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Motivation: SM parameters |Vyp|, |Ves|

& S = ] T T — T "
S = = 1
= oF - g LHCb ~ LHCb
= 2 g 1 | o -
> 5k = = 3 |B! >Kutv, - LCSR (Khod.& Rus.2017)
I = =7 T g2 <7 Geviet
- [Vl Inclusive™ R T L Bf —>Ku'v, e LQCD (MILC2019)
[V, Exclusive B, Ky — 4 | 4*>7GeV?/cH
- 7
lic ] A = pUv, o= LQCD (Detmold2015)
(FhANE
S, o215 i N L
2 L _: | VUb chcl/l VCb |cxc](PDG)
c ., . ¢ oyt e . 3.y, .,
35 40 45 0 0.1 02

-3
Vel [107] | Vo I/ Vo |
[LHCb first B — Kuv 2021", Khodjamirian & Rus 20172, Fermilab/MILC 20193, Detmold et al 20154, PDG"]
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Motivation: SM parameters |Vyp!, |Ves|
FTAG2021

Ghax dBBsKuvy) o2
. 7 GeV2 dg?
Ror (B, high) = ;(B T )
inclusive s sHVu

=3.25(28) x 1073 [LHCbh21']

FFx(high) = 4.02(31) ps™'  [FLAG21°]
= FFp,(all) = 9.15(37) ps™'  [HPQCD19/]
X
2% From

2

Viup . FFp._(all)

= Rgg(Bs, high) ————

Veo ar(Bs, hig )FFK(high)

find

36 38 40 42 44 Vip latt (5.0 expt

— = 0.0860(37 38)%P

[Vep| x 103 Vb [rLac21 (77E8)
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Motivation: lepton flavour universality via R(D™))

~ L B — —— — ]
e W HFLAV Ax*=1.0 contours 7|
~o0.4 A
[ LHCbl5 ]
C BaBarl2 ]
0.35— 30 —] ) ar( )
C 3 7 [(B(sy— PtV
C LHCb18 J /qzmax dq2 e e
i 1 R(P) = X e’
03 [ — = —
C H /qﬁnax dqz dr(B(sy—Peve)
C ] 2 T —
C i mg dqz
0.25 — & Bellel9 ~
L 4 HFLAV 2021:
C Bellel7 World Average B .
O R(D)=0.339£0.026+0.014 | 3.40 dlscrepancy
021 4+ Bigi 16, Gambino 19 R(D*¥)=0.295+0.010+0.010 |
[ Bordone 19 g(;;)of; 8% ]
1 Lo 1 L v L L P T T
0.2 0.3 0.4 0.5
R(D)

[HFLAVE, Bigi®, Gambino'®, Bordone'', BaBar'2'3, Belle'4-17, LHCb'8-20;
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Pseudoscalar to pseudoscalar semileptonic decay

Semileptonic decay of pseudoscalar ¢ } ¢ = M+ M2 — 2V Ex
meson Bs of mass M and momentum - ’ ’
p to pseudoscalar meson P of mass m - L4
. b U
and momentum k, withg =p — k B, -

S

dr(B,—Pev)  GEVil? (q2-m?)?[K|
dqz =N 24173 (q2)2

2 2 (2 o2
[( s R + i (M W2 oty

Form factors f, and fy from decomposition

mzu
q

POV () B5(p)) = 2f+(q2)( -2 "q“) ho(@Y ;

where V*# = xy#b, with x = u or ¢

DWQ@25 6/18



Lattice setup

* Subset of 6 RBC/UKQCD 2+1-flavour DWF * Relate continuum and lattice currents:
and Iwasaki gauge field ensembles @ V, and v, 2%
® Three lattice spacings a ~ 0.11, 0.08, 0.07 fm,
with 433 MeV > M, < 267 MeV (P|'V,|Bs)y = Z5*(P|V,,|Bs)
¢ Light and strange quarks: Shamir DWF, .
Ms : 1.8 . . ZbX _ Abx ZXXbe
¢ Lattice spacings from combined RBC/UKQCD vy = Pv,, Y

analysis 2'-%3 _ 10, 313, A4
Vo =V5+cVy +¢'Vy

® Bottom and charm quarks
Vi= VP + V] + Vi + VP + V)

® Bottom: RHQ [Christ, Li, Lin?*?>; Columbia
variant of Fermilab action?®] with three
* pb and ¢. computed perturbativel
nonpt-tuned parameters (mga, cp, {) 2/ @D Py, ts P P y
° Charm: Mébius DWF, Ms = 1.6°%7%%% [Lfi,hner] "
[ ] =
3 masses below m"™* on C ensembles Z)‘(X from Z)‘& <B$|X\)/(O|BS> 2Ms,
. phys ° ZV from ZV = ZA + 0(aMyes)
2 masses which bracket m; ”” on M and F
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Extracting form factors

