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Exclusive semileptonic decays on the lattice

provide good determinations of CKM matrix elements.

Paul Mackenzie

Tune Vu» to get correct B=prlv.
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Outline

e QOverview of Fermilab/MILC semileptonic program
e Constrained curve fitting

e (Constrained curve fitting and the shape of semileptonic

form factors.
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Current Fermilab/MILC semileptonic projects and writeups.

D=>{m1,K}lv
B=»Dlv

B=»D*lv
B=>17lv

B=>KI*F

Phys. Rev. Lett. 94:011601, 2005
Okamoto, Lattice 05
Laiho, Lattice 06

Masataka Okamoto, Lattice 05
Van de Water, Lattice 06

Jain, Lattice 06

Paul Mackenzie
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Long-term plan is to analyze all of these on the
MILC lattices with a=0.15, 0.125, and 0.09 fm.

Paul Mackenzie

Fine

Coarse

apProx.
a(fm) L my Mg mr.(MeV) # configs.
0.09 40 0.0031 0.031 e 600
0.09 28 0.0062 0.031 336 600
0.09 28 0.0124 0.031 467 600
0.125 24 0.005 0.05 254 600
0.125 20 0.007 0.05 300 800
0.125 20 0.01 0.05 357 800
0.125 20 0.02 0.05 494 600
0.125 20 0.03 0.05 600 600
0.125 20 0.04 0.05 — 600
0.125 20 0.05 0.05 — 600
0.15 20 0.00484 0.0484 212 600
0.15 16 0.0097 0.0484 327 600
0.15 16 0.0194 0.0484 453 600
0.15 16 0.0290 0.0484 550 600
0.15 16 0.0484 0.0484 700 600
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BéD{*}IV Laiho, Lattice 06

Staggered chiral PT,

Fine Lattices: Laiho and Van de Water,

_ Phys. Rev. D73:054501, 2006
Coming soon

Coarse Lattices:

t sink -t source =12

t source =0, 16, 32, 48

smeared heavy clover daughter quark
local heavy clover parent quark

local staggered spectator quark

full QCD only
heavy kappas = (0.074, 0.086, 0.093, 0.119, 0.114, 0.122)
Medium-Coarse Lattices: b C :
Currently working on a run at
t sink =107? — . .
Coouree = 0. 24 (also 12, 367) a 0.15_ fm: to obtain an estimate of
full QCD only discretization errors, before moving

on to a=0.09 fm.

Coarse Lattices:

0.02/0.05 ensemble --t_source =0, 16, 32, 48
0.01/0.05 ensemble --t_source =0, 16, 32, 48
0.007/0.05 ensemble --t_source = 0, 16, 32, 48

Medium-Coarse Lattices:

0.0194/0.0484 ensemble (In progress)
0.0290/0.0484 ensemble (In progress)
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Bé 7TIV Van de Water, Lattice 06

B->pi RUN PARAMETERS:
Coarse Lattices:

t sink =12

t source =0, 32 (also 16, 487)
local pion

smeared B

full QCD only

Medium-Coarse Lattices:

¢ sink = 107 Currently working on a run at a=0.15

{ source = 0, 24 (also 12, 36?) fm, to obtain an estimate of

local pion discretization errors, before moving
smeared B _ _

full QCD only on to a=0.09 fm;

studying optimal ways of performing

AVAILABLE 3pt DATA: _ _ _
unitarity-based fits (see later).

