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@b ctv result and expected sensitivity
-mainly about Belle |

@ Measurements:

-R(D™): Ratios of BR(B—>ctv)/BR(B—>cev, B>cpv)
-P(D"): T polarization

1-F, (D) : D* polarization




b—>ctv

@ SM expects lepton coupling to EW gauge bosons to be flavor-universal
(lepton flavor universality, LFU)

Hf<-__ n-'ﬁﬁ<@ <@

W= J_ v H-"'_H_ i - v
P S P S
q > q q > q q > q
Branching ratio (BR)~10% BR ~10% BR~3%

(lepton mass difference)

@B meson is a good prove to test LFU to search for new physics

-0O(10GeV), 3 flavor(e, Y, T) can be tested at same time new physics

1 -LFU between e and pis well (~¥1% level) tested a y

non-universa
-LFU between t and £(e,u): main topic today g—q—/--ﬂg--L:/—E

@
4q > q




Experimental observables

®R: ratio of BR(b>ctv) and BR(b—>cev, cuv)
-cancel systematics by taking ratio

_ B(B — DTvy)

R(D) = B(B — Dfy)
. B(B — D*Tv,)
R(D") = B(B — D*lv,)

fthIZER(X),RU/YP),RNY) EBHBNEG

€=e,u

o [x Xy T

@ 1 polarization (P (D")) and D* polarization (F, (D)) in B->D*tv decay

PT(D(*}) _ [FJF(D(*)) _ F_(D(*})]/[FJF(D(*)) + F_(D(*})]

4+ —-7 helicity of £1/2



Belle Il

@Belle Il at SuperKEKB: on-threshold BB production from
ete’> Y(4S) = BB, reconstructed with hermetic detector

@2Belle Il Feature:
-clean background environment

~7m

icle i ntification

% A
< and muon detector

-known initial beam state
-particle identification of e,p,m,K
|-neutral particle detection

-achieved luminosity of 5.3 X 103*cm?s?! :
integrated luminosity of 808fb™* @Y(4S) | . i al drift chamber

LS .320 “'5”3'50'

@Best experiment to measure b>ctv
[ -t immediately decays to one or multiple neutrino(s) (t—=>uvv, T>nv etc.)
-all Belle Il features are suitable for measurement with missing neutrino(s)




Analysis concept for B>D)tv

@ Reconstruct B — D*rv, B — D*{y,

{-Ieptonic/hadronic B decay, leptonic/hadronic t decay Tagged

(Full Event Interpretation)

@ Challenge: neutrino(s) in final state E @ - Signal
. V4 \V," eptonic t decay
-Fully reconstruct partner B meson (tagglng)/ @ =
. . . Vo
to measure missing neutrino masses ; 'T:<:;-—’
vV

|-No remained particles except for BB to reject BG

-Major BG: B->D**8v, hadronic B decay
-D** Branching ratio is not measured well so far

@ Cancel theoretical and experimental systematics error
by taking ratio of B->D*tv and B->D*8v



B.. reconstruction

@Reconstruct hadronic B,
-a few tens kind of decay modes

tag
d e Cays \ | Event Interpretation)

-~ -Signal

! Leptonic T decay

@ Optimize selection criteria by using machine
learning algorithm (Full Event Interpretation, FEl)

-Multivariate classifier to estimate B,,, probability
input: vertex, momentum, particle identification of daughters

- Tr;cks Displaced ‘ ‘ Neutral ‘ ' =107 Belle Il preliminary
Va0 Vertiie_s_ J | Clusters J 2.5F B Correctly reconstructed _ri.‘. dt=34.6fb!
/Y e “-——j—\‘A B Continuum & mis-reconstructed

( wr N \ ¢ N ¢ \ o p . rT * Data
= 20
> Ng: =84907 = 734
u ]
E 151 p!dg:"ﬂ.l
o
=
=
T ].D B
H
c
g
D 05t

05[.:'250 5.255 5.260 5.265% 5.270 5275 5.280 5.285
Mpe iGE"'“'Il"C?]

1. _ 2 CMH2
*'Lirbc — \/E beam (ptag



@ Use most of D(*) decays with large branching ratios

D, D* reconstruction

-7 kind of D°, D* decays
-4 kind of D” decays

HEvents

. BE FEHE

e § 8§

DO>Km

t
L NIC is luminosly nonraized
F

— Data

M Fake D

Dmn_ﬂ
Dmu_H

True D

i1 1 14 a2 ¥

188 188! 13 182 L4
O >#ix mass [GeV)

BEE

JEBBBEEEER

DO Kt

F
L MIC s luminesly normalzed

T

a2 T L84 1BS  ta8l 18 12 Lo4
0" >Ker® mass (GeV)

invariant mass of D(GeV)

D*—> Kt

& E

« H

3 NC s lominosDy sl nod

1ss LF 1% L L )
Orsf s mass (GeV)

¥ 22 e B HE B

o

Signal

‘j Leptonic T decay

Table 3.2: List of reconstructed D decay modes.

Decay

Branching ratio on PDG

DY - K—atqa
DY - K—nto—nt
D - Kgnta—n®
DY - K—nt

D — Kntm~
D" — Kon®

(14.4 £0.50)%
8.23 £0.14)%
5.20 £0.60)%
3.95 +£0.03)%
2.80 +0.18)%
1.24 +0.02)%

S —

DK nr’ mass (GeV)

Dt — KUK+

Dt—> KST[T[0 v\ D' K-K+ 0.41 +0.01)%
f NGk ey Attt N Decay Branching ratio on PDG
Dt — K—wtxt (9.38 +£0.16)%
Dt —» Kntq® (7.36 £0.21)%
Dt 5 K—atatal (6.25 +0.18)%
Dt =5 Kdnto—nt (3.10 £0.09)%
Dt — K+ (1.56 £0.03)%
, ; Dt = K-Ktrt (0.968 +0.018)%
™™ s 12 P 154 188 1. s L8 L8

(0.304 + 0.01)%

gray: newly added



Y(4S) reconstruction

@ Combine B,,,, D*, £ to reconstruct Y(49)

-T—>€evV, T2 UVV

@ Require no remained charged particle, rt°
-to reject background from B—>D**8yv etc.

