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CKM matrix & lattice QCD
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» quark masses, BSM four-fermion operators, ...



7 lepton

(m,/m,)? ~ 300 (my/me)? ~ 107

Decay width: B — fv

o
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( v) B [Vus| 5 \ Wy M B
alternative method to determine | V|
helicity suppression : (mg/M3)2

B— tv

BaBar, Belle : [~ 15%] ~» Bellell: [~ 5%]

B — pv
B(BT — utv,) < 2.7 x 107° [Belle, 1406.6356] ~  Bellell

B(B* — ptv,) = (3.440.3) x 1077 SM



B-meson decay constants

>

>

>

>

definition of decay constants

(0] A* |Bq(P)) = Pf T,

with g=u,d,s

fg. fa,: |Vun|. B(B — Tv). rare leptonic decays, B — B mixing, ...

fz : leptonic decays

B(B — 1v) o« GZf2 |Vl

fg, . rare leptonic decays

BBy — p ) o Mg fa | Vi Vil

CMS, LHCb : [~ 25%]

t 0



heavy quarks on the lattice

e |affice spacing: a

e latticesize: L

e pion masses: Mps

e number of flavours : N¢
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» to control discretisation effects for heavy quark masses:

me ~ 1.3GeV

» for heavy quarks:

mp ~ 4.3GeV

mp < 1/a

Ola] = Ole. + c-(amn)? +

amp > 1

how to freat bottom quark on the lattice?



heavy quarks on the lattice

» how to treat bottom quark on the latftice? effective theories

e heavy quark effective theory (HQET)

e relativistic action with heavy-quark interpretation

e relativistic charm quarks + LO HQET

e chain of ratios with m, > m. + scaling laws of HQET ~- ratio method

e NRQCD



FLAG : fB, st, fBS/fB

_rcoo13 T8 fe, FIZG2013 fe./fe
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fa = 186(4) MeV [2.2%] fog = 224(5) MeV [2.2%] = =1.205(7) [0.6%]
B
> N =241
T
f3 = 190.5(4.2) MeV [2.2%] foo = 227 7(AB)MeV [20%] = =1.202(22) [1.8%]
B
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fa
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B

[FLAG, 1310.8555]



Heavy Quark Effective Theory (HQET)

» 1/m expansion

— . 2 Wkin 1
Luqer = 9y, { Do + 0m —wiin D — wepin 0B }uh + o, } ~ 5
Wepi
N spin
static (1/m)
fimit (LO) NLO, O(1/m)

» action

e SHQET _ oxy {—(14 Z «Lstar () } X

{10 S0 4 3 [0 V@) o V)4

» 1/m terms: insertions on local operators ~» renormalizability order by order

» observables
(©) =z~ /D[(;)] o™ Sce1=Satac o{ 1-a* LD (@) + . }
» HQET on the lattice

= 0. D3
(O) = (O)star + wWiin a’ Z(Oolm(-l‘))stat + Wspin a’ Z(OO.\;)ivv(zl‘i))stat Okin =~ Dn

- Ospin = =, 0By



HQET on the lattice [ALPHA]

> mixing : power divergences e.g. ,Dgyp and Dyt

~ sm=c(g)/a ~ €/n%) (c;@? + o +...)
» uncontrolled truncation error in perturbation theory

» non-perturbative matching : determination of HQET parameters in small volume

QCD HQET

Ly

Ly

Leo

[P. Fritzsch]



B-meson decays constants [ALPHA]

e Wilson fermions : O(a) improved 600 —r T T T T
with non-perturbative csw -
[CLS; ALPHA, 1205.5380] "

o« Np=2 500 e
e Wilson plaquette gauge action . -l- ------- - - ---
e heavy quarks : non-perturbative HQET at O(1/my) 2 400 v -

=

T~ - o
e o = {0.08, 0.07, 0.05} fm £ 300 .
o [ = {21, 3.2}fm, Mpsl >4 M
e M, € {190, 630} MeV 200 -

*
100 L L

1 1 1
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e scale setting: fx /fm
a



