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leptonic decays
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relativistic
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AfB~ 0.7% in isoQCD

- 1s0QCD: CLQCD26 f,=190(4)

- EM / strong isospin f§1E?
Rome-SOTON 19 for K—{v+Lvy

F£V+ Lvy

= (I8 () + T8 () L pr + L0 (L) — TE(L) ],
+ IR safe?RIE (Z 0 f#
+Oepmesupy/ 2= -0.63(7)%

& ChPT [Ciligriano+ 1] dgy,suey/2= -0.56(11)%
+ I ETE [RBC/UKQCD '22] -0.43(21)%

~ B, DER¥EIZICHAEEE . ST S hEH ?
+ [Vl = 4.05(3)51(64) oy x1073 & helicity suppression
= B2TiP 19 AV o ~ 3% @ Belle Il 50ab"
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- E% ICEREE © Af,, ~ 0.6% A(fy, /fy) ~ 0.4%
- B—uu \ K BHFTERER = AB ~ 4%

- B& Y B, BDOFHHETRIICEF

Parisi ‘83, Lepage ‘89

+ ud — s, ¢ quarks = =l o XA kX CCHIE S 11% CMS@ICHEP22 = 4% [HL-LHC]
BC
) oo, oy, =M, 0 FCCIR L BBHERE = |V,
O (t) ~ CLQCD 26 f,, = 434(15) MeV [3.4%]
ap=0.51, ap,=0.31, ap =0.08 - Dhindsa+ @ Lat'’26 449.8(1.0),,; MeV [0.2%]
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¢ — can expect more in the future



toward radiative leptonic decay B—{vy ({=e, u)

- ~NU T 4 1pH %z B3R Belle: B < 4(e) - 3(u) x 106 & SM: v <10 - 106
_ f=e, AW V2 © Belle Il (B2TIP “19) (AB)..., ~ 4% ()
~ hard y = BHEFDAREREE (LCDA, ...)

Tw = - i/d4x e O|T (1M (2) 12 (0)) | B(p)) = Epupo D5 VEFy 40 (= g0 Py V5 + V5,1 Do) Fa =+
flrSt |attlce StUdIeS Of DS—>5V)/ o | , | | Spline intorpo‘lation ]
0.09 ET M 2 3 This work e~
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ETM 2306.05904 [a—0, @ myg my, m, gn] . + Ny
[, 0.06 ]
— exponentially suppressed signal 0.05] g ) i
- 5-10%45E for FFs (50% at E,, .. by a—0) 004 o . % *
s\, . . . 7,0
_ETM B [SM] = 4.4(3) x 106 : T%IERE 003 full kinematical range =z, = S
0.02 02 01 0.6 03 i
+ consistent w/ BESIII upper limit 1.3 x 104 | Zy
B—tvy ~DYik = BERICKEWE, (0 =MpJ2 — My/2 (T80 Hatisal )



exclusive semileptonic decays
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b—ulv : B—rwly
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BHEF N A 7 IVIEENEE (Bijnens-Jemos 11)
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= e.g. JLQCD' 22D KD RE M4

TRE->TWS:

inclusive

| HPQCD 06

| RBC/UKQCD 15
Fermilab/MILC 15
| JLQCD 22

| HFLAV 21
| HFLAV "24
| FLAG 24

B_— Kilv
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b—ulv : B—rmly

%Z < DETHDEFE

~ Fermilab/MILC : relativistic, M, ohyss al <65 GeV
- HPQCD : w/ similar gauge ensembles

~JLQCD : relativistic, ”Mmphys", al <46 GeV

~ RBC/UKQCD : EFT, M,

phys Cl_l < 28 GeV
~ ALPHA : HQET(), "M, e @ < 5.0 GeV

> Z < OMIFTRICE 2N ER

FEHRY Rtarget

CHFLAV'24 2 [Vl = 3.75(6)ey(19), X 1073

- 5years: Afi(¢?) ~ 2-5% @ ¢> = ¢*,.,— 15 GeV?
- 10 years : similar @ ¢> = ¢?.,— 15 GeV?
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b—ulv: B—Klv

