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About me

| was born, obviously

diploma student in Minster, finished 2005
(NP running of static-light axial current with Ny = 2 dyn. quarks)

short stay in Zeuthen (winter 05/06), working on production code
Ph.D. student in MS

FLAVIAnet fellow in Southampton, UK (2008-2010)

Motivation & Introduction

Ph.D. finished 2009
(setup of small volume simulations, tuning, etc. + NP tests of HQET)

RBC/UKQCD’s heavy quark project (overview)
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Motivation

Lattice Field Theory

Why?

I am in Berlin, the lattice capital of the world!
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Motivation
Why B-physics?

Constraining the CKM unitarity triangle «~+ hints for 'new physics’
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Motivation LA
Why B-physics?
Constraining the CKM unitarity triangle «~+ hints for 'new physics’

to test standard model (QCD) 0:7 / . 7*/:

Amy’s well known by EXP S 1%
[BABAR Belle,CDF] =,

apex of UT constrained by ratios
like A /Ay

dominant errorin ¢ ~ 3% (LQCD) o o
GEMy mi 2 B 2
Am‘] = 67'[2 B O|:MW:| ’ mquBqBBq “/t‘i‘/tm
Ams _ mp, & |Vis|? f5 B,
Amy  mp, [ Vial? fl%d Bs,
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QCD, a multiple scale problem

spectrum, quark masses, bound states
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QCD, a multiple scale problem

spectrum, quark masses, bound states

P. Fritzsch

pt/fm

100 10 _o1 001 0.001

AR Auv

0.001 0.01 1 T 10 100

u/GeV
computer + LatticeQCD: cutoff L' =Ag < U< Agy= a !
L' < my,...,mp,mp <& 0
O(C Lmy )
L2 4/my ~6fm =|L/a~9—120|« a~ 0.05m

Issue: my, /me ~ 4 —5

amp < 0.5
Solution: use of effective theories; here :

= a ~ 0.01fm
Heavy Quark Effective Theory (HQET)
Joint Lattice Seminar, Berlin
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HQET

Heavy Quark Effective Theory

_ W 1
£HQET:7~Ph Do+(5m *wkinD2*wSpin0'B IIJh + ..., k1.n } ~
N——— Wspin
Iinf\tta(“LCO)
systematic 1/m-expansion of QCD (valid for m > A),
renormalizable at fixed order 1/m" (also in static limit?)

HQET is an effective theory of QCD after Matching of effective
parameters {m, Wspin, . ..} < {QCD Parameter}
quark mass dependence of QCD in B-meson region = mgp

[Eichten;Isgur,Wise;Georgi]
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HQET

Heavy Quark Effective Theory

_ Wi 1
Luger = Py, | Do + om —wiin D — wepin B |, + ..., kin } ~
AU

Wspin
static
limit (LO)

systematic 1/m-expansion of QCD (valid for m > A),
renormalizable at fixed order 1/m" (also in static limit?)

HQET is an effective theory of QCD after Matching of effective
parameters {1, Wspin, - ..} <> {QCD Parameter}
quark mass dependence of QCD in B-meson region = mgp

here: consider HQ-expansion of QCD in1/z =1/(LM) < 1;
compute (non-perturbatively) z-dependence of QCD observables and
compare it to the behaviour expected in HQET
are systematic sources of errors under control
are interpolations to the b-quark scale using charm physics and the static limit reasonable
~ important for current large volume simulations: e.g. calculation of Fg
dynamical effects of internal quark loops (Ny=0 — N;=2 simulations)
[Eichten;Isgur,Wise;Georgi]
P. Fritzsch
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Lattice QCD

| g
AR
The lattice as a regulator

Minkowski continuum QFT

1

discretised, Euclidean QFT

U,

U(r, s)
Quarks: fermions ¢ (x),P(x) defined on lattice sites x,, = an,,

| e
—0
Gluons: gauge links U, (x) ~ ¢™#(¥) ¢ SU(3) between x and x + aji

Field strength: plaquette var. U, (x) = Uy, (x) Uy (x + aji) U;:(x + av)uf (x)
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Lattice QCD

.7
AR
The lattice as a regulator

Minkowski continuum QFT

1

discretised, Euclidean QFT

U,

U(r, s)
Quarks: fermions ¢ (x),P(x) defined on lattice sites x,, = an,,

| e
—0
Gluons: gauge links U, (x) ~ ¢™#(¥) ¢ SU(3) between x and x + aji

Field strength: plaquette var. Uy (x) = Uy, (x)U, (x + af) U} (x + av) U] (x)

|Wi|son action: I

«—

Sg 4]

’ no unique discretisation ‘
Sp(U]

{sd mos} —

=Bl lu<w (1- %ReTrUW(x))

Se[e ¥ — SwlpF] = LB {3 (Vi + V) —aViV,) +mo ¢
{B, Kf} ={6/g3, (2amg ¢ + 8)~1}
avoid 'doubling problem’ with explicit ySB term for a # 0!