@ Machine learning is used to reject fake y
(energy deposit from hadron, hadronic split-off)
to calculate sum of y energy at rest of events (E;)

fake photon MVA Ecc. without MVA Eccl With MVA
L MC is luminosi lized or S :

30000 £ is luminosity normalize M E MC is luminosity normalized B I .MCis |UT'“°S'W HOFE3|'Zed B

25000 - yisSignal=t o o~ C IgNal pea Oe-

50 | .n-l\- .D'l\'

20000 Truey U wol B B

) (] _ .n- .D..
15000 . Fa ke V yisSignal=1 30 ;_ .hadron .hadmn

10000 20 [ Dconunwm Dcominuum
- [Cother DOlher
5000 I |
OD 01 02 03 04 05 06 07 08 09 1 00 02 04 06 08 1 12 14 16 18 2 OU 02 04 06 08 1 12 14 16 18 2

MVA output Ega (GEV) Eoa (GeV).



Three R(D")) analysis results from Belle I

@ Three results with different B
-statistically independent results

tau decay mode @365fb!

tag’

-

2025  365fb! hadronlc T>ew R(D™)
T2 MWV
@ 2025 365fb! semileptonic t>ewv R(D™))
T2 UVV
@ 2026 365fb! hadronic T>TV R(D"), P(D")
T2>pV

higher purity, lower statistics
lower purity, higher statistics
lower purity



(D R(D™M) with hadronic tag, leptonic tau decay

: TN — Data Signal
@Highest purity: B,,,: hadronic B decay T: T>evv, T>uwv ey
L . CJB—>Drztv
@Fitting variable: o YR
-BeD/ v
- Egc. @ sum of y energy at rest of events @ms 0" niv
2 o CB—->D™t/lv
- Mpiss = (Pe+e— — DBy, — PD* —pg) . MISSINE Mass squared [ hadronic B decay
& [ continuum
[ others
B—->D*tv channel B—->Dtv channel
[Ldt=365fb" Belle Il Preliminary [L dt =365 fb" Belle Il Preliminary
?50 D*+ D+ ;gafﬂ*rv
§40 M2._>1.5 GeV3/c* EEEE;:
o S 53:3?’_{};,
T [ hadronic B decay
5 @ [ continwum
% Ezn [ others
i
3 C | Ul e, | e —
=3 =3 3 NTTIER; ]
2 oby bty d- Adggad 3 Dliﬂ-{; S R Ly SUCRRR BY &SP 51 PR AN S B PRV R oft +i' Sk T ARRRERCCEACEEEED
B B VR R —3[: 0Z0A0R08 T 12141618 2 —3y——p——d————p———p——qy U 02040608 T 121416713
mlsS(GeVZ) ECL (Gev) Mrzniss(GeVZ) EECL (GEV)



(D R(D™M) with hadronic tag, leptonic tau decay

@ Breakdown of systematics error

-Dominant systematics is MC statistics (-_-;)
-Second dominant is gap-mode (explained later)

@ Result:

2,3 is similar

situation

Source R(D*) R(D) p
Simulation sample size 4.8% 8.4% —0.44
gap-mode branching fraction 2.7% 3.1% 0.00
B — D**7~ /(£7 )iy branching fractions 0.3% 1.3% 0.25
Hadronic B decay branching fractions 1.6% 1.5% —0.26
Form factors 0.5% 0.9% —0.70
Fraction of misreconstructed D'*/ 0.5% 1.2% 0.00
Continuum background 24% 2.1% 0.93
Fit biases 0.3% 1.2% 0.00
Low-momentum n°, v efficiency 2.2% 24% 0.99
Other efficiency corrections 0.7% 1.4% 0.92
B-tagging efficiency of data 0.9% 1.8% —1.00
B-tagging efficiency of B — Dty 01% 1.8% 1.00
M?2... resolution 0.5% 0.8% 0.48
Total systematic uncertainty 6.7% 10.3% —0.20
Statistical uncertainty 7.9% 12.5% —0.40

R(D*) = 0.242 £ 0.019(stat) £ 0.016(syst), | most precise
R(D) = 0.439 + 0.055(stat) 4= 0.046(syst) |result by Belle Il




(2 R(D*™) with semileptonic tag, leptonic tau decay

.Btag: semileptonic B decay t: t—>evv, TouwV
- B;gmomentum can not be measured due to missing neutrino - MVA
@Fitting variable: 2D fitting of MVA outputs

Zaiff V8. Zr bin number

Zair VS, zr bin mumber

si i
cosB, 8 cosBg, of signal B 1
EceL sum of y energy at rest of events 2
cos’od, angle estimated from cosB,,°8, cosB,, %8, Y*i&, Y28 3
PH D) momentum at CMS frame 4
P, signal £ momentum at CMS frame 5
*
+ +
B—>D *tvchannel, B—>D*tv channg| | .
Jelle | | Adi=365fb" Belle|1] | Cdf=365hh
5000 F _ ) H
’ It - -0 T, 0 R0
Outputl(Z -ﬁc) OutputZ(Z )“‘“"‘"" 800 1000 + i R - Slgnal
“di T ' =t mm B%-D* T,
: - -2 ’ . E-D" P+ B0, T in 0t (50N ."—: 50 * —_
% 2000 | 600 5 3000 -0y + Dy i D 00 2 el t T
‘; - .; W 67 and Continuum Bk, in 0 'Jl; Bo_’D+El}f
; N : B 5F and Conti uumBkg nD't i 400 - =0 4
£ 2000 | 400< £ 2000 | 747 Uncarairey £ BO-D"* 1y,
2 Z 2 WE - mmm BO-D (U, + BO-Dy T, in Dt
1000 200 1000 20 mmm BO-D"" + v, + BO-D L (T, in D2
100 —
0 0 I BB and Continuum Bkg. in D *1
0 0 —
15 15 + I BB and Continuum Bkg. in D" *{
@] -
= = //+ Uncertainty
g 10 R e ey 4 ’*’*”‘"‘"“#’*"L 7%‘ {J;t’ o 10 -fffff‘vw,%wr&#/zt’i//*ﬁfké{?* ¢ Data
Y —— =
02 4 6 8101211618 % 002 4 6 8 1012 14 16 18 20
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Result of 1) and @

-(1) hadronic tag is consistent with SM by 1.50

-2 semileptonic tag is consistent with SM by 1.70
-1 and @) are consistent by 0.90 in each other

0.45
0.40 1

0.35+

—_—
*

Q

& 0.301

0.251

S

0.20

Belle Il preliminary

[~

~

This work

——— Belle Il had. tag 2024

Belle Il sem.tag 2025
Belle Il had. R(X+y)

World average
HFLAV 2025

4+ sMm

SN 1.70
.\'\.\_\ /\O 90

SM exp. R(Xz;)

prediction

*W

""~.
~.
~

‘~.