BFQCDTlIB—rtvE V) B
— Parisi '83, Lepage ‘89 = #EEtp o &AL

“B—mlv” /
» - Hn éf NIchAZNAT = 4 ZIVHNE-M, )% I
B w/ s spectator v
y S K 2pt (t) ~exp [Oét] - = M- — QQ _|_ qq A — 0.51
= y Csn (8) e 2 ap=0.31
Fermllab/l\/IILC 19
- o ! g T 7] B, —~ Kuv 1727 N L R LR
Jn % ;2 LHCDb - B, — D, v g |Vcb| ° Fermilab/MILC 18
5 5 E — e RBC/UKQCD 16
N o i — 2 2
- 3 > - * q- > 7GeV —m—— | HPQCD 14
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Y Faustov 13 (RQM)
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w/ LCSR FFs T | Neng12eeh)
2: KIaver (LHCb) @ I\/Ior|ond 22 (Khodjamirian+'17) —%— | Duplancic 08 (LCSR)
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b—ulv: B—Kv

RBC/UKQCD 2303.11280 w/ larger a! ~ 2.8GeV (M ~ 260 MeV )

- 5% error at simulated ¢> = > 10% towards ¢*>=0
- largest from stat., extrap.
— consistent w/ previous studies : inconsistency not resolved
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FNAL/MILC 19-
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-w/ LHCb B(B,—Ktv) /'B(B,—Dtv) ® B(B,—~>DLv) ® 14,

= |V | = 3.78(61) x 10°3
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w/ 16% error = 10% th, 13% ex

HPQCD 06
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FEE o JLQCD (talk by Tokoro), Fermilab/MILC, HPQCD, RBC/UKQCD, ALPHA




Bernlochner+ ‘21
—w/ LCSR estimate for FFs

b—ulv : B—plv

~ |V, = 2.96(29) x 103 [ 10% error, -2.10 below from B—ztV]

Leskovec+ ‘25 (PRL)

PlETETERF(—~Maiani-Testa), LD LIEE p—rar (ZFREE
_ADDFARETFV, 4y, A, A,5(g%s,.) % 5TE 3 % "Lellouch-Lischer”

e.g. {mm|V,|B)= v +\/Sfewpo.5'”v'pv"V(q2,sm)
B s

21

——
Re [V#(g%)]

Im :'Ir-"f')[c,rﬂ}]
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| — 15t |lattice calculation

/

| - EAVIET. M, O

@ a' = 1.8 GeV, M, = 320 MeV

~ 4D DETORIRAF
+ IR B T INE

I&straightforward

inclusive

HPQCD 06
RBC/UKQCD "15
Fermilab/MILC 15
JLQCD "22

HFLAV "21
HFLAV 24
FLAG 24

BS—}KN

B — plv
II|IIIIEfiiiififlllllllllllllI|
3 4 5
|I/’M|:::<1{'J3
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b—clv : B—D{v

#10ZFEFID 2 D DHFT inclusive
Fermilab/MILC 15 ("HQET" b), HPQCD 17 (NRQCD b)

B — Dlv
13 [LAG2024 | i e S
- 72 BeL I B — D*lv
el "] —good consistency
s A I+ ; o HFLAV "21
SR ?% | 4 —|V,l=40.001.0)%x1073 ENAL/MILC *21
1 . T o )
S 4 P Lo b roy=02938(54) HPQCD 23
08 [ 1 - / :
= — fo (FLAG '24) JLQCD 23
0.6 % L I I L ! _ Gambino+
0 2 4 6 8 10 12
¢* [GeV7] Bordone+ 24
S F=YEMrH’E > & E?E_Lpd' TlE AL .
— Vv
- BEER®R"D” = matching 12 & 2EEZEIT SN L s s
B — D *Iv
| |IS | | ? | | |
relativisticz & & 7= IR ETE 0, 60
|V | %10

- EITH: Fermilab/MILC (rel), RBC/UKQCD (EFT), JLQCD (Hiraiwa)(rel)



21-' 23D 2 TDFFsOEHE

Fermilab/MILC 27 ("HQET" b), HPQCD 23, JLQCD 23 (relativistic)
~FFs® (/0B £ 352) (X consistent € EHIE

