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{-BEs—'ciﬁLHCbOD R(D)-R(D*)A¥ N4> 7=

FRERBDFEELEATHAFEYT3.24100T 1
L EHTETRIFREDN T IV HRETREN ZECH

- Ax2=1.01FE

B(B — Dl

R(D*)

=
=

0.35

(.3

0.25

0.2

|..J:|LE.':|]H T‘ﬁ_ -

[ LA L DL L L R LA AL L B ‘/:
g HFLAV i'ux:=l.{]'-::ﬂnmurs -
[ [__Preiim 2022

BaBarl2

|1|||l|||‘|||||

-{-I!J-'L.-"L"r' SM Predigiion
R{L¥y = 0,295 £ (.l
R = 00254 £ALINS

BREREDFEIE

RERD B

LR
i -II_:"'-.'
0.4 \ 0.5

R(D

) =

B(B — DTtv;)

B(B — Divy)


https://indico.cern.ch/event/1187939/attachments/2530158/4355180/DTaunu_CERNSeminar.pdf
https://arxiv.org/pdf/2210.10751.pdf

B—>D*tv polarization
-F,P": fraction of D* longitudinal polarization

1 dI 3 Y -
T Zoosd = 1AL cos” b + (1| F]) sin® i)

8,0 D*->DORDDOL-BODD A FE @D* D ES LE T

-P_(D*): T polarization % >’:
1 dI(D™)) 1 :

160~

140~

EVENTS/(0.333)

= =1+ f't'.!” f_}':*:' cos B :| zzi—ritmrf‘f;n.a
L(D™) deosbper 2 [ { jl el T
0, T had. decayDwEIRDAE @D FRILER Ot p e e

ms@hel

BellehVEITE EHEoHBEERBLLEDEHFT—H
P (D) IFICHETIREDN KELND TBellell DAIFE TESRNE

D*
I [ Y

Belle 0.60*0.08(stat.) =0.04(sys.) -0.38£0.51(stat.)+0.21-0.16(sys.)
(link) (link)

EAERERY 0.441+0.06, -0.497+0.013
0.457+0.010 % &

b5 TR B type-ll 2HDM: ~0.7--+1.0

leptoquark:  ~-0.5--0.0 30


https://arxiv.org/pdf/1903.03102.pdf
https://arxiv.org/abs/1709.00129

B—->D*8v angular observables

N.= number of events with cos(8) > 0

-l/jol*“/ﬁ‘ria)ﬁﬁfﬁ'ﬁ'ﬁ'ri; N, = number of events with cos(6) < 0
Np — Np . Wrestframe
App = Ne T N, AApg = Apg — App
EHIZ, OIS DU T ORI S, AS
S;:cos2) o / ™\

| Ss:cosxcosb, ? . t I - el
S,:cosxcoso, 3 - n_zu-ﬂ { } - SM

' Sq:siny cosB, 0.18

0.16

0.14f II 3 by

0.12=— = -
Figure 1: Visualization of the helicity angles {Jlllr];} {‘11;";;} {'\:1 I-'H::' — {S;}I' 1;. - _'-,,‘:':5"”}':, - '::"—:-t;:*.}

-BelleMB->D*evEEAT T, AN EBEEER Mo~409 TS EDEHRE

BellelTHESEHRDREFKZTHIEL THEMTH  Hadronic tag
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https://arxiv.org/pdf/2104.02094.pdf

ML=y Rtk
-Pure leptonic decay (¥&IRREIZL T |~/0)59~)

_BQTV, B—>8v . m—%';ﬂ E%%F t‘Jﬁsx .
) )
il 1/
Z-F_%%
-Tree R IGT=H3. Helicity suppression® 1= &) ARLR 735z L AN /S0
B. — (7.7+0.6) x 10~ ) z )
*gi%*ﬁﬂ' B,u = {3:1 - 0,3:] b ]_[]_‘ Pion rest frame
B, = (8.1+0.6) x 10712 m mﬂfh
Belle+Babar B, = (1.06 4 0.19) x 104 80”; i Ml
“Bellell 1ab! ¥Xal— @Y
-BellelIﬁzﬁf@Som%E(:(i*ﬂab_l%\g OD__D: 02 03 04 05 06 07 08 09 :1

BBEHERLICEhnim otz =
HOYA—EDIRILF— 32



Y(nS)->tt/ Y(nS)—>22
-https://arxiv.org/pdf/2210.10751.pdf

-b%crvf%:éhfb\é%‘ﬁ%fﬂli~ Y(nS) M ARIEIZHanomalyZF#E 9
AIREIED DD B(Y(nS) — 7+7™)

Ry (ns) = B(Y(nS) — +i-)

BT DBabarDIEREARERE D FF: 28fb! PhysRevlett.125.241801
R¥735 = 0.966 £ 0.0084tat £ 0.0144y¢, where £ = pi.