~

9,

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

R(D)




B->D(*)tv R 18 BRI E

FMEOETILORIZE, DD RBEICHEEZEZDLDHHD
+—: 7 helicity of +1/2

TDRBE: pP(DW) = [H(DW) =~ (DT (DW) + T~ (DW)]

_ 1 dr(D™) 1 [1
. = - |1+ n
(D™} decosthe 2

@ AEVAMRIC
HA0F L
___________________________________________ » opposite of

W momentum

@ DFRLER

TeWTII2E =2 —F)/HBHYREL DIFERMNEXT 510,
onv, pvHAALVGNS. 1-7ZLBGK. 15

P,(D™)os b




3 R(D™) with hadronic tag, hadronic tau decay

@ low purity, low stat. B,¢* hadronic B decay t: 1>nv, 1>pv (p>1mO)

Bl B =D v (r vy v (cos B, 75" > 0)

B' =D (1" vy vy (cos O], %" < 0)

@Fitting variable: E.., , M2, , cOSOT,

|
miss / B D ' p! v v (cosBf 9" >0]|
- 2 < > 2 i B B" =D T (p" vr) v (cosBE, 7" < 0)
MmiSS . 1) 1GeV O)Zbln BT = D* 77 (7" ) 1y (cos 01,77 = 0)

- cosB,,,:<0, >0 2bin B D" 7 (5 1) b, (cos 0397 < 0)
B' =+ D" 7' (p+ v) vy (cosO5, 9" = 0)
BT = D* 7 (p+ 1) vy (cos B =" < 0)
BY 2D it

@dominant BG: B-> D*+ hadron, B->D*D(K) voten  signal

B —D" m(ecross. )

- evaluation by sideban BD" iy

Belle II preliminary [£dt =365~ B°—D"' v (—n"v,)P; Belle I preliminary [£dt=365Mb~' B°—D"' 1 (—p vy Dy Belle Il preliminary [£dt =365fb™! B~ =D" 1 (—m" D;)U; Belle Il preliminary [£dt=365fb~! B~ =D 1" (—=p~ ),
140 |-
100 B+p
120 -
80 |
100
w
2
B 60 80 [
=
m
40 60 -
40
20
20
0 0 - ' P
m?, [GeV2]€ -1,1] 1171 -1,1] 11,71 o ik ! =
cosdl, ™ <0 cos0L,™° >0 -1,1] (1,7 =11 [1,7]
5 5.0 cosff "™ < () cosf," >0
5| B 5.0 5
Bllwk 25F 25F
£l 25k 25k
T+ oo 0.0 i 2
gl = 0.0 0.0
allns -25 -25
(=] N ) 1 =
- =50 -5.0 25 i 2.5
N o N ) N AP S e o) I T TP TP SR T NS X S S P - B DU S Y -50 L L L -50
v N V 2\ V ) v V VY 00 A A AV P N 7 A A ¥ o
N e & P! &N 4 Q N > o N L of 97 42" o N N & B G & 5 & ¢ ¢ & % © A o & 5 )
o® N ° N o° N N N AT 0T 07 W ) é\’) Q,\\,\z O \\‘»’ \\:Qq., O t’\\‘x\ﬁp \,’\0 oo Q.;‘.- \.,; ex&\ V\\\ g"') \\)\\\7 R o %,;_u o \A’a P & O &
E&tt2 in GeV ESXta in GeV Ny NPT AY o7 o e RN L 4
“EcL 10 e P> “tor. in Ge
EFS in GeV Egf in GeV
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Result of @ R(D*) is not so precise

&

OResult: | p(D*) = 0.222 + 0.041 (stat) 4 0.030 (syst)

Pr(D*) = -0.33 & 1.15 (stat) & 0.65 (syst)
first polarization result from Belle Il

@ Consistent with SM by 0.68c

Belle 2017 [9] (68.3% CI)
World average HFLAV 2025 [3] (68.3 % CI)

Belle I preliminary [ £dt = 365 fh™!

rrrrrrrrrrrrrrrrr

[ ®D" )= 0,222 0,051
2P0y =—0.33 +1.32
[ p=0.25

ICHEP 2026

P(D")

-2k
== This work (39,3% 1)
= This work (68.3% CI)
tl M i M i M i i 2 1
.10 0.15 .20 0.25 .30
RID™)
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https://indico.cern.ch/event/1522800/contributions/6982702/

Results from LHC, Babar
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R(D™) by LHCb

-LHCbM 53 DD EITE (R(J/lp) R(A c+) :E) £V ' "(/: k% L bomtonts
DOor D, IDBREEE—F, EBMARLESD  wf
-LHCbb[EB->D*nrn ) L& &0 TR . Mf_\ T

0.25:—
lzsI]IE:E)$%}E nnﬁb\iEEE’J ? 1m.~.>§z§ﬁﬁfcﬁz ;; S /Eé
-BG, MC stat., form factor. §1&(L ? “E Mo i

0.2

3 0.4

-LHCb 0).‘%%0)&7‘:“& SMEBS%CLTAV I ATk

paper TRREE dataset | fit variable R(D*) R(D)
+stat=+syst. *+stattsyst.

