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Introduction
Introduction

o Why do we compute mj,, and fg on the lattice ?
- my if a free parameter of SM

- fg is needed to determined SM parameters (V)

o Simulating b-quark on the lattice is challenging because of the heavy mass
— the lattice spacing should be smaller than the compton wavelenght
— use an effective field theory (HQET)

o ALPHA collaboration
(F. Bernardoni, B. Blossier, J. Bulava, M. Della Morte, P. Fritzsch, N. Garron,
J. Heitger, G. von Hippel, H. Simma, R. Sommer)
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CLS ensembles

Lattice discretization

e N¢ =2 O(a) improved Wilson-Clover

B 0.3 T T T
Fermions
Discretization effects
o 3 lattice spacings a : B 02 § D
(0.048, 0.065, 0.075 < 0.1)fm 8
Q .
o R .
Volume effects S 0.1 . :
o Lmy > 4.0 ° °
n ; : *
Light quark mass chiral extrapolation ol L L I
. . 0 0.002 0.004 0.006 0.008
o different pion masses N 5
(down to 190MeV) a”/fm
— = total of 9 ensembles )
based
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GEVP

Generalized Eigenvalue Problem (GEVP)

We want to compute masses and matrix elements — fg ~ (0|Ao|B(p = 0))

o define 2-points correlation functions (N x N matrix) :

Cj(t) = Z(Ao:'(fv t)Ao;(0,0))  with Agi(x) = ‘T’h(x)’YO’Ys‘Vfi)(X)

X

B-meson interpolating field

o i : different level of smearing for the interpolating operator : W (x) = (1 + rga?A)" W,(x)
— spread the hadronic operator in space to increase overlap with physical states
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Cj(t) = > _(Aoi(%,1)Aoj(0,0))  with Agi(x) = V5 (x)1075%!) (%)

X

B-meson interpolating field

o i : different level of smearing for the interpolating operator : W (x) = (1 + rga?A)" W,(x)
— spread the hadronic operator in space to increase overlap with physical states

With the following normalization of states < n|m >= dpm :
Gji(t) = (Ai(DAT(0) =D e_E"t<0|Af|"><n|A*|0> — = (0Ai[B)(B|A}|0)e” 5"+ 0 (e_(Ez_El)t))
n
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GEVP

Generalized Eigenvalue Problem (GEVP)

We want to compute masses and matrix elements — fg ~ (0|Ao|B(p = 0))

o define 2-points correlation functions (N x N matrix) :

Cj(t) = Z(Ao:'(fy t)Ao;(0,0))  with Agi(x) = ‘T’h(x)’YO’Ys‘Vfi)(X)

X

B-meson interpolating field

o i : different level of smearing for the interpolating operator : W (x) = (1 + rga?A)" W,(x)
— spread the hadronic operator in space to increase overlap with physical states

With the following normalization of states < n|m >= dpm :
Cy(t) = (A = 22 e E O (A7 10) > (01A4B)(BIA7I0)e "0 (em(EmE)

@ To improve the convergence, we solve GEVP :

C(t)va(t, to) = An(t, to) C(to)va(t, to)

Eigenvalues \, — E, Eigenvectors v, —> matrix elements
An(t, to) eff
ET(t, tg) = log — 22207 0|Ao|n)eT = Ry(t) (va(t, to), Cal(t
(e, t0) = log 5 RS (O1Aoln) = Ro() (vn(t, o), Ca(1))
Esf(t,to) =E,+ O (e—<EN+1—En>r) (0] Ao|n)°™ = (0] Ag|n) + O (e*<E~+rE~>*°)

Antoine Gérardin Determination of the b-quark mass and B meson decay constant



HQET

Heavy Quark Effective Theo the lattice  [Eichten , '88; Eichten & Hill, '90]

@ Problem : the b-quark is too heavy to be simulated on the lattice : 1/mj, ~ 0.04 fm
o Solution : Use effective theory (HQET — expansion in 1/my) :

Lgcp = W(x) (W' Dy — mp) W(x)  with  pl = (mp + k%, k) :
- isolate the heavy momentum part : W, (x) = €™V *P_ W(x) where Py = 1%#
- Py is a projector on the large component of the spinor

LuqeTr = Vh(x)DoWh(x) — wiinOkin — WspinOspin + .. Pkin = Uh(x)D?Wp(x)
Ospln = \Uh(X)O' B\Ilh(x)

static term 1/m terms

@ The theory is renormalisable at each order in 1/m)
Heavy-light Axial Current : AEQET = ZEQET [Aztat aF CAA(l)]

Astat = \Tlh(x)'yo'yg,\lfl(x) and A®) \U/(X V5Yi 5 (?5 %?) Wi (x)

ZHQET

o The 5 HQET parameters (mbam, ,CA,wkm,wSp;,,) have been determined

non-pertubatively for different heavy quark masses
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HQET
Heavy Quark Effective Theo

LuQET = Vh(x)DoWh(x) — wkinOkin — wspinOspin

Lstat L:l/m

o Correlation function : L3, is considered as operator insertions :

