~ 9.95 -~ 11.00 £+ 0.67 0.04 += 0.15 =+ 0.05
BO KO 0
oam _ _ _ _ 10.50 £ 0.62 + 0.69 —0.01 &= 0.12 =+ 0.05

combined
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Tensions in
Semileptonic B decays




a quick summary of semileptonic B decays

@ Precision measurements of CKM UT @ Test of lepton universality in R(D(*))

sol. w/.cos 2<1>1 <0
(excl. at CL > 0.95)

=
\V)

ge (Z — €, W, T)
Is g = g,, and/or g.7

BB - DVrty)
BB - DOE+y)

R(DY)) =

— II|||IIII|III|||II||III||II|I | 1]

0.6 0.8




a quick summary of semileptonic B decays

Precision measurements of CKM UT

F 4.8 _I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I l_
- - Exclusive IV_| Ay’ = 1.0 contours e
— 4.6 u . Inclusive -
— 4 4 :_ Exclusive IV | V., I: GGOU _:
>.':$ 4 2 :_ |Vub| /IVcbl | IV |: global fit _:

" F HFLAV Average -
4= —
38FE —
3.6 =
34 F =
32 F -
. o -
E 2021 -
2.8 P(x2)=89%
:I | | I 1 | | I | | 1 I | | | I 1 | | I l:

36 38 40 42 44
V.| [107]
w—— ~ 30 tension for each — -

(lVCb‘a ‘Vub‘)

@ Test of lepton universality in R(D(*))

R(D*)

0.4 LI

0.35

0.3

0.25

0.2

‘ Prelim. 2023 \

Ay* = 1.0 contours

BaBarl?2
Bellel5

o -~
-~ o

LHCb23 .. LHCb22

+ ~~-Belle19
Bellel7 PRD 94 (2016) 094008
PRD 95 (2017) 115008 World Average
+HFLAV SM Prediction ~ JHEP 1712 (2017) 060 R(D) =0.356 £0.029,

PLB 795 (2019) 386

R(D*)=0.284 £0.013
PRL 123 (2019) 091801

R(D) =0.298 = 0.004
p=-0.37

R(D*) =0.254 = 0.005

Ll I L1l I | I | I llzilzi)cl IEE;)SI ((22(2322()2)I 20’3’:445 ()|3 Ll I Ll PI( Xi) T 2’IS qlo | I | I 1
02 025 03 035 04 045 05 055
R(D)

BB — DVrT)
BB - DOE+y)

R(DY)) =

20



Measurement of the ratios of branching fractions R(D*) and R(D") %

arXiv:2302.02886, submitted to PRL

—x10° ¢?€[9.35, 12.6] GeV?*/c* LHCb 30Fx10° ¢?€[9.35, 12.6] GeV*/c* LHCb
| D M_

V)
-

o)
-

o)
-

ek
-
(Y
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- x10° ¢°€[9.35,12.6] GeV7/c* LHCD

10} PE19.35, 12.6] GeVic* LHCD| Bl B=D uv

Candidates / (0.3 GeV?/¢%)
o
Candidates / (75 MeV)
-)

3E D u- 3 s D™ u Comb. + misID
N , : BN 3—D"uv
: : Bl B—D"uv
If -~ 1F B 3—-D " uv
0 - — - 0 : L
10 1000 2000
m2.  (GeV?/c*) E;, (MeV)

Figure 1: Distributions of (left) m2;  and (right) E* in the highest ¢ bin (above 9.35 GeV?/ ct)
of the (top) D'y~ and (bottom) D** ™ signal data, overlaid with projections of the fit model.

e used 7 — y U, v, mode
e R(D*)=0.281+0.018 £0.024, R(D") = 0.441 £ 0.060 = 0.066

e |1.96 away from SM "



B semileptonic (1)

® |V | from exclusive B decays (Belle, Belle II)
e by B — D*¢"v shape (Belle)
e by B —» D*¢"v shape (Belle II)

@ Simultaneous (incl. & excl.) |V .| (Belle)



arXiv:2303.17309 il e
submitted to PRL @

Simultaneous (incl. & excl.) |V , |

[+
@ Full Belle dataset (£, = 711 fb™1) . 5 /Y
@ B-tagging by hadronic decays | \Y(4S>/ X
Hadronic Tag Signal Side
e ANN-based tagging I
e allows reconstruction of X in B — X £™v _ S N

s Other

B B-XAlv

B B-X, v

Loo1 B-X,lv shape
¢ Data

vz MC unc.