LHCb? 2023 DO->Km T>UWV RUN13fb1 M, 2 E*, g2 0.281 + 0.018 0.441 = 0.060 *+
+ 0.024 0.066
LHCbb 2023 DO—>Kn > (no)v RUN13fb! M, 2 taudecay 0247 £0.015
time, BDT +0.015+0.012
LHCbe 2024 D ->Knn T>UW RUN2 2fbt M2, E*, 2 0.402 +0.081 \  0.249 = 0.043 *
=+ 0.085 0.047
external BR

-LHCbP 2023 BDT: neutral particles around 3t to identify BG from 31 system from Ds+ decays
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https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2302.02886
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf

B>D*wv D*{m#EEHITE
-D(*) longitudinal polarization: FP™,
W BEIE I L - L §(QFD' cos? O + (1 —
Fdcosfha 4 LE '

‘} sin 1I|;’]1':3]}

—»/@

RE B/ /
[ZHAL Ot el

———» opposite of

B momentum

@ D*DFILFR
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B>D*tv D*{RtEE HITE @LHCb

-LHCb run1 + partial run2 (5fb!) Z{E> 1= #Z 4T

-LHCb 2023 DR(D*)fE#TZHik5k: cosB, T 71V EEIZEM

[ arxiv.2311.05224
Measured values of F.D*;

> < 7GeV?/ct 1 0.51 £ 0.07 (stat) £ 0.03 (syst)
q* > 7GeV?/c' ¢ 0.35+ 0.08 (stat) + 0.02 (syst)
q* whole range : 0.43 & 0.06 (stat) & 0.03 (syst)

.

SM model: F°* = 0.441+0.06, 0.457+0.010 % &. ~1.70 C—EL

x10°

LHCb Run 2 (2 fb' D) _I —+— Data

q*>7GeVi/ct Ve S|gna|
1 BN B—=D D'(X)
1 Bl B—D D'X)
- - W B—D DX)
- _-é: B—D" 37X

= E ! [ Combinatorial

-1 0 1-1 0 1
cosGD

-Belle ITHREIHRD D* R4S E | E (X AT gE(IREEITH) 21

Candidates / ( 0.333
— (3] W = h



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018

R(D™)) semileptonic tag by Babar

-R(D™)) measurement with semileptonic tag by Babar @426fb!
has been available as doctor thesis, but not published since 2022

-Presentation at 2026 Moriond and 2025 workshop

-"Journal paper in preparation: submission anticipated over next few month”
-very roughly say, analysis method is similar to semileptonic tag @ Belle Il

New preliminary BABAR results, using its full dataset
R(D) =0.316+0.062 (stat) + 0.019 (syst)
R(D*)=0.226 + 0.022 (stat) = 0.012 (syst)

=—().82

—> Consistent with SM expectations at ~1.5 ¢
—> New world average consistent with SM expectation

S —

sat2 o

- — ——

B
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https://indico.cern.ch/event/1648766/contributions/6963034/attachments/3243943/5790818/BenHaim_MoriondQCD_2026.pdf
https://indico.cern.ch/event/1648766/contributions/6963034/attachments/3243943/5790818/BenHaim_MoriondQCD_2026.pdf
https://apac01.safelinks.protection.outlook.com/?url=https%3A%2F%2Findico.fnal.gov%2Fevent%2F71119%2Fcontributions%2F325774%2Fattachments%2F194109%2F269256%2FHitlin_Fermilab_2512215_final.pdf&data=05%7C02%7C%7Cdd52937e67314f2c4ffc08de3cab6f10%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C639014904197774448%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vqww9l%2FmvzHGfycVKRFyAtL8OgVH7p%2FIHzJzORzLYQ8%3D&reserved=0

Global average

-Global average is 3.70 (2.00) different from SM prediction
without (with) Babar 2026 Moriond

-Consistency between experiments (P(x?)=1.0%) is low with Babar.

3.70 without Babar 2026 Moriond

2.00 with Babar 2026 Moriond

0.40 PRELIMINARY 68% CL contours 0.401 68% CL contours
Belle* BaBar® Belle” BaBar®
0.35F LHCb* 0.35f LHCb*
Belle® N Belle”
— 0.30F Be”ec Belle Il ;:. 0.30F Belle* Belle Il
= .| = .
0.25k * LHCb 0251 * LHCb
Belle 1l Belle Il
0.20 0.201 BaBar”
R(D) = 0.359 = 0.024 R(D) = 0.337 + 0.022
R(D*) = 0.280 = 0.011 R(D*) = 0.262 = 0.010
p=-0.37 m p=-0.51 n
W+ HFLAV SM P(2) = 28% He HFLAV SM P(?) = 1.0%
0.15F | P a FLIAGE*'I (Nf1:2+l for IIR(D*}) ) . - : . 0.15¢ . 4 FLIAGZ4 (Nf|=2+1 for B(D*)] | : i . :
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
R(D) R(D)

https://hflav-eos.web.cern.ch/hflav-
eos/semi/ichep26/html/RDsDsstar/RDRDs.html
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Belle Il prospect
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future Belle Il sensitivity

-At present analysis, major error sources are statistic and MC statistics.
Sensitivity will improve by increasing them.

-Present precision

2025 365fb?! hadronic hadronic R(D*):10% R(D):16%
@ 2025 365fb? semileptonic leptonic  R(D*):13% R(D):22%
© 2026 365fb! hadronic hadronic  R(D"):23% P(D*): = 1.3

-Near future sensitivity with 808fb-1
(P¢my private number by hand calculation, just scaling V(808/365))

| lyear |dataset [tag ___|rdecay lsemsitvity

Q) 2027-28  808fb? hadronic hadronic R(D"):7% R(D):11%, g2, F,(D")
@ 2027-28  808fb! semileptonic leptonic R(D*):9% R(D):15%

© 2027-28  808fb1 hadronic leptonic  R(D*):23% P(D"): == 0.90

@ ? ? inclusive leptonic  R(D):? % F,/(D"): ?



future Belle Il sensitivity

-More future sensitivity
(P¢my private number by hand calculation, just scaling VN)

>
% -R(D*) hadronic tag
E -R(D) hadronic tag
c
>
: 365 1,065 1,765 2,465 3000 dataset(fb_l)
ey
E -P_(D*) hadronic tag
O
O
= ) dataset(fb 1)

-| personally thmk more |mprovement of analy5|s method is possible
-ML for hadronic tag, add more D(*) channels for semileptonic tag,

partial reconstruction of B.._, combined analysis of all analysis, etc..

tag’ 26



new measurement: g2 dependent R(D!")