B-meson decays consftants [ALPHA|]
fo; = exp(6:) /\/amp, /2

b = hl(zl\ﬂug[') Rt amg ; + [ln(03/2p5t3t> T WP +W,\|H”pspm +ff\‘ )pz\m} .
Qi
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o y o y
.
fs = 186(13)(2)x MeV [7%] fa, = 224(14)(2)x MeV [6%)] fi = 1.203(62)(19)y [5%]
B
stat
5% = 190(5)(2)x MeV [3%] fott = 226(6)(9)x MeV [5%] f‘iﬁm = 1.189(24)(30), [3%]
B

[ALPHA, 1404.3590]



statistical errors

» autocorrelations :
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Wilson clover action with relativistic heavy-quark
interpretation

based on the Fermilab approach

v

rest frame heavy-light meson:  |Bp| ~ Agcp < 1/a
» expansion in powers of a|py| while keeping all ordersin amy, and Dy

» Symanzik improvement : coef. depend on amy,
» discretization effects are parametrically similar to those of light quarks

» Relativistic Heavy Quark (RHQ) action : non-perturbative tfuning of parameters of the
clover action

P tuning using Bs-meson: spin-averaged mass and hyperfine splitting ; equal rest and
kinetic masses

> improvement of the current : Zy = p&' /2! Z5P

P8 from PT: 1-loop tadpole improved



B-meson decays constants [RBC-UKQCD]

e domain-wall (Shamir) fermions [1011.0892]
e |wasaki gauge action

L a(fm) my ms  Mz(MeV)
24 ~01l 0005 0040 329
a = {0.08, 0.11} fm 24 ~011 0010 0040 422

L=26fm, Msl>37 32 ~008 0004 0.030 289
M, € {290, 420} MeV 32 ~0.08 0.006 0.030 345
32 ~0.08 0008 0.030 394

Ne=2+1

e scale setting: Mq [RBC-UKQCD, 1404.4670]



B-meson decays constants [RBC-UKQCD]

» SU2) HMxPT : unitary points

32 i
@g/Mpg = 0.0369(11)— fy = 199.5(6.2)MeV

0.05 0.05 i e
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[RBC-UKQCD, 1404.4670]



B-meson decays constants [RBC-UKQCD]

» Relative contributions to the error

ot () fs, (%)

statistics 3.1 3.3
chiral-continuum extrapolation 4.4 5.9
lattice-scale uncertainty 1.5 1.5
light- and strange-quark mass uncertainty 0.1 0.1
RHQ parameter tuning 12 12
HQ discretization errors 1.7 1.7
LQ and gluon discretization errors 1.1 1.1
renormalization factor 1.7 1.7
finite volume 0.4 0.5
isospin-breaking and EM 0.7 0.7
total 6.3 7.6
fp = 199.5(12.6) MeV, for = 195.6(14.9) MeV fa, = 235.4(12.2) MeV
fa,/fo = 1.197(50) [4%)] fo,/far = 1.223(71) [6%)]

[RBC-UKQCD, 1404.4670]

Ongoing : physical point results (Mobius DWF), AMA

see also [RBC-UKQCD, Aoki et al., 1406.6192]: foat



ratio method

» series of quark masses: m

) (6) (7)
My T,

[ETMC]

MOO O O O

0 1 2

» chain equation for observable O:

o(mp) = O(mf

» rafios z:

(D) = omi) x

m" ~ Me
A~ 1.18
m(hlo) = my m,;/u) m(hlZ‘/
T T T
[ ] ) o)
1 1
5 6
o(mi!®)
9
omy))



ratio method [ETMC]

A~ 1.18
» cut-off effects in ratios z:
(0)
z(m) = O(mh)
" o(mf=")
~ () 21y, 0%
~ Zm)| e (¥ (eam)” +
» choice of O: scaling law of HQET eg. O =9¢ = fy/My

d
o(mh) = Ostat + Fh + ...

