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HQET at zero velocity on the lattice

The static part is given by the Eichten-Hill action [Eichten & Hill 90]

Sstat = a* ZEh(X)DOTth(X)
with Piaby, =y, , EhPJr:Eh, P+:%(1+70)

The static energy contains a linear divergence (o 1/a) which is absorbed by mpaye

_ fstat
mBp = E + Mpare

The 1/m corrections are the kinetic and chromomagnetic terms

Okin = —¢,(D?)¢n Ospin = =P (0 - By

with coefficient wyin, Wspin = Classically wiin = wspin = 1/(2m)

HQET coefficients my e, Wkin, Wspin are determined non-perturbatively = renormalizability

J
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HQET computation on the lattice

We want to compute hadronic quantities at the 1/m order of hqet, for example

mB = Mpare + Estat + wiin E5P + Wspin gspin

OAFYETIB) = ZJ T (0145 [B) + win (O]AK™ B) + wipin (0] AT [B))

= To achieve such a computation, one needs:

m large volume matrix element and energies EStat, EXin (0| AStat|B), ...

— see Benoit Blossier's talk
m HQET parameters mpare, Wkin, ZEQET
— this talk

goon
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Status of the project

mnf=0
> b-quark mass (Alpha '06)
> . HQET parameters (Alpha '10)
> Il. Spectoscopy in the quenched approximation (Alpha '10)

> 1. Decay constants in the quenched approximation (in preparation)

nf=2
> HQET parameter : almost finished

> Large volume part: preliminary results (1 lattice spacing)
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St rategy [Heitger & Sommer 03]

QD Gam <1

Matching

L1 ~ 0.5 fm ®QED (L, amy) ————————  HQET([)
Ly =2l [OHQET(15) — oHQET(4)]
Ling O (Ling, amy) = [OHOET(L,5) — oHAET(L,)]
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St rategy [Heitger & Sommer 03]

m Simulate QCD in small volume L; ~ 0.5 fm with am}, < 1.
Compute a set of observables and take the continuum limit ®(Ly, mq)
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St rategy [Heitger & Sommer 03]

m Simulate QCD in small volume L; ~ 0.5 fm with am}, < 1.
Compute a set of observables and take the continuum limit ®(Ly, mq)

m Compute the corresponding quantities in the effective theory for various lattice spacing.
Impose the matching = HQET parameters for these values of the lattice spacings .

Meson mass: TRCP (L1, mq) = mpare(mq, a) + Mt24(Ly, a)
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St rategy [Heitger & Sommer 03]

m Simulate QCD in small volume L; ~ 0.5 fm with am}, < 1.
Compute a set of observables and take the continuum limit ®(Ly, mq)

m Compute the corresponding quantities in the effective theory for various lattice spacing.
Impose the matching = HQET parameters for these values of the lattice spacings .

Meson mass: TRCP (L1, my) = myare(mq, a) + M58t (Ly, a)

m Perform another simulation of HQET, with the same a's but in a larger volume, for
example Ly = 2L;.
Use the HQET parameters computed in the previous step, to obtain the observables in the
volume Ly, and take their continuum limit ® (Lo, mq) (cancelation of the divergences).

Meson mass:

M(Lo,mg) = lim (P24 (L,a) = F*U2(Ly, @) + TAP(Ly, mg)

= L1 o™(g%(L1)) + P (Ly, mg)
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St rategy [Heitger & Sommer 03]

m Simulate QCD in small volume L; ~ 0.5 fm with am}, < 1.
Compute a set of observables and take the continuum limit ®(Ly, mq)

m Compute the corresponding quantities in the effective theory for various lattice spacing.
Impose the matching = HQET parameters for these values of the lattice spacings .

Meson mass: TRCP (L1, my) = myare(mq, a) + M58t (Ly, a)

m Perform another simulation of HQET, with the same a's but in a larger volume, for
example Ly = 2L;.
Use the HQET parameters computed in the previous step, to obtain the observables in the
volume Ly, and take their continuum limit ® (Lo, mq) (cancelation of the divergences).

