ays.

Rare B dec

fro




Belle Il basics



SuperKEKB Belle Il

Interaction

Region Belle Il detector ! Z

—

Belle IT

electron ring

l

positron ring

ﬂ injector:
to Linac|

positron damping ring

7 GeV 4 GeV +
€ ) (*) é € We also have data taken off-resonance
\/g — 1058 CQeV — mT(4S)C2 as well as energy scan around Y(55)

e B(Y(4S) — BB) > 96%, with pSM ~ 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 “B-tagging”  unique to e*e™ B-factory



eTe” — T(4S) as a B-factory

25 —
The Upsﬂon System ]
%“ ol N 1.lnb o(ete” - Y(4S)) _
= ~3nb o(ete” - qq)
2 L i
9 ]_5-_ ;?: (qzu»d;S;c) ]
gl 10.58 GeV :
(RGN o Y(4S) 1
T S t - )
L ' \ ¢ ' o -
— 5 X L oo .
b [ ¢ oy O A P ....5...“.-4‘* ol as
o TI(IS) | TI(ZS) T(SS) . ; N
044 046 10.00 10.02 10 34 10. 3’? 10 54 . 10 58 10.62
Mass (GeV/c") 2 x mg =10.56 GeV

e B(Y(4S) — BB) > 96%, with p§™ ~ 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



Key variables of B decays

AE = E¥ —1\[s12 My =\/(/5/2 -5}

: Signal F-
5 Continuum :
BB background E
" Signal
X Continuum
n BB background

03 02 -0.1 0 0.1 0.2 0.3 8.2 5.22 5.24 5.26 5.28 543
AE (GeV) My (GeV/c?)
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Total integrated Daily luminosity [fb™!]

Belle Il Online luminosity

Exp: 7-33 - All runs
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Belle IT Physics Mind-map

ing and CP

\war mix

Charm Lifetimes

Bs ph Sics \VJ

l'an H :

- Ching Fractions, Dalitz analyses
7
% /4,
O«.
A
00‘-,
®

New hadron states Zb's, b

2 LE
©n flavor violation

G
Darm decays

S Measurements
o\
AV

yrd/Vts from penguins

Vub) .
6 \\] o, Exclusive measurements
et N
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oS N universali
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-------- g easurements
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Dark Higgs
Heavy tau neutrinos
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0(\0 N - B
Magnetdc ¥ .- 0e
\\e \\'\?‘(, . Od\c ; * V
oo .G.a.z et s Y\z& 7 Kk gamma and radiative penguins, B-->K(*) nu nubar

B«)V
V: rig
&, ['ght-handed currents, triple products

Tau Spectral F““Ction
S

en Ufns: b

Lepton Flavor Violation (LEV) =S I#1, lepton universality, NP
oV ¥ Y
> y XN
oS ‘.,\(?, / c T _aroma determinations
Tau Electric DIpO\€ g‘* / Ws :
* 4
g eo/
SinA2 th N w g
NCE \ec‘fg harmed resonances

A_FB (tau, mu, e+, b, ¢)

o
improved UL

Image courtesy of Tom Browder



- To handle a mlssmg partlcle at Belle Il
@ete” > Y(4S) — BB

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting
one B (B,,,) makes it possible

to constrain the accompanying
B (B

sig)
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- To handle a mlssmg partlcle at Belle Il
e ete™ — Y(4S) — BB |

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting

one B (B,,,) makes it possible

to constrain the accompanying
B (B

® Having a single missing particle
(e.g.v) is usually as clean as
getting all particles measured

sig)

® The price to pay is a big drop of
efficiency ( < O(1%))

Recent physics highlights from Belle II Youngjoon Kwon (Yonsei U.) Aug. 29, 2024 for Flavor Mini-Workshop @ Yonsei 10



