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Lattice inputs for neutron and nuclear 3 decays: Talk by A. Nicholson, V,,4 session on Tues.
RC for |V, 4|: Talk by M. Gorchtein V,,4 session on Tuesday
RC for |Vys|: Talks by N. Tantalo and C.Y. Seng: Vs session on Tuesday

just appeared: and
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Lattice QCD inputs for |V, 4|, |Vus|,



Testing first-row CKM unitarity )
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Leptonic decays of light mesons: |V,,|/|V,

FIAG2021 fiez /=

FLAG average for Ny=2+1+1

ETM 21
latilc 17 Pure QCD including SU(2) IB corrections.
FNAL/MILC 14A
ETM 13F
T frot

—o— EON 10 rocat . o) Ny=2+1+1 K= —1.1932(21)
FLAG average for Nj=2+1 f +
QCDSF/UKQCD 16 ™

RBC/UKQCD 148
RBC/UKQCD 12

Gatho 11 0.18% error
ka(\:’(,ukoc 10A
OQA

24141

Ny

Ne=2+41

M
Ay Reduction of errors in the last years thanks to
HI

physical light quark masses, improved actions,

FLAG average for Nr=2 . .
« HH ETM 14D (ctar. err. only) NPR or no renormalization.
Z E}m 10D (stat. err. only)
— QCDSF/UKQCD 07

1.14 1.18 1.22 1.26

SMRACD 08
HPEQCDIUKQCD 07

l
D o ) Vsl S (1 0banr) [Vas | Sy
D(rt — Ty (7)) [Val? ffri (1 +5§2M ﬂ) PDG20  |Vyq| frx

= 0.27599(29)(24)

JEM includes structure dependent EM corrections, traditionally estimated
phenomenologically within ChPT,
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Leptonic decays of light mesons: |V,,|/|V,

@ Calculate leptonic decay rates including QCD and QED on the

lattice See N. Tantalo talk

@ For K, 2/m,2, EM and SIB effects 6SU(2> + dpar found to be very
compatible with ChPT estimates: -1.26(14)% vs -1.12(21)%.
But smaller errors.

|Vus| Ik
= = 0.27679(28)(20
Via| Fr (28)(20)
o Together with the Ny =2+ 1+ 1 isospin-symmetric average
Ix _ 1.1967(18) gives
VUS
Vol = 0.23129(24) ¢0p (17)(35)1az¢ = 0.23129(46)
ud
@ Preliminary work by to calculate dg7(2) + dpas for

Kuz/ﬂug, talk at Lattice 21 by A.Z. Ning Yong
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Leptonic decays of light mesons: |V,

fr+
fat

Experimental average from and Ny =2+1+1 average for
(See update of exp. average in M. Moulson talk)

|Vius|
|Vud|

= 0.23130(24) c2p(20) R (41) 10z = 0.23130(51)

@ Extraction of |V,s|: Need external input for |V,4|: superallowed 3
decays, neutron decays, pion 3 decays ... See talks in next session

o Most precise determination from superallowed 3 decays.

o Recent updates of universal single-nucleon radiative
corrections, AY%:
— Shift central value
@ New nuclear structure-dependent corrections
— Increase the errors.

Lattice contribution to the calculation of RC See M. Gorchtein talk
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Leptonic decays of light mesons: |V,

fr+
fat

Experimental average from and Ny =2+1+1 average for

|Vus|
|Vud|

= 0.23130(24) e2p(20) rc (41)1aee = 0.23130(51)
plus reevaluation by
Vussp'ﬁ = 0.97373(11)e2p(9) rc (27) vs = 0.97373(31)

(Incorporate new nuclear corrections and weighted average of Ag from and

give

Vs |02/ 72 = 0.22523(24) e (40)10:(20) e (6) g = 0.22523(51)
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Leptonic decays of light mesons: f,+ and fy+

_ FAG2019 fre fic
+ FLAG average for Ny=2+1+1 Ne=2+1+1
T = 0
& BT e e Tk 0.19% error
L ivcres
z ETM 10 O P
v ——— But many existing LQCD.calcula—
Tl LoD I ae u tions use fr to set the lattice scale
= S (implicitly rely on |V,q4| and the
T e MILC 10 p N N ud
~ MILC 10 SM)
[ e — ReCoracs ton. b :
z —0- MILC 097 —
MILC 094 . .
—of|  micoe — — use a different external input:
[ RedRacoos ——o—] For example, Mg used by
- HPQCD/UKQCD 07 .
— MILC 04 o Work n
~ FLAG average for Ny=2
[ ETM 14D progress by
z X X X ETM 09 X
120 125 130 150 155 160 MeV

