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|
Lattice HQET
Why HQET on the lattice ? The reason is mainly practical:

o finite volume effects are mainly triggered by the light degrees of
freedom. The usual requirement is mpslL > 4 and mps is typically
around the kaon mass in real lattice simulations = L ~ 2 fm.

o cutoff effects are tuned by the heavy quark mass.
a<<1/mp=~0.03fm.

= L/a ~ 100 is needed to have those systematics under control !!
Integrating out the heavy quark mass in this case is useful !!
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myp, (and Fg_) in HQET

The b quark mass and the
Bs meson decay constant in HQET

ALPHA

Collaboration

In collaboration with N. Garron, M. Papinutto, R. Sommer and B. Blossier
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myp, (and Fg_) in HQET

Why dO we I|ke HQET[Eichten and Hill, '89] ?
@ Theoretically very sound

e Can be treated non-perturbatively including renormalization (and
O(]_/M)) [Heitger and Sommer, 2003]

Subleading corrections can be computed systematically or estimated
by combining with relativistic quarks around the charm

@ The continuum limit is well defined and can be reached numerically

[ALPHA, 2003]

Unquenching can be included now

@ Can be used together with other methods, eg the Rome Il method

[Guazzini, Sommer and Tantalo, 2007]

still it might be a little involved ....
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myp, (and Fg_) in HQET

A bit of notation

Field content: vy, s.t. Py = vy, with P, = @

SHoeT = a* Z {djh(DO + 6m)tp + wepinh(—B)bh + wiinthn (—;D2> P

@ 3 parameters (we'll get rid of one through spin-average) to be set in
order to reproduce QCD up to O(1/m?).

® wspin and wyi, formally O(1/my).
@ Renormalization and matching !

@ The two steps could be performed separately. In particular at leading
order in 1/my, matching can be done in perturbation theory. Here we
are interested in 1/my, corrections and do the two things at the same
time and non-perturbatively.
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myp, (and Fg_) in HQET

1/my, corrections
take for example
m. — mg = Cnag(m/Nqcp) (BlpoBys|B) + O(1/my)

Cmag(mp/Nqcp) has a perturbative expanison. At order n — 1 the
truncation error:

1 n AQCD
~ n ~
~ a(mp)" ~ {2b0 |n(mb//\QCD)} >> o as mp — 00

@ The perturbative corrections to the leading term are much larger than
the power corrections !!

@ Put everything on the lattice, including matching ( “Wilson™)
coefficients.
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We don't include the next to leading terms of the 1/mj, expansion in the
action, the theory would be non renormalizable. We treat them as
insertions into correlation functions and consider the static action only.

e~ (Srert5meeT) — @~ (SrertSstat) o [1-a* Z ﬁ(l)(X, Wspin, Wkin) + - - -]
X

and Sgar = a* > LZ_Jh(X)Dé-IYP’gZJh(X) [spin-flavor symmetric]
f f i\n/q)in

1
: OFkinspin

x [

0 T 0

fkin/spir(\)i))

fA,dA(XQ) A, dA
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myp, (and Fg_) in HQET

Overview of the approach

@ We will use a finite volume scheme (Schrodinger functional). The
volume L should be small enough to simulate relativistic b-quarks
(a<< 1/myp) but also such that ~ Aacp (in the end L;~0.4 fm.)

Limy mb mp
o Considering spin-averaged quantities, we are left with two coefficients.
Strategy: define two (sensible) quantities ®, and require (in small

volume)
OHIET — QD — 12

@ Evolve these quantities in the effective theory to large volumes. There
the B-meson mass expressed in terms of ®, and large volume HQET
quantities can be used to fix the b-quark mass.