Coarse Lattices:

0.02/0.05 ensemble -- t_source = 0, 16, 32, 48
0.01/0.05 ensemble -- t_source = 0, 32
0.007/0.05 ensemble --t_source = 0, 32
Medium-Coarse Lattices:

0.0194/0.0484 ensemble --t_source = 0,32 @t _sink =12;t source =0 @ t_sink = 8,10
0.0290/0.0484 ensemble --t_source =0 @ t_sink = 8,10,12
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B=>KI*F

2 m2 2 2

(B(p) b0 avs) K(K)) = i
\

New operators and form factors in 2 |
the Standard Model. b s

Jain, Lattice 06

v, 2"
r‘ﬁq "
// \ //\\
l . s .+ b 4 PO W
u,c,t 0 u,c,t
v, .7
i
S 57
tuct + u,c,t

u

N/ o
Standard Model effects are smV,
(PrOCeed through penguins.) Penguin diagrams contributing to B — K¢ ¢~

Possibility of seeing Beyond-the-
Standard-Model effects?

Paul Mackenzie
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Very preliminary.

2.5

1.5

0.5

Paul Mackenzie
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B—> 7T/V, finite range of g2
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Paul Mackenzie

Lattice data extend
over only a fraction
of the g? range on
the physical

B— mlv decay.

With standard
methods,
discretization errors
go like O(ap)?
signal goes like
eXp(-Ent).

Uncertainties in lattice and
experiment both highly g2 dependent.
Harder and more important to
understand shape.

Proposals to address:

*) Moving NRQCD (Davies, Lepage, et
al.)

*) Calculate in charm region, extrapolate
to bottom (Abada et al.)

*) Gibbons: global simultaneous fit of all
experimental and lattice data.

*) Unitarity and analyticity (Lellouch,
Fukunaga-Onogi, Arnesen et al., ...)
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Always have to make some
assumptions about shape to obtain
any fit.

__ If any crazy shape were allowed,
we could never fit anything.

Constrained curve fitting allows the possibility of an infinite
number of free parameters in fits, while formalizing
assumptions about their values.
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Constrained curve fitting

XQ

Use “augmented” chi squared:

2
— Xaug

Bayes formula:

Likelyhood of fit parameters

Add an infinite number of parameters to the fit
function, but constrain them to their plausible ranges.

= X2 + X?)rior
X2(An, En) =) AG(t) 0, AG(Y)

2

A, — A)? E, - E,
X?)rior = Z ( ~9 ) +Z ( 5_2E )

n 9A,

given your data.

Paul Macke

nzie

-~ Likelyhood of fit parameters
P(G‘p) P(p) Vel / \before doing the calculation.

P(G) :
P(p) = o~ Xprior (P)/2

Probabilityofyourdata\ P(@\ ) —x*(p)/2
p) X e

given the fit parameters.
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What do we know in advance about the fit function for form factors?

A nice ansatz, the Becirevic- o) = F fold?) = F
Kaidalov parameterization: e O (rYs) T =1 "3/3

Correct effects of the B*

pole that we know are there. Additional pole parameterizes higher
mass states.

F.(0)/(1—«a) [1 [ ImF.(t) Real life higher mass states for B—>Trlv:
F+(q2) = — 2 _/ dt - > a cut.
t

ooy FL(0)/(1=a) i
BK could be extended with increasing accuracy +(q ) — 1 42 + Z 1 2

by adding more and more poles. (Hill.) o mZ, k=1~ % mZ,
Paul Mackenzie DPF/JPS 2006. October 31, 2006. 13
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Current limitations of BK

1) In lattice data fit with BK, statistical errors are smaller at high momentum than at low.

An effect of the model not present in the raw data.

2) Richard Hill: experimental data better fit with an extended
BK with an extra parameter:

Fy (O 11—« C
F_|_(q2) — il__(q)z//(,rn2B*) : 1—q2/M’2 I

Fy (0)(1—3g%/m3%u)

(1—q?/m%. ) (1—[a+d(1—a)]q? /m%.)

Paul Mackenzie
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What do we know in advance about the fit function for form factors?

Not easy to fix prior uncertainties to parameters in BK extensions.

Analyticity and unitarity have long been gﬂfgﬁcg’rrf::::aega-
used to constrain shapes of form factors. |

A particularly simple form has recently been
emphasized by Arnesen et al.