* With fr ZA9PH2HIHL = 155.7(3) MeV and [Vis e+ |PPE20 = 35.09(4)cap(4) R
[Vus| = 0.2254(4)1at (3)exp(3) RO
* With |Vis fic| = 35.23(4) eap(2)th and fH' ! =156.0(3) MeV

|Vus ‘ == 0-2258(4)latt (3)exp (1)th
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K semileptonic decays: Direct |V

FIAG2021 f+(0)

FLAG21 —
FLAG average for Nr=2+1+1 f+ (O)Nf=2+1+1 o 09698(17)
FNAL/M\LClB

24141

ETM 1
FNAL/M\LC 13E

FLAG average for Ne=2+1 018% error
PACS 19

JLQCD 17
RBC/UKQCD 15A
RBC/UKQCD 13
FNAL/MILC 121
JLQCD 12

JLQCD 11
RBC/UKQCD 10
RBC/UKQCD 07

Ny

Ne=2+1
T

» FLAG average for Ni=2

ETM 10D (stat. err. only)
- ETM 09A

Ne=2

* Preliminary Ny = 2+1 re-
H——+ Kastner .
——— Cirighana 05 sult presented at Lattice 21 (talk

Jamin 04

— e Bijnens 03 by T.Yamazaki): consistent with
] Leutwyler 84

0.95 0.97 0.99 1.01

non-lattice

0= I
Tkiacey O Vs 2IFE™ (0)[2 (14 05 + 357 )

5){31\1 includes structure-dependent EM corrections and the SIB 6% is defined as a

5U(2)
correction with respect to the K© decay. Currently estimated phenomenologically

within ChPT,
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K semileptonic decays: RC

07\'
Tk, < | VusPIFE ™ (0) (1 + Ofim Jr55U(2>)

ds5u/(2) looks solid at current level of precision, ChPT estimate for
dp s into question (plus relevant source of error)

@ Calculation of 65¢, based on Sirlin’s representation of RC and new
lattice QCD inputs for yW — box diagrams
See C.Y. Seng talk
— See M. Moulson talk.
|£4(0)Vaus| = 0.21652(41) — | £ (0)Vaus| = 0.21635(38)

* And using Ny =24+ 1+1 average for f1(0) = 0.9698(17)

|Vius[*™ = 0.22309(39) -6 5.1 +6 517 (2 (3910t = 0.22309(56)
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Testing first-row CKM unitarity

H&H Kes Moulson21 + RC SGMM21 + Ni=2+1+1 f,(0) FLAG21
=i Kea/Tes + Ni=2+1+1 £,(0) FLAG21 + |V,4| Hardy&Towner20
uds,c e+ Keo/Tzs Moulson21 + fie/fre Ni=2+1+1 FLAG21 + |V, Hardy&Towner20
&+ [Vislfi/|Vealfn RM123/Moulson21 + f/fn Ni=2+1+1 IS FLAG21 + |Vyq| H&T20
e Ke PDG20 + fx: N=2+1+1 FLAG21
—— T- sinclusive, Lusiani TAU21
= T- s inclusive, Boyle et al. 2018 with K, input
—a— T— s inclusive, Hudspith2017 + dispersive input for Krt modes + K, » input
. (T = Keév)/(t — nitv) Lusiani TAU21 + fie/f: N=2+1+1 FLAG21
L Unitarity with [V,4/=0.97373(31), Hardy&Towner20
L L L L

022 02225 0225 0.2275 0.23

* Kyg/me3 from includes improved EW RC for K3 and mc3.