BDT > 0.85

@ b — c is suppressed using My, and further by BDT

P
T

e 11 features for training (Mr%l, )(Vztx, N(K's), etc.)

w
T

N
T

@ use X thrust in the CM frame, for B — 7/ v significance

Events / (0.03)

- |
ol

Pt
v T

vvvvvvvvvvvvvvvvvvvvvvv

b o = I 0
| 1 Bon ; 50 [ £ B .
25 [ B-mntiv A ) _ B-ntiv 0.0 0.2 0.4 0.6 0.8 1.0
! Other B-=X,tv 3 40 3 Other B-X,Lv BDT classifier output
20 0 B-=Xcv ! - [ B-XcAv
% - 1 other Bkg 0 | [ other Bkg
2 c 30|
o 157 o | B
> » > .
W “o}
10| :
5[ 10 |
: L4 —y W ——
0 ...... ;|_.Ll_|q-—'-|—| 0 | e el e —
0.6 0.7 0.8 0.9 1.0 0.6 0.7 0.8
Thrust of P¢™ in npi_0 Thrust of P¢™ in npi_1
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arXiv:2303.17309

Simultaneous (incl. & excl.) |V | “™"

Events (Mx < 1.7 GeV)

Data/MC

350 |

300

250

200 |

— T T 1T T T T T T T T 1 — T T T 1 — 1 T 3 2500
Ny= =0 Ny =1 Ny =2 Np= =3 High My 1
/. MC unc. X/ = 12.6/(24-9 % 2000 =
. @ Data %
. @ B-n%v 7 O)
[ [ B-mtiv // / | I~
"~ [ Other B->X,{v ‘ ) <4 1500 —~
[ Background 9 Al
S
1000 =~
12
C
O
>
LL]
N T NN TN NN NN AN NN NN NN (RN N (N N N NN SN NN L1 1

O nhoYmomogdmomogdmomosO aam
N - N~ o~ H N (A rH H N R - H N 1 1 Al
~ ~©o~~~©o~~~©o~~~©+l H + H
Nn o n N — non N — noin N —mImnowmn N & & & E
“fdg —“2Z2g —2ftg T odgTETI=R
N N N N
. 2
5 bins of g
for each N_

Status of flavor anomalies with Belle & Belle I1 Youngjoon Kwon (Yonsei U.)

/e

QULH

MC unc.
Data

B-m°v
B-mtlv
Other B-X_ v
Background

Signal yield is measured
in 5 bins of g*

PPC 2023 (June 12-16, 2023)
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arXiv:2303.17309
| submitted to PRL

BELLE

Simultaneous (incl. & excl.) |V,

4.8 I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I
: o Bomtty  Fx1 Comb.m® * fi o Bl Vsl _ 1 1|V, | results from fits using
I " Incl. |Vl |
16 L o B-on’v  ::-: Belle (GGOU) @ HFLAV (incl. GGOU) 1 LQCD and experimental
_ 1 constraints for the B » 77fv
" 4.4 L 1 form-factor
() I ]
— f"‘s\
. N -
_Q 42 .,................\\. ................................
S | ‘
— 4.0 ‘| | yexcl | — (3.78 + 0.23 =0.16 &= 0.14) x 1073
rE ® A O I
S 5gq ! |vu{§;cl- = (3.90 +0.20 + 0.32 4 0.09) x 103
! /I
- /
3.6 | ,/, ‘ excl ‘ / ‘ m(:l ‘ — 0.97+0.12
3 4 I L L L L L L L L L L L L |
300 325 350 375 400 425 450 475 500
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B semileptonic (2)

LFU test with inclusive B — X¢1
-, . . : = . Incl. SM Pred.
@ inclusive study — complementary to exclusive o LEP b s X
studies - D + D* HFLAV Av.
I
» existing R(D")) are all from exclusive analyses
@ one of the unique and high-profile goals of Belle II
@ last measured by LEP (1) 20 22 24 26 28 30 82 34 36

