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Light Mass Dependence

Fnal and JLQCD with the same analysis and range of
light quark masses:
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Observations:
O f1 4 fo im much better agreement than previously.

O fo in reasonable agreement = dI" /dg?(o f4) agrees.
The slope of fina > f9 at small E.

| © JLQCD's larger lattice — more reliable ground state
| but larger statistical errors.
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Now, re-plotting fi(E) + f2(E) and f2(E)
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Transforming thenal analysis

g

The next 6 plots show the effect on f; and f, as the
steps in the FNAL analysis are changed to resemble
JUCE LY.

e pr-interpolation — E-interpolation

e quadratic x extrap in my; — linear x extrap in mg
e Linear x extrap in mg — linear x extrap in m2

e The same range of light quark masses used in this
analysis as in JLQCD analysis ie don't include the
lightest mass in y-extrapolations.

T e o Y ot o e e T i ——

e For the purposes of this comparison set the scale,
a~! from the string tension. Except for this com-
parison we take a~1(1P - 185).
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Comparing the form factors ...

JLQCD: hep-lat/0106024, fig.10

16 | O Fnal: f,+f,
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¢ Significant difference in fi+f2. Yields fo, which does
not contribute to the rate. However, the reason(s) for
such a difference are important.

Can we understanding the difference by focusing on
analyses?

Fnal JLQCD
| (central value)
. momentum interpolation . Pr E
chiral extrapolation my m2
fit form quadratic linear
a1 (1P -15) Vo
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Why focus on f and fi?

o Symmetry considerations: the m., £ — 0 vield

‘fB, 4 _..soft pion relation

fi .
[ = fev/mp - 2m

I

through O(1/mg) in the HQ expansion. It is clear
that f; and f, behave differently as mx — mohys,

& fq.L) have simple descriptions in HQET = natural
Fermilab or NRQCD approaches.

¢ They emerge directly from lattice calculation —
simpler to analyse separately, form f+0) at the end.

Comparing simulation parameters:

Fnal JLQCD
1§ 5.9 5.9
#Cfgs. | 350 2150
Heavy Quark Fermilab NRQCD
. includes all 1/M terms
am, Light Quark | 0.024-0.059 0.034—0.072

- J/




¢ Both use HQET motivated parameterisation

FNAL

(x(pa)IV¥|B(p5)) = /2mp [v*fy(E) + ¢/ f1(E)]

where v = pg/mp and p; = pr — Ev.

JLQCD

¢ In the Fnal parameterisation fi o(E) are

f+(E)
fo(E)

at ¢? =0, f+ = fo as required.

& The JLQCD and FNAL form factors are related as

(r(pr)IV*|B(pp)) = 2 | f2(B)v* + fz(E)%]

Trinity College,
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Fnal and JLQCD Analyses

(2mp) "2 [fj(E) + (mp — E)f.(E)]
V25 _{(mp — E)fy(E) + (B — m2) f.(B)]

2 _
mp—m

f1(E) + f2(E) = %f.(E)

f2(E) = -—%fi(s)
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|\V,,l from B — wlv : theoretical background

/

Considerable experimental effort to measure differen-
tial decay rates.

O For B — wilv
dr _ G|Vil|*2mpp*|f4(E)|?

dp 24n3 E
where E = p, - pg/mp.

O f+(E) parameterises the hadronic matrix element

2 2 12
o)Vl B)) = f4(E) [pB +pn "”‘B;'; ™
2 2
+f0(E)mB 2m1rqp
q

O Recent calculations of hadronic matrix elements by

UKQCD — 1999 (extrapolate from D)
APE — 2000 (extrapolate from D)
FNAL — 2001 (Fermilab)
JLQCD - 2001 (NRQCD)

O APE and FNAL also report D — «(K)lv. (|Viw| —
|V0d| and mp — myp iN the.ab-ove).

o dkecd alo pave B —»plv  (PREuM.
9 talk ly J. GiLL
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Decay constant and B-parameter averages

O Quenched Decay ¢ Unquenched Decay
Constants Constants

fB = 173(23)MeV || fB = 198(30)MeV
fe./fs = 1.15(3) fs./fB = 1.15(5)

fp = 203(14)MeV || fps = 250(30)MeV
fo./fo = 1.12(2) fo./fo = 1.16(4)

C.Bernard at Lat0O:

Bgren" = 1.30(12). This includes all recent data
except JLQCD NP-improved calculation. Including
this does not change the average. I therefore keep
this value as the quenched average.