FLAG2024

3.0 — — T —
r I FNAL/MILC (N = + 1) 1
JLQCD (N,C: 241) = ]
L (Nf= +1) 4
25 | HPQCD (Nf 24+1+1) =
C avera, (Nf 2414+1) B
20 L E
a i JE ﬂ
é:\1 : E
~ s | I
1.0 | 1
- F, vs w
05 Lo v v e ]
1.00 1.10 1.20 1.30 1.40

w

1.50

~ V.|, R(D") DBl "consistent” :

_FEE DB FQCDIFE D RfriaE

& V) meaningful e 3R Z= 5 (fth @ 5A

b—clv: B—D{lv

Lo TEFE = HE?

= |BRTA-BEITB| © lo

_SE1THR: RBC/UKQCD (EFT), Fermilab/MILC (rel), JLQCD (rel)

3 1
= 21 Belle '
i FermilabMILC ™ E
= 1 +HPQCD |

I''dIr/dw vs w |

OT0 1.2 T

V., |=39.2(7) X 103, R(D*):O.258(5)

EH1) @ large recoil ~DHLEE

B — Dlv

B — D*lv
HFLAV "21
FNAL/MILC *21
HPQCD ’23
23
Gambino+

Bordone+ 24

BS — Dsh.r
B — DS*Iv

JLQCD

&
l | l

50
3
|V | %10

60



b—ctv: B.—D v, B.—J/ylv

all by HPQCD!
B—D ¢y HPQCD "15, 17, ‘22
~ (NRQCD~) relativistic b, m, <3.6 GeV, a’! < 4.5
V| X 103 = 42.3(1.2),,,(1.2)., [B—D,]
43.0(2.1)|at(1.7)exp(0.4)EM [B—D."]
- 4-6%F27E T B—DMty & B—X v DA & consistent
- REWVWERE : e O((amy)") BERULERZE
R(D.) = 0.2987(46), R(D.") = 0.2637(69)

exp

B,—Jlyly HPQCD '20, 25

- relativistic b, m, <4.5 GeV ~ m, (), a' <6.0 GeV ()
RUIy) = 0.2597(27) & 0.71(25) (LHC 18)
AT pwlV 2 ) ~ 2.4% = |V, |D1-2%RTE?

M FHEABE | B—D Oy 1 B>DOly & RREN EICAND (3T

inclusive

I
B — Dlv

B — D*lv
HFLAV "21
FNAL/MILC *21
HPQCD ’23
JLQCD 23
Gambino+

Bordone+ 24

B —-Dlv
5 5

B — D *|[y
Sl 5

50 60
3
|V | %10



inclusive decays



B meson inclusive semileptonic decays

e.g. B—>X v =Dlv+D'tv+... 1> 7 I)L— 7 ERIER E,

Ju% X
L

a, & Umy ICOWTOZEER : INRAE?
1T EZDIEEFH:TE? o lattice QCD : e.g. JLQCD ‘02

dI'(B— X tv) G}
dququEg o 87'('3

|Vcb| QLMVWILIJ/

B
W~ D CBIILIX) (X1JIBY =im(BIL®LIB) 5
X,
hadronic tensor EFEE
EXDOBGENT . HEFERER

W= 32 (50| B)

(@)

inclusivefRIE # exclusivefRIED B TIXA LY = CKMITHERATETDIEERLEF = v 7

#%FQCD & hadronic tensor W, DE#ETE
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o0 T
CMV(KCI):(BUJL(“Q)@HtJJ(Q)|B>=/O dwW ,, (w,q)e J2(0) Ju ()