RY(5s) = 0.9948 + O(107°) \

-Ba b 3 ch: L) 1 *ﬁ. L \ L \ *EHEJ"— TABLE III. The summary of systematic uncertainties.
5E|] Ij'_E 75§"G%;hl [jf%ﬁ- fl:% IE ' Z _Ié.l_ J"__,Y\,r_ Source Uncertainty (%)

Particle identification 0.9

Cascade decays . 0.6

-0(0.1%) TRMEREZMNA DL [y production 02

Bellel CHREE TILALY, o g‘; Shaf?b ; g;‘

contribution :

IIZHAIT R NE, ISR subtraction 0.2

Total 14




BellelI TMD 4 12 M semileptonicBlE

-Bellelll£2022FE E E TIZ Bellell D F 5 D~fo 17
-tagged approach: HMFE [CKYRH B E~24E.
-un-tagged approach: + 975 #fEt £.

320234 /|2, World record &l SME R H B A KO EEFTH.

EITHRD |V, |V, | BEHT ~101E (B ARHV5XKEK)
- exclusive |V, | with B->D*8v, D8v, D**8v tagged/untagged

- exclusive |V, | with B>m8v, pv tagged/untagged

|-inclusive |V, | with B>X 8v tagged/untagged

- exclusive |V |/ |[V,4| with B->mev semileptonic tagged

EITHRDL TR EE R ~101E (BARM (L E H E+KEK)
-R(D), R(D*) with hadronic/semileptonic/inclusive tag
-R(Xe/), R(X) with hadronic tag
-A(Agg) , S, with hadronic tag
-B->tv with hadronic/semileptonic
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BHfE]F D Rare decay

LR

- DFRELE
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Rare B decay

FEARDIL—/IN\—ZA1E (b>s, b>dhg &) [dtree level TIFFRE Z 750N

-Flavor changing neutral current (FCNC) I

tree It

b

V

c

b

Bt >1.9MeV/c?
| 23

>

RRIRIEER oc |V, |

-LoopZE 9 5 & FCNCHYE

A1z g
7w
C ~ 4.4 MeV/c2
-1/3
o 1/2 d
5"7‘/

I |
> 1.32 GeV/c? > 172.7 GeV/c?
2/3 2/3
172 i@ 1/2

[
~ 87 MeV/c? .' /2

—1/3

V218 < )(V% b
‘I‘I\Lx

ARV

L5, IREERE TIXHNF(=Rare decay&EME SN
m—%ﬁ*”@% ZRERELEBRL. &I RILE— @%ﬁ%fﬂ’i’? §

|

loop B Iit» g nR (= rower/o
'}f A 1172 B
+
v H_, . J\‘\H\f v
P - S'r _‘E’ ' ’ 5 R :_F.'.r z’:./;McV/ci’,,
| : 1/2
t u,c,t d,
5>/

FRIRFEZ R oc |V, V' | |V~

2.7 GeV/e?

A
/: \
A}

1

1 080 P
b 1

> 1.32 GeV/e? >~17
2/3 2/3
172 0@ 1/2

Fr—L .-

-7 d //
“T87 MeV/c2 L7\ [~4.24 GeV/c2
-1/3 ¥ -1/3
12 g 9 |

ALY 7114 o7 N
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Rare B decayDFE %A

-Z IR S PRIGRRIR Y IE:

Fr—LDA—DZFEFGLA

OfElF D ARIE

-B>Km, it (B R HT—), dKs(RT

-8 5¥ (radiative) BR1E
-b>X,y, K*y 75 &E

“BEANUT UK

L) BE

-b>Xse8, b>K(*) 88 7&&

INYFA I A~DEREE
-B>ppK G &E

Ttz hN—

L7 EBEIEEREFRAEND
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SEE IO S f

il

b>s8, b>svv FREE
ERRUXEATHIS L, RIREATHSLAEE

/
/
Y:\er< —
W...e 1 /
wi ¥ w

b t s b ¢t s

m

LI E R EDREED AT RE
RBEVI A LTMNIA—D1EE 1, 1, e CRISHESFYIEEIER
(semileptonic decayEERFNT4E)

¥ - i

b —— 5
b / NS
e E =
r
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B—>K(*)88 ;8| E

BRFLF(K(*),8 e)yﬁﬁ‘ff&‘fﬁ#ﬁm’ééé:
BOAEEE, THI/ILF—Z B ErIAE

_ 2 -~ — *
=/ B — 75 AE = E} — Evean
"i.'z b Belle 11 {Puhmm iy %' 2; Belle II (Preliminary)
3 PP[Ldt=189 b O 5 Jr} dt = 189 fb~!
0 . ;—5|ﬂﬂi| a0 18 — Signal
o [ = =: Background = 16 = = Background
E 20 f F— = — Total
= % Data = :; % Data
~ B }+ 8 10
o = B
:‘E id L.IEJ .
Ll 43 F |
2
%.2 J.TI 522 523 524 525 526 527 528 5 —Gﬂ.15 -0.1 —G'DEI- -

M, [GeV/c?]

-Bellell 189fb1%&{# o 1= AR 1% 4 I8 Lt B E
FREERENFLEHIGYKRELN

channel | N
B — K*,r_.-,,r_.-,122 + 6
B — Kee |18 £ 6
B — K" |38 +9

(%) B (107%) pdg (107°) [19]
9.32 |11.19 £ 0.314+1 55| 1.06 £ 0.09
6.39 |[1.42 £0.48 £0.09] 1.19+0.20
15.35 || 1.25 + 0.307005 | 1.05 £ 0.10

https://arxiv.org/pdf/2206.05946.pdf
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Ry(+) anomaly

-RRIE I LDt . B(Bt— K*+utu-) B(Bt— K*tete)
T BB I (— ,LL+#_)K+)/B(B+% Jp(— ete )KT)

o ) elud LLER
LHCb DGR I EER R L~3.169 N TLVS

Ri(1.1 < ¢* < 6.0GeV?/c*) = 0.846 £0032 0013

:

—~ 240 —
4 3 LHCb b LHCb
. -1 - -1
% 200§ —— Data 9 fb % soob —+ Data 9 fb
= |80 —— Total fit = —— Total fit
I | | T T | = 60 RIRE ] e Bk =~ 400
: BaBar ) - 140 Bl &= Jiyiete K -
- ; . 0.0 < g < 812 GeV'/c? gz 120 [ Part. Reco. % 30
: [PRDE6032012 & 100 Combinatorial 5
I . -
2 wf 5 o
= 60 =1
= .
Belle ) S g = 100
" . L0 < g*=6.0GeV-/c - N bty biantt arLd ]
THEPO3(2021)105] 0 5000 5500 6000 05200 5300 5400 5500 5600
: m{K e*e ) [MeV/cl] m(K* ) [MeV/e?)
:
i g X1 o
: T 20 LHCb % 400E LHChb
: = 200 —— Data 9 b = 3s0F —4— Data 9 fb"
¥ = L&D — Total fit = 0k —— Total fit
3 . 10' : 1 cef ) e Foapeek | = °F [T - B — Sy )K"
> LHCb9 fb™ _ = I Part. Reco. = 2s0E B — iy i
i : L1 =< g* < 6.0 GeV-/c g 120 B ipfete ) 2 200 Combinatorial
: [LHCb-PAPER-2021-004] = 100 Combinatorial =
: = 3 150
| I 1 L L 1 L I L 1 1 L 1 1 1 £ 60 = 1]
S W e
0.5 1 1.5 R a0 S0E
K 5200 5400 5600 5200 5300 5400 5500 S600

1:3_5 i% *ﬁ EL_J % = my, (K*e*e) [MeVic] my, (K g pr) [MeV/e?]
N (=

https://arxiv.org/pdf/2103.11769.pdf 40



Rg+ anomaly: )

)dtlﬂf

537

Bo>K*upD AE S IZE 5 K2.572.90Danomalyh B 5 b

semleptonicMSid+T=LNE0D K uufE D X FhiE

B“ s E-'I}F+F-

LHCb Run 1 + 2016

| = —
E | SM from DHMV
0.5F -
. 0: /\
_0_5__ + _
i —+- —+- * —+-
_l-_. L .\ 1 1 L ] | _-

0 5 10 15

4> [GeV?/ ¢4

PhysRevlLett.125.011802

LHCb
—4— Data 9fh!