P. Fritzsch
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Lattice regularisation ...

Consequences of explicit xSB on the lattice (Wilson action):

= additive mass renormalization:

~~ critical mass mc(go)

MR = ZmMq = Zm (mo—11c)
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Lattice regularisation ...

Consequences of explicit xSB on the lattice (Wilson action):

= additive mass renormalization:

~~ critical mass mc(go)

MR = ZmMq = Zm (mo—11c)
= reduced convergence properties:

Sw — Sacp + O(a) + O(a?)
= modified bare coupling and mass for massless RS:

26 =80 [1 + bg(go)ﬂmq} , Mg = 1mg [1 + bm(go)amq]

= more complex renormalization pattern of parameters & multiplicatively
renormalizable observables ¢:

Sk = 85 Z5(85,ap) , mg = 1iiq Zm (5, ap)

Pr = Z¢(§(2), ap) [1 + b(,;(go)amq} b1, pr=0¢+ C<p(g0)ﬂ(9};(¢)+l
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Lattice regularisation ...
Consequences of explicit xSB on the lattice (Wilson action):

= additive mass renormalization: MR = ZmMq = Zm (mo—11c)
~~ critical mass mc(go) fine-tuning
= reduced convergence properties: Sw — Sqcp + O(az)
~> SW term for on-shell O(a) improvement with
additional parameter cs, (o) NP known

=- modified bare coupling and mass for massless RS: ,
important

35=4 {1 + bg(g@(mq} , (g = mg [1 + b (go)amg '
= more complex renormalization pattern of parameters & multiplicatively
renormalizable observables ¢:
8k = 80 Zg(86,an) . MR = filq Zm (5, ap)
~ D(¢)+1
dr = Zp(&3, ) [1+ by (g0)amg| @1, g1 = ¢+ cy(30)a0) P

ideally: non-perturbative estimation

P. Fritzsch Joint Lattice Seminar, Berlin <
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...and HQET

Consider: perturbative mass renormalization in lattice HQET

1
Mg = Z(mp™ +om) , om = —(fig§+ g5+ )

2
A, e1/<2bogo)(f1g§ +...) forgo—0
= HQET perturbatively not renormalizable on the lattice!

NP renormalization procedure necessary!
Matching of HQET parameters:
either: match to physical measurements directly; ~~ loss of predictability
or: match to QCD in finite (small) physical volume

P. Fritzsch

Joint Lattice Seminar, Berlin




NP matching of HQET and QCD in a finite volume

HQET

QCD

[Heitger,Sommer:01]

métching o

3
~

finite-size scaling technique’

10

Joint Lattice Seminar, Berlin

P. Fritzsch



NP matching of HQET and QCD in a finite volume

HQET

QCD

[Heitger,Sommer:01]

rescaling

Leo

CLinQCD

HQET at finite a

., NuoEer parameters

=k=1,..

2,5in LO resp. NLO

NHQET

10
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The Schrddinger functional (SF)

as (intermediate) finite volume renormalization scheme

e Euclidean partition function

s[u TH —
2= [DlUgy]e S = (o]e THPl0)
TxL3
with periodic BC in L* and Dirichlet BC in T

P. Fritzsch
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The Schrddinger functional (SF)

as (intermediate) finite volume renormalization scheme

Euclidean partition function

xo=T /C’,i—’,?\
s|u TH —
zZ= /DUi,UllJ 4] = (0] e THP|0)
TxL3
with periodic BC in L* and Dirichlet BC in T
e fermion fields periodic in L up to a phase 6
p(x+kL) = e’yp(x) =0 L _ent
P(x+kL) = e "p(x)
= SF parameters: {L, T/L,0, Ny = 2}