-new physics can change g2 distribution of R(D{")) Phys. Rev. D 91, 114028

Rolip) = dB(B — Dti)/dg? (q2)2 (1 _n_i;}")‘z‘

35f - TF dB(B — D¢v)/dg* (m% — m3)? q’
30F M 5 6 dB(B — D*tv)/dq* (1 mz) -2 ®)
)s ::o. ; dB(B — D*¢1)/dq? . /)
20 —l G4 5o ]
= 5L | . | | ! ! a ik
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FIG. 4 (color online). The Ry, (g*) distributions, predicted in the SM (black) and various NP scenarios listed in Sec. II: S, (blue), T
(red), LQ, (green), and LQ> (cyan). The width of each curve is due to the theoretical errors in the hadronic form factor parameters.

-Analysis of g2 dependent R(D")) is on-going at Belle I
-targeting 2027-2028
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new measurement: B->DIngv

@ Next leading systematics is modeling of gap mode in B>X8v
-~0.86% unmeasured decay
-for now, we are using B->D{")n€v to model it

Understood experimentally and theoretically

B - X429, (1027 + 0.15)%
| 4
B — D&V, B - D*tvy B - D" ¢v, “Gap”
(2.11 £ 0.05)% (490 +0.11)% (1.99 £ 0.28)% ~0.86%
B - Drmev;

Understood experimentally and theoretically

E Il physics

(0.27 £ 0.12)%

Full Gap slide at last JPS

0 =Eextra < 0.4 GeV 0.4 GeV = Ecxtra

@ \We are measuring BR(B=>D(")ntv)

Belle Il Simulation : mm B+ -D*nty

-targeting winter 2026 200 | W Work | 0000
-expected Asimov sensitivity is ~0.1% s m() = o
€ I B D*~ v (norm.)
c|>) I B%- D~ tv (norm.
B(B® — D*ntv) = (0.88 + 0.104.:.) % @ 100 feriisitetigl
B(B® — D**nlv) = (0.88 + 0.114, )% 0| 17 sy

B(B* — D"nplv) = (0.92 + 0.084.:.) %

T 0 :
n 0 B 3125} . ! It
B(B* — D™ nfv) = (0.92 + 0.095a:. )% goﬁgHY%HH E%HHHH
© 1 a .

1 ¢

1 ¢ ta ]

0.5 b :
-0.5 -0.1 0.3 0.7 1.115/_,+0.1 0.3 0.7 1.1 15

M2, [GeV?]
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https://kds.kek.jp/event/59078/contributions/312750/attachments/199792/275230/23pT1_01.pdf

Summary
@ Measurement of b>ctv: result of R(D(*)), P.(D)

r Belle II preliminary J £t = 365fb~"
0.40 68% CLcontours | = p————T1r———T1r—r—1—1trrT1r—r
Belles BaBar* : (D)= 0.222 + 0.051
2F PD" ) =—0.33+ 1,32
0.35f LHCb® b e
[ p=0.25
1Lk
Belle? [
r 030' Be“ec Belle Il _ o [
a) LHCb” ‘ a |
o . 2 |
025k & LHCb Y
Belle II° -2F
0.20} BaBar” i
R(D) = 0.337 + 0.022 i
R(D¥) = 0.262 + 0.010 | | 3L
@ HFLAV SM P = 10% [
0.15¢ . ¥ FLAG24 (Nf=2+1forR(D*)) : = : o I‘J{] 5 I1r, i}_l?t} p '2_ - D'm
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 . o . . . .
R(D) RID7)

QExpected sen5|t|V|ty by Belle Il in future

-g? dependence
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I?(D( ) /,‘l

P U L L
68% CL conlours 7]
I HFLAV \ :
B CKM2025 .
0.35— —
03 o =
025 Cb..>
L - HFLAV SM Prediction Belle I e ]

R(D) = 0.296 + 0.004 elle
0.2 R(D*) = 0.254 + 0.005 R(D) = 0. 1:\*00’4 ]
™ FL-0cD FLAG24 (NE=2+1 for RD*)) R(D'U)v(; 281+ 0011 -
B R(D) = 0.2938 + 0.0054 P i
- R(D®) = 0.2582 + 0.0051 P() =2 ]
1 | 1 1 1 1 | 1 1 1 1 1 " v A 1 N . .

0.2 0.3 0.4

R(D)

1R 2025

R(D*)

0.4 — —T—T —— T —T—
8 HFLAV J ' 68% CL tontours -
- .
0.35F —
0.3 —
0.25 —
i Belle II ]
| 4§ HFLAV SM Prediction i

R(D) = 0.296 + 0.004
021 R(D*) = 0.254 + 0.005 R(Dl*‘)ﬁ?gg i+060(2)4"’“' -
4 L-QcD FLAG24 (NE=2+1 for R(D*)) RtDO'374“ 120011, .
B R(D) = 0.2938 + 0.0054 el B
o IR(D )=0. 7§87 000<1 | 1 P(x*) =27% A
0 2 0.3 0.4 0.5

R(D)

Babar 2012 hadronic leptonic
Belle? 2015 hadronic leptonic
Belle® 2017 hadronic hadronic
Belle¢ 2020 semileptonic leptonic
Belle 112 2025 semileptonic leptonic
Belle II* 2025 hadronic leptonic

471 X 106
772 X 108
772 X 108
772 X 108
387 x 108

387 X 10°

0.332 = 0.024 = 0.018, 0.440 =* 0.058 = 0.042 ([R£&)
0.293 = 0.038 = 0.015, 0.375 = 0.064 =+ 0.026 (&)
0.270 == 0.035 +0028 | (=277 1545)

0.283 = 0.018 = 0.014, 0.307 = 0.037 = 0.016 (#%)

0.306 == 0.034 *= 0.018, 0.418 = 0.074 £ 0.051
0.242 £ 0.019 = 0.016, 0.439 =£ 0.055 =+ 0.046 (7F)

R(O*), RO)

LHCb? 2023 DO->Kn leptonic(pvv)
LHCbP 2023 DO->Km T->1ut(n0)v
LHCb® 2024 Dt —>Knn leptonic(pvv)

RUN1 3fb!
RUN1 3fb?

RUN2 2fb!