C,(0) = W,(0): NREXEDERRE B @ B
- BREE = W (o) DBHEARELED S

- MEREZHF 2 C,(0) DT — XD, BEREIL r TOAF AR
g

L — o0 finite V

/dwK(w) ~ /dwKL,a(w)
Wi (@) vs w .|I|H|M|

Hashimoto 17, Hansen+ ‘17, Gambino-Hashimoto ‘20
W (@) ZDHDTIHL, TDIRILF —BR=HTRRERZ L RWEE CatE R L BT

dIl’ G2 - — >
e :—24F3 V.|?vq* X (g?) X(q2):/ dwkK . (w,q* )W, (w,q?)
q T 0




D —X_ (v
KEK-CERN-Mainz-SOTON 25, ‘26 Kellermann @ Lattice ‘26
- D—X tv: novalence ud, b; a' > m, ! /_” S N
= B4 5 IANE, BRI X(q?) [Gev?] ‘)
= inclusiveiTE M B L testing ground Xza(g?) X#V(qz)/
- EEAARBREEMREL> 2.5mTT/hE Ly 8] ' '

X(q?)= / K,y (0,2 W s (,q°)
0

I G o 2. /02 Y (2 . ' g
|Vcs|2 o 247’(’3/0 dq q X(q ) il?
= 0.856(46) .., (49) . X10 *GeV L i
1 i
ETM 251 0.853(46) ,,(30) . X10 *GeV 00 01 02 03 04 05 06 07 08

JJ,=AA, V.V, I, L =gl ¥ 2R
IV, ? DI%ETE. |V |DS%RENFIEEIC! & A~ 2-3% @ BESIII
= K& WIERE (BEt, 4M8) 1ZsystematiclC BB AT BE, E— X >~ F ADILR 23



[GeV2]

dr
dg?

24r°/ (la| G% [V ")

vs OPE

WAL DOLRIIIEIEN G 7+ — 7 EETH (K Y EFEMIC) A&

sof T T T T T Gambino+ 22
2.5: — V-AETMC — B, —X, {v
20 — V-A OPE | — unphysical m, both for lattice & OPE
15 :
xR S S S SR ; . OPE

10— T Omy) R, RERT — 2 0fit 5 17512

05t + O(a,) radiative correction

0.0" B 1 — note: latticeT — X [EHEETERED &

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7
q> [Ge\fﬂ

4 BRIEER - OPE & latticedd B W —E & FEEE
Gambino-Hashimoto 20 : OPEDRXRE %= EITBI1ZE—HHARLK KB T & HHESR




B —X (v

ETM ‘26
~ N=4,a' =25-39GeV, M,
— b IREL Y I/INE Umy, (M, < 4.3GeV) & staticd N

KEK-CERN-Mainz-SOTON in preparation
~ N=3,a1=18-28GeV, M
— b "HQET"-based @ m,,

m,phys

WINnd
_ EBHORTFHRELZAVCCERGKNENR A I
— EFERE A~ DA FE  Fl1EH

= S TUBET [V, A RETE D LS 1B o7

De Santis (ETM) @ Lattice ‘26

-dJ . Smpc-:l- n’s . |

M; =3.12GeV
order SIC; D96

y 7o’ =X DZE FﬁﬁEEﬂEP %

O meas
— Spln

— — Trapezoidal |

0.00 0.05 0.10 0.15

w?

Juttner (review) @ Lattice ‘26

x EERE(XBelle 14 B,—»XtvT B—X HWHERTZ 5 LIRE

sMETEH Al 8E

inclusiveRIE X E

[CERN-KEK-Mainz-Soton, to appear]

[Carvunis JHEP 01 (2026)]

Exclusive Exp.
[HFLAV PRD.113 (2026)] Inclusive Exp.
—o— ETMC Latt

Prelim. Latt

0.039 0.040 0.041 0.042 0.043 0.044
“ﬂ:{'}‘



Fe&d
EFQCOMIR D £E4 FHENICEATLRIEDER
Z R —ILVEIBEDORBEFE
— leptonicARIEIZBLICEEE
— exclusive semileptonicld. Z< D7 A+ X CIRESKEELR, SHSEMICHF

+2y Ty T M, (B—aty), al>m, TOm,BE LETE (HPQCD B,—J/ylv)

phys (

- IR [HRHTA-BRT)

ZRFIRRE « NETERF~NDRZEANDILA
— framework®FAFIC L Y BRICILHA > TWW 5
+ Lellouch-LUscher : B—pty

+inclusivefBi& : D—X (v, B—X v = e 5 CKMITIER DS%RTE
(hadronic t decay = |V, |V, B—K*C¢, ...

uslr
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