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Motivation

S _Wkin 2 Wspin
EHQET(X) = lph(x)|: @er >m D om B 1/)h(x) + ...,
static limit

m : heavy quark mass

» systematic expansion in 1/m, accurate for m > AQCD,
renormalizable & has a continuum limit

» matching {m, wgpin, - - - } < {QCD parameters} required to make
HQET an effective theory of QCD

» consider HQET as expansion of QCD in 1/z = 1/(LM) and verify
that its large-z behaviour complies with HQET

> tests may justify interpolations between the charm region (slightly
above of it) and the static limit to the b-scale also in large-volume
physics applications, e.g. to determine Fg [Alpha:JHEP02(2008)078]

» comparison to tests of quenched QCD [Heitger etal: JHEP11(2004)048]
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Requirements

Finetuning

» line of constant physics; within our strategy to do a NP matching
between QCD and HQET, we are working at

gZ(Ll) ~ 4.484 Lim =0 z=L1M =~ const

M : renormalization group invariant heavy quark mass

> connection between bare & renormalized parameters of the theory
~> knowledge of improvement coeff. and renormalization constants
crucial to invert

Z(Kh) =[1M= leManvh = leMmq,h(l + bmamq,h)

with amgy, = (kb — 1) /2, L1/a € {20,24,32,40}.
Quadratic equation with solutions

restricts z(Ly) < —(L1/a)Zm/ (4bm). Aupiatp




Simulation parameters

» by, and Zyp non-perturbatively computed by the Alpha-collaboration
[Della Morte etal:PoS(LATTICE 2007)246]
= z < 22 possible for L1 = 24,32,40 and z < 17 for L1 = 20

> we choose z € {4,6,7,9,11,13,15,18,21} to cover a wide range

of masses «
(reference scale L* ~ 0.6fm from [Alpha:JHEP07(2008)037])

L1 /a /S Ke L1 m

20 6.1906  0.135997290 +0.00055(13)
24 6.3158  0.135772110 —0.000145(66)
32 6.5113  0.135421494  40.000143(36)
40 6.6380  0.135192285  +0.000024(24)
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Framework
The Schrédinger functional as finite renorm. scheme
» periodic b.c. in space and Dirichlet in time
» fermion fields periodic in space up to a phase
Plx+ kL) = e?y(x)
Px+kL) = e 9(x)
here we mainly use 6€{0,0.5,1}, where 0.5 %=0

is the angle in our dynamical configurations
generated on apeNEXT @ DESY-Zeuthen
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Framework

The Schrédinger functional as finite renorm. scheme

» periodic b.c. in space and Dirichlet in time o
. C X c.Qv
» fermion fields periodic in space up to a phase ~_"" "

P(x+ kL) = ey(x)
P(x+ kL) = e p(x)

here we mainly use 6€{0,0.5,1}, where 0.5 %=0 (" crz
is the angle in our dynamical configurations
generated on apeNEXT @ DESY-Zeuthen Y

» multiplicative renormalization scheme where the kinematical
parameters L, T/L, 0 fixes the renormalization prescription

» mass independent renormalization scheme
> N; = 2 degenerate massless sea quarks (m = Miight = 0)

> correlation functions are build from heavy-light valence quarks; light
quark mass is set to the sea-quark mass (~ 0) Apstp



Finite volume observables

SF correlation functions ...

Boundary-to-bulk:

fa(x0.0) = =25 Y (1) 7075 (%) T (¥)1581(2))

X,y,z

kv (x0.0) = =25 - (9,0 7x9n () Eu ()74 (2))

x,¥,2z,k
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Finite volume observables

SF correlation functions ...

Boundary-to-bulk:

fa(x0,0) L3 Y (P (x)v0r5¢Pn (x) Cn(y)rs8i(z))

X,y,z

kv (xo,0) L3 Y. (1 0) 7k (x) Cu(y) 161(2))

x,¥,2z,k

Boundary-to-boundary:

f(0) = 211_26 Y (G (W) rsu(v) Culy)1581(2))

u\v,y,z

k(0) = — 2% Y (T (Wrkr (V) Tu ()11 (2))

u,v,y,z k

and additionally fp, kT to improve fa, ky respectively




Finite volume observables

.. and derived quantities ...

