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Introduction 2

» Leptonic decays of B mesons are important in tests of the Standard Model and beyond

G2 2 2\ 2 ‘
D(B" — ) = 22 ( - ﬂ) Vil 13
™ mp

» Experiment measures ['(B — (1,) = higher precision needed

» A pseudoscalar decay constant is defined in the axial current matrix element:
(0[Au|By) = ifp, puy Au = B'Vu%q

» For a precise determination of | V,;|?, we also need f5

» [ also used in other SM predictions:
= 3 mixing Bag parameters, e.g. (1), ¢=d, s

(@) = (B QiIB) = SM3, 73, Bi(yn)

w FCNC B-meson leptonic decays, B, — AN/

1/2
4o G}%mqu? « ’ m% * 2 12
T(B, = () = Y{ ramzen) (10 -y |V Vial ™ I3,

™
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CKM Matrix Elements 3

FLAG 2021

» Current tensions in | Vi, | Ve 4.5 B_,D*B-vﬂ inclusive

» Inclusive semileptonic determination (B — X, fv)
| Vio| = 4.25(30) - 1073, | V| = 42.2(8) - 1073

VS.

» Exclusive semileptonics, e.g. B — wwly,
| V| = 3.63(14) - 1073, | V| = 39.48(68) - 1073

» Leptonic modes (e.g. B — Tv) are not measured
precisely enough to be competitive
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https://arxiv.org/abs/2111.09849
https://pdg.lbl.gov/
https://arxiv.org/abs/2111.09849

Current Status — B-meson Decay Constants (Sum Rules)

fz: 2075 MeV 193.4(16.6) MeV 192720 MeV
5. 242117 MeV 232.5(21.0) MeV 225150 MeV
foe: 210M19 MeV 209735 MeV
for 251114 MeV 245735 MeV
fpr: 20013, MeV
fpr 236722 MeV

» Pseudoscalar decay constants determined to O(10%) precision

» First calculations of tensor decay constants = tbd on the lattice..?
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https://arxiv.org/abs/2106.13617
https://arxiv.org/abs/1305.5432
https://arxiv.org/abs/1008.2698

Current Status — Pseudoscalar Decay Constants (Lattice)

FIAG2021 fs [MeV] FIAG2021 fa, [MeV]
T our average for Ne=2+1+1 E our average for N;=24 141
T FNAL/MILC 17 X FNAL/MILC 17
o HPQCD 17A ol l HPQCD 17A
= ETM 168 £ i ETM 168
ETM 13E H— ETM 13E
HPQCD 13 HPQCD 13
il our average for Ny=2+1 our average for Me=2+1
+—l—— RBQ’UKQ;D 141 _ | . RBC/UKQCD 14
~ PR U T — - SSEEESEB %2,&2 T ) — I RBC/UKQCD 14A
- - ] o~
& O RBC/UKQCD 13A (stat. err. only) ' F ﬁgcxugcjgn 13A (stat. err. only)
v —H HPQCD 12 = Qc
= HPQCD 12/ 11A HPQCD 11A
FNALMILC 11 | - FNAL/MILC 11
HPQCD 09 — HPQCD 09
—— our average for Ny=2 —— our average for M;=2
» 1 ALPHA 14 i Balasubramamian 19
———+ ALPHA 13 o ’ i ALPHA 14
—— ETM 138, 13C ! —— ALPHA 13
T L ALPHA 124 = — ETM 13B, 13C
z —i1— ETM 128 —i1— ALPHA 12A
H—T—1+ ALPHA 11 = ETM 12B
— ETM 114 ETM 11A
! 1} ! ETM 09D ETM 09D
160 175 190 205 220 235 250 210 230 250 270 290

- /5 = 190(1.3) MeV - /5 = 230.3(1.3) MeV - f5 = 434(15) MeV

- 5./ = 1.209(5)
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https://arxiv.org/abs/2111.09849
https://arxiv.org/abs/2111.09849
https://arxiv.org/abs/2111.09849
https://arxiv.org/abs/2111.09849
https://arxiv.org/abs/1503.05762