0.281 = 0.018 = 0.024, 0.441 =% 0.060 = 0.066 (%)
0.267 % 0.012 = 0.019 (7 ##3)
0.402 =% 0.081 = 0.085, 0.249 =+ 0.043 = 0.047 (/K f) 31


https://arxiv.org/pdf/1205.5442
https://arxiv.org/abs/1507.03233
https://arxiv.org/abs/1507.03233
https://arxiv.org/abs/1507.03233
https://arxiv.org/pdf/1612.00529
https://arxiv.org/pdf/1612.00529
https://arxiv.org/pdf/1612.00529
https://arxiv.org/pdf/1910.05864
https://arxiv.org/pdf/1910.05864
https://arxiv.org/pdf/1910.05864
https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2302.02886
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf

-Use most of D(*) decays with large branching ratios

D, D* reconstruction

-[-4 kind of D* decays

D**=> DOt

D*=>Dno

m L 400
4= w000 MC is luminosity normalized E MC is luminosity normalized
C I- e — data 350 F — s
O =»f— Data 0 f
L|>J 2000 F Tru e D k Dnﬂ mSignalest 250 F Dnm IaSignatest
m =
:n: 1500 F 3
1000 . Fa ke D * I:IW"“"*'-' 1052 ; I:Im-nm.m-
.
500 s0 B .
- w

D* and D (D *->D°r) mass difference (GeV)

mass difference of D* and D(GeV)

D*0-> D0

1200

F MC is luminosity normalized

—

D ) mEignalest
D O] mSagnadiet

A L
0.1 011 012 013 0 015 016 017 018 019 02

D* and D (D->D"x") mass difference (GeV)

o € . . . el . . \ o E ) . . L .
o1 011 012 013 014 015 016 017 018 018 02 01 011 012 013 014 015 018 017 018 018 02
D* and D (D "->D"x°) mass difference (GeV)

D*0>D%

Tagged

(Full Event Interpretation)

Signal

‘j Leptonic T decay

E. MC is luminosity normalized

Decay Branching ratio on PDG
D*' — D! (67.7 £0.5)%
D*t — Dtx® (30.7 £0.5)%
D* — D" (64.7 £0.9)%
D* — D% (35.3 £0.9)%

0.1 0.1 D.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2
D* and D (D™->D%) mass difference (GeV)

gray: newly added
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Babar, Belle, Belle Il experiments 33
-on-threshold BB production from e*e=> Y(4S) > BB

-nearly 4m coverage with excellent PID
-clean background environment

-known initial beam state

-number of BB events for analysis: O(108)
471 X 108 (Babar), 772 X 10%(Belle), 198 X 10° (Belle I1)

The BABAR Detector [ssamn s 1) |
| Belle Detector
s Tacionald | s : Aerogel Cherenkov cnt.

6580 CsI(TI) crystals SC solenoid
1.5T

Csi(Tl) —
|6X0 {

TOF counter

n=1.015~1.030

DIRC (PID)
144 quartz bars ) 7l —
11000 PMTs O o .

S e 3 S Drift Chamber |
e (9 GeV) i Malct el . 40 stereo layers

— ay 3 N : | .
(e | 8 GeV € g™ S S U ¥\ Central Drift Chamber
e = S o hsall cell +He/CyHg
¥

Silicon Vertex Tracker
5 layers, double-sided strips

Si vtx. det.'
3/4 lyr. DSSD

Instrumented Flux Return
iron/RPCs (muon/ neutral hadrons)

/'K, detection
14/15 lyr. RPC+Fe

https://www.ippp.dur.ac.uk/~krauss/Lectures/QuarksLeptons/

https://ihepa.phys.ufl.edu/the-belle-and-belle-ii-experiments-at-kekb/
Detector/Typical_Detector.html



B, &AL @Belle Il

-\FOVERER T AB, 2 BEM
—Hﬁﬁ@@*ﬁh\%((%ﬁﬁ-) 121 D&EIETHDITKRE

.~~~ ~Signal

\ ! Leptonic T decay

-Belle II: Full Event Interpretation (FEN7ZJL3dYX L
-FIERFRIF. PHEISRI—ZHRE-YUTHAEHE

1-Multivariate classifier CBDIE S HEXRZETE
FEOANFER: RN FOEMS, EBIE, S5l

¥ & 'l
Displaced ' Neutral =10 EBelle Il preliminary
Tracks Vertlces Clusters 2.5F Correctly reconstructed It‘ dt =346
/?_-:____ >y I Continuum & mis-reconstructed
2 TS *—’.‘t R — N + Data
- —% ¥ ‘ ¥ = w =20t
' ‘ 2 Ng- =B4907 = 734
L:' M)
S sl Prag =0.1
=1
=
=
- 10Ok
n
c
1]
3 05

5250 5255 5.280 5285 5.270 523’5 5.280 5.285

C "kl
‘I'irb( \/Eb( am Ft 1g

Byl T DRHIINE ~0.27%, purity ~15% | /\WASBRES IR
{ BeIIeJ:Uﬁ"’JZF"FﬁH:'. )J&?bﬁrlﬂt h"]‘éb\f:&) %}EE+H§QE4




R(D(*)) HIE @Be Ie, Babar

H A AIE T 3 [ Belle I £ %b s
tagF ik, itEHEENRLD NS

0.3

-EDREBIRETRED ZECHY

" 68% I?k/I:onIour's '

BaBar

R(D¥)

Illlllli/
ws]

(118

o

|

AN < N=B \ j
-5 1%Belle ITHENRAFND 02 dmavevran | AR O ]
- R(D*)=0.254 £0.005 p-;().39 i
i PGO) = i
I PR S T I R T I L
R(D)
paper tagFi%& fit variable Reconstructed | R(D¥*) R(D)
events decay mode Estattsyst. + stat L syst.
Babar 2012 hadronic Tew,Touw  471Xx10%° M2 p*, B->D*€v, B>Dev 0332+ 0.024 0.440+£0.058
+0.018 +0.042
Belle? 2015 hadronic TDew,T>pw 772X 10 M5 MVA B->D*8v, B>D&v  0.293 = 0.038 0.375 = 0.064
B— + 0.015 + 0.026
Belle® 2017 hadronic T>TV, T->pV 772X 108 M2 g & B->D*gv 0.270 % 0.035
+0.028
Belle¢ 2020 semileptonic t>evv,T>uvv 772 X 10° MVA, E & B—>D*ev, B>D@v  0.283 * 0.018 0.307 = 0.037
+ 0.014 +0.016
Belle 11 2023 hadronic Tew,Touw 198 X10% M2 Eqo o B->D*8v 0.267 + 0.041
+ 0.033

p*: BOEIERTOLTI N EEE
-Belle2015 MVA: IR A—RFERF TR JLF—(E,22), M. .2 d,, P*p, #T0 in ROE, cosB, s
-Belle2020 MVA: M, 2, A A—ZEERL TR ILF—, cosOp pug 35


https://arxiv.org/pdf/1205.5442
https://arxiv.org/abs/1507.03233
https://arxiv.org/abs/1507.03233
https://arxiv.org/abs/1507.03233
https://arxiv.org/pdf/1612.00529
https://arxiv.org/pdf/1612.00529
https://arxiv.org/pdf/1612.00529
https://arxiv.org/pdf/1910.05864
https://arxiv.org/pdf/1910.05864
https://arxiv.org/pdf/1910.05864