FEI Full Event Interpretation

. ° e+
@ FEl algorithm to reconstruct B, Biag Biig P4 Y

e uses ~200 BDT’s to reconstruct O(10%) different . & ¢ x,
B decay chains Hadronic Tag Signal Side

e assign signal probability of being correct 5, e I e

—_— ) -
Comput Softw Big Sci 3, 6 (2019) arXiv:2008.060965
a h 4 B imi
‘ Tracks ’ LDlsplaced Vertices J {Neutral Clusters %104 Belle Il preliminary Belle Il preliminary
i - ) | mmm Correctly reconstructed [rdt=34.6fb1 t W Correctly reconstructed [cdt=34.6fb7
175t B Continuum & mis-reconstructed 8000 - Ml Continuum & mis-reconstructed
8 - ¢ Data N, 7000} + Data
1.50 f :
- + + + 0 S 70 >
[ € J ( M j [K j T K 7 E s Npgg, =65855 + 590 9 6000 } Ngy, =35401 + 297
2 ptag>0.1 S 5000: Ptag>05
S 1.00 S f
0 S 9 4000 F
J/¢ 715 Z 075 - :
0 @ 3000
€ = [
= $ 0.50 ¢ 2000F
KS Ll>.l [ L ;
0.25 1000 |
0+ 0.Q0 0.
DD D 250 5.255 5260 5.265 5270 5275 5.280 5.285 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
My (GeV/c?) M. (GeV/c?)
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Some physics highlights



B — DY rTy

d > '
® goo0d features : a
—_— > C
- due to heavy m,, sensitive to H"
- BB —D"rtv) > BB = rtv) W %
- access to more dynamical info. through 2'
T polarization
® but, very difficult for analysis g J
- multiple v’s 1
- large background from B — DX/{¢* v o tanfim c/(;;f ‘\ ]
—( % _ ’ C 7_L \\
e B DMty depends on form-factor e /:( v
- but, it can be deduced from m tanf3 4

Bt — l_)(*)€+u

(SM) BB =D 77v) ~ 1.4%, BB —Drtv)~0.7%



arXiv:2401.02840 Bl =4
PRD accepted o

R(D*) from Belle Il

RDY =28 DY
® First R(D*) result from Belle II BB — D*tHy)

@ Analysis features -
® Use hadronic B-tagging with FEI

e leptonic 7 decays, 7" — £, U,
e three D* modes: D't — D", D™z and D0 — D9

@ Signal (B — D*771) & Normalization (B — D*¢*v)
® extracted simultaneously
e by fitting 2D (M?2. , Egcy)

QD
©
a )]
=
s

wn

(D)
)
-
L
-
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arXiv:2401.02840 Bl =4
PRD accepted o

Belle I

R(D*) from Belle Il

Bellell simulation B — D*tv Belle simulation B — D*lv Belle simulation B — D**v
10 10 10 0.03
0.03 014 e o

— 8 ' 8 D f 0.025
2 6 6
% 0.02 0.1 6 0.02
S 4 0015 4 0.08 4 0.015

0 0.06
N g 2 0.01 2 2 B 0.01

0.04
002 O

0.005 OF o

0 0o _
0 02040608 1 1.21.4161.8 2 0 02040608 1 121.4161.8 2 20 02040608 1 12141618 2
EccL [GeV] EccL [GeV] EccL [GeV]

@ Signal (B — D*7"v) & Normalization (B — D*£"v)
® extracted simultaneously
e by fitting 2D (M?2. , Egcy)

— Pp* — Pf)z

EECL = extra energy (unmatched) in the
EM calorimeter

2 _
Mmiss — (pe+e‘ — PB

tag

QD
T)
a )]
=
+—
wn
(D)
—
-
L
-
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arXiv:2401.02840 Bl =4
PRD accepted o

Belle I

R(D*) from Belle Il

@ Fit projections for the sub-mode D" — D%z 2. =189 fb~!