* Inclusive hadronic T decays: D > 4 condensates from the lattice
, replacing OPE expansion by lattice HVP functions and optimizing
weight functions . Updates T. lzubuchi talk at
CKM18 and K. Maltman talk at TAU18

* |Vus| from hyperon decays: Preliminary work by on the calculation
of form factors for ¥~ — nf~ U presented at Lattice21, talk by R. Hodgson.
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Testing first-row CKM unitarity

|VUS |
T
2 2 Kes Moulson21 + RC SGMM21 + N=2+1+1 f,(0) FLAG21
= Kea/Ms + N=2+1+1 £,(0) FLAG21 + |V4| Hardy&Towner20
udsc X gl K2/ Moulson21 + fie/fr: Ni=2+1+1 FLAG21 + |V,e| Hardy&Towner20
e |Vuslfi/|Vualfr RM123/Moulson21 + fu/fy N=2+1+1 IS FLAG21 + |V,g| H&T20
& Ke2 PDG20 + fx: N=2+1+1 FLAG21
—— T— s inclusive, Lusiani TAU21
H——— T sinclusive, Boyle et al. 2018 with K, » input
—a— T s inclusive, Hudspith2017 + dispersive input for Kt modes + K, input
- (T = Kév)/(T — niév) Lusiani TAU21 + fi/fie N=2+1+1 FLAG21
L Unitarity with |V,4|=0.97373(31), Hardy&Towner20
L I L L

022 0.2225 0.225 0.2275 0.23

Tensions with first-row unitarity at ~ 2 — 30 level

- Internal tensions between leptonic and semileptonic determinations
of [Vius| (with [V4,q4| as external input): ~ 3o
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Testing first-row CKM unitarity

0.2325 Unitarity
0.23 - Neutron decays ]

0.2275 -

lept sy - _J
[Veal" + unitarity : "_K_(glﬂez"'—

=2 o225}
- K
0.2225| —
0.22f 1
02175 ]
0.215—— ‘ . ‘
0.96 0.965 0.97 0975 0.98
[Vual

Ay = |Vuzl‘2 + |‘/US‘2 + ‘Vvub|2 -1

5 L L B
* V;srmzl and ”/Zj(}lp

Ay = —0.0021(2)v,, (6)v,, ~ 30

* V:‘srnil and |‘/’u5‘/“/'ud‘[{(2 / oo

Ay =—0.02005)v,, (v, /v,y ~ 30

|\/1,,S\/\V;L,1\K’2/”2 = 0.23129(24) eap (17) R (35) 1att
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(With Sem + 6SU(2) from

Lattice QCD inputs for |V,



Testing second-row CKM unitarity )
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Leptonic decays of D and D, meson

Errors at 0.33-0.20%, 0.14% for the ratio: physical light quark masses, improved

actions, NPR or no renormalization + small lattice spacings + same action for all flavors

faG2021  fp fo, FTAG2021 fo/fo
~ our average for Ny=24+141 ~ our average for Ne=2+1+1
3 FNALMILC 17 : AL/MILC 17
: ] FRALMILC 144 { i ‘ ENALMILE 174
H £ 148 » 4 ETM 14E
i —0 ™ 13F 0 : ' ! ETM 130
) FNALMILC 13 I ENAL/MILC 13
ol FRAUMILC 128 D FNADMILE 138
e ach 20n. fomaet our average for N;=2+1
- RBC/UKQCD 17 19C0 208
3 C0 14 BC/UKQCD 18A
i ! fipaco 124 RBC/UKQCD 17
H Fla_ minicn | : HPGCD 12A
P q ENA/MILC 11
o "’g“’”‘““ o7 2 HPQ%:S/SU}%&CD 07
L. Famicos
L o FNAUMILC
our average for Ny=2 /!
Balasubramamian 19 Y our average for Ny=2
o Blossier 18 o TWQCD 14
[ TWQCD 14
z o AL 1@ . . ALPHA13B
]
e ETM 11A
—of T ewos i o— ETM 09
180 200 220 240 230 250 270 M€ 110 115 120 1.25

* Also, final results soon on Ny =24 1 CLS ensembles, see F. Joswig talk at Lattice 21

FLAG2021 Ny =2+ 1+ 1 averages:

fp =212.0(0.7) MeV  fp_ = 249.9(0.5) MeV  fp_/fp = 1.1783(0.0016)

With dominant SIB from FnaL/miLC 1712.09262:

Elvira Gdmiz Lattice QCD inputs for |



Leptonic D decays: Extraction of |V,

F(D(t) — £Tv(y)) < Spw (14 dem) |‘/cd(cs)|2f§)?—v)

@ Experimental data: CLEO-c, Belle, Babar, and BESIII: precision better ~2-3% for e, u
WG1 talks on Thursday and plenary talk by L. Dong on Monday

@ EW and EM corrections: Accounted for in the exp. rates. adds 2.8%
uncertainty to purely leptonic decay rate. Adding that to averages:
[Vealfp+ = 46.2(1.0)(0.6) MeV [Ves|fpp+ = 245.9(2.9)(3.4) MeV

* Short-distance EW corrections ~1.8%
* Structure-dependent EM: Reduce ~1% g channels

* Long-distance EM: removed with PHOTOS.