LHCb experiment
-LHCb: bb production with pp collision at 7,8,13 TeV

Forward spectrometer2<n<5

-large bb cross section: ~200ub =

-large B momentum: p; ~ 80GeV :

-Run 1+2: ~9fb™! of pp collisions

o ILHCb MC
[ \ \s=14 TeV

arxiv.2105.12668, ICHEP 2024

Electromagnetic
Calorimeter

8
n,

LHCb Detector
Weight: 5,600 tonnes
Height: 10 i
LHCb Cumulative Inlegrated Recorded Luminasity in pp, 2010-2018 Length: 20 m
. 5 TeW): 2.19 b
251 TeWl: 1.71 Mo+ 0100 | |
167

2018 [
2017 TeW): 1.71 fo |
2078 (8.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 /b N i /
- 2072 (4.0 Te: 206 1 i
. 2011 (35 Tev): 1.11 b 3 K
20D (A5 TeV): 004 db Vertex
Locator

Integrated Recorded Luminosity (1/ib)
o — r w = o m ~-J (=] w

I I 1 | 1 I
2010 2011 2012 2013 2014 2015 2016 2017 2018

Year
Muon
-1 —1 .
Run 1, 3fb Run 2, 6fb Dinole Hadronic  Stations

Tracking :
7&8 TeV 13 TeV Magnet V. Calorimeter

Tracking
Station



https://cds.cern.ch/record/2905273/files/YS.%20Amhis%20ichep%20talk.pdf

R(D(*)) BlE FiE @LHCb

-Reconstruct B — D*rv. B — D*luy,

'-Ieptonic T decay and/or hadronic t decay

1-use DO%->Km or D*->Knimt (cleanest D decay) to reduce BG.

-use muon only (not electron) / R(D*)cern seminar

B’

R(D*) =

-Challenge: muiltiple neutrinos in final state
-No use of Btag. Estimate B momentum from visible particles approximately.
-Check remained particles to estimate background

| -Major BG: B->D**8v, B>D*D(—>uX)X, combinatorial, misidentified, ..
-amount of BG is larger than Babar, Belle in general

-Cancel many systematics error by taking ratio of B>D*tv and B->D*8v -


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

B &R @LHCb

-D->Knu or D>KnZx B R

ICHEP slide

-vertexd)BDTTB decayh & D hV#I I ; . "LHCb Preliminary
-n0/y MHILBDTTD*EX A S
D(*) uTBE B BOBMEMY. |
(pB)z — (an/;nreco)(preco)z (ZI:\\_AEEI) ?;5 3
_§§gf:ﬂ_ﬂ§@]‘\@ zlg%z—ci,z_éﬁj\w— M(K ) [MeV/e?]
(OKAZEE, 1KLL 1\vD TSI UR)
B° — D*tr—m._ INVD TSR
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https://indico.in2p3.fr/event/32664/contributions/136999/attachments/83624/124533/3_JGarciaPardinas-v1.pdf

R(D(*)) fit @LHCb

ICHEP slide

(M2 B (BDFRLER TOUIRILF—), %=(pg-pp)? ) TIRT I Vb

SRR =1K, 28D YT IVERBE Ty L TNV I T FOURRE

Signal modes Normalisation modes
B = Dt [u v 17, BY - Dty v,
BY = D™ [D* %yt [u v 7o B® = D™ [D*A Iy vy

T

Feed-down bkg. from 1P D** states

B—=D'H r XX ¢
B — D**[ DXt [u v, 0, - An7,X] D"h

Feed-down bkg. froln higher-mass D** states Neutronic bkg.
B — D¥[D*Xu"v A) —» nD*up,

H ¥

les, wtrmvfitv to specific compon

Signal sample 1m sample 2m sample 1K sample
Dy~ Dtu—m~ Dty ntm~ DY K*

ous fit to four data sa

B — D**[D*X|u"T, Double-charm bkg. Muon Mis-1D bkg.

Combinatorial bkg.
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https://indico.in2p3.fr/event/32664/contributions/136999/attachments/83624/124533/3_JGarciaPardinas-v1.pdf

R(D(*)) result @LHCb CHEP slide
“(Mpiss? E" (BOFRIER TOUT R ILF—), g?=(py-pp)? ) TIRITI1vh

miss

LHCb-PAPER-2024-007 Results Zoom in high 2 region

-:I.I:I':‘

. Lok 044 <gt < 118GV LHCH Preliminary 3
Signal sample - . = 0 T v 3
i LHCh Preliminary ﬁﬂﬂ'-“i: E
. = = E
B 5Dty = = omf E
&+ S £ 3
B 5—-D*'rv = gonisf 3
B—D*X X = e 3
= = omf 3
Bl B —-D**ufrv 3 T F 3
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o
+ = E 3
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F1GeViet T _ N ! E
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;;:‘ﬂ:ﬂl'-' 1 LHb Preliminary l, 1 &= LHCh Preliminary - l, oo LHCh Preliminary
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iy iy
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https://indico.in2p3.fr/event/32664/contributions/136999/attachments/83624/124533/3_JGarciaPardinas-v1.pdf

R(D(*)) #53R @LHCb

I

-

/

" 68% CL bontours

LHCB-PAPER-2024 l]:-::'

11180

Phy :-_.En."- . Leti. 131 (2023)

LHCOMB3DDAITE (RU/P)RIN) D) o
-D% or D, TN FRIEE—NK, fitZEH/HE 4%) " ss i‘
-LHCLPIEB->D*nmn& D Lt EoTERERIR.  .F

DRIE L RFREH KEAY
-BG, MC stat., form factor. §#I1& ? “'25'

Pl

\ 4
. _
s, Rev. D08 (2023) 012018 b A
FHFLAV SM Prediction (D) =0339" £ 0052,
R{D) =028 =0.004 (0% =0272 £00I%,
R{I}*) = 0.254 = (KIS p=
PR RS TR AU TSR RS ST

0.2

3

-LHCb DFER DA T-E. SMEBSU%CLTAV U ATUR

R(D*)

-

R(D)
*+stattsyst.