—e— Data
— T L L L A A L L LA L L B - 0_+
100 Belle Il Preliminary —s— Data N 500 :_ BIeIIe ”' Prelilminarly D*+I—>1 - D¥*tv 30 5 Belle Il Preliminary D**—D’z* —e— Dita
I [Ldt=180.3f" HED*zv ] - [ Lat=189.3 10" N < = [ Lat=189.3 10" -D*fv
- 0 [ Dxlv . s D lV o} - 2 2, 4 [ ] D*lv
80 D¥*—=D"7* | 400 (O] 25 — 1.5< Mmiss<6'o GeV-/c o
i B D**l(t)v i —_+ - D**l( ) — . B D#*l(t)v
@ i [ ] Hadronic B ] @ - oV <} 20 — Hadronzit)B
g 60 B [ Fake p” g 300 = Hadronic B (\D g [ Fake D
g |:| Other BG g - + %) o 15 |/:| cher BG |
O 4o i 7/ Fit uncertainty ]| O 200 b ¢ - Fake D _g 7 Fit uncertainty
: r Other BG % 10
20 - 100 & 7 Fit uncertainty © 5
0" 0 0
4 F ! ! ! ' ' 3 = T T T T T T T T T = o
= 2E L ee e e E — 2 Ee e e = = A S .
g Opt B e I ——— -
AE LS —45_...|...|...|...|T..|...|...|...|..T|..._E _2__""""""'"'"""""""""""'
-2 0 2 4 6 8 10 0O 02 04 06 08 1 12 14 16 18 2 0O 02 04 06 08 1 12 14 16 1.8 2
M35 [(GeV/c?Y] EYe [(GeV] Ecc, [GeV]
M2 (peak-bin yield ~O(600) I 2 . Ex - for signal-enhanced region
miss gcr, for entire M _.  region 15 < M2 <60 GeV2

miss

R(D") = 0.2627 57530 "0 033

@ Systematics
. dominant sources: £y PDF shape, MC statistics

QD
I,
a )]
=
s
wn
(D)
)
-
L
-

Recent physics highlights from Belle II Youngjoon Kwon (Yonsei U.) Aug. 29, 2024 for Flavor Mini-Workshop @ Yonsei 16



R(D*)

LFU test via R(D) VS. R(D*)

0.4 1 1 1 1 1 1 1
W | | 68% CL tontours BB — D¥r)
A —
- Moriond 2024 Belle® BaBar R(D*) = B(B — D*¢+)
0.35 LHCb® J—
B eIl -
03 B Belle® < _'
C LHCbH"
B LHCb*
0.25 \ >
- ~_ — - =
- World Average -
0.2  4+HFLAV SM Prediction R(D) =0.344 +0.026,,, —
- R(D) = 0.298 +0.004 R(_Dz) ;90-285 0012, -
i R(D*)=0254 = 0.005 1‘3(;5) — 299 1 WAIs 3.170 from SM.
] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ]
0.2 0.3 04 0.5
R(D)
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Phys. Rev. Lett. 132, [l *4
211804 (2024) Darriid

Inclusive LFU test w/ R(X )

® Why measure R(X_,,)? B(B — XTv)
. . (*) R(XT/E) —
e different systematics from R(D" /) B(B — X/{v)
® hence, a complementary test of LFU
@ Procedure .,
® use T — £ U, modes QB

e select events with B, + £, with remaining

tag
particles attributed to X

e distinguish signal from background by using
M?. and pf

IM1SS

¢ background mostly from b — ¢ — £; some
continuum and fake leptons B

QD
I,
a )]
=
s

wn

(D)
)
-
L
-
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Phys. Rev. Lett. 132, [l *4

211804 (2024)

<O

Belle I

R(X_,), event distributions

Belle II Preliminary /L£dr=189fb™"

25000-— I Xo
> 3 = Dy
820000 L B D'ty
w [ [ Other X.£v
N H | X, v
215000 [ Other BB
8_( I I Continuum
) MC tot. unc.
5—»('; 10000 i ¢ Data
o I
o I
S 5000F
S I
A
=
oW

25000 1

per 0.25
3
S

Candidates
[,
o
o
o

Pulls

520000

10000 |

2.5k
0.0 —2"—=—"2
25t

Belle II Preliminary /L dr=189fb~!

Il X
- EE DAy
mm DA
[ Other X.£v
B X, Av
[ Other BB
[ Continuum
MC tot. unc.
¢ Data

.........................

Recent physics highlights from Belle II

Belle II Preliminary /£ dr=189fb™"

Before
My
= weights

25000 F

5 GeV?

es per 0

wn
-

Candida

20000

Pulls

Youngjoon Kwon (Yonsei U.)