Current Status — Vector Decay Constants (Lattice)

» Fewer Lattice collaborations have calculated fg+

w tension between HPQCD and ETMC e B*/B HPQCD NRQCD
A B*/B. this paper
» Vector meson decay constant related to the matrix u, d, s, ¢ sea |
element: |
- twisted mass
(01| B; (0)) = fp+ Mp=0y, i, =z, y, 2 . d sea 1407.1091

» We aim to provide a new independent lattice calculation e Lucha et al
—a— | 1410.6684

Gelhausen et al
1305.5432

sum rules |
1 1

0.8 0.9 1 1.1 1.2

fB:/ B,
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https://arxiv.org/abs/1503.05762

Lattice Setup
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B-mesons on the lattice 7

We use RBC-UKQCD's 2+1 flavour DWF + lwasaki gauge action ensembles
Light, strange, and charm valence quarks simulated as DWFs
For light quarks (u,d,s), am, < 1 = similar for ¢ quarks, am. ~ 0.1 — 0.5

For heavy b quarks, am, > 1 = large discretisation effects

Y Y Y VY Y

To simulate b quarks on current lattices, either:
w Extrapolate from multiple charm-like masses

w Use an effective action tuned to physical values

» Use Relativistic Heavy Quarks
w \ariant of Fermilab action

w Non-perturbatively tune parameters

= To reduce cut-off effects, calculate O(a)-improvement terms to (axial-)vector currents
w Mostly non-perturbative renormalisation
N )
Zy = par| Lviy
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https://arxiv.org/abs/1206.2554
https://arxiv.org/abs/hep-ph/0101023
https://arxiv.org/abs/hep-lat/0608005
https://arxiv.org/abs/hep-lat/0608006
https://arxiv.org/abs/hep-lat/9604004

Decay Constants from Lattice Matrix Elements 8

» Extract fz from non-perturbative matrix elements calculated in Lattice QCD
(0] AL By(0)) = ifp, Mp,, Ay = by154

» For operators O; = bI'; g, we calculate

. B,.|T|0) (07| B
Gt t) = S(0] 900 ) = 3 Pt LAl (ot i)

7 ” 2EBq7n
» Fit data to C[J(t, to)

. b

w for ¢ > 1y, ground state dominates e
w can also include excited states in fit
to tAH

\»—/

q
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Work In Progress:

» We start with existing data to set up analysis
» Now creating new data with better statistics and at a finer lattice spacing
» Plateaus, signals etc to be settled once we have a full dataset

» y-ticks removed from plots
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2-point correlation functions 9

» Consider the effective mass:

i, Cr(t+2,¢
M = lim cosh™ Cuults fo) + Cu(t+2, t)
T T 201,(t+ 1, %)

» Earlier time: smaller statistical error, ol L.
excited state contamination MET= 3.0062(12), X7gor = 0-55, p = 94.4% ul L]
M= 3.0064(12), A = 1.521(21)x107%, X340 = 046, p + 7.65

» Later time: more noise, excited states decayed I'
~~
St [ ]
a%mv 3.00 - u .

» We do not yet include excited states in fits < -

2.98 1

2.96 4

u preliminary
0 g 16 1% '
time slice

20 25 30
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Pseudoscalar decay amplitudes

» To find the decay constant,

(0] Ao| By(0)) = ifp, Mp,,

we look for the decay amplitude 00561 ¢,
OFT /M2 = 0.04986(36), X200 = 0.95, p = 52.2%
0.054 ’
(I)Bq - qu \/ MBq
0.052 A
» Form a ratio of correlators: L i
”E 0.050 . gid
. ’CAOP(t7 tO) +ca CA(l)p<t7 t0)| —~ ]
CI)BQ = \/§Z¢. lim T 0 5/ 0.048 1 |
o<t —Mp, (t—to) o
\/Cpp(t’ to)e ' f)@* 0.046 [
Op = bysq, Oa, = b1075¢ 0.044 .
- < 0.042
@ =b v (2D
Ay 0% 272D " preliminary
0.040 T T T T T
5 10 15 20 25 30