Together with Ny =2 +1+1 averages (with dominant SIB corrections):

[Veal = 02173(47)cap (28) (Mta | [ Ves| = 0.984(12)cap (14)(D1ate

* EW+EM corrections important source of error. Preliminary work to calculate

radiative decay rates on the lattice: See S. Meinel plenary talk on Monday

Elvira Gamiz Lattice QCD inputs for |V, 4, |Vus|,



Semileptonic D decays: Extraction of |V, ;)|

dr(D — Pv)

i o Sew (14 05m) [Veaees) PIF2F (@)

(neglecting contribution proportional to mf)

@ Experimental data: CLEO-c, Belle, Babar, and BESIII. WG1 talks
on Thursday and plenary talk by L. Dong on Monday

@ EW and EM corrections: Should be accounted for in exp. rates.

* Short-distance EW corrections ~1.8%
* Structure-dependent EM: use ChPT Kj3 calculations to estimate ~ 1%

* Long-distance EM: removed with PHOTOS.

Elvira Gamiz Lattice QCD inputs for |V ql, |Vus!|, |Veql. and



Semileptonic D decays: Extraction of |V, ;)|

Twisted mass Ny = 2+ 1+ 1, m®i" ~ 220 MeV and 3 lattice spacings down to
0.06 fm FREE (42) in

* Double ratios of correlation functions to avoid non-trivial renormalization.
* Many kinematical conditions using twisted boundary conditions.

* Modified z-expansion based on hard-pion SU(2) xPT.
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Twisted mass Nf =24+1+1, mﬁ?i“ = 220 MeV and 3 lattice spacings down to 0.06 fm

25 (@) in

04 T 18 T T
L [+ BaBar =
@ Cleo-D” L aBar
035 | o Cleo-D* L6 ° CleoD’
© Beslll-D” @ Cleo-D*
* BesllI-D* 141 © Beslll-D”
03 | & Belle * Beslll-D*
4 Belle

e I S

02 -
I 08 —
015 — 061 4
0,1 1 L L L L L L L L L Ot v v 0y L 1y
05 1 15 2 25 0 025 05 075 1 125 15 175
2 2, 2 2.
q7(GeV?) q(GeV)

|Veq| = 0.2341(74) and |Ves| = 0.970(33) with ~ 80% theory error.

* 1 nw = i = 1.009(2) is applied: ‘ [Vea| = 0.2320(73) and [Ves| = 0.961(32)

@ Using instead fP~7(0) = 0.612(35) and fP~K(0) = 0.765(31)
and nEw | Ves|f+(0) = 0.7180(33), new |Vea|f+ (0) = 0.1426(18)

[Vea| = 0.231(14) and |Ves| = 0.930(38) \

Elvira Gamiz
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Semileptonic D decays: D — K

New: D — K form factors covering whole physical g2 range
on Ny =2+ 1+ 1 MILC HISQ ensembles.

* Relativistic (HISQ) description of all
flavors: very small discretization errors

Lo * 5 lattice spacings a &~ 0.15 — 0.042 fm.

ms and m. close to physical, 3

H0.8
ensembles with physical m;.

F0.6
Lo * NPR imposing Ward identities at ¢2,,,

Modified z-expansion: chiral
interpolation, mass mistunings,

; 2
4 momenta for each ensemble. continuum extrapol. and ¢
dependence.

Phys. m; ensembles: Sets 1, 2, 3.

Also results for fr(q?).

Elvira Gamiz Lattice QCD inputs for |V,, 4], |V, [Veal, and |V,



Semileptonic D decays: D — K

New: on Ny =241+ 1 MILC HISQ ensembles.

@ Three methods to extract Vs: differ in experimental data included.

