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Motivation: Marcella Bona UT fit update EPS HEP 26 July 20217
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Pseudoscalar to pseudoscalar semileptonic decay

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

S

dr(B;—Ptv)  GE|Vl? (q?-m2)?[K]
diz 2w (g2

m2 m2 (Mz_m)z
[( +oo K@ + S ()P
Form factors f, and fy from decomposition

POV () B5(p)) = 2f+(q2)( -2 "q“) h@Em s
where V# = xy#b, with x = u or ¢
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Lattice setup

® Subset of 6 RBC/UKQCD 2+1-flavour DWF
and Iwasaki gauge field ensembles @
® Three lattice spacings a ~ 0.11, 0.08, 0.07 fm,
with 267 MeV < M; < 433 MeV
¢ Light and strange quarks: Shamir DWF,
Ms=1.8
¢ Lattice spacings from combined RBC/UKQCD
analysis -
® Bottom and charm quarks
® Bottom quarks: RHQ [Christ, Li, Lin®7;
Columbia variant of Fermilab action®] with three
nonpt-tuned parameters (moa, cp, {) °
* Charm quarks: Mdbius DWF, M5 = 1.6%>'°
3 masses below mfhys on C ensembles
2 masses which bracket m"™* on M and F

Lattice 2021

® Relate continuum and lattice currents:
YV, and v,

(PIV,|Bs) = Zy*(PIV,IBs)

bx _ bx XX 7bb
Zy, =Py N4y
Vo =V + Vg +ctvy

VO 1 AV 4 22 4 313 4 AYA
Vi=Vi+cV, +ccVi+ Ve +cV,

o pﬁl‘ and ¢/, computed perturbatively
[Lehner]

* 7P from Z0P(Bs|Vo|Bs) = 2Mp,

° Zy from Z¥ = Z + O(amyes)
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Extracting form factors

(= 03
\)Q W fe,,’
Calcu Iate

. ‘'~ §s'pi:tatir‘
(PIV°(0)|Bs) (PIV'(0)|Bs)

fi(E) = , fiL(E)= ,

1IZMBs k’ﬂZMBS I A |

tsrc tenk
from which
2 ZMBS [ > 5 ] R3,[J(t: tSI’]k’ Z) =
= Mp.—E E)+ (E-F—M >

o) = gz [(Mac=EN () + (€2 ot ta ) T

1 = B > e—Ept—Mp, (tsni—t)
f+(q2) = [f”(E) + (MBS — E)fJ_] ch(t: k)Cg (tsnk_t, O)

\2Mpg,
bare

Extract from a correlator ratio (written here £ k) = 0<<|'Tsnk Ra(t, tonko K)
fOI’ tsrc = 0)

- _ 1 k
fEare(k) = |im —iR3,i(t: tsnk, k)

Ot <tsnk pP
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B; — K form factor extraction

1.0
= |n|?=0
— |2 =1
—|n|2=2
0.8 A — |n?=3
|2 =4

1l2f”
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ensemble

Bs

0.0 T T T T 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
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B; — K cumulative error budget
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B; — Ds charm inter-/extrapolation and chiral-continuum extrapolation
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Bs — Ds cumulative error budget

30 T T T T T T 30 T T T T T T
I stat BN Hdisc  mm Ldisc Bl stat BN Hdisc [ Ldisc
25 I fit sys N ren I RHQ inputs 5 25 Il fit sys N ren I RHQ inputs 5
e am, disc  EEE imp H Iso e am, disc S imp I Iso
K K
o o
S S
=] =)
s} 4
< g
T T
by 3%
2
1

¢° [GeV?] ¢* [GeV?

1114

Lattice 2021



z-fits

— F(1-¢* /M%)

I
-0.2 -0.1 0.0 0.1 0.2
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 fH(@*) (1 - ¢*/mz.) (lower) and f°(g?)
B, — D (upper) plotted
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R ratios for LFU tests

GZax dr (B(s)—Ptiv;)
/mz dg? _(o;qz
R(P) = —

q%nax d 2 dr(B(s)—>P€l7g)
St O =

® Adopt idea proposed for B;y — V
decays [Isidori—Sumensarizw]
¢ Common integration range; qrznin > m?
[Freytsis et al?2, Bernlochner et al43, Soni24]
¢ Same weights for vector parts in
integrands for T and ¢
® Write
dr(Bs)—PEv) 5 INTeD . 2
— aZ ®(q*)we(q”) [Fr+(Fg)?|
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qﬁwd 2 dr(B(s)—Pti;)

2 dq?
RneW(P) — > qmln _
Jrmax d zwr(qz) dr(B(s)—)Pevf)
Toin we(g?) dq?
Gzlvxbl2 7
®(¢%) =n—= k
(@) =n—, 5 Ik

m2 2 m2
2\ £ £
we(d "(“?) (”272)
F2 = K|f.(?)?