13
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The Schrddinger functional (SF)

as (intermediate) finite volume renormalization scheme

Euclidean partition function et e N

zZ= /D U, 3, ] e SIUPY) = (0] e~ THP|0)
TxL3
with periodic BC in L* and Dirichlet BC in T
fermion fields periodic in L up to a phase 0:
f(x%—EL) — ei9' Ex) w0 L enn
(x +kL) = e p(x) —_—

13

= SF parameters: {L, T/L,6, N; = 2}

e ’infrared save’ ~» simulate massless sea-quark doubletts
(m = 0) with a variant of the HMC algorithm
= mass-independent renormalization scheme
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The Schrddinger functional (SF)

as (intermediate) finite volume renormalization scheme

Euclidean partition function oy /C?§\
s[u TH 0 —
Z= /D U, 3, p] e S = (0 e~ THP|0)
TxL3

with periodic BC in L* and Dirichlet BC in T
fermion fields periodic in L up to a phase 0:

¢(X+EL) = ei9' (x) Xo=0 w
Px+kL) = e "p(x) —

13

= SF parameters: {L, T/L,6, N; = 2}

‘infrared save’ ~~ simulate massless sea-quark doubletts
(m = 0) with a variant of the HMC algorithm

= mass-independent renormalization scheme

e renormalization scale p identified with box length L: u=1/L
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The Schrddinger functional (SF)

as (intermediate) finite volume renormalization scheme

Euclidean partition function et ooz
s[u TH 0 —
Z= /D U, 3, p] e S = (0 e~ THP|0)
TxL3

with periodic BC in L* and Dirichlet BC in T
fermion fields periodic in L up to a phase 0:

1p(x+EL) = "y(x) weo |\ can
Plx+kL) = e " (x) Y

B
= SF parameters: {L, T/L,6, N; = 2}

‘infrared save’ ~» simulate massless sea-quark doubletts

(m = 0) with a variant of the HMC algorithm

= mass-independent renormalization scheme

renormalization scale u identified with box length L: u=1/L

e heavy-light meson correlation functions with a heavy (quenched)
valence quark (my # 0)

P. Fritzsch Joint Lattice Seminar, Berlin = =



NP matching of HQET and QCD in a finite volume

HQET

QCD

[Heitger,Sommer:01]

métching o

3
~

12
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NP matching of HQET and QCD in a finite volume
[Heitger,Sommer:01]

QCD

e Ly/a € {10,12,16,20}, Ly ~ 0.25fm

o Ly/a € {20,24,32,40}, Ly ~ 0.5fm

~ a2 (0.025 — 0.012)fm
Definition: line of constant physics (light’ sector)

3% (Lg) =2989, Lom =0

= (B, x, L/a), fine-tuning
<running coupl. g% () & mass 7(p) NP known in the SF (1 = 1/L)! [DellaMorte etal:'05]

2(L1) = 0(2.989) = 4.484(48), Lym =0

P. Fritzsch
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QCD

NP matching of HQET and QCD in a finite volume
[Heitger,Sommer:01]

e Ly/a € {10,12,16,20}, Ly ~ 0.25fm
e compute by, ba — bp and Z

o Li/a € {20,24,32,40}, L, ~ 0.5fm

e heavy quark mass dependence of QCD observ.

~» a = (0.025 — 0.012)fm

Definition: line of constant physics (Cheavy’ sector)
fix dimensionless heavy RGI quark mass in the continuum:

z=LM = [L/alhy,Zn(1 4 bnamq)amg ,

7 = Z(g0)Z(8o)

Zp (8o, Ho)
amq = %[k, 1 —x.1(g0)] , but we need xy(z, L/a)
(] L/ll, I’ZLU, ZA, Zp NP known

e estimate by,, Z non-perturbatively
P. Fritzsch

Joint Lattice Seminar, Berlin
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Parameters for an on-shell O(a) improved theory
Estimation of by, bpo — bp and Z in Lo with T = 3Ly /2

| ((3pA)P")
current quark mass from PCAC relation: Mmjj = ———
2(Piipit)

with A] 7075 and P = §ysyp;

subtracted quark mass: amq; = amg; — ame(go)

2(2myp—my1 —myy)
(mn —mzz) (ﬂmq,l —ﬂmq,z)
4(myp—ms3)
(m11—man)(amg, —amg)

= ba—bp +0(amgq; +amgp)