Bg:’e"C“ = 1.30(12)

JLQCD find no significant effect of unquenching on
Bpg.
QxPT ~ 10% effect.

It may be that this 10% will be an upper bound.

Bg, = 1.30(12)(< 10%)

The ratio Bg /Bg, is stable wrt cut-off effects and
unquenching. I estimate

(gl;:); 1.01(3)
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JLQCD : [talk by Yamada]

A calculation of fp and the B-parameters with Ny = 2.
NRQCD and NP-improved Wilson light quarks.
Includes H-L matching — no O(a/aM) error.

Results extrapolated to static — agree with Gimenez-
Reyes calculation.

e Compare UNP and QNP = sea quark effects.
Observations
e The use of NP cgw does not change fB.
=2 > FN=°. Depends on chiral extrapolation.
e For Bpg, no dependence on csw OF cutoff.

e No significant sea quark effects on Bp.

Preliminary Results;

fp, = 0.190(14)(7)GeV , Bg,(ms) = 0.872(39)(19)(4

fo/fn = 1.217(26)(20) , o2 =0.999(12)(1)(4).
N o
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Chiral Extrapolations with Nf a= 2

JLQCD try linear, quadratic and In fits.

In fit motivated by xPT (Sharpe and Zhang):

— tree ____3_ : 2 . m__._‘z'
o = (@) [1- T (4 30k min(RD)
+..]
J— tree ___l i _ 2 2 E%
Bg = (Bs) [1 2(4’,!')2(1 393-3,)"%'"(/\2
+...]

®,: good x?/Ngr for quad and In extrapolations.
By: coefficent of In fit consistent with zero.

For the quenched case a similar analysis motivated by
quenched xPT is attempted.

— Data show no curvature.

A careful analysis of the chiral behaviour warranted?




— Unconstrained
1.1 --- Constrained with HQET results B My mp)

I
1

| I 1 l 1 l 4 ‘ i I |

0.7 -. 04 0.5 -
09— —
b A S
0.7 —
0.6 — —

) B,m,m) -
0.5 —

j N R
04 0.4 0.5 0.6

1/m, (GeV™)



| ~Fit to
dynamical data ﬂ
0.89(5)

. 0.83(4)
1.07(5)




B3(u)

Ba(p)

Bs(u)

B-parameters

(B®)01(u)|B)
81(014|BY)|2
(BOlOo(u)|BO)
~31(01P(u)[BO) 2
(B°|03(1)|B°)
3/(0[P(u)| BO) 2
(BO)04 (1) BO)

I

2[(0]P(u)|BY)|2
(B°|Os(w)|BO)
£1(0|P(1)| BO)|2

(C. R. Allton et al., Phys.Lett.B453(99), 30)
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Lattice Artefacts
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e Simultaneously fit to both lattice spacings
e lines A & B show lattice artefacts blowing

e Quasi-Continuum line is close to simple HQS

fits
DAL
:ﬂf
°¢® Heavy-light mesons on the lattice -7- Awugust 2001
Orne®
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O Systematics cancel in ratios
= mild dependence on Ny or a~!. fg/fp =~ 1.18
fp /fp [m, scale]

1-30 I 1 I T l 1 T ] 1 I
- O Np=3, a=0.13 fm -
i o Ny=2, 8=0.13 fm -
1.25 b— O quench, a=0.13 fm_|
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- —const fit to all .
LB i % extrap. value j
™\, 1.20 — £ -y
m -
(o % T ﬁ -
i % s }T -
- -4
1.15 — e

1.10 i 1 1 1 | ' 1 1 1 1 J
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Milc: [poster by Bernard]
fB with Ny = 2 4 1 using improved K$ action ( “Asq-
tad” ), tadpole-improved clover and Fnal formalism.

Preliminary results at « = 0.13fm. (No renormalisa-

Dubiiin

tion constants for HL axial currents).

O Dependence on (mx/m,)7,,, With const and lin fits.

O Valence x-extrap well controlled.

O Dependence on lattice scale remains.

Trimity College,

R
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New this year

C. Davies et al [talk by Davies]
Improved smearings to analyse fp at finite momentum.

Results at 8 = 5.7 and ma = 8 (twice the B mass)
show

e Heavy quark approx local better than smeared
heavy at finite momentum.

e All A; currents, ie k=0,1,2,3,4 important for fp
at finite momentum. Eg. the contribution from
A, is & that of Ap.

Solves a discrepancy described by Jim Simone at
Lat9o67?