Consider a remapping of the semileptonic decay variable t=g?
iInto a new variable z in the complex plane:

4 R

_ VI — =ty — o
Z(t, t()) —
Vig =t 4 Vg —to
\_ Y,
z maps g%=t>t+ onto |z|=1., and
t<t+ onto [-1,1] in the complex plane.

(t =(pH-pL)?, t+=(mMu+me)% t = (Mu-mL)?).

to, taken as 0.65t_ here, is a fudge factor adjusted to center the physical region on z~0.

Paul Mackenzie Yale, October 24, 2006 15



A power series expansion of the form factors in
Z can be written in the form:

1

I —

o
f(t) — ‘v” Z ak(tO) Z(t, to)k
K Function calculated in

perturbation theory to produce a
Function that has unit norm at z=1., simple form for the ax.
and that vanishes at the poles of f,
e.g., at the B* pole.

P and ¢ contain most of the complexity of the form factors.

R
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By calculating the current-current correlation function in perturbation
theory and using the JV'Brr amplitude,

Im IT#— /[p 3] 8(q—ppx)(0]™| Br)(Br|J#(0) +

with crossing symmetry and analyticity, one obtains a simple constraint
on the axs in the equation 1 s

M= Piotaag) 2 10 2010

It is simply Zak<1 |
k=0

Paul Mackenzie DPF/JPS 2006. October 31, 2006. 17



The a
B->11
D->171
D->K
B->D

lowed range of z in physical semileptonic decay is small

v: -0.34<z<0.22,
v: -0.17<z<0.16,
v : -0.04<z<0.06,

v -0.02<z<0.04.

na
Since Zai <1,

k=0

t tt
f() tto ];)ak 0

to obtain the form factors to high accuracy, say 1%, only a small
number of parameters is needed, only 5 or 6 even in the case of

B->1T

| v.

R

Paul Mackenzie

9

| | X XXXXXX

[z

DPF/JPS 2006. October 31, 2006. 18



R

B=> 1TlV, unitarity fits
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P(t) ot to) f (t) = Zak(to)z(tato)k
k=0

Vanishes af “Arbitrary” analytic function --
subthreshold choice only affects particular
(e.g. B*) poles values of coefficients (Q’s)

Strong g? dependence in form factor is due to calculable effects. When those are factored out, two parameters
suffice to describe the current experimental data. (Just like B=Dlv, K= mlv?!!)
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B=> 1TlV, unitarity fits

B->mt form factor data normalized by P(t) x (I)(t,to) vS. z(t)
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0 PO )F (1)

Coefficients in z
| expansion are
compatible with

Paul Mackenzie

{1 experiment.
a0: 0.0257228 +- 0.003
0.2 al: 0.020256 +- 0.068
a2: 0.152234 +- 0.41

<<1: see Becher, Hill.
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B=> 1TlV, unitarity fits

B->m semileptonic form factors vs. g

2
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— 3 param. fit constrained such that f+(0)=f0(0) -- xz/d.o.f. =0.35

BK; f+(q2) from constrained fit

— unconstrained 3 parameter fit-- xz/d.o.f. =0.35

4 f+(q2) from unconstrained fit

qz(GeVz)

Combined fits of f+ and fO
may give surprisingly good
prediction for form factors
well beyond the range of
lattice data.

- Raw lattice data,

- Not extrapolated in m
or a,

- Momentum dependent
discretization errors not
yet included.

How can the results of such fits best be compared with experiment?

Paul Mackenzie
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Summary

@ Fermilab and MILC are calculating an extensive set of
semileptonic form factors at several lattice spacings.

o D={m Kllv
e B=D{*}lv
e B=¥rlv

o B=KI'T

@ The analyticity-based z expansion limits the number of
parameters needed to describe form factor data,
without introducing model dependence.

@ In terms of the z expansion, all semileptonic form factor
data, both lattice and experiment are consistent with
straight lines: normalization and slope.

® Even B—rlv.
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