@ for reliable template shapes for fitting

® make detailed adjustments to MC (FF’s, B
and D BF’s)

® corrections by comparing MC to data in

control region: low g2, low Méiss, high M,

¢ e.g.adjust My in p, > 1.4 GeV sideband;

using these weights also improves modeling
in M?. _and g*

miss

Main sources of systematic uncertainty:

 MC stat +5.7 %
* Bkg shape +5.5 %
* My modeling +7.1 %
* B — X v BFs +7.7 %
* B — X.fv FFs +7.9 %

Aug. 29, 2024 for Flavor Mini-Workshop @ Yonsei 19



Phys. Rev. Lett. 132, [l *4
211804 (2024) Be,,eﬂ

Belle IT JCdt=189fb~!
e S u ts Ml%liss <1 Ml%liss € (17 23] Mr%liss S (23, 4] Ml’%liSS (S (4, 6] B X[r- ey
T/f eoc B Xev

6 [ BB Background :
B Continuum

N
o

247}

=
(0)]

20 MC tot. unc.

¢ Exp. data
€(6,8]] M2 .>8

miss

M2

miss

=
N

R(X,,) = 0.228 +0.016 % 0.036

(00]

Norm. Resid. 10° events per bin

4
R(X,,) = 0.232£0.020 £ 0.037 35| .
R(XT/,M) — 0222 T 0027 + 0050 '(2)5 """ : .: 1 ._‘ ._'_. : ST
VOO HHH A pf[GeV/C] v OO )
Belle II L dt=189fb~!
. . M2 <1 S| M3 €(1,2.3]| M3 €(2.3,4]| M2 €(4,6] | B X[r— vl
Consistent with SM: 0.223 = 0.005 o L 2al = 55 Background
6r JG._ B Continuum
16 : ot 2.0 . MXC tOté lgnc.
M. Freytsis et al. PRD 92, 054018 (2015) N S TR

R =
1-/.-/ L

M. Rahimi, K. K. Vos, JHEP 2022, 7 (2022)
Z. Ligeti et al. PRD 105, 073009 (2022)

1.2¢

py [GeVic]
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https://doi.org/10.1103/PhysRevD.92.054018
https://doi.org/10.1007/JHEP11(2022)007
https://doi.org/10.1103/PhysRevD.105.073009

Phys. Rev. Lett. 132, [l *4
211804 (2024) Darriid

R(X_,,), compared with R(D\")

* ok

(gap)’Xu removed

T = with expected SM contributions of D

68.3% CL contours

0.35}

ol
~
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[ ~
S \\
~ ~
~ ~
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R(D")

~

~
~
~

~
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R(D)
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Search for Bt — K v at Belle |l

@ In the SM,

4 W. G.P 1. PRD 107, 014511 (202
o B(BT > K*wvb) = (5.58 £0.37) x 107 4] G. Parrott et al. PRD 107, 014511 (2023)

incl. long-distance contribution from B — 71)

vV v
o
-«
Vet £
B u,c,t
) — < <“— 3
U U

@ sensitive to new physics BSM, e.g.
* leptoquarks,
* axions,
* DM particles, etc.

¥ PRL 127, 181802 (2021)
B(BT — KTvw) = (1.977310%) x 107°

<4.1x107° @ 90% CL
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Two ways of tagging

Hadronic tagging (HTA) Inclusive tagging (ITA)

Efficiency

2
Drec

2
Arec

%

A ot
\K 7
e g>,. : mass squared

( of the neutrino pair
Other —

tracks and clusters
in the event

\\
] ) ey Rest of event
Purity, Resolution (ROE)

@ Features of HTA @ Features of ITA
» uses full decay chain information of of B, » exploits inclusive properties of B,
* high high purity, very low efficiency * high efficiency, low purity
* uses BDT for signal extraction (BDTh) « BDTs in two stages (BDT; mostly for gg;

BDT? for final signal extraction)
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Phys. Rev. D. 109, Pl =

112006 (2024) hamrs

Signal efficiency (ITA vs. HTA)

after multi-variate analysis for ROE with BDT for BDT efficiency validation,
see p.42 in the Appendix

0.6
1 [  Statistical uncertainty [  Statistical uncertainty
g 15 _ I Belle IT simulation g 05 - Belle II simulation
- . > i
Q:f _ = 0'4:
S 10} ; kS
R * =) HTA
£ ol ITA = 03]
D) i . QO i
3 . < 0.2
< = _
go S o0
OI | 1 ' . o 00: | | ] ] ] | | | | 1
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
2 2/ 4
¢ [GeV2/c4] q- |GeV=/c?]