UKQCD: Preliminary results (fp,,) in talk by Maynard

Calculation of fg, and fp, with UKQCD dynamical
configs. Heavy quarks treated in : Fermilab, NRQCD
and relativistic+HQET extrapolation.

The aim is to compare results from different ap-
proaches, understand systematics and the size of the
unquenching effect.

- J
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Current Status of quenched f/,

FNAL'97 e
L OCD97F —O—

08 i & KKM
P PACS00 F—O— +
MILC 00 b @
APE’00 H | REL.
UKQCD'00 F=O---1  WILSON
UKQCD'00 (L&L) +-—0O— -
100 150 200 250

f, (MeV)
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Current Status of quenched fp

F’ﬂ/}"""i
ji__‘_% KKM
\ W) f”(_} 4
b O
GLOK'98 - —O—1
JLQCD'99 =0 - NRQCD
“CP-PACS'01 Fer-O -l
APE 00 A - |
UKQCD00 F---O- -1 REL.
UKQCD'00 (L&L) - —=0O— -1 WILSON
50 100 150 200 250 300
s (MeV)

* indicates a result has changed from Lat'00.

CP-PACS
Systematic error increased : represents discretisation

error. Additional ~ 30% uncertainty from a~!.

UKQCD
o L&L small change to errors.
e a-! from m, rather than ro. New analysis of the

heavy mass extrapolation.

k [talk by Maynard]/
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After initial uncertainty there is general agreement
between groups and methods

Trinity College,
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Timeline for fp

A. Kronfeld, HQ99
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Leptonic Decay constants and B-parameters

<& B-meson parameters

Important phenomenological quantities. Dominant
source of uncertainty in CKM matrix elements V4, Vi,,
calculated from B2 — B? mixing.

G2 5 .
Am, = a%MﬁzSO(wt)ﬂBMquéqBBq|V2qVEb‘2

Amy known to ~ 4%.

In addition, Bg and B, input parameters in theoretical
prediction of Alp,.

& D-meson parameters

fp, measured experimentally with ~ 30% accuracy.
fp is not measured.

CLEO-c will determine these to ~ 2%.

Also measure D — D mixing, semileptonic decays etc.

This will provide a test of LQCD heavy quark physics.

o J/
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Heavy Quark Physics
from
Lattice QCD

Sinead Rvan
Trinity College Dublin

| attice 2001, 22nd August, Berlin
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& Hashimoto, Ishikawa, Onogi: [talk by Onogi]

A calculation of the non-perturbative renormalisation
of heavy-light currents.

Large 1-loop coefficients of static-light currents. Per-
turbative error ~ O(a?).

NP renormalisation would reduce this uncertainty and
hence the error in fp, f4. o €tC. |

Method:
Ward-Takahashi identity to extract Z% /Zp!.
Questions

e NP O(a) improvement reduce discrepany further?

e Specify to static or a feature of finite mass quarks?
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e Investigate cutoff effects, by defining

Y. ya/L) - Yoa(z,0
6(2, MM 775) = ca(z C;/CA)(Z O)C’A( )

and expanding § = §©) 4 §g2 =+ O(g% -

)
— Disc errors =~ (am, 3735)>.

= Problem for heavy quark extrapolation at finite a

as the slope of extrapolation may have sizeable con-
tribution from disc errors.

= Perform heavy quark extrapolations in the contin-
uum limit.
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New developments

O Kurth and Sommer: [talk by Kurth]

| NBP597(2001) NP renorm™ of HL axial current in
| static.

hep-lat /0108018 studies the difference between static
amnd full QCD in continuum limit for correlation fumc-
tions at tree level and 1-loop of PT.

Key Findings

o Explicitly demonstrate gauge-invariant, IR finite |
cornl” funcs are described by HQET in m — oo limit.

o Match QCD and static and extract finite mass ef-
fiects.

This is achieved by imposing tive matching condition
Xmatch (M, 375) = Yea(z,a/L) 4 O(1/2) + O((a/L)?)
with

Xmaten(B) = (XF2)Xiat(w) 4 O((a/L)?)
&™) = 14 BPR. +

The constant B$?' is calculated amd found to agree
with a previous calculatlon

e .
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The b quark mass

Martinelli-Sachrajda —O—
GLOK (NRQCD, N=0) ! o |

Hornbostel et al (NRQCD, N=0) FHO-H
Collins et al (NRQCD, N,=0) ——O—

Heitger-Sommer (N,=0) —0
Hornbostel et al (N.=2) 2@
r } P\J{:'_:z) I——O—-{
lins et al (N,=2) —O—
Average (N=2) roemsifrond

T 41 42 43 44 45 46 47
my(m,)

mp () = 4.30(10) GeV

In very good agreement with other methods and ex-
periment.