SM from DHMV
71 SM from ASZB

F
._]_

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

! 10 15
2 1 Araf 4
7 GV Y]

PhysRevlett.126.161802
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B->K(*)vv Bellell ;8 4K;

-B>K(*)v D ERIER I LE IS FEXERR B f= L BF=(4.6+0.5) X 10°.
FEREINTUOVEOERE,

-~ A
-B>K*eeMD K2IZ - v
T/R)—MNRZ5HH7?
h —» > = s  bh—»
u,c,t u,c,t
(a) Penguin diagram (b) Box diagram

-2021, Bellell 63fb! THIIEZIER Average

Za—k)/H2MEHBD THEERDEHLL. = . Ilale_:rlzI(‘_:HI_‘IIW(_‘{;;S b1, Inclusive)

€K [Ltagging approachZ{fE->TLVf=- 1| Belle (711 7", SL)

-‘%‘IEIliuntagging(mcluswe) approach ° Belle (731 Had)

+HEWMFEZRA, BREAKIEICH L, dot Bb(@@ﬂ ' Had+SL)

0 2 4 6 8 10

10° x Br(BT™—K " vir)

-FERIETEEM oM EREZDITFT=,
SERNKEHYICTYITT—FFE,
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F=EH

OBH ¥ M semileptonic decay
-B>X, v CKMITHIZER D AIE
-B>(X, Jwv, B>(X, Jev LT E R DIREE

OBHIfa]F@Drare decay
-b->s88 LT E i 14 D FREL

-Bellell TIZ,2023F A [ZBelle &Y LI\ V(A FEFE
gEMTE.

EF)DHBREHEDED
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AixEmEWilson{k%
-FhWI8 ) 22 E % effective HamiltonianEL TUL T D KHIZEL

Het = 2V2G Ve [(1 + Cv,, )Ov, + CvOv, + Cs, Os, + Cs,0s, + CrOr

- C:WilsonfR ¥, {Z## R TlEC=0 / BUMEE AL
(

0:ARL—AR 0y, = (& PLb) (71, Prrs W = (27" Prb)(Fyu PLys)

' P BEE
1‘,'1 = {!’_‘PLIJ Pf_!»" )5” — _Pﬁ- _PLIJ A)
OT — ILHI““ PL.?J ( LNTIN Pf_ !f-_,- %\EL\ ij7_

v HYIZo, TUVIL
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-FTHE

3B EWilson{k%

D 22 E % effective HamiltonianEL TLL T D KO IZEL

Hesr = 2V2GF Vo {(1 + Cv, )Ov, + Cv,,Oy, + Cg,0g, + Cs,0s,, + CrO7

-R(D),R(

D*),F "D EERFER%E ., KC 1DF DFitLI=HEE
fitfa R 1ZERE TlIC=0

T polarization
ZDTEIE

' ) ; Fitted 'y Consistency of C'y Prediction (Ay? < 1)
Single WC fit | Pull, xi .. )
(Ay? =1) | B, lifetime LHC bound PP o Ry
SM 0.0, 21.58 (.331 £ 0.004 0.497 £+ 0.007 0.240 £ 0.006
Cv: 14, 28 | +0.08(2) | very loose [—0.32,0.32] |[[0.330,0.330] [0.495,0.496] [0.251,0.277]
Cy 1.9, 182 | —0.05(3) | very loose [—0.33,0.33] ||[0.330,0.330] [0.495,0.496] [0.250,0.277]
Cs, 3.0, 133 | 0.17(5) [[-0.94,1.4] [-0.55,0.55] [|[0.440,0.518] [0.517.0.533] [0.236,0.238]
Csn 38 7.5 | 0.2005) |[-1.4,094] [-0.55 055 |[[0.460,0.527) [0.453,0.470] [0.243,0.245]
Cr 3.4, 105 | —0.03(1) (—0.17,0.17] [|[0.346,0.358] [0.459,0.476] [0.265, 0.286]

Table 4. Fit results, consistency check, and predictions for the single NP operator scenariog assuming real

WCs.