Meson mass:
M(L2,mq) = lim (F%(Lp, a) = F*(Ly, a)) + FP (L1, ma)
a—

= L1 o™(g%(L1)) + P (Ly, mg)

m Restart from step 1, with ®QCP(Ly, my) — &(La, mq) until the volume is large enough to
compute hadronic quantities
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Implementation : Schrodinger functional e o, sin o

Implementation: Schrddinger functional of size T x L3

m Dirichlet boundary conditions in time (at xo =0 and xg = T)

m Periodic boundary conditions in space, up to a phase W(x + kL) = e®W(x).

T

time

space

Transition amplitude for C(xg =0) = C'(xo = T)
Z[C',C] = (C'|le"HTP|C)

_ Ze—EnTwn[C/]wn[C]*

n=0
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Implementation: 2-point functions in QCD

Boundary to current correlators

falx) = —— Z < Ar)o ’y5C1(Z))>

and boundary to boundary correlator

12

A= -5 , Zyj (@ 15¢1(2)) Cu¥)15G(2)
al2 o _, _
o= -l Z//<<<b(y'mc'l(z'))(cb(ywko(z)»
y,z,¥y",Z
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Implementation: 2-point functions in the

Boundary to current correlators

ab —
700 = =5 D0 (A0 Cuy)sa2)
y,z

and boundary to boundary correlator

. 312 —/ —=
=2 2 (s (@) Gnsa@))
ywzuylvz/
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Implementation: 2-point functions at the 1/m order

Boundary to current correlators

f00) = =5 D (AF™(0 0(1) Cuy)si(2)))

y.z,u

time

0
Boundary to boundary correlator s
in 312 = in >
A= =25 2 ((Ca)¢(2) 0 () (Cu(y)1sai(2)))
y,z,y' 2’ u

time

(L

spin  gspin
And the same for f,° ", ] Space
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Fg, including 1/m corrections

From the current-to-boundary f4  and the boundary-to-boundary f; correlators

T TC D

| |

ol /Y o /7

space
Build an observables related to the decay constant :

—fa(xo) I>1 1
CD A\X0 >
4)8 =In (T) = In (EFB\/ mBL3>

At the 1/m oder of HQET

time
time

space

- _f‘stat
PHQET InZJQET 4 n | A
fstat
1
stat kin kin spin spin
n cHQET f5A + o LN ¥ wos i _1f
A stat mn stat stat spin stat stat
F5 fstat — 2 f; Rt 2
1/m
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The observables (1)

b= ¥ = Lrstat
=7
G= (=)= ¢a
v
3= Ra = R
1 .
Py = Z(Rf +3rY) = Rytet

3 fi
D= —In (—):
4 ky

HQET HQET , rstat

L e +ey o LIER

+In ZﬁQET +CEQETp5A
+CZIQET RsaA

+Wiin LEX® wgpi, LESPIR
Wi WD +wgpin WSPIR
ki spin
+wkinRA ™ Sl
Fwyin RE
popin
Wspin fstat
1

We define the 5 dimensional vectors ®, 1, w and a 5 by 5 matrix ¢

(L, mq) = lim [9(L,a)w(mq, a) +n(L,a)]
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HQET parameters at the 1/m order

We compute w(mgq, a) from the matching in L;

SQREP(Ly, my) = ¢(L1,a) w(mg, a) +n(L1,a)

then the observables in Ly, from

(La,mq) = lim [¢(L2,a) (¢ (L1, 2) 99 (Le, ma) — (L1, 2)) + (L2, 2)]

= lim
a—0
The HQET parameters needed for a large volume simultation are given by

w(m<17 a) = ¢_1(L27 a)(b(LQ’ mQ) - 77(L21 a)

A last step : interpolate these results to the lattice spacing used in the large volume simulation
(CLS)
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Results

Continuum extrapolation of the QCD observables

®1(L1, mq)
14 S i
—_ »
12
=) Py — .,
8 105 o
FGT st
6 «
a
0 5 10 15
(a/L1)2 x 10

®>(L2, mq)
— s - »
o5 v
3
L e W
—_— s
—
R
Q — —e
G 04 . -
K L —
— s B _
0.35
03 0 5 10 15