O H-S result is larger than others. NP effect? Dis-
cretisation? A continuum extrapolation will be inter-
esting.

o /
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¢ Lewis et al: [talks by Lewis & Mathur]

i
%g

Charmed baryon spectrum (Qgg and QQq).

Anisotropic and NRQCD actions.
Worse stats but no suppression of HFS observed

(maybe overestimated?).

O JLQCD: [talk by Tsutsui]

HQ expansion parameters, u2 and ué are calculated.

. L e el S o e o .:.:::_AA;;‘.:;;.‘:‘ L e,

The mass dependence of these parameters iSs com-
pared to HFS

s

s " ——r
A L i

i 2
Mo _AMG
2mg
- e 1
Mn,— Mg = NAs) ~A(B)+ 5= [—u2(No) + uZ(B)]

The meson HFS is underestimated. The baryon HFS
agrees with experiment.

G s e 2, R
Rt Ty i e Ty
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Spectroscopy of Mesons and Baryons
M2 — M3 ~ constant V flavours.

In practice (D*(B*) — D(B))at < (D*(B*) — D(B))expt
by 20 — 40% respectively. Quenching effiect since:

Am o as(m)|¢(0)

/

O QCDTARO: [talk by Garcia-Perez]

| & HFS at 8 = 6.6. Use UKQCD data (8 = 6.0,6.2)
| to take a — 0 and find an increased HFS.

= Quenching effect not as large as expected?
Controlled quenched continuum limit feasibile.

< Columbia [talk by Manke]

bb HFS also shows scaling violations.

100 A
: O Columbia: relativistic, §=4, N=0
O Columbia: relativistic, =5, N=0
80 1 C. Davies: NRQCD, &=1, N=0
- . [1CP-PACS: NRQCD, &=5, N=0 «
N m CP-PACS: NRQCD, &=1, N=2
60 B \ % b
*
40 | o 8- R 1
= T &1 ,
E i ®
@ oo} "8 g *
! ) = b
0 :: 4 - N " o 4 " " N N ] N . A & A . " " " - |
00 0.1 0.2 0.3 04

a,(1P-18) (fm]
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The b quark mass

An important input parameter for many phenomeno-
logically interesting quantities.

Renormalon ambiguities in Mpee = require short dis-
tance mass definition:

me(p) = Zcont (1) Mpoie

OMartinelli and Sachrajda: 2-leop coefficient for con-
tinuum and lattice HQET matching. Subsequent re-
sults are stable against a.

O my determined with NRQCD for Ny = {0,2} with
1-loop matching between Myinetic and the MS mass.
Ali Khan et al amd Hornbostel et al.

O Collins et al extrapolate high statistics NRQCD re-
sults to static and use Mpoe = M{®" — (EQ, — E)
to determine my. O(a®) coefficient of E3° (quenched)
and Zcont kKnown.

& Heitger and Sommer: [talk by Sommerd]

A strategy to compute the b-quark mass with non-
perturbative accuracy.

e Using Schrodinger functional approach and renor-
malisation of the static approx. as discussed in K&S
hep-lat/0108018 the. b-quark mass is computated.

This allows the continuum limit to be taken.

- 4
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Summary

I conclude this section with a table of the systematic
errors as budgeted by the Fermilab group in the cal-
culation of B — wlw.

Tg is defined as

Pmin
T(Pmin, Pmax) =/ dpp®|f+(E)|?/E

pmin

and similarly for Tp. The range 0.4GeV< 1.0GeV
is considered to be where systematic errors are min-
imised.

Error budget (in % ) for this calculation

Error Ts |Vws| Tp |V
statistical A P L. | °
excited state 6 3 6 13
p extrapol® i £10 5 +9 15
mg extrapol® | ¥ 10 & ¥
adjustingmg || £6 13 £2 £l
HQET matching || £10 +5 +£10 5
a dependence || 3¢ 13 ¥ +H
definition of a | #11 +6 44 42

total systematic 30 15 ﬂ'f : m=

. total (stat®sys) o :

b g
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All groups:

1 dl
V2 dg?
ub

Trinity College,
Dublin.