Fitted WCs and predictions of the observables are in the range of Ax? = y* — xi.., = 1.

ETIVIZIKFEL-RIE


https://arxiv.org/pdf/2210.10751.pdf

ANEEREWilson{R 2

-5 &2 EHUVTY A https://arxiv.org/abs/1808.10567 &KV
-68, 95% CL
-(0,0)hVELEFR BY

O O 0of
—05f Y —
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3 - P Rari™
FE(y, ) Re(Cy) HE(g,)
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https://arxiv.org/abs/1808.10567

ANEEREWilson{R 2

-semileptonic decayERIL K212, FEE D F2E Feffective Hamiltonian
ELTUTDRIIZEL e

0,

| g 1 [ &
sy (36 Ppb | F .

Li¥:s
_ 4G, ; j 10 . _
Hoy = v@r Z Aps (QU‘; + G, 05 + Z C,C?;) 0% 1;;;1 (7P b)(Z7,£).
p=ii.c i=3

et
[+%s

05, S (F#PLb) (Ey,75E).

-R(K(*)), B(BL>up) DFERZECXTI Vb
-best fit point| LS50 TEEEREE MNST N TS
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P .
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Untagged B°—>mv: selection

-Challenge: large background from continuum and B decays
-B°>nev (€=e,u) and cc. are reconstructed for |V, |
-continuum and B background rejection with

multivariate classifier (Boosted decision trees)

-Signal is extracted by fitting M, and AE distributions
{- M, . : Invariant B candidate mass where energy is replaced by half of collision energy

-AE: difference between expected and observed B energy
B -smn e*ve _

Belle Il Preliminary [cdt=189fb2 anything
Signal q%(GeV)=
Comb Signal  >°%°[ [04] [4,8] [8,12] [12,16] [16,20] [>20]
X, Lv
Xclv
Other BB
Continuum
/7 MC unc.

¢ Data

Events / BIn

BN NANT




Untagged B°—>mtlv: result

-Differential decay width is fitted to extract |V, | and form factors

-BCL parametrization (phys. rev. b 79, 013008 (2009)) With lattice QCD\calculation by

FNAL/M I LC (Phys. Rev. D 92, 014024 (2015)), E.EF{ B — T:{L-":] G§| .{-';;!_h - a Dy 1D
d@g — 24?{3 |pﬂ' f+|;q :I| '

Vi g0y n-ity, = (3:54 %+ 0.1255¢ £ 015545 £ 0.1641,60) X 1077

Belle 1l Preliminary
x1073 Postfit
12 I_ I L] L] 1 1 I I 1 1 1 I I 1 1 1 I I 1 1 I I 1 1 L] L] I L] I_

=
o
T 1 T 1

o
o

-consistent with the
exclusive world average

dB/dqg?(GeV?)

q’ (GeV?) 50


https://arxiv.org/pdf/2103.01809.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.014024

Tagged B—>mev: selection

-B%->me*v,, B*>ne*v, and cc. are reconstructed for |V, |
B¢ is fully reconstructed with Full Event Interpretation algorithm

-Signal is extracted by fitting missing mass squared distribution

“thadronic decay

Belle Il Preliminary [c£dt=189.3fb™!
25F
[ mmm B%-nev 0GeV?/c* < qz < 8GeV?/c?

[ mmm Background
20 | ##~ MC stat. unc.

L § Data

15

10

Events / (0.29 GeV?/c?)

Ofe o ¢ 4 4 ¢ ¢ # e

-1.0 -0.5 0.0 0. 5 1.0 1.5 2.0 2.5 3.0
27~4
mlss [GEV Ic ]

Ostat

Data — MC
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Tagged B—>mev: result

-Differential decay width is fitted to extract |V, | and form factors
-BCL parametrization (phys. Rev. D 79, 013008 (2009)) With Iattice QCD\calculation by

FNAL/M”_C (Phys. Rev. D 92, 014024 (2015)), r:fT{B — Trfirﬁjl GE
dqg — 24 q | 1'T| |f+{ | ]

|V, | X103 =3.88%0.45 (stat.+sys.+theo.)