Calculate

i = IV ONB) '(:’/;%'B”, ey = VOB [3207)?
from which

fo(q?) = ﬂ [(MBS E)f| (E) + (E*=Mp)f . ]
JACBE -6)f]

1/2MBS

Extract from a correlator ratio (written here
fOF tsrc = O)

DWQ@25

l,c Vi (8)
tsrc = 0 tsnk
s
R3,y (t, tsnks k) =
C3 (¢, tsnks k) 2Ep

V(6 R (tri—t,0)

e—EPt—MBs (tsnk_t)

flkIJare(k) = lim Rso(t, tsnk, k)
Ot <tsnk
- - 1 s
ffare(k) = |lim _iR3’i(t’ tsnk» k)
0<<t<<tsnk pP

8/18



B; — K form factor extraction

1.0
—— |n2=0
e 2 =1
— |n2=2
0.8 1 —— |n2=3
|2 =4
0.6
S
S, fj on coarse (C1)
L)
ensemble
0.4 - 8
0.2 1
0.0 T T T T

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
t/a
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B; — K chiral-continuum extrapolation

3.0 T T T T
1 —— Central 09r 1 —— Central
' ' h 61
! ! s
251 ' 0.8} ! ¢ M1
h h 6 M2
: : o M3
I~ . < o7 ) 6 F1S
T 2.0 : T :
o - o '
= | Sog
L3y E E \l %
' osf ) i e
: : \T\
1.0+ f 1
0.005 I0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 00‘.1005 I0,010 0.015 0.020 0.025 0.030 0.035 0.040 0.045
(Ex/ms,)? (Ex/mp,)?
A SF(MS) — 6f(MP) AM? E E2
Bs—K 2\ _ 1 13 I3 K K 2
f (Mr, Ex,a%) = Co > O —5 + 0+ +a(ah)
Ex + A (4ntfr) A A A
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B; — K cumulative error budget

30 T T T T T T 30 T T T T
H stat Ldisc E stat Ldisc
H fit sys I so Is Hl fit sys I so |
s Hdisc I RHQ inputs B Hdisc I RHQ inputs

N

u
N
v

N

o
N
o

<~ K. Error [%]

=

fB= K Error? (%2
-
o
5= K Error (%)
fE 7K Brror? [%2]
-
o
w =
s
0

20 21
¢*[GeV?]

q* [GeV?]

1118
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B; — Ds charm inter-/extrapolation and chiral-continuum extrapolation

13 :
' )
< ' ¥ Z i
! T L 4 v
%\ Central a@ ’”‘# ’ (ﬁ ¢
¢ 08orlé Cl e o ‘ &
s 2 s 2 7oA »
& M1 & ML | vl
s M2 075} & M2 1 I
o M3 o M3 : °
6 F1S & F1S .
9 10 11 12 13 14 0.709 1‘0 1‘1 ! 1‘2 1‘3 1‘4
q* [GeV?] q* [GeV?]
Mphys
& (Mp\i h (M_D) =% -
2 Ds 2 2 1042 A A A
£GP a. M Mp,) = [co+ ) cyyh( =2 + calan) ]Pam /M3,) e o
i=1 P, X) = ’;1’
J a,b( ) 1_‘_2?:1 bx
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Bs — Ds cumulative error budget

30 T T T T T T 30 T T T
B stat e imp B stat e imp
25 I fit sys e Ldisc 5 25 I fit sys [ Ldisc
mm am, disc WS RHQ inputs m am, disc BN RHQ inputs
& B Hdisc N so = & B Hdisc N so —
= 20 . ren % =20 EEN ren %
~ ~
8 g 8 2
: a i -
g ‘? S r?
T = T &
. Q'iSj 3%e
2
1

¢° [GeV?] ¢* [GeV?
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z-fits

1.0 : ;
— (="M )f*
0.8} —f°
0.6
0.4+
0.2
00 =53 201 0.0 0.1 02
Z
® Do z-fits after y-ctm extrapolation ® Example shown is BCL fit for B; — K, with
e Use BGL®>'-*” and BCL*® for B; — K and 1 (@® (1 - g*/m?.) (lower) and f°(¢?)
Bs — D (upper) plotted
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i {on redabion ez
K Dk Beator