I
~
4L
R
4L
AQ
—
@)
y—
i
2
(q0)
O
w
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Phys. Rev. D. 109, :
112006 (2024) R

Closure test (ITA)

8000
< ' | 0 B —»n " KT o Pion ID instead of kaon ID
o~ : <2I9 Belle II 1 B O+BO _ o Different g, bin boundaries
% 6000 0 JLat=3s62fbt B BTD o Only on-resonance data used for fit

B Continuum

O - b Data o Only normalization systematics included
— a o
< 4000 F 7//, Sim. stat. unc.
N = —e —
O —
5 e i n(BDT,) > 0.92
'—g e J—I“‘L‘_Lf Result:
E U o BB+ — 1KY = (2.5+0.5) x 10~

g Consistent with PDG:
= : BB* - 77K’ = (2.3 +£0.08) x 107
< 0 — _____________________________________________________________
_5 I [ T T SR (N SO T S SN (N S S SN SR N S S S
0 5) 10 15 20
qgec [G6V2/64] q?ec — 8/4 —+ M73+ — \/EE:;+

Assume B is at rest in the Y (45) rest-frame (¢ = 1)
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Phys. Rev. D. 109, :
112006 (2024) |

B™ — K™D result (ITA)

n(BDTy) n(BDTy)
0.92 0.94 0.96 0.98 1.0 0.92 0.94 0.96 0.98 1.0
300 ; . 3000 ot
Belle II j . Belle II :
" [ L£Ldt=(362+42) b ” [Ldt=(362+42)fb! WM B —K v
D) : O : I BORO
200
k: : = 2000 .
= B Continuum S5 B Continuum
c% ¢ Data c% ¢ Data
O 100 : O 1000 :
0 0
5 5
=R ) S—— L S = N 1 S S N S S —
Ay i al :
_5" | | i | | i | | i | | _5" | | i | | i | | i | |
1 4 8 925k1 4 8 25F1 4 8 2541 4 8 25 1 4 8 2511 4 8 25k 4 8 2541 4 8 25

qgec [G6V2/04] ql?ec — 8/4 + MIQ(—I- \/_E Qrec GGVQ/C ]

BBT = KTvi)ypa = (2.7£0.5+£0.5)x 107>
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Phys. Rev. D. 109, Pl =

B* — K*uU post-fit distributions (ITA)

n(BDT,) > 0.98

DO
ot
-

Belle II B B Kt o~ 200 Belle II B B Kt
10 J£dt=362b" =3 BB’ L ! | [Ldt=362fb" = BUB
S 200 == B'B- SR m————
g B Continuum 8 150 i B Continuum
% 150 E ¢ Data = [ ¢ Data
R ~ 100 |
< 100 &
o i av -
~ = 50
O 50 =
8 ﬁli‘:‘:‘ﬂ:_s_t#_g
O O | |
5 5
1 T b W o ww
aF - aF ¥ -
— 5L n l n l n | L O S S S S S
0.980 0.985 0.990 0.995 1.000 0 5 10 15 20
n(BDT) 2. [GeV?/c

qrzec — 8/4 T M%("‘ o \/EE;(‘F
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Phys. Rev. D. 109, Pl =
15.0

112006 (2024) haming
- SM
- Belle 11
12.5 F [ Ldt=(362+42) bl — HTA — 4 —
125 i — LD
c;@ 1001 —— Combination )
: ( )
~ - Prob(null signal of Bt — KTuD) Com bl ned
S Tor = 0.012% (3.50)
%D i 125
l + +. — Belle II B B K w
= 5.0 . E’rgtz(ﬁ/ (;7{5) vU from SM only) = 100 [ Lat—3621b-1 m—
N = V. o . g B cc
| : § 75 £ B i, dd, s3
25 B ._Cg ¢ Data
| -
s BN
0 2 4 6 8
-6 M z
[Note] u =1 AB =4.97x%x10 -

(SM value not incl. B — 7v)

BB - K ub)yra = (L170H03) x 1072
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B BJr — K*u7D) global picture
8

Average
f 3+0.4

—— Belle II (362 fb!, combined)