-Consistent with the world average

le-5 Belle Il Preliminary [cdt=1893fb" 1e—6 Belle Il Preliminary [cdt=189.3fb!
L L LR LA LR B A BRI BLELF BET T T T T T T
1.4 -
5 0 -at —~ F E
(’Tl-\ 1.2: B eT[ e Ve (\II> .E,:_ B+9T[Oe+v
1.0F . g e 5
%J U s . 1
O Os8f O i ] g
~— L ("\I-’ E_ _E ——
. 0sf o b : 20
T oaf 2 i — 30
P r m ]
Q oz 1 5 if 1 ¢ Data
00 s 10 15 26 25 T IS R R T

q*(GeV?) q%(GeV?) 52


https://arxiv.org/pdf/2103.01809.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.014024

BF of B>ptv

-B—>plv is another channel to measure |V |
-independent samples from B->mlv
-tension observed between measurements of B>>p£*v and B*>p%*v

-BF is measured with the hadronic tag method
-Signal is extracted from missing mass squared and invariant mass of two pions

BY — AR, Bt = p0€+y
B (4.12 £ 06445 £ 1.16450) x 1071 [(1.77 £ 0.2340¢ =+ 0.364y5) x 107"
Bepe | (2.94+0.11+0.18) x10° (1.58 £0.11) x10 "
Blellelll Plrelilminlary. . IB—rpE’:Iu

Belle Il Preliminary B-p~iv

B Signal event
1 Background
wss MC stat. unc.
<4 Data

600 F I 1 |-
-

Events / (0.4444 Ge\VZ2/ct)
3
(=]

MZ.. in Gev?/c*

'++§°°+|H+'+|

—25F i 3 2L ]
210 —05 00 05 10 15 20 25 30 10 -05 00 05 1.0 15 20 25 30 53




Measurement of |V | and |V, | at Belle Il

-In this time, Belle Il measures |V, | and |V, | exclusively
-V |: B>D(*)lv, |V, |: B>miv  (I=e,u)
-189 fb! dataset accumulated in 2019-2021

-V, | and |V, | are extracted from differential decay width:
dI'(B — mlv
( : ) o
dg*

2 X |FF(QZ)|2 FF: Form factor

g%: Momentum transfer

-g? is reconstructed by daughter and event kinematics f‘“‘x

¢ * % 2 2
2R Ey — mp — my

2|ppllPy

COS QBY — (Y=D|, T[l)

with known initial beam state
and clean environment at Belle I ey




Exclusive @45l
-B>D*vDIZEDERIEN IR AEC L

 —

AT (Bt — Dty GmBm?D,,U 5 - -
: = 2 — 11— 2wr + r?) Gy | Va|?
dwd(cos g)d(cos by )dy 8(4m)* " { wr + 1) Gr|Vel

X {{1 — cos 0y)% sin? t%Hi(u‘) + (1 4 cos 0¢)?% sin’ 81,*HE(IL‘)
+ 4sin? 0, cos® Oy HDQ{ w) — 2sin? f; sin? By cos 2xHy (w)H_(w)
— 4simnby(1 — costy) sin by cos Oy cos xHy(w)Hy(w)

+ 4dsinby(1 + cos ;) sin By, cos by cos YH_(w) Hy( u')} \

2 2 2
_PB-pPD _mgp+mp—(g
Mg Mp ngmg

W

H: D* helicity amplitude
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|Vcb|1 |Vub| 5E|]E4ﬁ5 ést&)

-b>c, b>u D ARERD LMD IV /1 V| % H| 7 Al gE
RED—EIALEFELETEYUEIL

Bl(AY — purs) o= e V. -
R=——b "M 2215 Gev? Varl _ ) 79 + 0.004 gy £ 0.004pg LHCb
Ef‘lb — "'.1|*_.¢r"1’r_1|'-;":_#7 el 2 |]r"f.|lJ
BY .y K- uty, ||T{'_f”’ = 0.0607 £ 0.0021 4y, & 0.0030gp, g2 < 7 GeV?,
5 “ch
B[.] D— 1 |]"-ruh . 2 =72 LHCb
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