+ o .
2-pbek piece ol Coﬂf"k'- 4’ (*_) F(i_) M.J.ub'o isihe uwit corde

sk of skakes I
2 - beomsformakivm ) f@) 5 5 g el
1 = " %
;ﬁ -‘—i—l 4’(2){(9.)]1 <X wika ij laa> <1
2T z = =0
7 i ' ' ' '
e/ {"OFMI f:.—:.‘,k”d_ +
:mi €A e nkl'sptm'vb bo unds fo
B lasch ke
Faass Combrne  constmak  with Kaswa
o
albshboy s 408 TS e v ol ;"""“F.
e G-t + [t =1 {@H= & t=1,2,..,N
0 5 10 15 20

qZ

[BGL323536 Bourrely et al??, Lellouch3?, Di Carlo et al*?, Martinelli et al*0-42]
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R ratios for LFU tests

‘/‘q?na)(d 2 dF(B(s)—>Pr\7{)
m? dq?

q?nax d 2 dr(B(S)—>P€\75)
m?2 dq?
12

® Adopt idea proposed for By — V
decays [Isidori—Sumensari43]
¢ Common integration range; qrznin > m?
[Freytsis et al*, Bernlochner et al*°, Soni46]
¢ Same weights for vector parts in
integrands for T and ¢
® Write
dr(B(s)—Ptv) 2 2\ [ 2., (F2
oz = ®(q°)we(q”) [Fo+(F9)?]

DWQ@25

Goax 4 2 d(B(s)—PTir)
Rnew(P) _ qsmn dg?
q%‘\ax 2 wr(qz) dr(B(5>—)P£’\75)
Tin we(g?) dq?
Gzlvxbl2 ird
(g% = n— k
(@) =n—, 5 Ik

2\2 2
2 my m

wlq) ( qz)( +2q)
Fy = K \f(g*)

3 m
2 -2 ¢
(Fs) 4 m? +2¢?

2
fo(ag®)I?

(M? —m?)
M?2
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R ratios for LFU tests

> _

q 5 dr(B(s)—Ptir)
f 2max dq (s) T
mz

dqg?
R(P) = _
q?nax d 2 dr(B(s)_’P’gvf)
m?2 dq?
(2

® Adopt idea proposed for By — V
decays [Isidori—Sumensari‘B]
¢ Common integration range; qrznin > m?
[Freytsis et al*, Bernlochner et al*°, Soni%]
¢ Same weights for vector parts in
integrands for T and ¢
® Write
dr(B(s)—Ptv) 2 2\ [ 2., (F2
oz = ®(q°)we(q”) [Fo+(F9)?]

DWQ@25

Goax 4 2 d(B(s)—PTir)
Rnew(P) _ ; qsmn dg? i
Imax 2 wr(qz) dr(B(5>—)P£’Vg)
Tin we(g?) dq?

* If drop scalar contribution, (F£)?, in
denominator (m7/2g* < m7,/2m; = 0.002)
expect

2
N L3 dg? (g% w. () (FL)?
Rnew, (P) ~ 1 + mltr;2
2" dg? @(g?)we(g))F;

min
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R ratios: old and new definitions for B — K

BCL using f, pole (K..Ky)=(12) (N..No)=(2.3)

BCL using f, pole (K. .Ky) = (1,2) (N..No)=(2.3)

200

— ¢ ORMV/RI™=12%
mmep SRR =12%

&
>
2
150 b,
w . .
s & . -
o &
‘ o
wn
) <
™ o 100
o L
= 3
=3 =
3 =
| o~
3 < sof
= OR./R, =41% 3
R,/ R, =4.0% N
<
/. : : . 3
0 5 10 15 20 25 0 25
q° [GeV?] q° [GeV?]

¢ Integrands for old (left) and new (right) R ratios for B; — K
® Reduction in relative error with new definition
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Outlook

® Finalising results

Additional lattice spacing since 2015 B; — K and added B; — Ds

g’ extrapolations: synthetic data points, functional matching, dispersive bounds

® Subsequently B — D{v, vector final states, rare decays, B, decays, ...

DWQ@25 18/18



Backup
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Motivation: Marcella Bona UT fit update EPS HEP 26 July 2021%/

Ve and Vi —_ 0,008
> ::).0055 UTfit

rom FLAG 2019 zirxiv:1902.08191 -

summer21
Vel (excl) = (39.09 £ 0.68) 10° | 0.005

Vol (incl) = (42.16 + 0.50) 10° 0.0045

from Bordone et al.
arXiv:2107.00604 ~2.8adiscrepancy ( oo4

= R N R

=
2
<

TR

from FLAG 2019 ngiv:1902.08191 0.0035

V.| (excl) = (3.73 £ 0.14) 103
Vel (X)) = ( ) 10° | -

|Vl (incl) = (4.19 £ 0.17 + 0.18 fflar) 10°  F I\
from GGOU HFLAV 2021 . 0-0025 1 "g
adding a flat uncertainty ~1.5odlscrepang};) - | = 1
covering the spread . E— Lt EEmm—— L—L
of central values %03 0.035 °<0‘iS |

lIVas / Vol (LHCD) = (9.46 + 0.79) 107 | From B, to K at high ¢? cb

Ilv“b | Va| (LHCb) = (7.9 £ 0.6) 10? I From A, excluded following FLAG guidelines