» scaling law of ratio z




ratio method: implementation

chain equation for observable O :

o(m®? om0
o(ms) = o(m”) = o(m’) x ; ?1)) ( h(9))
O(m;”) O(m”)
1. determine O(mg)) in the charm region
2. determine z(m{"), i=2,...,7, for A~ 1.18

3. use z(mp) —— 1 toreach mp
my— oo

4. apply chain eq. fo get O(mp)
properties:

» continuum limit faken at each step: regularisation independent
» does not require explicit computation in an effective theory

» not very computationally costly [multi-mass solver]



ETMC ensembles

e fermionic laftice action: Wilson twisted-mass
o Ny=2: u.d
e Np=2+1+41:ud.sc

e physicalinput: M., My, fr

0.10 A Ao A
AGD BAD ADA O 4
affm)] om B 0@ e 1/1.25
A A A A s L
opE @ @ A -
R R R A 1/L [fm~1]
0.05 godanaofo 4
Ao A A A A
Ne=2 & ofedid © 1o
Ny=2+1+1 B B o
exp'! @ 1/5
0.00 e —eo 0
100 200 300 400 500 600 100 200 300 400 500 600
mps [MeV]
mpg [MeV]

o mp € [Mmc, 3mc]

e foisolate ground state: smearing ~» GEVP
[1308.1851, 1311.2837]



ratio method: fg, fj

chain equation for observable O :

@) (10)
omy) = om{?) = om(?) x O(L(h])) X ... O(mh(g))
omi) om?)

observables O

P fos/Mps  ~  fg > fus/f  ~ 13 /T8
» [ (fns/fr) / (Fa/Ti)] X (f/fx) ~> f3,/T8

> fas/Mp ~>

in practice, for O = fps /M :
Mns(n) Ca™ (1, B/ N)

Ths(12h)
CR (™, Bp)

R e S WA NN S (¥

chain equation :

_ fns (12, )\/Mh N,., [CM‘“ e HS))
—(10

#E?) x z@EY) x ... ( - N
fm( N M@y G (s )




f5

S

Ng =2

chain equation :

(10) s (2 ) /Mh N’h Cslat * 7(1))

5 () o, 5 () 5 —(10)y _
Z(mp') x Z(mp’) x ... x Z(m, ) = ]0) ]
fhs Nh)) \/ Mhs Nh C 3 t(ﬂ )
1. triggering point : fhs(ﬁ(h”) \/M,,S(ﬁg))
0.420 . . . T T
X2/dof[dof] = 0.2[9] f =380 —u—
6=390 —=a—
—~ 0400 | B=405 —e— -
g B=420 — %
=) ~ . .
S oss0 | CL - phys. point —e— |
%
E 0.360 ]
E o
£ 0340 | 1
0.320 L L L L L
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Fg (GeV)



B, Ne=2

chain equation :

5 (7010 ) VM <715 [ () ]

5 ((2) 3 ((3) — _
Zs(l"h ) X Zs(l"h ) X ... X ZS(/"h ) = ]0)
fis( uh )\/Mhs p,h (S (Ta )

2. rafios: Z(a), i=2,...,7, for A=1.1784 3 A(my) =1+ 2+ 2
h
1.14 : : : e R e R
112 Lo4 |
1.10
1.08 2
E o102t 1
1.06 o
1.04
102 100 . ,
iy x2/dofldof] = 0.2[4]
1.00 ‘ ‘ ‘ ‘ ‘ ‘ T P
0.00 001 002 003 004 005 006 007 00 01 02 03 04 05 06 07 08 09
7 (GeV) 1y (Gev™h)
ﬁg) ~ 270, 4. chain equation: fz = 228(5)(6) MeV



fa,/ T8 Np =2

O = Re = [(fas/fu) / (fa/F1)] x (fic/x)

1.10 : : :
0.00 0.01 0.02 0.03 0.04 0.05 0.06

fie (GeV)

Ry = o + bz, + DV

R

o 1 + b, + [3(1+3ff) 5} LTI (2Boﬁz

_5 p® 2
2 21 (ant)2 (Awa)Z)] + Dn

fo

= 1.206(10)(22)
fa



statistical and systematic uncertainties

> Np=2

source of uncertainty [%] fo,  Tg/fe fg
stat. +fit (C.L. and chiral) 2.2 0.8 2.1
lat. scale 20 - 2.0
discr. effects 1.3 04 1.7
1/pn 10 0.1 1.1
chiral exr. trig. point - 1.7 1.7
total 3.4 2.0 4.0
fg =189(8) MeV , fg =228(8) MeV |, I;B; = 1.206(24)
» Np=24+1+4+1: [PRELIMINARY]
fa,

fs = 196(9) MeV

)

fa, = 235(9) MeV

)