(A) % /D¢ A e TulLiight () +Lstat ()+L1/m(x)]

Q

1 e . .
> / Do A <1 _ 34; Ly /m(x)> e=7* SulLrighe (9+ Lotar ()]

<A> stat + Wkin a* Z<~Aokin>stat + Wspin a* Z<Aospin>stat

Q

=- Expectation values are computed from static lagrangian

<'A> = <A>stat + <A)kin + <A>spin J
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Explicit formula for mg and fg

GEVP : 1/m expansion (1/m € {kin,spin})
C(t,to) = CS%t(¢, o) + C/™(t, o)
C(t)va(t, to) = An(t, to) C(to)va(t, to) An(t, t0) = A3 (2, to) + An/™ (2, to)
va(t, to) = V3t (¢, to) + v’ ™ (t, to)

Mass of the B-meson

1/m
mg = Mpare + Estat + Wkin Ekin + Wspin Espin
eff eff,1/m
O E;tat ) EE

@ Myare, Wkin and Wepin : HQET parameters

Decay constant

for/ma/2 = Za (1 + b5 amq) [ 5" (1 + wepinfs"" + wiinfd™ ) + cafg?]

stat
o fg

A\
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Plateau fit

o Energy
S 2L K
0.32 |, 1 osh ]
%‘éos— . i ;é_l,'."""""’§}+ |
° o 0 IS
0.28 - '~‘;+L s
15k |
L L . L L L L v I 1 | | 1 I I I !
4 6 8 10 12 14 16 18 t/a 2 4 6 8 10 12 14 16 18¢/a
o Matrix elements :
1072 T . . . . . T
T T T T T 0.5+ 4
> 6F ° b 3 e 0 0wt P f { ‘
£ . £ o04f f .
55 551 ., . %5
o S e . e S L 4
3.l b + bl | 0.3
. . . . . .
o

2 4 6 8 10 12 14 g/a

Determination of the b-quark mass and B meson decay constant



Continiuum and Chiral Extrapolations

mg : Chiral and continuum extrapolation

1
mB/m(27 My, a) = mbare(z) + EStat(mﬂ'v a) + wkin(z) Ekin(mﬂ': a) + wspin(z) Espin(m‘lr’ a)
o Each computation has been done at finite lattice spacing a and unphysical pion mass mj

o HQET parameters are known for some values of the heavy quark mass z = LM, (M} :RGI
quark mass, L constant volume ~ 0.4 fm).

) 352 5 5 - a(z) : 2" order polynomial
mg(z, mx,a) = o(2) + fm7 — me‘*‘“/a - HMxPT

o We know mg at the physical point (a =0, my =~ 135 MeV) = we can determine z,
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mg : Chiral and continuum extrapolation

1
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o Each computation has been done at finite lattice spacing a and unphysical pion mass mj

o HQET parameters are known for some values of the heavy quark mass z = LM, (M} :RGI
quark mass, L constant volume ~ 0.4 fm).

52 - a(z) : 2" order polynomial

mg(z, mx,a) = ofz) + fm3 — Wmi‘*‘“/az - HMxPT

o We know mg at the physical point (a =0, my =~ 135 MeV) = we can determine z,

8F T T
[ i o z, = 13.34(33)(13),
7E ]
[ [3 = (=
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6L ]
S ot exp [
B mg
g . ]
- O T T
« 7L
= . ———— epc
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4r s q .
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o
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Continiuum and Chiral Extrapolations

fg : Chiral and continuum extrapolation

o We have computed f(a, z, mr) for each ensemble.
@ From the previous result, we can use z = z,.

fo = a+pBm? +~va°> (LO HMxPT)

fa(zp, Mps, a)/ GeV

0.25 =
0.24+ | LO : fg =196(9)MeV

0.23f :
0.22
021

0.2
019
018

0.17 1 1 1 1
0 0.05 0.1 0.15 0.2 [mps/ MeV R
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Continiuum and Chiral Extrapolations

fg : Chiral and continuum extrapolation

o We have computed f(a, z, mr) for each ensemble.
@ From the previous result, we can use z = z,.

fg = a4+ Bm2 +~a°> (LO HMxPT)

314382
fo=a|l— 2298 2 1m2)| £ B2 4422 (NLO HMxPT)
4 (4mfr)?

HMXPT: fg(z, mps, a)/ GeV

025 —

o2l ™ ] LO : fg =196(9)MeV

023t ]

0l (HMxPT) : fg = 193(9)(4), MeV

021}

02

019 L
7 NA C (Nf=2+

018 — B e 2

0.17 L 1 L L 170 180 190 200 210 220

[mes/ MeV P
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Conclusion
Conclusion

o Non perturbative computation of m;, and fg

o We include 1/m corrections of HQET

o Continuum extrapolation and chiral extrapolation

o We obtain mp(mp) = 4.22(10)(4)GeV and fg = 193(9)(4)MeV
o fg, was also computed (fg, = 219(12)MeV)

o Results are still preliminary !
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1
Thank you ! )
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