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@ Introduction
@ What is HQET?



HQET

Heavy Quark Effective Theory

e HQ — (here) system of a single b-(anti-)quark and
(anti-)light (e.g.: u, d) quark(s)

o Compare with sun/earth, proton/electron...
heavy constituent nearly at rest in rest frame
(for my — oo “static approximation”)

e ET — expansionin 1/my

(Eichten, 1987; Eichten and Hill, 1990)




HQET

Heavy Quark Effective Theory

e HQ — (here) system of a single b-(anti-)quark and
(anti-)light (e.g.: u, d) quark(s)

o Compare with sun/earth, proton/electron...
heavy constituent nearly at rest in rest frame
(for my — oo “static approximation”)

e ET — expansionin 1/my
(Eichten, 1987; Eichten and Hill, 1990)

...on the lattice

1

Ar=L"<m,..mg<a'=NAy

Here: requirement L/a ~ O(102), solution later!




How to derive the Lagrangian?

Strategy

e Euclidean action

e What are the dominant degrees of freedom for our kin.
situation for b/u,d?

e Decouple large and small components order by order in Dx/m

Y Dic/m Y < Yn |




How to derive the Lagrangian?

Strategy

e Euclidean action

e What are the dominant degrees of freedom for our kin.
situation for b/u,d?

e Decouple large and small components order by order in Dx/m

Y Dic/m Y < Yn

e Projector for quark velocity u = 0 is given by P. = 1i27°

e Gamma matrices in Dirac representation
[0 —iok (1 0 (0 1
"N o) ™ lo -1) 71 o

o = yﬂDﬂ Oy = é ['}’y, 7v]




Definitions for the lattice

Derivatives on the lattice

e Derivative acting on colour singlet function
duf(x) = 3 [f(x + ap) = f(x)] i
arf(x) = Lf(x) - f(x - ap)] 0y =30 +0)

~ a




Definitions for the lattice

Derivatives on the lattice

e Derivative acting on colour singlet function
3uf(x) = L [F(x + ap) - £(x)]
arf(x) = Lf(x) - f(x - ap)] 0y =30 +0)
o Covariant derivative acting on quark field
uw( ) = 3 [UCx. 1)y (x + aft) - y(x)]
3 = 1 [w(x) - U(x - aft.p)w(x - ap)]

vV, and V;j similarly for e.g. ¥(x)V,




Definitions for the lattice

Derivatives on the lattice

e Derivative acting on colour singlet function
3uf(x) = L [F(x + ap) - £(x)]
arf(x) = Lf(x) - f(x - ap)] 0y =30 +0)
o Covariant derivative acting on quark field
uw( ) = 3 [UCx. 1)y (x + aft) - y(x)]
3 = 1 [w(x) - U(x - aft.p)w(x - ap)]

vV, and V;j similarly for e.g. ¥(x)V,

Wilson-Dirac operator

D = 5 [(%; + V) - &V,




e HQET and its Lagrangian
@ Continuum HQET
o Lattice HQET



1st Fouldy Wouthuysen-Tani transformation

 Count all fields, derivatives of fiels (e.g. F,,) as O(1),
except for Doyrn = O(mM)yrn
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1st Fouldy Wouthuysen-Tani transformation

Count all fields, derivatives of fiels (e.g. F,,) as O(1),

except for Doy, = O(m)yn

Transformed Lagrangian £ = J' (D +m)y

S = 5-Diyx = -S'

yow =eSy Gy —ped

D+m=eS(D+m)eS

Expande™S = O’ +m

=D+ m+{-S, D+ m}+ }H-S,{-S,. D+ m}} + ...

After some algebra

D' = Doyo — 5=[vk¥oFko +20kFia + Dk Di] + O(1/m?)
LA/

off-diagonal

Fis = [Dx, D]



2nd Fouldy Wouthuysen-Tani transformation

After 1st transformation
D' = Doyo — 5=[v«k¥oFko +20kFi + Dk Di] + O(1/m?)
—_—

off-diagonal

o " = eS'y for cancelling off-diagonal term

!
o (8.0 + m) = LyiyoFko + O(1/m?)
works with S’ = Lyoyk Fio



2nd Fouldy Wouthuysen-Tani transformation

After 1st transformation
D' = Doyo — 5=[v«k¥oFko +20kFi + Dk Di] + O(1/m?)
—_—

off-diagonal

o " = eS'y for cancelling off-diagonal term

!
o (8.0 + m) = LyiyoFko + O(1/m?)
works with S’ = Lyoyk Fio

(classical) Lagrangian

L£=goty L)y poaty (4 o(Ly)