> OASI) O(a) improvement term time slice
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B, decay constant

» Combine all lattice data in a global fit

» Simultaneously extrapolate to physical
strange mass and continuum limit

» Fit ansatz:

ren 3 2
et /M

O =p+ad+Am,

Amg = (mg — mPs) /mPhys :
1 > Ml
» 3 lattice spacings, up to 3 different A M2
light sea quark masses M3
preliminary F13

—0.004 0.000 0.004 0.008

__ o Phys
aso(ms — mbs)
*statistical errors only
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B"* decay constant

» Use SU(2) Heavy Meson Chiral 1
Perturbation Theory

w For sufficiently light valence quarks

w Fit to unitary light masses (solid
points)

it /M,

» Extrapolate to physical pion mass and
continuum simultaneously

L
I
/ﬁ/ m Cl
» HMyPT = f5 — fg,, fz+ (1B, no QED) ] : Y o
| > Ml
|
H A M2
41
: M3
1+3g3 B
®s. @0{1  (4nf, )31 M In(Meo/A) ' preliminary F1S
7T4 Bm. 2 0000 0005 0010 0015 0020 0025 0030 003
+ Csea (4 fﬂ)zg Cq - (4 f7r>2} a32<mx —|— mres>

*statistical errors only
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Decay constant ratios

» Now consider ratio f5,/f5

» First get ®p_ (a, m;) from global fit

1
1
N
» Again use HMPT for chiral-continuum é‘? 1 :
extrapolation < : |
SN
11
Pp, 1+3¢3 by o I
—% R 2{1—1— — - M, In(M;,/A } N
op, U (anf 24 (Mo B |lw @@.
2 K Ne
g2 ABMe oy @ i!"'Ml ;2 P
 (Anfr)? L (Arfr)? 14w
| M3
i | F1s preliminary

T T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
a32<m:p + mres)

*statistical errors only
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Estimation of Systematic Error

» Chiral-continuum fits
w exclude/include different data, e.g. partially quenched, introduce M, cutoff

w try different fit Ansatze

RHQ parameter uncertainty and implicit lattice scale dependence
Account for sea s-quark mistuning

Discretisation effects: light quarks, RHQ), gluons

Renormalisation constants

Yy Y Y Y Y

Finite volume effects, isospin breaking and QED
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Vector decay amplitude

3 4
|OV7‘V7’ + CS Cvﬁg) v; + CS CV§4>Vj|

Ppe =27 lim
(> _ _
’ \/CVjVje M (i~to)
B B o 0.0544 (o
Ov, = by;q, O = by 027 (2D4)g, BT /ME/? = 0.04713(43), X300 = 156, p = 7.0%
J 0.052
Oy = 5572 D)
J 0.050 4
¥ QL .
3.084 C2 ks 4
Ml = 3.0338(16), X3¢ = 117, p = 28.6% E 00487 itd
M= 3.0343(16), A = 1.206(19)x 10, X%, = 131, p 2 18.5 = ) (] {
3.06 " 0.046 [}
By
2y 3 ¢
= s . { } 0.044 A
o 3
55 e
; ¥ 0.042 A [ )
< 302 *
1040 ..
3.00 - 0.040 preliminary ¢
* 0 é 1I0 1I5 ZIO 2I5 30
sl time slice
preliminary
0 ;) 1’0 1’5 2’0 2’5 30

time slice
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B, meson

» Higher statistical precision for B. = no light valence quarks

» More sensitivity to systematic effects

3.320

3.315 A

3.310

(t)

eff
By
w0
w
o
[S1

a

3.300 1

3.295 1

3.290

C1-Be,

Mgl = 3.30320(42), X7y = 147, p = 10.5%
M= 3.30335@3), A = 6.040(47)x 1073, )30 = 141, p = 13.7%

preliminary

ot -

10 1‘5 20 25 30
time slice
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C1-Be,
o 3/2
000 | T = (00272(35), X240 = 041, p = 7.7%
& 0.095
P }
—
-~
= 0.004 1 {
=)
S~——
j=
z H i
0.093 A % + 1
0.092
reliminar
0.091 T T T T p T y
0 5 10 15 20 25 30

time slice
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B. decay constant