=1.201(25)



B-meson decays constants [Fermilab-MILC]

a0
B a0a
5 ao0se
5 008
Baon
Ba01s

e MILC ensembles : rooted asgtad
staggered fermions

o Np=2+1 int

e tadpole-improved gauge action
e Fermilab action for b quark Source fs./Ta fs/p
Stafistics 0.4% 0.6%
e a = {0.045, 0.15} fm Heavy-quark discretization  0.6% 0.8%
_ Light-quark discretization 0.1% 0.3%
o L =1[24,58fm, Msl> 38 Chiral extrapolation 06%  1.0%
o MM~ 174MeV Heavy-quark tuning 0.1% 1.7%
Zyu 0.0% —
qq
e scale setting: f ZV" - 0.2%
F|n|’re volume 0.2% 0.3%
Higher-order Pas 0.1% 4.1%
Total projected error 0.9% 4.7%

[PRELIMINARY, Fermilab-MILC, 1501.01991]

fa /far = 1.229(26) [2%]
[Fermilab-MILC, 1112.3051]



comparison

fa,

fa,

Ne=2+1+1
ETMC ‘14 (prelim.)
HPQCD 13
FLAG ‘13

FNAL-MILC ‘11
HPQCD 12
RBC-UKQCD ‘14

Ne=2+1+1

—. ETMC ‘14 (prelim.) —
—. HPQCD ‘13 -
— FLAG ‘13 ——

—— FNAL-MILC ‘11 —.——
e HPQCD ‘12 —e—
—_—— RBC- UKQCI) 14 ——

Ny =2 Ny =2
ALPHA ‘14 4 ALPHA ‘14 —_—
ETMC ‘13 — ETMC ‘13 ——
FLAG ‘13 —_— FLAG ‘13 —_——
170 180 19 200 210 200 210 220 230 240 250
fo [MeV] fo. [MeV]
Static limit of HQET: [Aoki et al., 1406.6192]
sba(
stat stat
fg " =219(17) MeV [8%)] f = 264(19) MeV [7%] fsmt = 1.193(41) [3%]
[ALPHA, 1404.3590]
stat

fslal

190(5)(2)x MeV [3%]

fsla[

226(6)(9)y, MeV [5%] = 1.189(24)(30),, [3%]

fstat



FLAG : |Vl

3

FIAG2013 IViupIx10
T
jrd
b —a B—1v
z
- — . B-tv
T
b [—— B—ntv (Babar)
z —a— B—ntv (Belle)
o~
I —_— B—1v
z
9
2
£ .
= e HFAG Inclusive
g
2.5 3.0 3.5 4.0 4.5 5.0 5.5

from |Vub| X 10°
FIAG N = B— v 4.21(53)(18)
FLAG Nr=2+1 B— Tv 4.18(52)(9)
FLAG Np=2-+1+1 B— Tv 4.28(53)(9)
FIAG Nr=2+1 B — mfv (Baban 3.37(21)
FLAG Ny=2+1 B — mlv (Belle) 3.47(22)
HFAG inclusive average B — X, v 4.40(15)(20)

[FLAG, 1310.8555]



B — Do, 7 lepton

> (m,/m,)? ~ 300 (M, /me)? ~ 107 (5]
@

X-)

» matrix element
2

B _ m2 — m? m —m
(D(p")|Ev,:bIB(p)) = (pu +p, - %QM () + %qu fw(d)

» differential decay rate

dB(B — Dtig) GHVen|* T 4 2 ] 242
s = 1 s [N + €l ol

where ,
3m 1 (m
ci(a) = N4, m, mp) { "2 ta (?) }

3mf m\? m\?

0 2 2 41/2,.2 2 2 ]

Co<C”=mWvasvmwiq*f(“?ﬁ) '
/\(q2, mé, sz) = [q2 —(ms + mg)z][q2 —(mg — mD)z]

» 7 lepton: coupling to a scalar non-SM particle can be probed



B — Do, 7 lepton

m2 < ¢ < (mg—mp)? =11.63 GeV2. f1(0) = K(0)

» phase space:

1500
= 1000
< 500
0 L
0 2
F[GeV?] FGeV?]
dashed is scalar and solid is vector blueis = and redis p

[Becirevic et al., 1206.4977]
» ratio:

B(B — Dt7,)

R(D) = B(B — Dup,.)

depends on f(q?)/f(?)