Lagrangian up to order 1/m

L3 = g (m + Do)yn Pivm = YnPy = Uy,
LE# = y(m + Do)y Py = U URP- = U
-E}(:) - _(Okin + Ospin) 'Lt(_11) - _((_)kin + 5spin)



Lagrangian up to order 1/m

L3 = g (m + Do)yn Pivm = YnPy = Uy,
LE# = y(m + Do)y Py = U URP- = U
-E}(:) - _(Okin + Ospin) 'Lt(_11) - _((_)kin + 5spin)

Okin = Yn(X)D?¥n(x)  Ospin = Y (X)o - B(X)yn(x)

Okin :.'ZE(X)Dzwﬁ(X) 5spin = Y (x)o - B(X)¥r(x)
Bk = 3e€ikFij



Propagator (static approximation)

From (dx, + Ao(Xx) + m) Gn(x,y) = 6(x — y) P, get solution

X0
Gn(x,y) = 0(Xo—Yyo) e M0=%0) P exp [— devo(Zo,X)l s(x-y) P+
Yo

o Similar result for the anti-quark’s propagator
« For any gauge field A, mass as factor ~mXo=Yol



Propagator (static approximation)

From (dx, + Ao(Xx) + m) Gn(x,y) = 6(x — y) P, get solution

X0
Gn(x,y) = 0(Xo—Yyo) e M0=%0) P exp [— devo(Zo,X)l s(x-y) P+
Yo

o Similar result for the anti-quark’s propagator
« For any gauge field A, mass as factor ~mXo=Yol

Energy shift

After path integration over gauge fields of any 2-point function with
b-quark still exp. decay

— Cn(X,y; m) = Cn(x, y; 0)e~mXoYol

Remove m from Lf_f/i‘ treat

QCD __ f[stat
Eﬁ/h = Eﬁ/h +m




Toal quantum Lagrangian (static)

¢ Renormalizability of static theory: by adding counter terms
— absorb UV divergences

e Symmetry of static Lagrangian has to be conserved
— add ¢iyyn with ¢; = 6m = (€193 + 205 + ...)Acut

e Chiral symmetry would forbid this,
but not present in static theory



Toal quantum Lagrangian (static)

¢ Renormalizability of static theory: by adding counter terms
— absorb UV divergences

e Symmetry of static Lagrangian has to be conserved
— add ¢iyyn with ¢; = 6m = (€193 + 205 + ...)Acut

e Chiral symmetry would forbid this,
but not present in static theory

EQCD _ pstat +6m+ m= Estat + Moare

h/h h/hlsm=0 h/hlsm=0

(other divergences after renorm. (light quark mass, coupling) absorbed in 6m)



Static Lagrangian

With suitable normalization factor:

1 - *
Lh = T aom Yn(x) [Vo + om] yn(x)
1

Ly = e 0500 (Vo 4 oml ()




Static Lagrangian

With suitable normalization factor:

1 - *
Lh = 1_i_m'/’h(x)[Vo‘i"sm]kl’h(x)

1

Ly = T+ aom ¥i(x) [-Vo + 6m] s (x)

Propagator:

Ghlx.y) = 6(x~yo)o(x~y) exp(~3m(x - o)) P(y.x; 0)' Py

— 1
om = 3 In(1 4+ aém)

(P(y, x; 0) parallel transp. fields in fund. repr. along time-like path)



Symanzik O(a) improvement

e Add terms to lattice action S to reduce cutoff effects
e Terms must vanish in continuum limit
o Seif = Sp +aSy + ... S = fd4X.£i(X)
(So = fd“xllg‘at(x))
(Kurt and Sommer, 2001)



Symanzik O(a) improvement

e Add terms to lattice action S to reduce cutoff effects
e Terms must vanish in continuum limit
o Seif = Sp +aSy + ... S = fd4X.£i(X)

(SO — fd4X.£gtat(X))

(Kurt and Sommer, 2001)

Mass dim. 5 terms (fields and masses) to add that conserve
symmetry:

e O3 = yY,DoDoyn
o O4 = my,Don
e 05 = mFthﬁh

(vanishes due to eq. of motion Doy, = 0)