> provided that Ay, V), denote renormalized currents,

Yps(L, M):—FW, Yv(L, M):_k\/\(/;fa’
Rpg/v(L, M) = _1?3/((T'F//22))' Rps/p(L, M) = _m'

are finite quantities

> in the O(a) improved lattice theory this amounts to replace e.g.

1
A = Za[L+ Sba(amq + amqn)] x Ay
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Finite volume observables

.. and derived quantities

» for the same purpose effective energies are defined by

__d _ _f(T1/2)
rps(L, M) = —dfxo In [fA(Xo)] - T/2 = —my
d ky(T/2)

Fv(L,M) = — 3 - in[kv(xo0)] T TR

Tav(L, M) = £ [Tps(L, M) + 3Ty (L, M)]

Rspin(L M) = |n(f1/k1)

» meaning of the observables from their large-volume behaviour (up
to normalizations)

L— o : Ypg, Yv — Fps, Fv : heavy-light decay constant,

Rspin — mp; — mp, : mass splitting
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Effective theory predictions

at the classical level:

> current matrix elements expected to posses a power series expansion
inl/z=1/(LM)

> leading term in expansion of CFs by replacing 41, — ¢, & dropping
O(1/m) terms

‘ ftat(1/2
fa — fytat =T /2) = X(L) = lim Yps(L, M)

/ flst at

= lim Yy(L M)
Z—0Q

due to heavy quark spin-symmetry (A5 < VEtat)
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Effective theory predictions
correspondence of HQET and QCD in quantum theory:

» scale dependent ren. of HQET implies logarithmic modifications
axial current renorm. Xr(L) = Z3* (4) Xpare (L)

depends logarithmically on the chosen renorm. scale u

> no scheme dependence when going over to

Hlian {[2bog2(y)]_7°/(2b°)XR(L, }4)} = Xra1 = Zrc1Xbare (L)

11— 2N/3 o
where bo = W ) Yo = — (47’1’)2 ,

are first order coeff.s of B and of the anomalous dimension of the
axial current, respectively

» large-mass behaviour of the QCD observables:
(RGls of the eff. theory) x (logarithmically mass dependent functions C)
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Conversion to the matching scheme

translation to another renormalization scheme

Definition of the matching scheme: for arbitrary renormalized matrix
elements ®r in QCD & the effective theory it should hold

e3P =g ()| +0(1/m)

p=m

> in perturbative QCD, m typically can either be the pole mass mq or
the MS mass m.

wwwwwwwww



Conversion to the matching scheme

translation to another renormalization scheme

Definition of the matching scheme: for arbitrary renormalized matrix
elements & in QCD & the effective theory it should hold

CD HQET
PP = o ¥ () o, oa/m)
> in perturbative QCD, m typically can either be the pole mass mg or
the MS mass m,

example: static axial current; the conversion factor for Xgar to @ in this

scheme is
~ o ew . 1v(e) 1
Cps(i) = [2b0g2(1)] ™ ex / dg |18 _ 70
ps (i) = [2bog” ()] p{ 0 g [,B(g) bog .
0P match L .
‘ua = ’)/(g)(b Y= : anomalous dim. in the matching scheme

’)/(g) =7 S(g) —l—p(g) , 0 : matching of MS-renorm. HQET operators in QCD
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Matching coefficients Cx (Ayg/M)

more convenient choice of the argument of the conversion functions Cx:

» change argument of E'X to the ratio of RGls, M/ Agrg
= functions Cx(M/Ayg)

» M = RGI quark mass, advantage: fixed in lattice calculations
without perturbative uncertainties

Yx (L, M) V¥ Cx (M/Ags) Xrar(L) (1+O(1/Z))v ij\)/zsi,v'