With npw v1+ dpm|Ves|f+(0) = 0.7180(33)
Using total branching fraction

BES "17 ——— f+(0)
- Dt = Ky,
BES 16 D' — K'u'y, |B BES '15B e —x—
BES 21 —h—{
Dt = K"y, BES'19 | D' —= K pu'y, —*—
CLEO "09 e
BES '19 L e BES "15A ki
. . D' — K p'y,
BELLE 06 A CLEO 09 —e—
D" — K-ety,
BES 21 BaBar 06 .
CLEO 09 DOy K-t ——i
X ("e'y, 06 [F————h—————
BaBar 06 A BELLE 06 ‘ ‘ ‘ : : : :
BELLE ‘06 A 088 090 092 ().{)} 096 098  1.00
088 000 002 004 006 008 100 Vel
IVesl £+(0) = 0.7830(44) agrees with ETMC but ~ 2o

tension for £ (g2, 4z)

[Ves|® = 0.9686(54) 1t (39)exp (19) 5 gy (30)6 50y
[Ves T 70 = 0.9643(57)1att (44) exp (19) 1 gy (48)5 1
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Semileptonic D decays: D — K

New: on Ny =241+ 1 MILC HISQ ensembles.

HPQCD preferred method: Using ¢? binned differential rates.

1.10 1.10

Average A BES'15A [
®  CLEO 09 (D") ¢ BaBar 06 \
1057 @ cLeo 09 (DY) / r1.05
) % [ Need binned experimental data.

—_1.00 i ‘#i] % r ) % % F1.00
= M 4, ‘ é&‘,‘ #; 7/& 4 e ‘ Include only exp. results with a covari-

095941 T TRHT ST F0.95 _ _

ance matrix for the partial rates between
0.90] % F0.90 ¢? bins.
00 o5 1o T Tis]

¢*[GeV?|

[Ves|B = 0.9663(53)1a66 (39)exp (19) 1 myy (40) 5 5 5s

@ For the first time, semileptonic determination of |V_,| with smaller
errors than leptonic determination.

Elvira Gamiz Lattice QCD inputs for |V ql, |Vus!|, |Veql. and



Semileptonic decays of D mesons: in progress

on Ny =2+ 1+ 1 MILC HISQ ensembles: D —+ K, D — 7, Ds — K
form factors over whole physical g2 range. fi, fo and fr.

Preliminary results at Lattice 21:

@ 8 ensembles at 5 lattice spacings down to ~ 0.042 fm, 4 of them with phys.
light quark masses.

@ Several valence heavy-quark masses: interpolate to correct m. and study B
semileptonic decays. A. Lytle tallb%n Thyrsday WSRzed FF on the phys.-mass a ~ 0.09 fm

ensemble
Several ways of extracting f, (o) 149 B fesfiHfy i
s E A
.3 3
i = Zy0{EIXID) T fener "
I = “vOo——"rt 127 e
D
(PIV'|D) 4 < 11
fL=2vis it L g
D PL = 1.0 3
_ mp—my ’ %
fo= MZ,—MZ, {(P|S|D) 0.9 *
S *
0.8 N
L :
NP renormalization factors from Ward 0.7 . -
identity at all ¢2. . T T
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Semileptonic decays of D mesons: in progress

@ Extrapolate to the continuum + interpolate to the physical quark masses: Example

D-n
30 —— Continuum, Physical Point
: Wi my/ms=1/10, a=0.057 fm, mp=0.9 m_charm
W my/ms=1/10, a=0.057 fm, mp=1.0 m_charm
2.51 myms=1/10, a=0.088 fm, my=0.9 m_charm I
my/ms=1/10, a=0.088 fm, my=1.0 m_charm ard-pion SU(2)
5 2.0 j & mjms=1/27,a=0.057 fm, my=1.0m_charm  HMRSXPT +
e \ ¥ myms=1/27,a=0.057 fm, mp=1.1m_charm  NNLO analy. terms
' 1.5 K{ my/ms=1/27, a=0.088 fm, m,=0.9 m_charm
j‘f my/ms=1/27, a=0.088 fm, my=1.0 m_charm
1.0 5\ #  my/ms=1/27,a=0.12 fm, mp=0.9 m_charm
) ;,:\p mims=1/27, a=0.12 fm, my=1.0 m_charm
1 e 3
0.5 1] » g
. . . . . i * Very small disc. errors.
0.2 0.4 0.6 0.8 1.0 12
Enwo

* Checking different fit functions (hard K/7) SU(2) vs SU(3) HMRSxPT +
higher order analytical terms: very small variations

First results soon: Reduction of errors in [V 5£™|, correlated ratios of FF and
branching fractions from different channels ...