= by +O(amq,] + amq,z)

mi1—m
T2 L [(by—bp) — b (amy +amy) = Z +0(a?)
mqll—mqg

amg,1 + amg

by construction amgq3 = > , but free to choose amg 1 # amgq,

P. Fritzsch Joint Lattice Seminar, Berlin =
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Parameters for an on-shell O(a) improved theory
Estimation of by, bpo — bp and Z in Lo with T = 3Ly /2

. _ {@pA5)PT)
current quark mass from PCAC relation: ii= W
with A] P;v05¢; and P = P r5¢9;

subtracted quark mass: amq; = amg; — ame(go)

2(2myp —my —may)
=bpy—bp +0O +am
(mll—mzz)(amq,l—amqlz) ATEP (M q,Z)
4(myp—ms3)
=b +0 +am
(m11—ma) (amgy—amgp) Qo= a2)

TR 4 1y bp) — b (a1 Famn) = Z +O(a?)
mqll—mqg

amg,1 + amg

by construction amgz = > , but free to choose amg, # amgp

amgq, = 0 for dynamical quarks

remaining O(a) ambiguity

P. Fritzsch Joint Lattice Seminar, Berlin <
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Results, part 1

for testing purpose:

set1: L0m11 ~0 , L0m22 ~ 0.5 (*)
set2: Lomn ~0 , L0m22 ~ 25

= "improvement conditions’ are fixed!

0

well-defined parametrisation in g%

use improved lattice derivatives
9y — 9y (1 — La2d%00)

to compute m;j ~ O(gga®, a*)
smooth dependence on g(,
deviations from 1-loop PT

quantitatively: mass-dep. cutoff-effects
larger for set2

P. Fritzsch Joint Lattice Seminar, Berlin
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Fixing the heavy quark mass z = LM
Li/a € {20,24,32,40}, L; ~ 0.5fm

z=L1M= L1ZM(1 + bm amqrh)amqlh , Iy = h(
with b, and Z obtained from set1

=0 oo )]

choose z € {4,6,7,9,11,13,15,18,21},

ze~4.13, z,~17.5

M
universal coefficient h(Lg) = i) = 1.521(14) (running of the mass)
0

P. Fritzsch Joint Lattice Seminar, Berlin
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Fixing the heavy quark mass z = LM
Li/a € {20,24,32,40}, L; ~ 0.5fm

27
z = LiM = L1 Zy(1 + by amgp)amg,p, Iy = h(LO)?LIZ)

with b, and Z obtained from set1

kn(z,L1) = [1—1(1— 1—|—z-4bm>]_1

Kc bm [Ll/a]ZM

choose z € {4,6,7,¢ z 20 24 32 40

Ks 0 0.1360536 0.1359104  0.1355210 0.1351922
K1 4 0.1327278 0.1332121  0.1335643 0.1336510
K2 6  0.1309498 0.1317899  0.1325495  0.1328583
7
9

universal coefficient 1(L  x3 0.1300226  0.1310561  0.1320315  0.1324556
K4 0.1280709  0.1295337  0.1309715  0.1316366
ks 11 01259456  0.1279214  0.1298749  0.1307974
Ke 13 0.1235550 0.1261898  0.1287348  0.1299352
x; 15 0.1206872  0.1242898  0.1275422  0.1290468
kg 18 — 0.1208919  0.1256259  0.1276559
kg 21 — 0.1151926  0.1234913  0.1261774

P. Fritzsch Joint Lattice Seminar, Berlin = = = 15



QCD observables in small volume

...and their asymptotics for large heavy quark masses z = LM

effective meson masses:

leading asymptotics

Ips(L,z) = =9y In [(Q)| Ag|B)] l
Fv(L,Z) = —80 In [(Q’Vk‘B*”
HQET-QCD conversion functions ———
Z— 0

LIy = 3[LIps+3LIy] = Cmass(z) 2"

1+o(3)]

P. Fritzsch
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QCD observables in small volume

..and their asymptotics for large heavy quark masses z = LM

effective meson masses:

leading asymptotics
Ips(L,z) = =9y In [(Q)| Ag|B)]

Fv(L,Z) = —80 In [(Q’Vk‘B*”

HQET-QCD conversion functions ———

Lo = }[Llps +3L] =5 Cuaso(z) -2+ [1+0(2)]
Yos = piage 2% Crs(2)Prai(L) [1+0(2)
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QCD observables in small volume