2.3+ 0.7 This analysis

Belle II (362 fb!, hadronic)

1.1+1.1 This analysis

Belle II (362 fb!, inclusive)

2.740.7 This analysis

Belle II (63 fb!, inclusive)

1.94+£1.5 PRL127, 181802
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1.0£0.6 PRDY96, 091101

® Belle (711 b, hadronic)

2941.6 PRDS&7, 111103

0. 497i0 037

Q

BaBar (418 fb™!, semileptonic)

0.240.8 PRDS82, 112002

BaBar (429 fb!, hadronic)
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Bg) — 77, an intro.
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Available online at www.sciencedirect.com

SCIENCE @DIRE(_‘:T®
P PHYSICS LETTERS B
ELSEVIER Physics Letters B 634 (2006) 59-62

www.elsevier.com/locate/physletb

Bs 4 — vy decay in the model with one universal extra dimension

G. Devidze *!, A. Liparteliani *', Ulf-G. MeiBner >*

MELARI'YY CAAGALV 111 VWIUSG UL ub ALAN/ANINJ AL uvvuJ YV W WEALL bvv A GALAVANVIAVNS

A Institute of High Energy Physics and Informatization, 9 University St., 0186 T from SM-result as much as ~ 3%. The purc UED contribution

b Universitcit Bonn, Helmholiz-Institut fiir Strahlen- und Kernphysik (Theorie) D-531 . ; ;
€ Institut fiir Kernphysik (Theorie), Forschungszentrum Jiilich, D-52425 Jiilic to the BS — y y 1S 3% Of the SM estimate and INCreases the

Received 6 October 2005; received in revised form 13 January 2006; accepted 1] Overall C()ntributiOH (SM + UED) by 3% . The same differ cnce
for the case of By — yy is ~ 6%.
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TABLE III. Summary of B(B"

UL’s at 90% CL.
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Belle Il updateson V_,, V , saga

4,8 C 1 [ T | ]
u : Ay* = 1.0 contours -
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= 38F =
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3 I -
C 2021 ]
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https://doi.ora/10.48550/arXiv.2310.20286 [l =4
/O

Belle I

| V., | from angular coeff’s of B — D*{v

Obtain the differential rates in three angles,
0,, Oy, ¥, and a kinematic variable, w.

e differential rates are expressed in terms of 12
functions J; that depend only on w.

® possible for SM test & LFU test

2

2 2

_ w =
dI'(B — D*lg)  2Gingw!|Veb|*mEmp-

dwdcos 8y dcos by dy 274
+ (Jas sin? Oy + Jo. cos? v ) cos 20, 4+ J3 sin? By sin? 0, cos 2

QmBmD*

X (Jls sin? @y + Ji. cos® Oy

+ Jy4 sin 20y, sin 26, cos x + J5 sin 26y sin 0, cos x + (Jgs sin? @y + Jg. cos? 0y ) cos 6,
+ J7 sin 26y, sin 6 sin xy + Jg sin 26y, sin 260, sin xy + Jy sin? By sin? @, sin 2x> .
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| V., | from angular coeff’s of B — D*{v

TNy AUY (AU UL S ULLRALY sAAURS AL U Lk AL

[17] C. G. Boyd, B. Grinstein, and R. F. Lebed, Nucl. Phys.

[Ven| = (41.0 £ 0.3£0.4£0.5) x 107° (BGL332) , (15 0. Bord b rioacin o & b Lobed, Phys. Rev.
Vep| = (40.9 £ 0.3+ 0.4+ 0.4) x 1072 (CLN),

D 56, 6895 (1997), arXiv:hep-ph/9705252.