B[B — X mv] (%)

@ very challenging — larger bkgd. & much less

constrained * R (Xc,r/f)SM = 0.223 £ 0.004

@ precise modeling of B — XZv is critical
* R(Xe/p)g, =1.006 +0.001



arXiv:2301.08266 Q(B
accepted to PRL

Belle II

LFU test with inclusive B = X1

Reconstruct
Y(4S) —» Bt‘ag£+
Y(4S) - By t”

p, > 1.3 GeV

Only basic quality
cuts on tracks and
calorimeter signals

Tight constraints on
tag quality

Tight p, cut to suppress

e = 0(0.1%)  hadrons faking leptons (“fakes”)
Precise knowledge of * secondary leptons from b — ¢ — (£, s) cascades (“secondaries”)
Biag kinematics * B - Xtv

[53% (e) / 66% (u) of selected B — X£v is retained]
slide taken from Belle Il ICHEP2022 talk by H. Junkerkalefeld

Status of flavor anomalies with Belle & Belle II Youngjoon Kwon (Yonsei U.) PPC 2023 (June 12-16, 2023) 21



arXiv:2301.08266 iV e
accepted to PRL

<O

Belle I

LFU test with inclusive B = X1

Belle 11 [Ldt =189fh~"
2500 F B Xev e X pv . . : B
l e: Background | 1 Background Slgnal extraction b)’ ﬁttmg Py
2000 | " EE ¢ Continuum 1: Continuum [ . . .
E _ MC tot. unc. 4.] MC tot. unc. e continuum bkgd. is Gaussian-
N .t Data 22 Data ¢ constrained by off-resonance
o 1500 p*:
o, data
N
+
q§ 1000 e fake & 2ndary leptons are
] Gaussian-constrained by
500

simulatenously fitting the pf in
same-charge sample

i

o O OO

Normalized
residuals

14 16 18 20 22 14 16 18 20 22
pe [GeV/d] P [GeV/c
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LFU test with inclusive B = X1

1000

Events per bin

Normalized
residuals
o O N

Belle 11

[Ldt=189fb"

- Xev

- [ 1 e: Background
" < Continuum
[ MC tot. unc.
- ¢ Data

- -

Xpy

| Background [

p: Continuum EEEE
<>:’0Y<] MC tot. unc.
ngY Data +

o OO
T T 1 1 1 1 1 17T

)
T

14 16 1.8 20 22 14 16 18 2.0 22

py [GeV/c]

pf (GeV/c]

R(X,,1p; > 1.3 GeV)

= 1.007 = 0.009 = 0.019

the most precise BF-based LFU test,

and consistent with SM

Status of flavor anomalies with Belle & Belle II

12500
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~J
O
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5000

Events per b
S
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O O OO

Normalized
residuals

10000 |
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arXiv:2301.08266
accepted to PRL

DD

<O
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Status Of RK(*)
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LFU test with b — sZ+7— at LHCb ES

as of Fall, 2022

‘@ Ry [Nat. Phys. 18, 277-282 (2022)] @ R,x [JHEP 05 (2020) 040]
9 Ry [PRL 128, No. 19 R0 [JHEP 08 (2017) 055]
Ry++ [PRL 128, No. 19|
ﬁl.l -l I 1 1 1 1 I 1 I 1 I I 1 1 1 1 I I 1 1 1 | 1 1 1 1 I 1 1 1 1 I I-
- LHCDb private compilation ] —
1.0 Bttty ittt
i i - : BaBar
- - : 0.1 < g2 <8.12 GeV*/c*
0.9 o
I | @ T : _ :
O :
I [ - : N . Belle
0.8 [ ) i - 1.0 < g% < 6.0 GeV?/c*
0.7 F . = 1
- | |- : LHCb 9 b
- 0 ’ : LT - 1.1 < ¢><6.0 GeV*/c*
0.6 F | i - A R
- - 0.5 1 1.5
: | : Ry
0.5 -
1 | L1 1 1 | I I N | | L1 1 1 | [ N | | I N R | | I I T | | 1
0 1 2 3 4 O 6