B — Dty

e MILC ensembles : rooted asqtad staggered fermions
o Nf=2+1

e fadpole-improved gauge action

e Fermilab action for b and ¢ quarks

e a = {0.045, 0.15} fm
o L = [2.4,55fm, Mpsl>3.8
o MM x 174MeV

e scale setting: f

0.50

[Fermilab-MILC]

[ o ) ]
PP ) ]
[ ] [ ]
L o PY ]
[ ]
| | |
0 006 0.09 0.12

a (fm)

[Fermilab-MILC, 1503.07237]



B — Dty [Fermilab-MILC]

1.4 :
fy

fo ¢
1.2 BaBar 2009 ———
11 p=0.40

0.9
0.8
, 0.7
i 06 L
0.5 b : : :

form factor
form factor

BGL parametrisation [Fermilab-MILC, 1501.0199]



B — Dtv [Fermilab-MILC]

Source fr (%) (%)
Statistics+tmatching+xPT cont. extrap. 1.2 1.1
(Statistics)

0.7y ©.7)
(Matching) ©7 ©7N
(xPT/cont. extrap.) 0.6) (0.5
Heavy-quark discretization 0.4 0.4
Lattice scale 0.2 0.2
Total error 12 1.1
w=1.16
6 —— 6 ——
statistics statistics
xPT/cont s XPT/cont s
51 HQ disc. + scale r| 51 HQ disc. + scale ry
matching matching
a4t 2_ &4+ 12
s IS S
X g 3 2
g e £ :
82 fo S B2y fr ‘
1 1 1 1
0 0
1 1.1 1.2 1 1.1 1.2
w w
[Fermilab-MILC, 1501.0199] Ongoing : reduce heavy quark discretisation
effects ~» Oktay-Kronfeld action (rermiiab-mirc;

; SWME]



R(D) and R(D*): comparison

B(B — Dri,
R(D) = BB Drim)
B(B — Duw,)
R(D) = 0.299(11) Fermilab-MILC (2015) + BaBar B-tagged (2009)
R(D) = 0.316(12)(07)  Fermilab-MILC (2012)
R(D) = 0.300(08) [PRELIMINARY] HPQCD (2015) more details in (talk by carlos penal
R(D) = 0.440(58)(42) BaBar (2012) i.e. 20 from Fermilab-MILC (2015)
Ry = BB D7)
B(B — D*puwy,)
in addition to ha, (w), it requires the other form factors Bellell
R(D*) = 0.252(3) Fajfer et al. (2012)

R(D*) = 0.332(24)(18) BaBar (2012) e 270



B — D¢y, : coupling to tensor operator

»  matrix element

2 fr(f, )

D(p")[Co . b|B(P)) = —i L — PP
(DRI bIB(P)) = —1 (PuP), = Plupv) "

» differential decay rate in generic New Physics scenario:

dB(B — Do o
% . Ww'z&lm(&)'z{‘]+9VIQCi(cF>+|gr(u)\2cf(cf) %
2
+e(d) Re | (14 0)7 (1) %]
q2 gs(n) 2 ¢ fO(QZ) 2
+ ‘(1 +gv) — e Mo(1) — Mo cs(d) @) }
> B, — Dslv:

(B> Mo) /() = 1.08(7): B(R)/f(R) = 0.77(2) for @ =115 Gev?

Ny = 2 Wilson twisted mass fermions with ratio method [Atoui et al., 1310.5238]



conclusion

e currently, lattice QCD can determine B-meson decay constants
with a few % accuracy

e no significant effect of s and ¢ sea quarks with current level

of accuracy for the decay constants

e scalar form factor is available for various
semileptonic decays: B — wlv, Ay — Acly, ...

e B— D*/v: extend computation to other form factors ~ R(D*)

e challenges: simulations at very fine lattice spacings,

control of statistical error, isospin and QED effects, unstable hadrons,






fe: Ne=2+1+1 [FLAG]

[FLAG, 1310.8555]
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@ F &
£ 5 F &
. o g 3 &
& § & N
F & F &
=F 9 T