Res/2(L M) <% Cog/p (M/ Agg) [1] (1+O(1/Z)) , ?=V.P,
Xspin

Repin (L M) M= Copin (M/ Agps) Tt (1+O(1/Z))'

LTy (L, M) MZ® Crrass (M/Agrg) X 2 +0O(1),

m m m
Cmass (M/AWS) = WQ . Q
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Matching coefficients Cx (Ayg/M)

Cx : integrate perturbative RG equations (in the effective theory) in the
matching scheme, using 4-loop B(g), T(g)

Coptn —————— ——— Crs o 5
12F. ----1-loop 7 14 F . E
[N ——2-loop 7 1 E el ]
115 | 2
1 F
0
C,
P Cou [ T ]
1E — 1-loop matching P/ L i -loop matching ]
0.95 & —— 2-loop matching 3 1.1 f——2-loop matching — g
Y — 3 F —
£ — E| o5f- _— 4
0.85 |- T E P
08 E | | 4 e | | .
0 0.05 0.1 Ays/M 0 0.05 0.1 Ag/M

> 3-loop 712\/[78 anomalous dimension (AD) from [Chetyrkin&Grozin,2003]

> Cspin constructed from the AD of ¢, (x) oByy,(x); 3-Ip v known
Aupratp
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Results

Continuum extrapolations ...
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Results

Continuum extrapolations and asymtotics ...

LT,/ (2Cpmese) < 1+0(1/2)
1.1:‘””‘”H‘HH‘HH“HTHH:
~ 1 1 E
Q Hlisg ]
Z E
e E
i 1 [
(e} ]
S I E|
Nos £ 3
5 o static J
-y EY =
! . Cpon=l 3
07 L Y amy 3
TE T P
S B I B I B
0 005 01 015 02 025 1/z

Rpspv/Cogpy o 1+0(1/2)
e e
1pa. x, o static
r g + Crp=l ]
—_ L I = 3-lpy ]
N [ s T ]
> r x x ]
= F x 1
209 z ¥ 3
& L N ]
o [ ]
S r oz ]
g [ ~ % ]
£, [ ]
0.8 - [ 7
S B I B I
0 005 01 015 02 025 1/z

[8=05]

Lr,

=0.5]

Rps/p[g

18
17
16
15
14
13
12
11

avi

-
OO N OO

0.95

0.9

On(a/Liz) = L(Tpst3y)/4

L B e I A NN
L e 3
I ]
C e 3
Fe— r
Fe o o °
Fe o e o]
Fe N
— o]
Lo o
P BT T B ot
0 0.001 0.002 (a/L,)?
Rps/v(a/LvZ):fA/kv
T
Fe |
I SE—S—- ® |
[ &—F—e— o o ]
[ S .
g 1
I ]
*£—/—§’—t & |
’E_,H——df o o
L 3|

0

0.001

0.002 (a/L)?

z=21

N NN NN
DRSURIRAL

© = e
= Gooe

N
il

Aupriatp



Results

Continuum extrapolations with asymptotics and universality
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Conclusions & perspectives

conclusions that can be drawn (maybe):

> 1/z=0.1 < for
all observables investigated so far

> over the whole range
of z covered

> in continuum extrapolations in each
observable seperately

> overall behaviour similar to quenched ~» NP matching of QCD and
HQET should also be as well behaved as in the quenched case
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Conclusions & perspectives

conclusions that can be drawn (maybe):

> 1/z=0.1 < for
all observables investigated so far

> over the whole range
of z covered

> in continuum extrapolations in each
observable seperately

> overall behaviour similar to quenched ~» NP matching of QCD and
HQET should also be as well behaved as in the quenched case

what still need to be done:

» continuum limit and 1/z-dependence of heavy-light decay constant
(needs additional computations in HQET)

» correlated fits for a reliable error estimate — all z's at constant L
computed on the same gauge background

> 3-loop Y*P" s available ~~ implement it



Thank you for your attention.
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PCAC mass in the SF

at L/a=40
PCAC mass
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recent observation in Rpg/v(xo, z
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RPS/V (XO, Z)

ion in

recent observat
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