(vanishes as well)

(absorb in m)



Symanzik O(a) improvement

e Add terms to lattice action S to reduce cutoff effects
e Terms must vanish in continuum limit
o Seif = Sp +aSy + ... S = fd4X.£i(X)

(So = fd“xllg‘at(x))

(Kurt and Sommer, 2001)

Mass dim. 5 terms (fields and masses) to add that conserve
symmetry:

e O3 = yY,DoDoyn
o O4 = my,Don
e 05 = mFthﬁh

(vanishes due to eq. of motion Doy, = 0)

(vanishes as well)

(absorb in m)

— automatically O(a) improved



Axial current

In Symanzik’s effective theory

(Agtat)eff _ Agtat + akz:1 iy (6A§tat)k J
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Axial current

In Symanzik’s effective theory

(Agtat)eff _ Agtat + akz:1 iy (6A§tat)k J

(Agtat)1 — %-7/51'7’1'7’5% (Agtat)2 — Jy5Dol//h
( Agtat)s — ;.7/5075% (A('Jstat)4 m@’yo)’&”h

 Eq. of motion for i relates 1st, 3rd and 4th term!
e Eq. of motion for ¢, excludes 2nd term!
¢ Neglect 4th term because of assumption am; <« 1



Axial current

(Agtat)eff _ Agtat+aa1 (6Agtat)1 J




Axial current

(Agtat)eff _ Agtat+aa1 (6Agtat)1 J

Renormalized improved axial current on the lattice

(Aatat)o _ Zztat(go’ a,u) (Alstat)o
1

(Alstat)o _ Aostat + acf\tat(go)%’j%g (§l = 61*) Un




Axial current

(Agtat)eff _ Agtat+aa1 (6Agtat)1 J

Renormalized improved axial current on the lattice

(Aatat)o _ Zztat(go’ a,u) (Alstat)o

— 1 /< =
(A=) AT + acg®(go)byivs (Vi + Vi)

0 2

Improvement coefficient ¢St can be determined
A

that cutoff effects are O(a?)



e HQET and the Schrédinger Functional
@ Correlation functions



General features

e Cylindric finite space-time volume T x L3  (Lischer etal., 1992)

~C
L

time T

0

C and C’ : gauge potentials

~~ ¢
—_—
space

(LxLxL box with periodic b.c.)
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time T
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C and C’ : gauge potentials
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¢ Periodic spatial boundary conditions
Y(x + Lk) = ey (x)
U(x + Lk) = ey (x)



General features

e Cylindric finite space-time volume T x L3  (Lischer etal., 1992)

~C
L

time T

0

C and C’ : gauge potentials
™~c
space

(LxLxL box with periodic b.c.)

e Periodic spatial boundary conditions
Y(x + Lk) = ey (x)
Y(x + Lk) = e %y (x)
e Time boundary conditions

’

f+¢’|x°:0 =p E_lpIXO:T =p
¢P+|X0:0 = ﬁ ¢P7|Xo=T = 5,



Boundary fields

Definition




Boundary fields

Definition

() =5 (W)= 6pfx)
{'(x) = 7 X (X) = Ty x)

Can be used to build up correlation functions, 2 cases



Boundary fields

Definition

{(X) = 5 Z(X) = 5p‘(sx)
‘0= 7w (0= -5

Can be used to build up correlation functions, 2 cases

e Bulk to boundary
correlation functions

time T

space



Boundary fields

Definition

0 =57m &)= 6p((sx)

) = 7w {0 =-5x

U~

U~

Can be used to build up correlation functions, 2 cases
e Bulk to boundary .
correlation functions

e Boundary to boundary
correlation functions




1st case in QCD

6

fa(%0,6) = =5 3 ((A)o () 4n(¥) 75 4i(2))

y’z




1st case in QCD

fa(%0,6) = =5 3 ((A)o () 4n(¥) 75 4i(2))

y.z

with O(a) improved axial current (A),,

(Al)ﬂ = % YuYs ¥h + aca 5,1% Y5 Yh J




2nd case in QCD

WO =25 Y @ s@hW )

u\v)y,z




2nd case in QCD

WO =25 Y @ s@hW )

u\vy.z

12

a

k) =30

>, @Wns@5) @)

u’v’y9z!k




Renormalizion/matching problem at O(1/my)

e Okin(x) and Ogpin(x) of O(5)
* WhRracp « exp (_a4§[£light(x) + L%(x) + LS)(X)])

is not renormalizable. (Wyracp : path integral weight)
o New divergences at each order in perturbation theory
= A continuum limit of lattice theory



