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status and progress w/ powerful computers and newly-developed methods
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yW box diagram to f decay
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. even steeper slope !

00008 | <> + siginifcant tension with exp (¢=e, 1) at medium/large w
JLQCD + |V, = 44.2(1.8) x 103 from total I"
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< > © 3 JLQCD: good consistency w/ exp
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R(D*)=T(B— D*m)/['(B— D*tv) (L=e,u)

- BGL, HQET analyses of exp data + & ,(1).4ce = =< 1% accuracy
Gambino+ "19 HH

Bordone+ '19 " — BGL fit to lattice + exp = = 0.5%

Bernlochner+ *22 H +HPQCD: fit B—»D* and B,—D* data = yx?/dof = 1.3, 1.50 tension
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R(D 7,") Colguhoun [WG2+3]: Thu 18:50

R(D*)=T(B— D*m)/['(B— D*tv) (L=e,u)

- BGL, HQET analyses of exp data + & ,(1).4ce = =< 1% accuracy
Gambino+ "19 HH

Bordone+ '19 " — BGL fit to lattice + exp = = 0.5%

BEEEEH ) W + HPQCD: fit B—»>D* and B.—D_ *data = y?/dof = 1.3, 1.50 tension
ernlochner+

FNAL/MILC 21 H
HPQCD '23
JLQCD *23 -

— only from lattice data = 5%
+robust: reasonable (<1.70) consistency among 3 studies
+phase factor (W*-1)12, w0, < Whae & €xtension to large w

FNAL/MILC 21 e
HPQCD °23
JLQCD °23 —a-

0.2 0.3
R(D*)  HFLAV 21
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V.| from B, decays

HPQCD "06
RBC/UKQCD "15
Fermilab/MILC " 15
HFLAV 21

FLAG 21

JLQCD ’22
FLAG '23

BS%KN
A B — plv
II|IIIIE=E=EE=E=III|IIII|IIIII|
3 4 5
3
IVﬂbI:r:lU

| Vubl

Vittorio [WG2] Wed 9:00-
Leskovec [WG2+3] Thu 17:50
Colguhoun [WG2+3] Thu 18:50

-CKM'21 : 3 realistic simulations, WA dominated by Fermilab/MILC 15

JLQCD 2203.04938

— domain-wall, a! <4.5GeV, M_[MeV] > 230 < 165 (Fermilab/MILC "15)
- largest uncertainties : statistics, chiral extrap. to M, . [chiral log ]
- near future improvement?: MILC, RBC/UKQCD confs @ M, ---

B —K{tv

~ advantageous both in statistical accuracy (Lepage '89) and chiral extrap.
- HPQCD"14, RBC/UKQCD 15, Fermilab/MILC 19, ALPHA 19

~- RBC/UKQCD 2303.11280 w/ larger a’! ~ 2.8GeV

+w/ LHCb R= B(B, = K,uv)/B(B, = D,uv), B(B, = D,uv) = |V,
+w/ unitarity bound: Flynn+ 2303.11285 < dispersive matrix 2105.02497

B—ptv : Bernlocknler+ 2104.05739 w/ LCSR for FFs
— lattice approach with a finite volume framework = Leskovec [WGZ2]

= B—K*L?
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inclusive semileptonic decays

dI'(B— X .lv) G}
dq2dq°dE, _ 8r®

Val* LW, W, ~ > (BIJFIX.) (X.|J|B) =im{(B|J}®J,|B)
X

hadronic tensor optical theorem

¢ ()
OPE: W, = Z kmgzk (B|O,|B) convergence?, non-perturbative MEs? (e.g. JLQCD '02)
k

“direct” lattice: C,,(t,q)={B|J}(-q)e ™I} (q)|B)= / dwW,, (w,q)e "
0

C,(0) = W, (o) as a function of ® — ill-posed inverse problem

— deformed W, (w)
— limited input / non-exact C,(?)

i

W (w) vs w ||IH|MI| |‘




inclusive semileptonic decays

dIr(B— X (v) _ GF
dq2dq°dE,

s Vol *L"W,, W, ~ Z(BIJHX}(X J,|BY =im{B|J} ®J,|B)

hadronic tensor optical theorem

¢ ()
OPE: W, = Z kmgzk (B|O,|B) convergence?, non-perturbative MEs? (e.g. JLQCD '02)
k

“direct” lattice: C,,(t,q)={B|J}(-q)e ™I} (q)|B)= / dwW,, (w,q)e "
0

C,(0) = W, (o) as a function of ® — ill-posed inverse problem

— deformed W, (w)