‘ Lattice with amq < 1 ‘
mp = 5.4GeV Dy (Ly, My,), P2(Ly, M)
1 Ly =21, l
(I>IIIQF)'I‘(L2)7(I);|Q}«Z'I‘(L2 Um(ul) (I)HQF[I‘(LI)Aq);{Q}«]'['(Ll)

km( km(

uy), uy)
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myp, (and Fg_) in HQET

The Schrodinger functional

QCD in a finite volume L3 x T with periodic boundary conditions in space
and Dirichlet boundary condition is time.
Periodicity up to a phase : 1(x + Lk) = e'4)(x)

X=T
e QCD correlations (b-quark boundary field: ()
oo > (Gu)sCh(v) C(y)sti(z)  PS
uv,y,z %= 0
ki o Z (CH)Ch(v) S(NWG(2)) vV e
u,v,y,z,k
e in HQET (b-quark boundary field: () up to O(1/m3). [Mpare=0m-+my)
(fi)R = Zghzgefmbare-r {fiStat + Wk,nflkm + wspl'nfispin}

1 .
(kl ) R = Zgh Zg e*mbare T { fistat + Wiin flkln o §W5pin flspln }

Main advantage of these SF correlators: no 1/my terms in the HQET

expansion of the boundary fields.
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myp, (and Fg_) in HQET

QCD HQET
O1(L, M) = In (2E) +3In (200 — Rstat = nRE"(0,07)
1( ) ) n ) k() 1 Wkinq )
(L, M) = LT = —Ld7In 2V = L[Mpare + M§" + wiin[ ¥7]

R = (k)

@ For the lattice spacings (ie 3 values) used here (L;) we could
determine wyj, and mpa.e as functions of M (implicitly we'll do that).
@ but we don't get the relation among M and mg to fix the b-quark

16fm L
1

mass.
@ To this end we first evolve the ®, to larger volumes |

Oy (L2, M, 8) = sz, (L1, B)®j(L1, M, B)

the SSF X ; are defined in HQET and have a continuum limit. Notice
& (Lo, M) still depend on M !
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myp, (and Fg_) in HQET

@ The parameters () used in Ly can be used in large volumes. There
we take a phenomenological quantity to fix M,

tat kil
mpav = E*°" + wyin EM" + Mpare

L—oo

. 1 -
stat __ |t stat kin __ 2
SRt = lim T2, EN" = —2(B §Z YnD*Y(0, 2)|B)

rewriting wijn, and Mpare in terms of O (Lo, M) = ¥ 4;®;(L1, M) we
get a relation between mgav and M which we solve for M.

@ The relation involves quantities, which have a continuum limit either
in QCD or HQET. The bare parameters have disappeared (implicit
above).
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The static piece

In this case only 1 parameter (dm, linearly divergent) to be eliminated

1: oo volume. Experimental input mg:
stat
mg = E + Mpare

Mpare iS @ counter-term in the action — independent from L
2: Small volume (L1) matching condition

F1(Mp, L1) = T3P(L1) + mpare
My, obtained by inserting 2 in 1:
mp = [E**" =TT (L1)] + T1(Ms, L)
Each piece has a well defined continuum limit in HQET or QCD.

The difference between oo volume (~ 1.6 fm.) and L; (~ 0.4 fm.) is too
large to simulate at the same bare parameters and a fine a.

We insert one SSF evolution
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myp, (and Fg_) in HQET

2L1m5 - 2L1[E5tat - Fit"’t(2L1)] - Jm(l_l) = 2L1F1(Mb, Ll)

om(L1) = 2L1(M575(2L1) — T (L1))

19
05F g 18- 1
L = o ]
0al /_ﬂ/@dﬂ i i 177 ]
161 -
X o3k I - L i
15 —
02 0 HYP2 ] al il
O HYP1 [ el ot 7
01k — 0.1 % uncertainty on M, | | L |8 Igi:xl,,]w]rwl:zm T, -o, |
13- o L‘N;h“'\l -

0 1 ¥ T YT 12 | . | . | |
2 10 11 12 13 14
(a/L) ?
Mstt — 6.806(79) GeV/
We also get
1 9dy(Ly, M)
s=—2"2L M) 61(5)
Ly oM
Michele Della Morte (CERN, Theory Unit) Non-perturbative HQET on the lattice EuroFlavour '07 13 /19



Similarly for NLO corrections

mpav = mthat + mlB

with m} in terms of EX", SSF and ®, (L1, M5?t), eg (notice a/L now):