...and their asymptotics for large heavy quark masses z = LM

leading asymptotics
Ips(L,z) = —9,In [(Q|Ao|B
effective meson masses: ps(L,2) 0 [< 4ol ” J

Iy(L,z) = =9y In [(Q|Vi|B*)]
HQET-QCD conversion functions ———

Z—r 0

LTy = 3[LIps+3LLy] 22 Crass(z) z- [1+o(§

_ (Q]Ay|B Z—00

S i =% Crs(2)@xan(L) [1+0(2)
_ (OQ|W|B* Z—00

W = i =2 Cy()ra(L)|140(2)
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QCD observables in small volume

..and their asymptotics for large heavy quark masses z = LM

effective meson masses:

leading asymptotics
Ips(L,z) = =9y In [(Q)| Ag|B)] l

Fv(L,Z) = —80 In [(Q’Vk‘B*”

HQET-QCD conversion functions ———

LI, = 3[LIps+ 3LIV]

H—OO> Cmass(z) “Z- [14—0(%)]
_ {(O]Ay|B Z—500
Yes = ey % Cps(z)@rai(L) [1+0(2)
_ {O|V|B* Z—500
v = ||fn>|u-\’|‘\|3*>>n — Cv(z)®Prai(L)
Rps/p = ‘HAdlB)

[1+0(})]
(Q\P|B) H—Oo) Cps/P(Z) -1- [1—}—0(%)}
P. Fritzsch
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QCD observables in small volume

...and their asymptotics for large heavy quark masses z = LM

leading asymptotics
Ips(L,z) = =9y In [(Q)| Ag|B)] l
Fv(L,Z) = —80 In [(Q’Vk‘B*”
HQET-QCD conversion functions ———

effective meson masses:

LTy = H[LIrs+3LI] 2% Crw(z) 2+ [140(1)]
Yes = pigtiie =5 Crs(z)Prai(L) [1+0(2)
W = ey =5 Cvla)@ral)[1+0(})|

Rps/p = Yool =5 Cesyp(z) -1 [1+O(%)}

Rps/v = f&‘é‘;}'ﬁﬁ 5 Crsyv(z) -1 [14‘0(%)}

it
[e2]
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QCD observables in small volume

...and their asymptotics for large heavy quark masses z = LM

effective meson masses:

leading asymptotics

Ips(L,z) = =9y In [(Q)| Ag|B)]
Fv(L,Z) = —80 In [(Q’Vk‘B*”
HQET-QCD conversion functions ———

LI, = 3[LIps+ 3LIV]

% Coss(2) -2+ [14+0(1)]

Ypg = ||<\g‘>m\|§>>ll =% Cps(z)Prai(L) [14—0(%)}
W = g == Cv(z)%ka

Res/p = i) =
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HQET-QCD conversion functions Cx(z)

Definition (example: heavy light axial current Ay (x) = i, (x) 51 (%))

corresponding matrix element: ®(mp) = (B, b|Au(x)|a)

my = 0, only one large scale: mp ~~ mp-dependence of ?

RGE in a massless scheme: ya—g = B(3), éa—ﬁ =1(3)
ou m ou

scale is fixed: u=m, =m(m.), g«=g(my)

= mass dependence given by RGE of &:

m, od 300
5% = ryﬁatch(g*) " é - gi * Y0 + O(gi)

factorization in effective theory:

()/Sr)latch(g*) = ()’match(g*> + O(A/m*)

is scheme dependent — use RGI's: A, M

P. Fritzsch Joint Lattice Seminar, Berlin
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HQET-QCD conversion functions Cx(z)
mass dependence in QCD

x
A:m*exp{_/ dg},
thus

B(g)

M = m*exp{—/g*dgr(g)} ,

B(g)
M oD
DM e’ (M/A) +O(A/M)
matc M/A
T (M/A) =3 —t:((zx4/A))
gives

A)CDRGT*O(%) , Cps = exp {/8*(M/A) (M

d Tps )(g)
8
B(g)
matrix element @ unambiguous, computable in effective theory,
mass independent
P. Fritzsch

O(M,A) = CPS(M
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HQET-QCD conversion functions Cx(z)
z € {4,6,7,9,11,13,15,18,21}

0 0.1

these PT conv. functions only appear in some of our testobs.