— limited input / non-exact C,(?)
dwK (w) ~ /dWKL,o—(w)
v | T i
i : I

& smeared / integrated W, (o)

Hanesen+ 17, Gambino-Hashitmoto ‘20

dr mmﬂmmm

= s VAl VEX (@) X@)= [ oK@, W (0" |




Kellermann [WG1+2] Tue 18:00

feasibility on the lattice

Gambino+ 2203.11762 ; B, — X, v vs B, — D™ ¢v

B, —X_{v on JLQCD conf (a = 0.1fm, m, = 2.4m,) |f ¥ Xy
(to0) q - y s . ¥ Xvvo
— (too) good consistency w/ exclusive X
— statistical error only % *\\ Xaa|
9O, )

< Wy e

1 PN i
o 1
’-‘,” \\*\\
O_‘C,::-—J- ————— - ,-———_ .——-:::\
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feasibility on the lattice

Gambino+ 2203.11762 ; B, — X, v vs B, — D™ ¢v
B, —X_{v on JLQCD conf (a = 0.1fm, m, = 2.4m,) |f ¥ Xy
(too) good consistency w/ exclusive ™ b X
J y R R ¢ Xua
— statistical error only — 21 * \\ X aa|
= N
. . v \\
studies of systematics 2. S
Barone-Kellerman-Hashimoto-Juttner-TK > | N el
—upper limit of do K, , (w,q?) o< 6 (wmax — w) Baron+ Lat'22 /r"/ )*\\\ :
—expression in C, (1) K., (w,q*)= ) k. (g*)e ™ 230514092 s o
7 0 WM Momce= S B __=y
—finite volume effects — Kellermann [WG1+2] 00 02 04 06 08 10 12 14
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feasibility on the lattice

Gambino+ 2203.11762

Kellermann [WG1+2] Tue 18:00

B, — X, v vs B, — D™ /¢v

3
B, —X_{v on JLQCD conf (a = 0.1fm, m, = 2.4m,) |f ¥ Xy
(too) good consistency w/ exclusive ™ b X
J y R R ¢ Xua
— statistical error only — 21 * \\ X aa|
= N
. . v \\
studies of systematics 2. &
Barone-Kellerman-Hashimoto-Juttner-TK > : N el
—upper limit of do K, , (w,q?) o< 6 (wmax — w) Baron+ Lat'22 /r"/ )*\\\ :
—expression in C,(t) K., (w,q*)= ka (@%)e " 2305.14092 il e
7 e adtnbnteded,- sttt B __o>
— finite volume effects — Kellermann [WG1+2] 00 02 04 06 08 10 12 14
q’ [GeV?]

= inclusive vs exclusive analyses on the same lattice = tensionin [V |, [V,

= CCQE Nv—X¢t, yW box for 0"—0" B decays, ... (Fukaya-Hashimoto-TK-Ohki 2010.01253) o



inclusive T decays

GF

D(r = Xpv) = 2=V /(2 T L (p-0)WE (@) (D=d,s) W, (q) < 0|J;(-q)e ™ Ji(g)|0)

'V | fromt—Xy_ ETM 2308.03125
R, =T (r— X))/ T (1— ev,v,)

= ALEPH

e oeaL [ =51,7.6fm
= FVES

b= HFLAV
a_l
= 2.5- 3.5GeV

This work .
3.6 365 3.7 375 38 3.8 = a=0
Ryl /| Vaal?

= |V, = 0.9752(39) (0.4%)
& 0.97373(31) (0*—=0"* 3 decays) 1



inclusive T decays

G} d’q ) )
I(r— Xpv)= 4= lV“D|2/(27r)32E,, L.(p,,p )W (q) (D=d,s) W, (q) < O (-q)e ™J!(q)|0)

V| from t—X,v. ETM 2308.03125 vV, | from t—Xv,

R,=TI(r— X,v,)/T(1r— ev,v,) R, w/ generic weight for decay channels

= ALEPH

| @ FESR (OPE) | @ Maltman-+ 19
— new treatment HO in OPE

S oAl L =5176fm @ FESR (OPE) — partly different exp. input

- R 3 RBC/UKQCD 1803.07228
a 3 w/ lattice — HVPF from lattice

= 2.5- 3.5GeV — large weights for Kv, Kzv

Tlllis \’\'Ol"k | :> q= O e 1 = mOStly rely on these ch.s

f)l, 2 ‘ = <)‘H Q9 4 Q 55) = | 1 | 1 | 1 1 1 | | |
3.6 3.65 o.(fT) 3.75 ) 3.8 3.85 021 022 023 024 025
Ryd / 1Vl [V |