[16] I Caprini, L. Lellouch, and M. Neubert, Nucl. Phys. B
530, 153 (1998), arXiv:hep-ph/9712417.
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Belle I

| V., | from angular coeff’s of B — D*{v

Vep| = (41.0 £ 0.3+ 0.4 £ 0.5) x 1072 (BGL332),
Vep| = (40.9 £ 0.3+ 0.4+ 0.4) x 1072 (CLN),

This Work
BGLs3o @) MILC+HPQCD+JLQCD (p=0.75)
CLN O MILC+HPQCD+JLQCD (p=0.39)
CLN o MILC (p=0.26)
CLN O HPQCD (p=0.37)
CLN o JLQCD (p=0.72)

Phys.Rev.D 108 (2023) 1, 012002

BGLs3, (Update) O MILC+HPQCD+JLQCD (p=0.16)
BGL12: O ha, (1) (p=0.07)
CLN (Update) O MILC+HPQCD+JLQCD (p=0.04)
CLN @) ha,(1) (p=0.06)
O Excl. CLN HFLAV Summer 2021
Incl. E;, mx Moments O
Incl. g2 Moments O
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|Vcb| x 10°
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| V.,,| from angular coeff’s of B — D*{v

Vep| = (41.0 £ 0.3+ 0.4 £ 0.5) x 1072 (BGL332),
Vep| = (40.9 £ 0.3+ 0.4+ 0.4) x 1072 (CLN),
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https://doi.org/10.48550/arXiv.2407.17403
|V | fromB° - 27 ¢*v & BT — p¢*u
@ Extract |V | by simultaneously fitting B - 77¢"v & BT — p’/*u

@ Signal extraction in (13+10)x4x5 bins
e 13 (10) bins in q2 for BY - 7~ ¢tv (Bt - p0f+1/)
e 4 binsin M, 5 binsin AE

3 B Signal = Xy Lv Signal x2 [ B Signal ) Xy £ v Signal x2
[ Belle |l : Belle 1l

3.0 F 1 Comb Signal mm X lv /7 MC unc. B 1 Comb Signal mm X lv v/ MC unc.
- [cdt=364fb! o 9 < ) [ [cdt=364fb! 0 J i ]
i _ . er i _ . er
B0ty mm Other BB ¢ Data B0 g+ mm v Other BB ¢ Data

s [ ! mm plv B Continuum 5 [ ! mm plv B Continuum
,

104 Events / Bin
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.0
ol 5 O|lnS
2| Z|°
Itu % 0 [ e * ¢ * ¢ I“’ %
28 NbD_S ........................................... 28 Nbo 5 [
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|V, | from B - 2= ¢*v & Bt — pY%¢*u

D

https://doi.org/10.48550/arXiv.2407.17403
AERs.17Eol.ofg /O
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- | = x.tv | = X L
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Im t;g 0 p—%° = ° .“" 00."!' . o...'._' ... ° . .. % .0_.. " fece, %o % o ’.. ‘.. .o.o.. x oe®
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AE [GeV]

mode. The following are the labels and bin edges for the
¢* bins: ¢l : ¢* € [0,2], q2 : [2,4], ¢3 : [4,6], ¢4 : [6,8],
g5 : [8,10], ¢6 : [10,12], 7 : [12,14], ¢8 : [14,16], ¢9 :
16, 18], ¢10 : [18,20(20.3)], ¢q11 : [20,22], q12 : [22,24],
q13 : [24,26.4] GeVZ.
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|V | from B - 77¢7v & Bt - p¢/*tu
ub P

Belle II I Signal W Other BB

b Bt Jrdt=364fb1

B - plv: 1 X, 2v B Continuum
[ [ Signal B Other BB { Data | EEE Signal EEE Other BB
5 — 1 X, Lv B Continuum mm X, lv B Continuum 1] XCK V
E mm X Lv I ] X Lv

I Signal W Other BB
e X, ![v B Continuum

IIII | 1 XcL2v

103 Events / Bin

NData - NMC

mode. The following are the labels and bin edges for the
¢* bins: ¢l : ¢* € [0,2], q2 : [2,4], ¢3 : [4,6], ¢4 : [6,8],
g5 : [8,10], ¢6 : [10,12], 7 : [12,14], ¢8 : [14,16], ¢9 :
16, 18], ¢10 : [18,20(20.3)], ¢q11 : [20,22], q12 : [22,24],
q13 : [24,26.4] GeV?2.
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|V, | from B - 2= ¢*v & Bt — pY%¢*u

B(B® — = ¢Tv,) = (1.516 £ 0.042 £ 0.059) x 10~*
(1.625 £ 0.079 &= 0.180) x 104

B(B+ — ,OO€+Vg)

https://doi.org/10.48550/arXiv.2407.17403

D

<o

Total BF by integrating the A% (g?)