0.20
Ass/M
P. Fritzsch

0.65 0.‘10 0.‘15 0.‘20 0 OAEJS ().‘10 0.‘]5
Ays/M
usual problems: how to estimate systematic error

Joint Lattice Seminar, Berlin
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Results, part 2
mass-dependence in the continuum, z € {4,6,7,9,11,13,15,18,21}, 6 € {0,0.5,1}

120F T T T T ™ T T T T T

(Resye/ e |

115}

110

1.05

1

0.95

0.90 %
'
0.85 n . . . L 0.60L . . . . i
0 0.05 0.10 0.15 020 025 0 0.05 0.10 0.15 0.20 025
1/z 1/z
—035F ; : : : — : : : —~
—0.40 o S ]
fy e
—045 0.90 - ]
. —
N o TNEL__
085 “w o e ]
. S
—055 0.80 [ u gl
.
~0.60 ) 1 onf 1
Yy/C e
065 ‘ ) ) ) A onb ‘ ‘ ‘ . i
0 0.05 0.10 0.15 020 025 0 0.05 0.10 0.15 0.20 025
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HQET part of our simulations
HQET

e L1 ~ 0.5fm
Li/a € {6,8,10,12,16}
withT =Land T =L/2
production & measurements done
target: 8000 configs each

o [, ~ 1fm
Ly/a € {12,16,20,24,32}
withT=Land T =L/2
in progress

o Lo ~2fm
CLS configurations
(Coordinate Lattice Simulation)
issue: dynamical fermion updating of
topological sectors
[Schafer:PoS-Lattice’09]

P. Fritzsch Joint Lattice Seminar, Berlin «E>» «E>»
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HQET

QCD

(=}
~

HQET part of our simulations

métching o

Ly

rescaling

3
~
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Results without any perturbative uncertainty
mass-dependence in the continuum, z € {4,6,7,9,11,13,15,18,21}

in QCD:

R, 1 <f1(91)k1(91)> R - 41 (fl( )>

f1(62)k1(02) k1(0)
their HQET expansion contains no conversion functions at LO
‘ ‘ ‘ ‘ ‘ ‘ 0.07F ‘ ‘ ‘ ‘ I
L s ]
,.—Q»""}"'{,»"n 0.06 Fl ¢ g-10 "‘__::%
0.8 "x‘__——fr& ———————————— ‘: 0.05F o ,‘,‘-":_____——” E
0‘679—' """ ‘?—é—ww‘ﬂ——#-—- | o (016)=01) || oot 2 ”—»%%
° <sl,ezj:<;,‘1> 0.03F E
04l (61,62)=(0,3) |1 oozl
PP p— i i = 0.01
0 —
0 6 0.05 0.10 O,iS 0.20 0.25 0}20 0}25
1/z
free quadratic fits in 1/z (static limitat 1/z = 0)
computations in HQET & QCD absolutely independent and purely NP!
P. Fritzsch Joint Lattice Seminar, Berlin = = = 22



Summary |

ALPHA B-physics project

Collaboration

setup of O(a) improved lattice theory in small volume v
strong evidence that lattice HQET is renormalizable and works v
(that’s non-trivial)

confidence in existence of HQET CL in static approximation v

full Ny = 2 matching calculations in progress
physical applications are waiting

P. Fritzsch Joint Lattice Seminar, Berlin =
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Summary |

ALPHA B-physics project

Collaboration
setup of O(a) improved lattice theory in small volume v
strong evidence that lattice HQET is renormalizable and works v
(that’s non-trivial)
confidence in existence of HQET CL in static approximation v

full Ny = 2 matching calculations in progress
physical applications are waiting

high precision lattice HQET possible after years of development

lattice HQET (LO&NLO) [Eichten&Hill:88-90]
fully NP HQET-QCD matching procedure [Heitger,Sommer:04]
suitable choice of HQET action [DellaMorte,Shindler:05]
"all-to-all’ propagators [Foley,Juge,O’Cais,Peardon,Ryan,Skullerud:05]
GEVP method [Blossier,DellaMorte,vonHippel,Mendes,Sommer:08]

P. Fritzsch Joint Lattice Seminar, Berlin = =

23



PART Il

RO

WM,

g gay

24

",

o

ygrs®

<



RBC/UKQCD heavy quark project

Actions:

gauge field configurations with 2+1 light dynamical DWF on
L/a € {24,32} lattices, T/a = 64, a ' € {2.28,1.73}GeV
heavy valence quarks with Relativistic Heavy Quark (RHQ) action