¢ [GeV?/c']
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LFU test with b — sZ+7— at LHCb ES

as of now (updated Dec. 2022)

1.4 — LHCb R 10W—q2 — ()_994t%2%%4%
- 9 fb_l Ry Central—q2 — ().9494:%:%%
| Ri+  low-¢* = 0.9275003
= _ +0.077

Ry« central-¢> = 1.0277 5 473

9 :
ol | e
T _]7_ —f_
0.8F
_ t Data 2 =1.6.p=0812 ¢ =02
0.6 SM

arXiv:2212.09153

Ry low-¢° Ry central-g> Ry low-¢° Ry~ central-g?
e ) e o ettt e e e e o ety an et s < rrnren n) PPC 2023 (June 12-16, 2023) 32


https://arxiv.org/abs/2212.09153

Other EW-penguin(-like)
B decays
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arXiv:2206.05946 {B

B — K*/7¢~ from Belle Il

Belle II can do independent check of
RK(*) with gint ~ @(1) ab_l

Measure B — K*Z1¢~ with
Ldt = 189 fb~!

charmonium veto; BDT for
continuum (eTe~ — ¢g) suppression

similar precision for ee and pu
(unlike LHCDb)

- Belle II (Preliminary) 18 F Belle 11 (Preliminary)

%W >

‘© F

S 20F o

> 18;[£dt_]89ﬂ)1 G 16fF [ £ dt =189 b !

Q) g_—SlgnaI OIQ 14 | = Signal

g 16 r = =1 Background 8 | = =1 Background

S 14 F === Total S 12l e Total T
S 12} - Data = 10[ % Data .
< 10} % 8 | R | *
n 8 E = [

2 Z c

s ol :

c :

L

4

4|
25:"'TJH%T

Fa =2 VI N )
_*_
k

-

O = . . . .
52 521 522 523 524 525 526 527 528 5.29 -0.15 -0.1 -0.05 0 0.05 0.1

M, [GeV/c?] AE [GeV]
% 14| Belle II (Preliminary) > 16k Belle II (Preliminary)
> P [Ldt=189 fb! G _f[Ldt=189 b !
(0] [
O) 12 | = Signal 5 14 r == Signal
% 10f="" Background o 12 - = = Background -
o [ === Total ~ 10 | === Total <
S gf 8 - - Data
=} - = 8k - -
~ 6 —
@ : T
. 4 | -
L [
2 2
%2 521 522 523 524 525 526 527 528 5.29 D15 01 005 0 005 0.1
M, . [GeV/c?] AE [GeV]

Decay Belle IT (107°)  PDG (107°)

B— K*ete™ 1.4240.48+0.09 1.1940.20
B— K*utp~ 1194031709,  1.06 % 0.09

B(B — K*("¢7) = (1.25+0.30790%) x 107°
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B — Xy (inclusive) from Belle Il

@ measure B(B — Xy) (inclusive)

with | £dt = 189 fb~!

FEI for hadronic B-tagging

o fit M, . (tag side) for signal yield in
bins of £,

dominant continuum bkgd. are
suppressed with 7°/5 veto (BDT)

use MC to subtract leftover bkgd. in
each £, bin

b — dy is subtracted using |V, ,/V, |

The measured E}, spectrum is

unfolded to correct for smearing, etc.

arXiv:2210.10220 <t

— 200

- Belle Il preliminary 1.8<E}<2.0 GeV
fﬁ 189 fb!

=
ol
o

=
o
o

Events/(0.9 MeV/c?
<

Pull
o

2 [ :
5.245 5.250 5.255 5.260 5. 265 5.270 5.275 5.280 5.285

tag-side My [GeV/c?]

Belle Il preliminary [ =189 fb?

I {4 Yields from data fit

BB backgrounds
Total simulation uncertainty

[
U1
o
o
T T T I T T T I T T T T
—— m—

—— et

Fitted yields per E7 interval
o
S

 — - - E—)
750 | Signal region |
— |
500 Lo I
| i
250 i t i
: 4 ¢ ¢ . :
O ...............  be—— | ) .