Collaboration Ref. Ny § & ¥ 9 & < fe/fsr fofe fs./f
ETM 13E [398] 2+1+1 C¢ * o o o Vv - - 1.201(25)
HPQCD 13 [399] 24141 A K< ok K O J  1217(8)  1.194(T) 1.205(7)
RBC/UKQCD 13A [400] 2+1 C ok v - — 1.20(2)2ae
HPQCD 12 [401] 2+1 A ok voo- — 1.188(18)
FNAL/MILC 11 [331] 2+1 A ok v 1.220(26) - -
RBC/UKQCD 10C  [105] 241 A m Om K v - - 1.15(12)
HPQCD 09 [402] 2+1 A > X v — 1.226(26)
ALPHA 13 [403] 2 C * *x * *x « - - 1.195(61)(20)
ETM 13B, 13C (334, 404] 2 PP * o x o V - - 1.206(24)
ALPHA 12A [369] 2 cC *x * * *x v - - 1.13(6)
ETM 12B [392] 2 c x * vioo- - 1.19(5)
ETM 11A [335] 2 A * v - - 1.19(5)

“Statistical errors only.
tUpdate of ETM 11A and 12B.



fg: Ne=2+1+1 [FLAG]

[FLAG, 1310.8555]

s &
F & &F
FEgs§5
S s FfFF g
F&FEFTITE
Fiags s
Collaboration Ref. N; §EFTEES 1 fw In TIs,
ETM 13E (308] 24141 C : o V- - 196(9)  235(9)
HPQCD 13 (399] 24141 A Kk Kk ok O 184(4) 188(4) 186(1)  224(5)
RBC/UKQCD 134 [00] 241 € * v - - 191(6)2m 233(5)5ka
HPQCD 12 [401] 241 A * v - - 191(9) 228(10)
HPQCD 12 [01] 241 A * v - - 180045 —
HPQCD 11A [365] 241 A x * K v - — - 225(4)V
FNAL/MILC 11 @31 241 A * T — - 242(10)
HPQCD 09 102 241 A * v - - 190(13)*  231(15)°
ALPHA 13 [03) 2 C * k k *k v — - 187(12)(2) 224(13)
ETM 13B, 13C  [334, 404] 2 Pl x o * v - - 180(8)  228(8)
ALPHA 124 (369) 2 C * k *x *k v — - 193(9)(4)  219(12)
ETM 12B [392] 2 C * * v - - 197(10) 234(6)
ALPHA 11 364] 2 C * o *x k 4 — - 174(11)(2) —
ETM 11A (335] 2 A * v - - 195(12)  232(10)
ETM 09D @301 2 A v - - 194(16)  235(12)

°Statistical errors only.

“Obtained by combining fa, from HPQCD 11A with fp, /fs calenlated in this work.

YThis result uses one ensemble per lattice spacing with light to strange sea_quark mass ratio m,/m, = 0.2.
*This result uses an old determination of r1 = 0.321(3) fm from Ref. [379] that has since been superseded.
TUpdate of ETM 11A and 12B.



fo: Ne=2+1 [HPQCD]

e fermionic lattice action:HISQ (val) / asgtad (sea)
e Nfy=2+1: ud.,s
e combination of NRQCD (f,/fz) and HISQ (fp) results

Source e | B |fB./[B

(B)[(%)| (%)
statistical 0.6 1.2 1.0
scale ri/? L1|11

discret. corrections |0.9]0.9| 0.9

chiral extrap. & gp=p~|0.2]0.5 0.6

mass tuning 02101 0.2
finite volume 0.1103] 0.3
relativistic correct. 1.0]1.0| 0.0
operator matching 4.1 (4.1 0.1
Total 44146| 15

f3=0.191(9)GeV,  f =0.228(10)GeV, fs/fz = 1.188(18)

f. —1
[E] x 59 = £ = 0.189(4)GeV [2%]
fa | nracop ‘



fg: Ne=2+1+1

[HPQCD, 1302.2644]

e fermionic latftice action :HISQ
e Nf=2+141:uds.c

e NRQCD

e ensembles at the physical point

[HPQCD]