Errors are /(statistical)? + (systematic)?, as quoted
by groups.

o APE

O Fnal
oJLQCD
o UKQCD

e
b,

—

O Broad general agreement between diffierent groups

O Treatment of heavy quarks is different — systemat-
ics are different

o In more detail, FNAL and JLQCD both simulate at
the b-quark mass. Why are the results different?
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SPT continued

JLQCD observe that a ,/m, term in the x extrapola-
tion raises the value of the soft pion limit. Thus the
problem is dependent on the form of the extrapolation
and the interpolation to fixed E(g?).

FNAL data do not satisfy the relation. However,
Fnal note that the experimental rate is — O and the
lattice systematics (mostly due to chi extrapolation)
are increasing at the soft pion limit. Cuts are imposed
on the range of E considered such that E > 0.424GeV.

o An observation ...

The RHS of | is a ratio of decay constants in which
quenching effects are thought to cancel.

The LHS is the form factor f° for which no such
cancellation can occur and for which the size of the
quenching effects are unknown.

Given the size (and subtlety) of the systematic error
in this calculation perhaps it is not surprising that the
| soft pion relation is a difficult problem.

N
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Soft Pion Theorem

In the limit m,, E — O

Poumg) =2

O APE ~» the relation holds
O UKQCD ~» the relation holds
O JLQCD ~+ the relation doesn’'t hold

O FNAL ~ no comment.
In more detail:

APE use the SPT to choose the functional form of
the heavy mass extrapolation.

UKQCD also choose a quadratic fit for the heavy
mass extrapolation. There is mild dependence on
the pole form introduced when interpolating to a
common set of .

L ¥,
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| Significance of this discrepancy

& This is a region of quark mass where all three
groups should agree.

& Note that this discrepancy is doubled in the rate
since dI /dg? « |f+(E)|°.

& In the near future we can expect an increase in the
experimental data for semileptonic decay rates.

e CLEO-c will determine D — w(K)lv very accurately
e FOCUS will measure ratios of decay rates eg

D — Klv , | Vesl
to determine the ratio ——
D — wlv | Ved|

— Important to know why the results are different.
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D — wly fiiozm F‘r“!ai, APE, UKQCD
o | " APE: (@)
"1 . APE: f°(::)
’ES‘ O Fnal: f'(q) ) | EE- |
A 14t 0 UKQCD: '(q°) L |
a | -
7 L
g 1 W @ T |
£ SR
: i E JR
Soel @ +
02— ""0o5 10 15 20 25
q° (GeV?)

Differences: philosophical and analytical

e Fermilab use kinetic mass. Ape use pole mass. This
difference in mass definition effects the form factors.

e Different lattice spacings, maybe residual lattice
spacing dependence

e The UKQCD data (with new NP coefficients) lies
between the APE-FNAL data.

¢ Renormalisation

b Size of the rotation of quark fields. ‘ J
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O Fnal approach is valid at all quark masses.
Study the mass dependence from mg, tO my.

O Back to ¢4 and ¢o and including Fnal data.

T T T T T T T T T T T T T

15 | i !

1J>% %# b

__ | t "‘# b @, (GeV ) 1
05 | . —
BN o B A I
o g 'Qis"'olslwi
‘  JLQCD A APE O Fnal ﬂ

| © Data agree with JLQCD at Mg but show slope as

| oot as much mass dependence as APE datta. Agrees
.petter with linear extrapolation to Mp.

& Indicates APE and Fnal disagree at Mp.

. @
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Heavy Mass Dependence

Consider

O+ = (a:(MP)/as(MB))-2/11f+/\/m
and  ¢o = (as(Mp)/as(Mg))~%/** for/Mp at fixed E.

& Compare JLQCD and APE

T T T Y T v v T T T T T T

|

ol \ @+ | ;1

_ 'y L @, (GeV™)

> + 'M' ¢ ¢ 44 ¢+ @ (GeV

O 02 'm'(é‘Q_Q;s' o8 1
=

o flat slope. But NRQCD becomes unreliable
as 1/Mp — 1/Mp

APl megative slope. But extrapolation 1/Mp — 1/Mp
increases discretisation error. Distorting heavy mass
dependence?

N J
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O Outstanding differences

e Lattice action and parameters.
e Lattice size, smearing functions and fitting.
¢ Renormalisation of the heavy-light current.

Trinity College,
P s —
) after “new' analysis

q
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| Note that for the remainder of this discussion I will use
| «=*(1P —158) in the Fermilab data.
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