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
Ef} reconstructed [GeV]



B — Xy (inclusive) from Belle Il

Compare with (for E}, > 1.6 GeV)

By(B— Xy)=(340£0.17) x 10741
Bexp(B = Xy) = (349 £0.19) x 107+ *

[2] HFLAV 2022; experimental results are extrapolated to E, > 1.6 by Buchmuller &
Flatter, PRD 73, 073008 (2006)

150 x10~* Belle Il preliminary [ =189 fb1
: B { Data
_ 1.25 C~71 Hybrid B - X<y model
(g 1.00 _ 1 Hybrid model uncertainty
o T T
S ors| —-—4}
@ > : R R T
LL] 0.50 E 4 I_____! — T :
o f | |
Q 025 fmmmpmmnat T :
e S— E—— L
T —oas| ’
185 20 22 24 26
E” [GeV]
E threshold [GeV] B(B — X,v) [1074]
1.8 3.54 + 0.78 (stat.) 4+ 0.83 (syst.)
2.0 3.06 + 0.56 (stat.) £+ 0.47 (syst.)
2.1 2.49 4+ 0.46 (stat.) £+ 0.35 (syst.)

D

arXiv:2210.10220 <t

Belle II

[1] M. Misiak, A. Rehman and M. Steinhauser, Towards B — X,y at the NNLO in QCD
without interpolation in m., J. High Energy Phys. 06 (2020) 175 [2002.01548|.

The result is consistent with theory
(SM, NNLO)

and the uncertainty is compatible
with the other hadronic B-tag
analysis (BaBar, 2008)
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arXiv:2212.04128

—|— 1 accepted to PRL
BT - KTt=¢+ p

LFV in EWP-type B decays If there is
Motivation i
. L o - — . S
e If there is LUV, there is no natural LQ

mechanism to prevent LFV

Analysis feature
® hadronic B-tagging (FEILL!)
® OSvs. SS (very different bkgd.)

e fit for recoil mass for M_

O0S mu

3s00 [ T T T T E 24 ' ! ! -
e use FBDTI[2] to suppress bkgd. 3000 - 1 2 08,
- . Signal @ Signal H ]
2500 [ = 0 BB E
: BB ° Wag E
. 2000 [~ - :
[11 Keck, T. et al., The Full Event Interpretation. Comput s .Continuum =
Softw Big Sci 3, 6 (2019). 1500 [ - =
- bef after -
(2] Keck, T., FastBDT: A Speed-Optimized Multivariate 1000 [ DETOrE Bk FBDT =
Classification Algorithm for the Belle II Experiment. 00 f_ gd to be E
Comput Softw Big Sci 1, 2 (2017). reduced H s [ A E
o s . 25 3 25

: : : GeV/
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No signal excess in any mode!

Status of flavor anomalies with Belle & Belle I1

Youngjoon Kwon (Yonsei U.)

16 1.8 '2' —55

recon (

GeV/c )

arXiv:2212.04128
accepted to PRL

PPC 2023 (June 12-16, 2023)

D

o

38



arXiv:2212.04128
accepted to PRL

Results

D

o

(\;512;__ B+ —> K+T+,u_ _._gs;tr?al (90% U.L.) c\g::_f_zizt:au(90%u.L.) B+ — K+T+€_ N MOde & (%) E:NP (%) NSlg
= o A components =
2 [T % o BY - Ktr7u~ 0.064 0.0568 —2.142.9
Z%/ T l # $£ + H Bt — K*rte™ 0.084 0.074 1.5+5.5
0_...ll...I...I...‘I...I...I.l..l. TR BRI
P e Mo (GEVIC) BT — KT u™ 0.046 0.038 2.3+4.1
~...— BT =T —~ + + -+
O R - i BT —» Ktr=et 0.079 0.058 —1.14+7.4
S 10 —— All components = 20| —— All components
Jm %
01?2141£11.8l2i22$2% OE"' T 14 16 18 2 _ 23
Moo, (GeV/c?) Moo (GeV/c)
B(B" — Ktr7pu7) <0.59 x 107
® The most stringent limit on (BT — K™ z£) in all four
- ~5
modes, based on PHSP model B(BT — K 77e¢™) < 1.51 x 10
® NP upper limits are also estimated for models that give _ _
PPe! T 5 B(B* — Kt ") < 2.45 x 107°
lowest efficiency
® paper has been accepted to PRL B(BtT - KTt e") <153 x 107
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PRL 127, 181802 (2021)

Search for BT — K vz at Belle Il

II] the SM, 4] T. Blake, G. Lanfranchi, and D. M. Straub, Prog. Part.