O HYP2
8- o HYP1 4
— 0.1 % uncertainty on M,/

kin
S A = R

1 L | L L L
005 0.1 0.15 0.2
a/L

1

1 _ _ Mmp

and Mg = —~¢
In the MS scheme at the scale my

mb(mb) = 4.347(48) GeV
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myp, (and Fg_) in HQET

@ We tried (12) different matching conditions. All results agree, indicating
very small 1/”’% COrrections. [ALPHA, JHEP 0701:007,2007]

YR ro My, = ro (MO + M) 4 m P

=0 6,=1/2 6,=1
0o=1/2 6,=1 0 =0

0 17.25(20)  17.12(22) 17.12(22) 17.12(22)
0 17.05(25)  17.25(28) 17.23(27) 17.24(27)
1/2 17.01(22)  17.23(28) 17.21(27) 17.22(28)
1 16.78(28)  17.17(32) 17.14(30) 17.15(30)
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The By meson decay constant

Operators have an expansion in 1/mj, too. The a-expansion and the heavy
quark expansion are not independent on the lattice, they are expansions in
the dimension of the operators (1/mj terms must be introduced together
with O(a) improvement terms of the static action).

)

AHQET ZHQET (Astat +(0(a) + O(1/mp)) x C/IA-IQETAgl))

1 _
A (x) = (D1 Dy (x)
In our notation ZA”QET includes the matching coefficient.

For the decay constant 4 ®;'s are needed in the small volume matching to
QCD. The SSF also becomes a 4 x 4 matrix [ALPHA, Lattice 2007]
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myp, (and Fg_) in HQET

@ (Quenched) Results from different matching conditions:

Preliminary !!
6o Fg™ [MeV] Fi*t + FD[MeV]

01 =0 01 =05 =1

6, =05 0, =1 0, =0
0 224 +5 185+21 186+22 189422
0.5 220£5 185+21 187 +£22 189+22
1 209£5 184+21 185+21 188+22

Same pattern as for my,. Results are perfectly consistent after the inclusion of the
1/my, terms. More than suggested by the errors, as eg

A (0 = 0,0, = 1,0, = 0)—F* (0 = 1,0, = 0,0, = 0.5) = 442 MeV .
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myp, (and Fg_) in HQET

Comparison with other determinations beyond the static approximation

- T I ]
Y B
zz2 [ 3
N o rg/2 FpgV/mps 7]
£ N ° Crs ]
2 .
F \\ = r§/2 FpgVmg, b
1.8 .
1.6 - .
1.4 .
1.2 .
N S i i A =
o 0.1 0.2 0.3
1/(rompg)

,:BS :193(6) |\/|eV [ALPHA, arXiv:0710.2201 [hep-lat] and talk tomorrow by J. Heitger]

Rome Il SSF method with static constraints: Fg, = 191(6) MeV

[Guazzini, Sommer and Tantalo, arXiv:0710.2229 [hep-lat]]
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Conclusions

Conclusions

© To keep the pace with forth-coming experiments and really help in the
quest for New Physics, lattice results in Heavy Flavor Physics must
aim at high precision.
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Conclusions

Conclusions

© To keep the pace with forth-coming experiments and really help in the
quest for New Physics, lattice results in Heavy Flavor Physics must
aim at high precision.

@ To this end all the systematics must be kept under control.
Unquenching, renormalization, continuum limit, chiral extrapolations,
each of them can easily have a 5 — 10% uncertainty associated.
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Conclusions

Conclusions

© To keep the pace with forth-coming experiments and really help in the
quest for New Physics, lattice results in Heavy Flavor Physics must
aim at high precision.

@ To this end all the systematics must be kept under control.
Unquenching, renormalization, continuum limit, chiral extrapolations,
each of them can easily have a 5 — 10% uncertainty associated.

© I've given an example how this can be done non-perturbatively while
discussing the b-quark mass in HQET and the By meson decay
constant. Almost done, it was quenched. Unquenching is ongoing
[ALPHA, Lattice 2007 and JHEP 0702:079,2007 for F'f;:”

@ The approach can be extended to other quantities, eg Bg and the form
factors for semileptonic decays.

@ The approach can be extended to other formulations, eg for the
non-perturbative determinations of the parameters in Fermilab-like
actions [N. Christ, Li and Lin, 2006].
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