Renormalizion/matching problem at O(1/my)

e Okin(x) and Ogpin(x) of O(5)
* WhRracp « exp (_34§[£Iight(x) + L%(x) + LS)(X)])

is not renormalizable. (Wyracp : path integral weight)
o New divergences at each order in perturbation theory
= A continuum limit of lattice theory

Solution

HQET is to reproduce 1/m—expansion of observables
= expand W in 1/m (counting wkn = O(1/m) = wspin)

WnracD — Whaer = exp (—Q4Z[L|ight(x) + Lﬁtat(x)]) X

(1 -a* Z L,(:)(x))




Correlation functions up to O(1/my)

Definition of expectation values in HQET

(0) = (O)stat + Wkin a* Z(Ookin(x»stat

+ Wspin a* Z(Oospin (X)>stat
X

= (O)stat + Wkin{OYkin + 6Uspin<0>spin




Correlation functions up to O(1/my)

Definition of expectation values in HQET

(0) = (O)stat + wkin a* Z(Ookin(x»stat

+ Wspin a* Z(Oospin (X)>stat
X

= (O)stat + wkin{OXin + Wspin{O)spin

with path integral average to be taken with respect to
the lowest order action

<0>stat = % f Oexp (_34 Z[Llight(x) + ‘Lﬁtat(x)]] |

fields X




Renormalized expansion in 1/my

[falr(x0.0) = ZRO°T 2, Z e7™ x

[fztat + CAQETfstat + wkinfl,c(\i + wSpmfst]

a

5 2 (A () 4n(¥) 75.41(2)
y.z

122 (o, 6)




Renormalized expansion in 1/my

[filr(x0,0) = ZZ ZZe ™' x

[f1stat + wkinﬂ(in + wspinffpin]

[kilr(x0.0) = ZZ ZZe™™T x

. 1 .
[f1stat + (Ukinf:(m _ gwspinffpm]




Non-perturbative matching

Renormalization at leading order in 1/m

« Consider matrix element $QCP
massless limit — chiral symmetry — no u— but m—dependence
e In HQET
arbitrary renorm. sceme — no m- but u— dependence
e Matching
P (m) = Crnaten(m, ) X ®(u) + O(1/m)
o Perturbative expansion
Crnaton (M., i) = 1+ ¢1(m/p)g? (k) + ..




Non-perturbative matching

Renormalization at leading order in 1/m

« Consider matrix element $QCP
massless limit — chiral symmetry — no u— but m—dependence
e In HQET
arbitrary renorm. sceme — no m— but u— dependence
e Matching
P (m) = Crnaten(m, ) X ®(u) + O(1/m)
o Perturbative expansion
Crnaton (M., i) = 1+ ¢1(m/p)g? (k) + ..

Renormalization at NLO in 1/m
o Power divergences in HQET parameters

e Perturbative renormalization not sufficient,
non-perturbative method required




© 'From QCD to HQET"
@ Step Scaling Function
@ C++ program



HQET parameters

w; definition classical static
value value

W1 Mpare My mﬁt;‘e

wo In(that) 0 |n(Zzt’?;t?GICps)

w3 05\1 ) —-1/(2my) acy®

W4 Wkin 1 /(2mb) 0




QCD

L,

Ly

lllustration of the strategy

HQET

DA
%

SSF

Ss

(Heitger and Sommer, 2003)



o NyqeT observables ®i(L, M, a) needed
(with M RGI mass of the heavy quark)

e Chosen from combinations of SF correlation function
that they are renormalizable in a suitable way

e (L, M,0)
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Nuqet observables ®i(L, M, a) needed
(with M RGI mass of the heavy quark)

Chosen from combinations of SF correlation function
that they are renormalizable in a suitable way

Jdi(L, M,0)
Pick observables that have a linear expansion in w; for HQET

®(L,M,a) =n(L,a) + ¢(L,a)w(M,a)

S00(L;. M.0) = lm 6%°(L;. M. 2) J




Elements of ®9€P(L;, m, a)