|V, | extracted separately from #£v and p£v mode using )(2 fits to the measured q2 spectra

N
XZ — Z (ABi _ AFiT)Ci;l(ABj _ AFjT) + ZX’IZ"heory,m

ij=1

B’ = 77¢*v (LQCD)

BY —» 77¢*v (LQCD+LCSR)
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N 7
> | >
(O] B (O]
O 6 Q
s | &
o o
— - —
X 4 X 4
N i (gl
(ep i (ep
e S
Q8 2F — BCL 30 Q] 2
C [ mm 10 § Data ©

- 20

0 |I_ l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 O
0 5 10 15 20 25
q? [GeV?]

Recent physics highlights from Belle II

Form-factor
coefficents:

BCL for B® -» Iy,

BSZ for B - p°lty,

C. Bourrely, L. Lellouch and
I. Caprini. PRD 79 (2009) 013008

A. Bharucha, D. M. Straub and
R. Zwicky, JHEP 08 (2016) 98

(o8]
T T
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T T
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ChiralBelle for future




Chiral Belle

v—DIS

Mg =— 150GcY

~0.0010 < £6' < —0.0003 -

—~ 0238 |£6'| > 0.0008 (light color)-
S
5 02300 ¢ apviey PVDIS ]
=
2 0234 | .
1t 2
U252 - APV(Ra™) Moller . ) : |
) ) Pol ded
0.230_- "Anticipated sensitivities" esuop:rF})(gEriBe SLAC g
8 & < B I = B
Log,, Q [GeV]
@ Project with polarized e~ beam at SuperKEKB
@ Could open new window for discoveries at Belle II
® new, rich, and unique physics opportunities, e.g. sin® Oy, (g-2):
® with no negative impact on the existing program
44
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SUICIEENT NC coupling w/ 70% e pol.

Final State World Average! | Chiral Belle | Chiral Belle | Chiral Belle | Chiral Belle
Fermion f f
g.f a(gy) o(gy)
1 ab+ 20 ab!
b-quark -0.3437+.0001 -0.3220+0.0077 0.0022 0.002 0.002 0.003
(eff.=0.3) (high by 2.80) Improve x3 Improve x4
c-quark +0.1920+.0002 +0.1873 + 0.0070 0.0036 0.001 0.001 0.0008
(eff. = 0.3) Improve x2 Improve x6
Tau -0.0371 +£.0003 -0.0366 £ 0.0010  0.0049 0.001 0.0008 0.0004
(eff. =0.25) (similar)
Muon -0.0371 +£.0003 -0.03667+0.0023  0.0031 0.0007 0.0005 0.0003
(eff. = 0.5) Improve x 3
Electron -0.0371 +.0003 -0.03816+0.00047 0.0039 0.0009 0.0006 0.0003

(17nb, eff=0.36)

1 - Physics Report Vol 427, Nos 5-6 (2006), ALEPH, OPAL, L3, DELPHI, SLD
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Chiral Belle Spin rotation

HER: E = 7 GeV, v, = 15.886

Vertical spin
direction:

~—

Spin direction is vertical in the main part of HER. Then it is rotated to the horizontal plane by the set of
two solenoids, which are comprising the 90° spin rotator.

LD e AL
I | LULLZ;HA I 1, .... ‘?MU. L 1 f | 1118
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Chiral Belle Spin rotation

Solenoid

Dipole

, | —— ? Spin Rotator
N Skew-Quad Coil Layout

Figure 29: Uli Wienands’ (ANL) concept for a compact combined function spin rotator unit with
overlaid dipole, solenoid and skew-quadrupole superconducting coil fields.
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Closing remarks

Belle Il has collected over 0.4 ab™! data sample in its first 3 years of
operation before LS1, and started Run 2 data taking in Feb. this year.

With the data set of ~1/2 the size of Belle, the physics precision of Belle |l
results are comparable or better in many analyses.

Recent Belle Il physics highlights include first evidence for BY — K*up,
and inclusive test of LFU with B — Xtv.

Belle Il also started her endeavor to understand the ‘Incl.-Excl. tension’
on |V,|and |V_]|.

Run 2 is underway with the goal of collecting a several ab™! data in the
next few years. Please stay tuned!
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Thank you!