Projects:
non-perturbative tuning of RHQ parameters (amy, cp, ()
(for charm and bottom quark)
B-Meson decay constant & By — By-mixing
(allows to determine CKM matrix elements)
determining the D* D7t and B* B effective couplings
(appear in HMx £ and constrain chiral extrapolations)

neutral B-Meson mixing & decay constant with static quarks
[Witzel:Latt09,Aoki:Latt10]

USQCD software suites and as well as

P. Fritzsch Joint Lattice Seminar, Berlin <
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RBC/UKQCD heavy quark project

field configurations with lwasaki gauge action and 2+1 light dynamical DWF

Domain Wall Fermion (DWF) action [Kaplan'92,Shamir'93]
(Ls/a =16,aMs = 1.8, T/a = 64)

5dim formulation with approximate chiral symmetry
~= simplified renormalization pattern

RI-MOM [martinelliEtAl95] and related renormalization schemes used
Iwasaki gauge action [lwasaki'3]
further reduces residual quark mass (and thus xSB) if combined
with dynamical DWFs [AokiEtAI04]

some parameters and phys. scales:

L/a am; my/MeV ams L/fm  a 1/GeV a/fm
24 0.005,0.01,0.02 331,419,558 0.04 275 1.732(29) ~0.11
32 0.004,0.006,0.008 307,366,418 0.03 272  2.284(25) ~ 0.08
P. Fritzsch
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RBC/UKQCD heavy quark project

field configurations with lwasaki gauge action and 2+1 light dynamical DWF

Domain Wall Fermion (DWF) action [Kaplan'92,Shamir'93]
(Ls/a =16,aMs = 1.8, T/a = 64)

5dim formulation with approximate chiral symmetry
~= simplified renormalization pattern

RI-MOM [martinelliEtAl95] and related renormalization schemes used
Iwasaki gauge action [lwasaki'3]
further reduces residual quark mass (and thus xSB) if combined
with dynamical DWFs [AokiEtAI04]

some parameters and phys. scales:

almost equal
L/a am; my/MeV ams |L/fm| a=1/GeV a/fm
24 0.005,0.01,0.02 331,419,558 0.04 | 2.75 1.732(29) |~ 0.11
32 0.004,0.006,0.008 307,366,418 0.03 | 2.72 | 2.284(25) |~ 0.08
P. Fritzsch

Joint Lattice Seminar, Berlin
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RBC/UKQCD heavy quark project

heavy valence quarks with Relativistic Heavy Quark (RHQ) action

we use a variant of the Fermilab action [El-khadra,Kronfeld, Mackenzie], the . . .

S= an ’Cn,n’ an' + O[(QA)Z} ’

K =my+ 'YODO_%D% + [')’D_%Dz} + QCP%U}WF;W

claim: accurate to all orders in (amy,)"

[Christ,Li,Lin]
note: ’in contradiction’ to previous approach, where am;, < 1 was necessary

explicitly breaks 4d hyper-cubic symmetry into 3+1 (alike HQET)
3 parameters: {an, (g5, amy), cp(g5, amo)}
non-perturbative parameter tuning required

P. Fritzsch
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RBC/UKQCD heavy quark project

NP tuning of RHQ parameters

either by matching

at fixed a, match theory in SU(2) x-limit to physical spectrum (PDG),
heavy-light system

heavy-heavy system

or
i.e. (Bs, By,...) or (5, Y,...) to cover b-quark sector

one needs 3 constraints at least (per heavy quark flavour)
2 heavy meson masses + relativistic dispersion relation (E2 = m? + pz)
= ideally two real input parameters only
pseudo-scalar (mp) + vector meson mass (my)
avg. mass (may) + spin-splitting (Am), with

or
1
May = z(mp +3my), Am = my —mp

P. Fritzsch

(as motiviated by HQET)
Joint Lattice Seminar, Berlin
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RBC/UKQCD heavy quark project