The RGI quark masses M are such that z = 1M € (4,6,7,9,11,13,15,18,21)

L1/ro =09=L; ~045 fm

L1/a = 40,32,24(20)

B = 6.638,6.4574,6.2483
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Results

Continuum extrapolation of the static observables in Ly

®1(L1, mq) 2(L2, mq)
30—, - — 0.75
25 - 07
. 0.65
&% o ' & 06
15, 055
- o 05
10
e
0 2 4 6 0455 2 4 6
(a/Ly)? x10° (a/Ly)? x107

The RGI quark masses M are such that z=L;M € (4,6,7,9,11,13,15,18,21)
L1/r0 =09=L; ~0.45fm
[1/a=12,10,8  Li/a=24,20,16

3 = 5.758,5.619,5.4689 Point with Ly/a = 32,L;/a = 16 will be added in the near future
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Results

Continuum extrapolation of the 1/m observables in L

P4(Ly, mq) s5(L2, mq)
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0.036 7
& 0034
i
~ O
¥ 0.032
0.03 ’ ﬁ
g 3.2
0.028
0 002 004 006 008 0 002 004 006 008
a/Ls a/Lsy

The RGI quark masses M are such that z=L;M € (4,6,7,9,11,13,15,18,21)
L1/ro =09=L; ~045 fm
Li/a=12,10,8 Li/a=24,20,16

= Point with Ly/a = 32, L;/a = 16 will be added in the near future
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Results

H . stat
Example of static parameter: mpa"

ng=20

ng =2
8
=9 = ks ®9.5 {
51527.5 5?::;+\{—~\} 53 { }
3 I 3 !
N7 b ) Fes 3 9 }
RS i
6.5 - - - 8.5
Li/a ° ° L, /alo ”

The RGI quark masses M are such that z=L;M € (4,6,7,9,11,13,15,18,21)
L1/ro =09=L; ~045 fm
L/a=12,10,8 Li/a=24,20,16

= Point with Ly/a = 32, L;/a = 16 will be added in the near future
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Results

Example of 1/m parameters

0.14
_ 0075 ; ~0.13 l
S S :
= % £ 012 }
v Q
3 0.07 % ”’3 }
i 0.11 } + } {
0.065 0.1
0 12 6 0 12

8 1 8 1
Li/a Li/a

The RGI quark masses M are such that z=L;M € (4,6,7,9,11,13,15,18,21)
L1/r0 =09=L; ~0.45fm

Li/a=12,10,8 Li/a = 24,20,16

= Point with Ly/a = 32, L;/a = 16 will be added in the near future
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Results

Interpolation at the desired 3 values

2 -0.1
A = -0.12
T 0l5 g
2 a0 — -0.14
N @
— 0 < +
g L To—o.le
3
; 2 018
05 5.2 5.4 5.6 5.8 02 5.2 5.4 5.6 5.8
from g =...to 8 =5.2,5.3,5.5,5.7
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Results

Interpolation at the physical mass, in the static approximation

17

16

stat

15
M14

5313
12

11

The RGI quark masses M are such that z = 1M € (13,15, 18)
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Conclusion - Status of the project

mn=0
> b-quark mass (Alpha '06)
nf=0  my(mp) = 4.350(64) CeV —0.049(29) GeV + O(A3/m3)
—

N—— N————r
static O(A2/my,)

> |. HQET parameters (Alpha '10)
> Il. Spectoscopy in the quenched approximation (Alpha '10)
> Ill. fg :in preparation
monf=2
> HQET parameter : almost finished

> Large volume part: preliminary results (1 lattice spacing)

VERY PRELIMINARY my,(my,)*t2 = 4.255(25)(50)(??)  my, (my,)HQET = 4.276(25)(50)(??)

Thanks to Benoit Blossier, Michele Della Morte, Patrick Frizsch, Jochen Heitger, Georg von
Hippel, Bjorn Leder, Tereza Mendes, Hubert Simma, Rainer Sommer, Nazario Tantalo and other
members of the alpha collaboration.
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