Error % (I)BS/‘I’B 1\'13q —]\lB <I>Bq (I)B
EM: 0.0 1.2 0.0 0.0
a dependence: 0.01 0.9 0.7 0.7
chiral: 0.01 0.2 0.05 0.05
g: 0.01 0.1 0.0 0.0
stat/scale: 0.30 1.2 1.1 1.1
operator: 0.0 0.0 1.4 1.4
relativistic: 0.5 0.5 1.0 1.0
total: 0.6 2.0 2.0 2.1

fs = 0.186(4) GeV,

fa, = 0.224(5) GeV,

fa, /fs = 1.205(7)



fstat static

stat
fa

52 = 219(17) MeV [8%)]

[RBC-UKQCD, Aoki et al., 1406.6192]
fermionic lattice action: domain-wall (Shamir) fermions

Ne=2+4+1:ud,s

static quarks

a = {0.08, 0.11} fm

L =26fm, Mpsl > 3.7
M. € {290, 420} MeV

[Aoki et al.]

fa fa, fa. /s

Stafistics 2.99 1.81 1.65
Chiral/continuum extrapolation 3.54 1.98 2.66
Finite volume effect 0.82 0.0 1.00
Discretization 1.0 1.0 0.2
One-loop renormalization 6.0 6.0 0.0
Os* B 0.24  0.00 0.00

Scale 1.82 1.85 0.04

Physical quark mass 0.05 0.01 0.06
Off-physical sea s quark mass 0.84 0.69 0.79
Fit-range 0.44 231 0.26

Total systematic error 7.38 7.09 2.97
Total error (incl. statistical) 7.96  7.32 3.40

fott = 264(19) MeV [7%]

stat
B;
stat
fB

=1.193(41) [3%]



HQET on the lattice [ALPHA]

Source fs, A fs, /5 fat f5t fSR /et
A3 0.20 % 0.19% 0.00 % 1.22 % 1.10 % 0.00 %
Al 5.94 % 9.36 % 14.27 % 8.06 % 276 % 14.36 %
A5 117 % 6.51% 7.37 % 2.01 % 0.91 % 3.10%
B6 3.32% 2.99 % 0.00 % 2.70% 1.44 % 0.26 %
ES 1.15% 1.28 % 021 % 1.00 % 0.95% 0.01 %
Fé6 1.70 % 221 % 6.44 % 1.85% 2.62 % 9.65 %
F7 15.41 % 579 % 37.01% 14.89 % 3.02 % 40.32 %
G8 13.96 % 12.81 % 0.00 % 15.36 % 13.26 % 0.00 %
N5 591 % 5.43 % 0.00 % 9.17 % 7.94 % 0.00 %

N6 19.42% 13.78%  29.87 % 835% 24.10% 28.61 %
o7 16.03%  25.46% 480% 1991%  27.66 % 3.58 %

w 14.02%  1272% 0.01% 8.35% 7.21% 0.00 %
Ip 1.77 % 1.46 % 0.01 % 7.13 % 7.04 % 0.09 %
fi
fs = 186(13)(2)5 MeV [7%] fa, = 224(14)(2)5 MeV [6%] fi = 1.203(62)(19)y, [5%]
B
stat
B = 190(8)2)x MeV [B%] % = 226(6)O) MeV [8%] S = 1.189(24)(30) [3%]
B

[ALPHA, 1404.3590]



correlation between sin(28) and B(B — 7v)
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for more details see [taik by paping pul



N» decays

[Detmold, Lehner, Meinel, arXiv:1503.01421]
23| M Ao i 4
Ej ) 7 stat sys
- ] \_/
¥ ¥
(A — Ag e )/ |Vas|® = (211 £ 0.8+ 1.4) ps~?,
T T(Ap — Ae 7 5u)/|Ve|? = (21.1 £ 0.8 £ 1.4) ps7 1,
R T(Ap = AeT75,)/|Ves|® = (7.13 £ 0.17 £ 0.29) ps~.
I'(A A 770
L I [T 2 Aem0) _agre s 0079 4 0.0085,
¥ (@) LAy = Acem )
uf asnea 1 DAy 2 A7 7
B 1 |PAe 2 Aem78) _ 230 40,0078 + 0.0085.
1 | T(Ay = Ao p—B)
(e.m. effects neglected)
: ! a fGe\;’j ! "

for more details see [tailk by carlos pena)