Q L7 =—Ldo{In[~fa(xo = T/2,60)]}

I —fA (X0=T/2,90)
Q In [ Vfi(6o)

e RA =In [fA(XO = T/2, 91)/fA(X0 = T/2, 92)]

Q Ry = 1 {In[£(61)ki(61)°] - In[fy (62)k1 (62)°])

3 f1 (%)
© Zin [k1(90)]

o @ from SF with 64 < 6>



S, and S; (SSF)

Impose matching

®(Ly ~ 0.4fm, M, a) = ®%°P(L; ~ 0.4fm, M, 0)

(Choose L that 1/L; < my, for precise HQET expansion
and while doing continuum extrapolation keep amy, < 1/2)
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Impose matching

®(Ly ~ 0.4fm, M, a) = ®%°P(L; ~ 0.4fm, M, 0)

(Choose L that 1/L; < my, for precise HQET expansion
and while doing continuum extrapolation keep amy, < 1/2)

o Invert expression for (L, M, a) which is linear in w
@ = ¢~ (Ly,a)[®°P(L1, M, 0) — (L, a)]

e Then one needs ®(L, M,0) at larger L = Ly
®(Lo, M, 0) = eI!imO[n(Lg,a) + ¢(L2,a)0(M, a)]



S, and S; (SSF)

Impose matching

®(Ly ~ 0.4fm, M, a) = ®%°P(L; ~ 0.4fm, M, 0)

(Choose L that 1/L; < my, for precise HQET expansion
and while doing continuum extrapolation keep amy, < 1/2)

o Invert expression for (L, M, a) which is linear in w
@ = ¢~ (Ly,a)[®°P(L1, M, 0) — (L, a)]

e Then one needs ®(L, M,0) at larger L = Ly
®(Lo, M, 0) = ;imo[n(Lg,a) + ¢(L2,a)0(M, a)]
(canbe done aslongas s = Lo/Ly = no/ny

with nj = Lj/a is kept fixed at small ratio
to keep cutoff effects a smooth function of a/L;)



w(M.a) = ¢ (Lz, )[®(L2. M. 0) ~ (L, )]

(¢! and 7 from simulation Sy)

e Interpolate to desired value of 8



w(M.a) = ¢ (Lz, a)[®(L2, M. 0) - 1(Lz. a)]

(¢! and 7 from simulation Sy)

e Interpolate to desired value of 8

(L2, M,0) = 7°(L2,0) + lim (S(L1,a)[®(L1, M, 0) =7°(Li, a)] + E(L+,a))

(n =+ n° with ., = 0)




Example: Simulations in quenched approx.

Simulation L Theory L/a
Sq Ly QCD 40, 32,24,20
Sy Ly HQET 16,12,10,8,6
S3 L HQET 32,24,20,16,12
Sy L, HQET 16,12,8

(Della Morte et al., 2008; Blossier et al., 2009)



Example: Simulations in quenched approx.

Simulation L Theory L/a
Sq Ly QCD 40, 32,24,20
Sy Ly HQET 16,12,10,8,6
S3 L HQET 32,24,20,16,12
Sy L, HQET 16,12,8

e QCD

(Della Morte et al., 2008; Blossier et al., 2009)

fa, f1, ki and further correlation functions for calculating f/;mp“
(depend on 6, k and on xg (f4 only))

e HQET

in ¢sSpin in ¢sSpin
fa, fsa, £, 5P £y, fhin, £3P
(depend on 6, action (HYP1/HYP2) and on X, (fas only))



Example: Simulations in quenched approx.

Simulation L Theory L/a
Sq Ly QCD 40, 32,24,20
Sy Ly HQET 16,12,10,8,6
S3 L HQET 32,24,20,16,12
Sy L, HQET 16,12,8

(Della Morte et al., 2008; Blossier et al., 2009)

. QCD |

fa. f1, ki and further correlation functions for calculating f,™"

(depend on 6, k and on xp (fa only))
e HQET _ _

fa, fsa, ff\'”, f:pm, f1, f1k'”, ffpm

(depend on 6, action (HYP1/HYP2) and on X, (fas only))
e §=0,050r1

Same value for all spatial dimensions!