Nucl. Phys. 92, 50 (2017).
. BB - K*wb) = (4.6 +0.5) x 1076 14] '

D
<O
Belle I

v
sensitive to new physics BSM, e.g. Z / € /
1%
* leptoquarks, W, 1% j} f;WJF
¢ aXionS, b > > > S
: U, Cc,t
* DM particles, etc. T
(a) Penguin diagram (b) Box diagram
]--O oy ' ' I ' ' ' I ' ' ' I ' ' ' I ' '
Belle II preliminary —__. Expected : j ﬁi‘{?};?mge -
0.8k /Edt— (63+9)fb” mmm Expected+lo | L. Belle II (63 b, Inclusive)
' Expected+20 - E h » N
< —— Observed _ B Eﬂlaepggls,logfhm’ SL)
= 0.6} i |
SO | o Belle (ZaL .- Had)
0.4} 90% CL : e Babar (129 ', Had+SL)
: EXpected:2.3><10__‘Z: e
02 L Observed: 4.1x107° . N L
[ ) - 10° x Br(B™—=K ™)
00 e ................... U B J_X10_5 —\ _|_1 3—|—O ) _5
B™ — K"wvw branching fraction -
J <41x10°5 @9owcL
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Closing remarks

@ With the original B-factories (Belle & BaBar), we have learned a lot, e.g. CP
violations in B systems and confirmation of CKM mechanism, discoveries of
many rare decays, and many exotic hadrons.

@ Moreover, there have been several anomalies and/or tensions in B meson
systems, some historic and others on-going.

@ In this talk, we went through the current status of Belle |l (and Belle as well) for
some of these tensions/anomalies.

@ With the Belle |l experiment to resume operation
around the end of this year, we expect much
more to come, and it will be exciting.

https://mohamadalasadi.blogspot.com/2021/09/signs-you-should-quit-a-business.hiff



Thank you!
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Appendix O The apparatuses
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Off reson./scan:

~100 b}
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On resonance:
Y (4S): 433 b
Y(3S): 30 fb*
Y (2S): 14 b
Off resonance:
~54 fb!
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SuperKEKB Belle Il

Interaction
Region Belle |l detector

_—— ‘

electron ring

injector
to Linac

Belle II

L =6.5x10% ¢cm ?%s™ !

e E) (*) ﬁ €+ /gOZI dt =50 ab™"
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Appendix 1 time-dependent CPV
in one slide
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mixing-induced time-dependent CPV

Mixing-induced CP asymmetry of B mesons
» BY and B? decay to a common CP eigenstate fp.
» CP violation appears as a decay time difference. \

[(BO(At) — fep) = T(BY(AL) — fep)

Acp(At) =
[(BO(AL) — fop) + T(BO(AL) — fop)
= S sin(AmaAb + A cos(Ama S : mixing induced CPV
S =-¢sin(2¢¢)forB - Jiy Kg  (94=P) A : direct CPV (=-C)

(Ig?vo%t?g? ) & ~30% measure position instead of time
or B o | .

:/ °" BO

At ~ AzIcBy
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Appendix 2 Exclusive B — D¢y
for VCb
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B —» D*¢"v shapes & |V, |

Differential shapes (normalized) of B — D*¢ v
® as input to determine the non-perturbative form factor

e once FF shape is known, it can be combined with L-QCD (or other methods)
for the absolute normalization to determine |V, |

B(B — D" {iy) B — externally determined

Vep| = 5 T(B — D*fﬁg) I' = decay width/|V_.|? (theory)

® use hadronic B-tagging via FEI

e [-QCD at zero recoil (w = 1) is used for |V, |

/
V-7

w

2 2 2

QTTLBTTLD*

Status of flavor anomalies with Belle & Belle I1 Youngjoon Kwon (Yonsei U.) PPC 2023 (June 12-16, 2023)
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arXiv:2301.07529 el ¢

B —_— D*f‘l' Shapes & | V b | submitted to PRD
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