*+stat £ syst.

LHCb? 2023 DO->Km T>UWV RUN13fb?! M, ;2 E*, g 0.281 + 0.018 0.441 = 0.060 *+
+ 0.024 0.066
LHCbb 2023 DO—>Kn > (no)v RUN13fb! M, 2 taudecay 0247 £0.015
time, BDT +0.015+0.012
LHCbe 2024 D ->Knn T>UW RUN2 2fbt M2, E*, 2 0.402 +0.081 \  0.249 = 0.043 *
=+ 0.085 0.047
external BR

-LHCbP 2023 BDT: neutral particles around 3t to identify BG from 31 system from Ds+ decays
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https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2302.02886
https://arxiv.org/pdf/2302.02886
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.012018
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf

Inclusive measurement of R(X) @Belle Il

B(B— XTv;)
B (B — XEVQ)
-inclusive: complementary to exclusive analyses of R(D*)

-The first measurement of R(X) = at B factory, 189fb!

-one of unique and high-profile goals of Bellell

-Reconstruct B — X7v-, B — X/(v,

-By,, Hadronic tag

-B;,: Leptonic T decays of 7 = evev,/ uv, v,
e(n) momentum'@® > 0.5(0.7) GeV

T
Any other particles in final state (X) 'K\_

—

-Challenge: large BG and modeling of many decay channels
-correct understanding of PDF shapes and background yields:

PDF shapes are calibrated in side-band by using X mass distribution "~



R(X) signal extraction

-Two-dimensional binned likelihood is used to extract Ng_y.» Ngsxey
- pBe : lepton momentum in B rest frame

- Miiss : missing mass of un-detected particles

-Templates for fitting
-Xtv, X8v

1-Continuum with off-resonant data constraint

-Background from fake and secondaries leptons

Belle II Preliminary JLdr=189fb""!
20 M:Tm- <1 M:'.“.‘..‘.EH,IS] B X[ evr]y
) L E Xe

[ ¢ Background
B - Continuum
MC tot. unc.

¢ Data

M2_€(6.8]] M2
L o 2 AR

-Post fit distributions show
good data/MC agreement,
including BG dominant bin:

10* events per bin
'—l
I

Residuals
rNORN



R(X) Result

B(B — XTv;)

-The first results of R(X) = B(B = Xin)
Y

at B factory:
PRL 132,211804(2024)

R(X, ) =0.228 * 0.016(stat.) &= 0.036(syst.)
-e only: R(X,,,) = 0.232 =% 0.020(stat.) == 0.037(syst.)
-ponly: R(X,/) =0.228 £ 0.027(stat.) &= 0.050(syst.)

Major systematics: MC statistics, PDF shape, BR of B->D**8v

-Consistent with SM prediction and R(D(*)) measurements

1 = with expected SM contributions of DE:P],X,. removed

SM prediction ' B _
| 3%
J. High Energy Phys. 11, 7 (2022) 0.35 i e//ef 23 08:3% CL. contours
7,
Belle IT: ¢ N {189
030 b~
i 1 s /
Belle I =<
X )25k S HFLAV 2023
' . R(D{*})
Belle II: # _ SN
| 1 L | I 1 020- S
0.05 0.10 0.15 0.20 0.25 0.30 [ s
R(Xr) 0.2 0.3 0.4 0.5

R(D) 44


https://link.aps.org/abstract/PRL/v132/e211804

B>D*tv timiBE BIE @Belle |l

-Belle® 2017 TR(D*)&P.(D*) & BIE
SRl FNEIZR(D*)ERIHR
-f=1=L cos6, D IE & (forward, backward)[ZE V&7 T TR 71 Vb

B signal B->D*lv, |[¥ake D" and qg
rcross feed [IE gDl o Data

'5&“%%%% %‘100
R(D*) = 0.270 + 0.035(stat.) "y oas (syst.) o
P.(D*) = —0.38 = 0.51(stat.) 702} (syst.). S
5
SM prediction: P (D*) =-0.497+0.013 *

EREDHHET—H. F-FZLREXKEL

02 04 06 08 1 12 14
Eee, (GEV)
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B>D*tv D*{RIEEBIE @Belle
-Belle TM 772 X 10° BB pairz{E > 1=1 3 AR & 72 5 b D BE AT

HRETTERT D=00?). BT FENINFTTITHEARERERGD
—Tt=>8w, v A {E
B DEERENYI —ITERATIS>HETE
1-BoD*WENYRR—RTIUNVR (X =(Emiss -| ppetPyc| )/ V(Epeam2-Mg2) )
B PEEZcosOZ EIZTry LTS MEEZE N
) arxiv.1903.03102
B->D*tv (D*->1D, D->Km, t=>evv) D4
-1<cos8,,,<0.67 -0.67<co0s6,,,<-0.33 -0.33<co0s8,,,<0

Events / { 0.005 )
Events /{ 0.005 )
Events / { 0.005 )
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B>D*tv D*{RIEEBIE @Belle
-Belle TM 772 X 10° BB pairz{E > 1=1 3 AR & 72 5 b D BE AT

4 BRI SV L KU O it

FP" = 0.600.08(stat.) 2 0.04(sys.)

SM model: F°* = 0.441%0.06, 0.457%0.010 %&¢&. ~1.76 CT— L

: arxiv.1903.03102
1dﬂ: 1
oo |

N

100 !
8O-
B0 ’\

—_

Ly

[ =]
|

EVENTS/(0.333)

405 __ pit with F =08

20— =1

D:IlIIII_||_I.II|I.I_...|||L|I||_.I.||II.|.||.|_II|
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