= |V, = 0.9752(39) (0.4%)
& 0.97373(31) (0*—=0"* 3 decays) 11




inclusive T decays

G2 d3
I(r— Xpv,)= 4= |VuD|2/(2 L L.(pp)WH () (D=d,s) W, (q) < (0Ji(-q)e "Ji(qg)|0)

; 7)°2F,
V., | from1—Xy ETM 2308.03125 V.| fromt—X v,
R,=TI(r— X,v,)/T(1r— ev,v,) R, w/ generic weight for decay channels
| K, P (D Gamiz+ hep-ph/0612154
- ALEPH FOH (D FESR (OPE) | @ Maltman+ 19
7 ¢ — new treatment HO in OPE
—=— OPAL L =51 76tm . @) FESR (OPE — partly different exp. input
= FVEs (OPE)
= HFLAY y (3 RBC/UKQCD 1803.07228
a ® w/ lattice — HVPF from lattice
= 2 5-35GeV — large weights for Kv, Kzv
T_f.nf Wo:f = 4=0 L o = mostly rely on these ch.s
30 86 8l s 38 8% 021 022 023 024 025
Rud /l%l(]|2 I Vasl

— o)
= Vid = 09752(39) (0.4%) = independent lattice study to clarify the situation
& 0.97373(31) (0*—=0"* 3 decays) 11



at this workshop

Elvira Gamiz, “Overview of D form factors and decay constants (lattice)”, WG1 Tue 10:00-

Carolina Bolognani, “Combining lattice and sum rules to determine |V ,|/|V ", WG2 Wed 9:24-
Chris Bouchard, “Rare B—m and B—K decays on the lattice”, WG2&3 Thu 18:20-

En-Hung Chao, “K—uu on the lattice”, WG3 Mon 14:45-
Ryan Hill, “Rare kaons on the lattice”, WG3 Tue 14:45-
Felix Erben, “Update on SU(3)-breaking ratios and bag parameters for B, mesons”, WG4
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K—nn

sensitive to NP
challenging on the lattice : Tt state, disconnected digrams

RBC/UKQCD w/ “G parity boundary condition”
~ G parity BC : flavor rotation
+avoid exponentially large off-shell contributions
BC/UKQCD *20 + need dedicated gauge ensembles
— Re[e'/e] x 10%= 21.7(2.6)55 (5-0)emiso (6-2) gys-else
— continued efforts to control a#£0 error [Kelly @ Lattice 2023]
~ independent calculations are welcomel!! [cf. Ishizuka+ "18 w/ Wilson quarks]

Ishizuka+ "18

40 20 0 20 40 60 80
Re[s’!s]x104
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K—nr

sensitive to NP
challenging on the lattice : Tt state, disconnected digrams

RBC/UKQCD w/ “G parity boundary condition”
~ G parity BC : flavor rotation
+avoid exponentially large off-shell contributions
BC/UKQCD *20 + need dedicated gauge ensembles
— Re[e'/e] x 10%= 21.7(2.6)55 (5-0)emiso (6-2) gys-else
— continued efforts to control a#£0 error [Kelly @ Lattice 2023]
~ independent calculations are welcomel!! [cf. Ishizuka+ "18 w/ Wilson quarks]

: RBC/UKQCD w/ periodic boundary condition

| lsm?“l"‘a* ;]3 | o + Generalized Eigen Value Prob. to extract "excited state contributions”

40 20 0 20 40 60 80 + configurations shared w/ other subjects
Re[ & /€] x 10" + straightforward for future control of the largest isospin corrections
~ Re[e'/e] x 10%= 31.8(6.3)121(5-0)epm1+i50(11-8) gys-else
~ largest errors from a#0, EM+isospin, Wilson coefficients to be controlled _,



summary
good progress from lattice QCD

for leptonic / semileptonic decays & mixing
— independent calculations with different setups by different group also for B physics
— tensions among precision lattice studies = more realistic simulations

— tension in |V, |V, = Interplay w/ experiments & phenomenology

for processes involving unstable / multi-particle states
— new applications w/ newly-developed methods: inclusive, B—ptv, ...
— studies of systematics towards precise calculation

— future subjects: resonance contribution to B—K™¢¢, D mixing, ...
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