2
(Ft’)Z — E mL’
T Aml+2¢2

2
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(M? —m?)
MZ
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R ratios for LFU tests

2 dr (Bs)—Ptv.
fqzmax qu ( (s) S )
_JImg dg
= > —
dr (B(sy—PEtv
/qzmax dqz ( (s) 2 o)
m; dg

® Adopt idea proposed for B;y — V
decays [Isidori—Sumensarizw]
¢ Common integration range; qrznin > m?
[Freytsis et al?2, Bernlochner et al43, Soni24]
¢ Same weights for vector parts in
integrands for T and ¢
® Write
dr(Bs)—PEv) 5 INTeD . 2
— aZ ®(q*)we(q”) [Fr+(Fg)?|
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Yoax ;2 dT(B(s)—PT;)
RneW(P) _ ; qsmn dg? i
Jrmax 2 wr(qz) dr(B(s>—>P€Ve)
Toin we(g?) dq?

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

2
N [3m dg? ®(q?)we (q?) (F)?
Rnew, (P) — 1 + ml(;2
J2 ™ dg? ©(q?)we(gD)Fy

min
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Summary

® Finalising results
® Additional lattice spacing since 2015 B; — K and added Bs — Ds
® Subsequently B — D{v, vector final states, rare decays, B, decays, ...

Lattice 2021 1414
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Related talks by RBC/UKQCD

® Ryan Hill: Semileptonic form factors for B — mlv decays [Thu 13:45]

® Michael Marshall: Semileptonic D — mlv, D — Klv and Ds — Klv decays with 2 + 1f
domain wall fermions [Thu 14:30]

® Felix Erben: BSM B(S>—I§(S) mixing on domain-wall lattices [Wed 6:15]
See also

® Davide Giusti: A new framework to tune an improved relativistic heavy-quark action
[Poster]
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Motivation

[CKMfitter®] [HFLAVZ6]
15 [

: excluded area has CL > 0.95 “%1; : _;\ C T T T T T T T T T T T T T T T T 7]
& ik ] a [ B HRLAV average Ax®=1.0contours ]
e %, Amy &AM ] 04 r =
g ] [ LHCbIs h
R <4 ] C BaBarl2 ]
05~ S = 035 3
2 > Amy A [ Ao B
7 £ R 4 - S == 4
Eneg 4[;/" 2N ] C LHCbTS - ]
I 0.0 [oeeeeeend —t 03 P —— 3
[ o & E ]
0.5 - S P 0.25 :_ FBellelo, — = Bellel5 _:
E ] E Beller? E
€ o ]

10 Y Y 02F + Average of SM predictions HFLAV
- Cfiier so.weoszB<o | F R(D) = 0.299 +0.003 B
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U SOV P AN BTN BT | (i P R EPU S S

-1.0 0.5 0.0 05 1.0 15 2.0 0.2 0.3 04 0.5
D R(D)
p

® Determine fundamental parameters of the Standard Model, eg |Vypl, |Vup|
* Test/challenge SM: eg lepton flavour universality via R(D*))
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Ensembles

L T L a'/Gev amy am3*®  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

Lattice 2021
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Chiral-continuum fit systematics: Bs — K

5 5
--- omitn®=4 —— omit m? term --- pole +30MeV --- omitn®=4 --- pole +100MeV ~ —e— no FV
f-=fo -~ analytic s NE2 f=fo —— omit m? term F—fk
omit a* and log terms ~ —e— no FV ==~ pole —30MeV + omita® and log terms -~ - pole —100MeV omit n?=0
4 -+~ omita®term o fx statistic 4 -+~ omita’ term -+~ analytic statistic

=
19 21

20
¢* [GeV?]

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. 30
--- omitn’=4 - - ncO2nDs2 ncl2 nDs2 --- omitn*=4 - - nc02 nDs2 -x- Padell
—%— Only a,am, --- ncOlnDs2 -*- Padell —— Only a,am, --- nc0lnDs2 o omit n*=0
25 inv-nDs2 —— include m? term nDs2 25 inv-nDs2 — include m? term nDs2
statistic “x Pade02 —— Only am? statistic

x Pade02 —— Only am? s,
‘ L

9.5 10.0 105 11.0

@ [Gev?]

Af; = [fipref —j’,.a'tl/fiIDrEf for i = 0, +, for form-factor central values under fit variations.
Shaded band shows statistical uncertainty of preferred fit.
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