(remember y(x + Lk) = e"y(x) from the SF)



"Software code”

e Functions and define constants (nS°° | used values of 6, ...)
¢ Read from input files: paths to folders with input data,
tli coefficients for X, n, ®

Qcb
e Loop over n

- Read from input files values for «, ...
- Loop over all values stored in input file (lines)
- ’If sequence” to check, if line in input file
fits to relevant data for computation
yes — store in array
- Call function to perform binning and then jackknifing
- Call function to compute ®3°P(L, M, a)

e Take continuum limit
(call function that uses Gauss-Jordan algorithm)



"Software code”

HQET
e Loop over nz

- Read from input files values for 6, ...
- Loop over all values stored in input file (lines)
- ’If sequence” to check if line in input file
fits to relevant data for computation
yes — store in array
- Call function to perform binning and then jackknifing
- Call functions to compute functions build of correlation
functions (e.g: combination with different values for 6)
- Depending on lattice call function to calculate ¥, n;, ...
Perform necessary continuum limits (— ®(Lz, M, 0))
Loop over lattices from Sy
- Compute w for each combination of ks and HYP1/HYP2
Interpolate
Output of all computed data



e Outlook / Summary
@ Applications



Up to now only reproducing results but



Up to now only reproducing results but

now use software for...

Some data with N; = 2
(ALPHA Collaboration, 2010/2011)

Q o Investigation of the quark mass dependence of the mass
splitting (between B and B*) in the B-meson system from the
charm region to the static limit

2/IHGI o
« Am=mg —mg = 2z Cepin (Mp/ i) + O(1/M2)
o Analysis of new data from (quenched) simulations beyond the
matching point at my, to clarify the issue




Spin Splitting - Expectation

Compilation of quenched data in the charm region and from HQET
(ALPHA Collaboration, 2008-2010)

T
08 - static limit —e— |
. b point from NP HQET (3-loop Cspin) —=—
QCD points (3-loop Cspin) —=—
07 1.127*x

ro Am/ Cspln

I I I I
0 0.1 0.2 03 04
1/(rg Mgg))

I
0.5 0.6

Linear behavior expected when plotting Am/Cgpin (Mb//\m)
against 1/ My



Spin Splitting - Discrepancy in the slope

Slope o 3¢ also directly (and independently) computable

in HQET

ro Am/ Copin

1

038 -

06 -

04

02

212 1,70 1.66%

linear fit: 1.19*x
quad fit: 1.39%x - 1.22*x**2

_—
e
e
-
- g : ®
i
=
-
=5
//
g
L L L L L
0.1 02 03 04 05
1(rg Mgg))

06

« Comparison of fits with calculated value for r2 256!



Spin Splitting - Investigation

"‘two\ambdaZ‘” ——i
"delspin_all_timesM" —e—

2,
fo” Am * Mgg) / Cepin
a

12 ﬁ §
4
1F ¢
[]
08 Lo . . . . .
0 01 0.2 03 04 05 06
1(ro Mrg1)

o AmM, = 2459 Cypin (Mo /Aigs) + O(1/ M)

e Roughly constant behaviour in b-quark region expected, if O(1 /Mﬁ)
corrections are small

e Large O(1/M?) corrections for the spin-splitting in the b-region?

® |nvestigate problematic region with data from mentioned further simulations



©@ Why do we need HQET?

© How can we derive £ for HQET?

© What does the SF offer us for HQET?
© What are the parameters of HQET?
© How can we compute them?

© What is to do next?



Thank you for your attention!



e Overview

e Sommer, R.:
Introduction to Non-perturbative HQET.
arXiv: hep-lat/1008.0710

e Sommer, R.:
Non-perturbative QCD: renormalization, O(a)-improvement and matching to
Heavy Quark Effective Theory.
arXiv: hep-lat/0611020

o Nf =0

® Heitger, J.; Sommer, R.:
Non-perturbative Heavy Quark Effective Theory.
arXiv: hep-lat/0310035

e Blossier, B.; Della Morte, M.; Garron, N.; Sommer, R.:
HQET at order 1/m: I. Non-perturbative parameters in the quenched
approximation.
arXiv: hep.lat/1001.4783.

® Della Morte, M.; Garron, N.; Papinutto, M.; Sommer, R.:
Heavy Quark Effective Theory computation of the mass of the bottom quark.
arXiv: hep-ph/0609294

[ ] Nf = 2
e ALPHA Collaboration:

B meson spectrum and decay constant from Nf=2 simulations
arXiv: 1012.1357
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