NP tuning of RHQ parameters

the procedure
start with sensible (physics motivated) guess for (amyg, , cp)

choose a reasonable step size for each direction in parameter space
(Alamo], A[], Alep])

compute observables for all seven sets of parameters

(amp, C,cp) £ (0, Alamyg], A[Z], Alcp]) and several momenta

perform Xz-minimisation using lattice and continuum data
= resulting (amy, {, cp) depend on light sea quark mass am;
[if parameters outside region go to 1]

repeat this for several am;
perform chiral extrapolation of (amyg, Z, cp)

done on 243 for charm [Li,Lin:Latt07] and bottom [Li:Latt08] sector

P. Fritzsch Joint Lattice Seminar, Berlin =
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RBC/UKQCD heavy quark project

NP tuning of RHQ parameters

one subtle point ignored in previous parameter estimation on 243
different systematic errors in describing hl/hh systems
O [(aA)Z} in heavy-light systems
o) [((xs amh)ﬂ in heavy-heavy systems

charm sector: matching used hl + hh data

bottom sector: here hh data only enters through disp. relation

Ejn(p) = mpy, + ki - p*,

thumb rule: better precision from mgy, Am

hh € {;717/ Y}

impact of different combinations is currently under investigation, studying
stability, correlations, accuracy,

...to do high precision heavy-light physics.
P. Fritzsch Joint Lattice Seminar, Berlin
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Speaking of ...
... high precision B-physics
of course we have to apply further techniques as well

smearing propagator source and/or sink
at src with 'radius’ p € {0.0, , }

eff. mass mp decay constant matrix element
3.8 T T T
.
0.14 1
3.61 . 1
0121 1
34F . 1 .
. 0.101 1
32f .. i} ] ',
‘e, 0.081 ¢ 1
)l cerenstiy M 4 *mnmi}{}}””
0.06 1
28 3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 24
xo/a xo/a
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Speaking of ...
... high precision B-physics
of course we have to apply further techniques as well

smearing propagator source and/or sink
at src with 'radius’ p € {0.0,2.78, }

eff. mass mp decay constant matrix element
3.8 T T T
L]
0.141 1
3.6 1
.
0121 1
34F, ° 1 -,
. 0.101 1
32F "a ° 1 "L
R : : oosf  "uz 1
. Stananaantig % ' '-immmﬂii”
0.06 1
28 3 6 9 12 15 18 21 24 3 é é 1‘2 fS 1‘8 il 24
xo/a xo/a
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Speaking of ...
.. high precision B-physics
of course we have to apply further techniques as well

smearing propagator source and/or sink
at src with 'radius’ p € {0.0,2.78,5.24}

eff. mass mp decay constant matrix element
3.8 T T T
L]
0.141 1
3.6 1
.
0.12r 1
34F, ° 1 -,
. 0.101 1
32fe"a * 1 "L
..":'. %% 0.08} o ii
. cef880000,58883 : ---:iiiiiiiiiiiiuiﬁ
0.06 1
28 3 6 9 12 15 18 21 24 3 6 9 1‘2 fS 1‘8 il 24
xo/a xo/a
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Speaking of ...

.. high precision B-physics

of course we have to apply further techniques as well

smearing propagator source and/or sink
at src with 'radius’ p € {0.0,2.78,5.24}

eff. mass mp decay constant matrix element
3.8 T T T
L]
0.141 1
3.61 1
.
0.12r 1
34F, ° 1 .,
. 0.101 1
32fe"a * 1 "L
%% 008/ . "ui ]
. cef880000,58883 : ---:iiiiiiiiiiiiuiﬁ
0.06 1
28 3 6 9 12 15 18 21 24 3 6 9 1‘2 fS 1‘8 il 24
xo/a xo/a

stochastic sources, ...
any gain through 3d HYP-smearing ?
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Conclusions I

RBC/UKQCD’s heavy quark project ...

...is on a good way

we spend more time to assure reliability of tuning method

[light quark props stored on disk; producing RHQ props is cheap]
so far the spectrum is reproduced quite well

predictions can be made; using parameters from hs matching on 243:
amp in agreement with PDG value, stat. error of O(0.1%) [witzel:Latt"10]

we try to pin down possible systematic errors

a lot of things still have to be studied ...
(O(a) improvement of axial current)

we are certain to reach the goal of doing high precision B-physics with
relativistic heavy quarks
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The End

thanks go to

all collaborators | was able to work with during the past years

| do not mentioned anybody explicitly here, because | am sure | would
have forgotten somebody.

the audience, you, for paying attention (at least for some minutes of my
talk)

| am looking forward to the work that is going to come.
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