[LHCb first Bs — Kuv result']
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Ensembles

L T L a'/Gev am; am:®®  My/MeV # cfgs # sources
C1 24 64 16 1.785 0.005 0.040 340 1636 1
C2 24 64 16 1.785 0.010 0.040 433 1419 1
M1 32 64 16 2.383 0.004 0.030 302 628 2
M2 32 64 16 2.383 0.006 0.030 362 889 2
M3 32 64 16 2.383 0.008 0.030 411 544 2
F1S 48 96 12 2.785 0.002144 0.02144 267 98 24

DWQ@25
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Nonperturbative RHQ parameter tuning

e Start with educated guess for mpa, cp and ¢

® At seven sets of nearby parameter values,

3.51 -
evaluate

¢
spin-averaged mass M = (Mg, + 3Mg:) /4 3.31 O

hyperfine splitting Ay = Mg: — Mj, v '>0"<4

3.1 moe
ratio M1 /Mo = Mrest/Miinetic

2.91 4

® Check for linear relation parameters < 8\\“/“/5/8‘67—6.2

50840
40 830
observables moa o0 820 56 2

® Obtain tuned parameters for physical b
quarks which make M and Ay agree with
experiment and My = M

[PRD86 (2012) 11600327]
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Chiral-continuum fit systematics: Bs

= fo
fa=fx

- np=2

analytic
no FV
omit a* and log terms

- omit a® term
—— omit m? term
-=- omitn?=4
-=-= pole +30MeV
-=-- pole —30MeV

statistic

— K
5
f=fo
fo=fk
- =~ analytic
4 —e— no FV

omit a® and log terms
- omit a® term

—— omit m? term
omit n’ =0

-=- omitn’=4

- -~ pole +100 MeV

-=- pole —100 MeV
statistic

Af; = [fl.'D“Ef —flf"'t|/f/pref for i = 0, +, for form-factor central values under fit variations.
Shaded band shows statistical uncertainty of preferred fit.
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Chiral-continuum fit systematics: Bs — Ds

3.
—— PR e amt € {0,1,2}, np, =2, (4m R, e include m term.
R C Pk o (11, P68 11 M -x- P, inverse with np, =2
250 -x- Z{oZ§ inverse with np, =2 25t === Zi-zf omitn?=0
‘‘‘‘‘‘‘‘ am® €{0,1,2}, np, =2, (am,)?, m2term  ---_omitn’=4 s am € {0,1,2}, np, =2, (am,)?, m? term --- omiF n:":4
"""" amg= € {0.1,2}, np, =2, (am,)?, F1-1 % 'Q €{0.1,2}, np, =2, (am,)?, F1-1 g
= 2O e ameowe € {0,1,2), np, =2, (am,)?, omit n¥=d4
X X

o " M S
e e

0. 0. -
10.0 10.5 11.0 115 9.0 9.5 10.0

10.5 11.0 115

¢*[GeV?]
Af; = [fP" — £ /fP for i = 0, +, for form-factor central values under fit variations.
Shaded band shows statistical uncertainty of preferred fit.
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B; — K¢v form factors

B(q?) [P (¢?)

0.6

0.5

0.3

0.2

7 —
[ fo average ]
[ 1 average ]
i% fi HPQCD 14 = ]
f+ RBC/UKQCD 15 +—4— ]
F f+ FNAL/MILC 10 —o—
r i fo HPQCD 14 =
r ? fo REC/UKQCD 15 H4— ]
F # %o FNAL/MILC 10 —6— ]
o o}, f 1
[@ ]
[ ® 1
T P Y AN AN AN B ATE AN B AT A
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20

2(¢% topt)

%)

=

fBK

3.5

3.0

25

2.0

1.0

0.5

0.0

FAG2021

—
fo average
1 average
F /1 HPQCD 14
[ f+ RBC/UKQCD 15
[ f+ FNAL/MILC 19
fo HPQCD 14

fo REC/UKQCD 15
fo FNAL/MILC 19

\\\\‘\\a‘\‘\\\\‘\\\\‘m\\‘\\\\

© T

FLAG 2021° with results from HPQCD?*8, RBC/UKQCD*?, FNAL/MILC3
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