* More on-going work:

Elvira Gdmiz Lattice QCD inputs for



Alternate ways of extracting |V, ;)|

@ A, = Alty;: Ny =2+1 form factors calculated by
. Combined with

[Ves| = 0.949(24)144:(14) 7, (49) B
® B, — By, Ny =2+1+1 calculation of form
factors over complete phys. ¢ range. Measurable at LHCb.
D(BY — BJlvg) = 26.3(9) 0k M (8)iare - 10%
I'(BY — B%vg) = 1.65(6)c ks (8)1ase - 1075~

@ =. — =4t v, First calculation of form factors with LQCD
gives
[Ves| = 0.834(74) 144t (127)eap together with data

|Ves| = 0.883(88)14+t(167)cap together with

Elvira Gamiz Lattice QCD inputs for |V, 4|, |Vus|, |Veql, and |Ves|



Second row unitarity

Wl

T HPQCD 21 g

m e

N b ERAL/ILC T * Grey bands: averages

L | E— o : —a—]

z s ETM 17 (q°=0, global fit) Al (without EW/EM semil. corrections or

. ETM 14 .
errors, besides those included by exp.)
—— RBC/UKQCD 17 -
¥ QCD 14 —— * Exper. leptonic and CKM unit.
% —.— HPQCD 10,12 —.— inputs: (+ update
| FNAL/MILC 11 — for |Ves o, )
[E— HPQCD 10,11 [ " 2
@ * Exp. D/Dg Semileptonic:
HPQCD 13 (D,~® ¢ v) + i = 1.009(2),

g Meinel 16 (A.—A ¢ v) except in and
‘_‘;," —— v scattering (global fit)

a8 CKM unitarity °

= L L L L L

0,2 0,22 0,24 ®m  Leptonic 0,9 1 L1

4 Semileptonic
@ Large reduction of errors in semileptonic |Ves|.
@ Leptonic and semileptonic determinations, as well as Ny =2 +1vs Ny =2+ 1+1,
in good agreement.

@ Exception: Semileptonic |V,4|, need further investigation/LQCD results.

Elvira Gdmiz Lattice QCD inputs for



Second row unitarity

0.28
Unitari
0.26 E ) ) )
Ac = ‘Vcrl‘ + ‘\/(S‘ + ‘Vcb‘ -1
D- K
Second row unitarity is fulfilled
024 e S 1 within ~ 1o.
= N=2+1+1 .
> = * For example, using
0.22} el ‘Vcdll;f?.=2+1+1 = 0.217(5)cap(3) EM+EW (1)1att
D - Ttév ‘Vcs‘semil HPQCD21:
I NF2+1 0.9663(53)1a5t (39) cp (1)1 5y (40)5 50z
and |V | PPCG20 = (4.1+£1.4).1073
s Ac = —0.017(15)y,, (2)y,, = —0.017(16)

0.18
0.9 0.925 0.95

[Ves|
Ny =2+1+1LQCD inputs used in the plot unless

otherwise stated.
Lattice QCD inputs for |V,, 4], |V,
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Second row unitarity

0.28
Unitarity
026l Vool from Vel
D- Keév
0.24 - |
D - 1tév
= NE=2+1+1
=
0.22 o
D-ev
D - 1tév
N=2+1
02 D-gv/Ds~8v D.-8v ]
018 L L L L L
0.9 0.925 0.95 0.975 1 1.025
Vel

Ny =2+1+1LQCD inputs used in the plot unless

otherwise stated.

Ac = “"/r:d‘z aF “/(é 2 aF “"(:b‘z =1

* Using
vour # = 0.97373(31) corrected at A%:

|Veslv, 4 = 0.97291(31)

and |V.q| from leptonic decays

Ac = —0.0045(6)v,, (25)v,,(1)v,,
= —0.0045(26)

Equivalent to testing second-
column CKM unitarity.

Elvira Gadmiz
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Conclusions and outlook

@ First-row CKM unitarity violated at the ~ 3o level

o Need to settle (an improve) value of |V, 4]

@ Superallowed 8 decays: structure-dependent nuclear corrections.
@ Determination from other sources with similar precision.

o From the lattice:
o Correlated analysis of fx+/fr+ and fi(0) — Test without |Vyq]

o Not using fr to determine lattice scale — Independent (and
precise) calculations of f+ and f?(:

@ More calculations of f4 (¢?) with ¢® # 0 and fr(q?).
@ Second row CKM unitarity fullfilled at current level of precision.

o Experimental improvements: More urgent for leptonic decays.
o From the lattice

@ Improved and correlated calculations of form factors, in
particular for D — 7. Work in progress