]
1
R
» Only one lattice calculation for fg, I
|
|
» Extrapolate/interpolate to the physical charm 3 |
mass a ] :
e :
= Y !
w Calculate 7).(1.5) meson mass (connected) ~ :
/M I
|
M, = 2983.9(4) MeV > i |
| m C1
| O
» Large cut-off effects visible on coarsest ensembles | > M1
b | A M2
= [ntroduce a finer ensemble: ¥ | M3
. . 1
- 323x64, M, = 371MeV, o~ = 3.148 GeV preliminary | o o
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
w heavy pions and small physical volume, but hopefully ok for B, my, [GeV]

w RHQ parameter tuning in progress...
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https://pdg.lbl.gov/
https://arxiv.org/abs/1503.05762

RHQ Tuning on X1

X1, amg, = 0.0186 016 X1, amy = 0.0186 .
Lsod T PssMito, * MP /M5 = 1.051(38), X340 = 0.42, p = 65.7%
I PS SM13.5; B (n® = 0)= 1.7283(15), x3y, = 0.75, p = 81.7% = 0144 & MP /M = 1.015(45), X340 = 0.98, p = 37.4%
A VT SM11.0, I
I VT SMI3.5; Bfff (n” = 0)= 1.7418(20), X3, = 0.67, p = 89.3% o 0121
1.78 1 £
= x ~E 0.10
= 3
[} xx 0.08 1
E 1.76 4 x 1 |
3 t —
F x ]
o 0.06 1
&z xx x 3z x ~—
xxxi ~
L7a &%, . 0.04
. s, I % S
. t““I:xLLfﬁ: i3 3 iiE 0.02 1
£ * preliminary * preliminary
172 ; ; ; ; ; 0.00 T T T T
0 5 10 15 20 25 30 0 1 2 3 4
time slice n® = (p/(QW/L))Q
. * . . . .
» Aim: tune RHQ parameters to B masses » Fit slope of dispersion relation (for n* < 3)

» Include in analysis for fp, fp, etc once tuned
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Promising First Look at 5, on X1

/My
i

mC1
¢ 2
> M1
A M2

M3

F1S
¥ X1

]

preliminary
2.0 2.2 2.4 2.6 2.8

my, [GeV]

o
-
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Summary/Outlook

» We present preliminary work to extract B meson decay constants using Lattice QCD
» Some decay constants are well-known in literature = further calculations to compare with and combine
» B, meson decay constant has only one value in literature = we aim to provide a second

» B* vector meson decay constant has two calculations in literature from Lattice QCD, but there is
tension between them = we look to add another independent calculation

» We look now to further our analysis to extract continuum values for all decay constants

Computing resources:
= USQCD
w DiRAC, UK
w OMNI, Siegen

Thank you for your attention!
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Gauge ensembles

L T Ly a'/GeV amy ams® ampPs M,/ MeV  # cfgs # sources
Cl 24 64 16 1.7848(50 340 1636 1

0.005 0.040  0.03224(18
C2 24 64 16 1.7848(50 0.010 0.040  0.03224(18 433 1419 1

) )
(50) (18)
M1 32 64 16 2.3833(86) 0.004  0.030 0.02477(18) 302 628 2
M2 32 64 16 2.3833(86) 0.006  0.030 0.02477(18) 362 889
(86) (18)
(20)
(30)

M3 32 64 16 2.3833(86 0.008 0.030  0.02477(18 411 044

F1IS 48 96 12 2.785(11) 0.002144 0.02144 0.02167(20 267 98 24

X1 32 64 12 3.148(17) 0.0047  0.0186 0.01852(30 371 40 16

YYyVvYYy
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https://arxiv.org/abs/0804.0473
https://arxiv.org/abs/1011.0892
https://arxiv.org/abs/1411.7017
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