Elvira Gamiz Lattice QCD inputs for |V, 4|, |Vus|, |Veql, and |



Conclusions and outlook

@ EM corrections significant source of uncertainty

o Calculate QED corrections (including radiative corrections)
directly in lattice QCD+QED.

o First results for radiative K /7 leptonic decay rates:

@ Preliminary work for radiative heavy-light leptonic decay rates:

o Radiative corrections relevant to nuclear extractions of |V,,q4]
See M. Gorchtein talk
o Radiative corrections for Kaon semileptonic decays See C.Y. Seng talk

Elvira Gamiz Lattice QCD inputs for |V, 4|, |Vus|, |Veql, and |
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L — B?S)é’y: (Potential) extraction of |V, .|
Ny =2+ 1+ 1 using two different descriptions for b

@ NRQCD: amy, = amy and Relativistic heavy-HISQ: am. < amy, < 0.8amy
(both using HISQ for w = d and c)

) " 0.9
5. amy, = 0.450 P s N

set 5, amy, = 0.6

Measurable at LHCb

set 5, amy, = 0.8
set 6, amy, = 0.274

set 6, amy, = 0.450 +/

set 6, amy, = 0.6

set 6, amy, = 0.8
/ NRQCD
se 0.6 RO
0.6 % / oo [ NRQCD
—o— st 3 [ heavy-HISQ
0.5) Da 0.5 M@ NRQCD from heavy-HISQ
—@— set 5
—0.5 0.0 0.5 -1.0 -08 —-06 —04 —0.2 0.0
¢[GeV)? zp/|2(t-)

Cover complete physical ¢ range
o Good agreement across entire physical z range (for B® and B?).

I(BY — B%u;) = 26.3(9)crenr (8)iase - 100%™, T(BF — BO%v;) = 1.65(6)cxnr (8)1ase - 109571

Elvira Gamiz Lattice QCD inputs for |V,, 4], |V, [Veal, and |V,




0.22309(56)
0.22306(75)
0.22523(51)
0.22521(45)
0.2254(11)
0.2192(19)
0.2240(18)
0.2219(22)
0.2234(15)
0.2277(13)

Vs |
T
e+
=
ud,s,c [P
H&H
o+
——
H———
P
.
Py
I i I I
0.22 0.2225 0.225 0.2275 0.23

Elvira Gamiz

Kes Moulson21 + RC SGMM21 + N=2+1+1 ,(0) FLAG21

Keo/Tug + Ni=2+1+1 £,(0) FLAG21 + |V, Hardy&Towner20

Keao/mz Moulson21 + fic/fre N=2+1+1 FLAG21 + |V Hardy&Towner20
|Vuslf/[Vualf RM123/Moulson21 + fi/fy N=2+1+1 IS FLAG21 + |Vy4| H&T20
Ke2 PDG20 + fi: N=2+1+1 FLAG21

T— s inclusive, Lusiani TAU21

T- s inclusive, Boyle et al 2018 with K, » input

T s inclusive, Hudspith2017 + dispersive input for Kt modes + K. ; input
(t — Kév)/(t — név) Lusiani TAU21 + fi/fr: N=2+1+1 FLAG21

Unitarity with |V4|=0.97373(31), Hardy& Towner20

Lattice QCD inputs for |



N2+1+1

Ni=2+1

non-lattice

—e—i

0,2

0,22 0,24

FNAL/MILC 17
0.2173(55)

(%=0) 0.231(14)
ETM 17 (oobal fit)0.2320(73)
ETM 14

0.2228(70)

RBC/UKQCD 17

0.2214(67)

HPQCD 12
0.2218(67)

FNAL/MILC 11
0.2110(121)

HPQCD 11
0.2122(96)

V scattering
0.230(11)

CKM unitarity
0.2655(5)

[ ] Leptonic
A Semileptonic

Elvira Gamiz

0.9686(77)
HPQCD 21 9.9643 (éié)))
FNAL/MILC 17 0.984(18)
ez (@5l g S58nes)
ETM 14 0.994(26)
RBC/UKQCD 17  0.997(21)
¥ QCD 14 0.968(26)
HPQCD 10 0.991(22)
FNAL/MILC 11 0.945(44)
HPQCD 10 0.953(25)

HPQCD 13 (D~ ¢ v)
1.017(64)

Meinel 16 (A.—A ¢ V)
0.949(56)

CKM unitarity
0.9732(1)

Lattice QCD inputs for |V,



