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Motivation

» recent accurate experimental determinations of the semileptonic rates
(Belle, BaBar, BES, Cleo lll, CLEO-c, FOCUS). ’

Two strategies:

lexp + LQCD input

= LQCD results test,
= | Veql

lexp + CKM unitarity
then use for B physics I

» Two unquenched determinations for D — =, K (FNAL-MILC, HPQCD),
both use staggered dynamical quarks [Aubin et al. 2005, Bernard et al. 2009] ’
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(D — Pezlg)

G2
2___YF
[Vedl 19273 m3,

AY2(q7) I (P) P

» CKM matrix element squared

» Known, well measured factors
» Kinematic triangle function




D — Ply, (P = 7, K) differential decay width

Approximate formula for m, ~ 0

—— (D — Plyy) = |Vggl? GF

/\3/2(67 ()P

(P()| . clD(p)) = <,0+k q

- m?
TP> f(9%) + qu
N
» Vector form factor

Eho(dP)
» Scalar form factor (negligible contribution occ m; ~0if ¢ = e, 1)
» Kinematic constraint: f,.(q° = 0) = f(g° = 0)
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ETMC simulation details

» Gauge sector = Tree level Symanzik improved action J

» Quarks sector = Twisted Mass Wilson fermions at maximal twist =
automatic O(a) improvement for physical quantities [Frezzotti and Rossi 2004]

» N; = 2 dynamical degenerate light quarks

» a~ {0.102, 0.086, 0.068} fm (using 2"

> [3x T=24%x48and32° x64,aL ~2.0=+2.7fm
» ma > ms/6 ~ 15+ 20MeV = m, ~ 270 + 500 MeV
» Mm@ ~ mg~ 90+ 120MeV, m& ~ m, ~ 1.2GeV

» twisted boundary conditions = ap = ZLL” +0
[Bedaque 2004, Petronzio et al. 2004, Sachrajda and Villadoro 2005]

L
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Extraction method (e.g. D — )

» reduce stat. fluctuations

» suitable double ratios of 2pts and 3pts = no need for Zy and Zp,

[Hashimoto et al. 2000, Becirevic et al. 2005]

» exploit electric charge normalization
(H(=§)|Va|H(G)) = 2mpy - f(q? = 0) = 2m, - 1

Ratios and double ratios

tsource

e

tsource

lateau
p R(l) ,
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Extraction method (e.g. D — )

» reduce stat. fluctuations

» suitable double ratios of 2pts and 3pts = no need for Zy and Zp,

[Hashimoto et al. 2000, Becirevic et al. 2005]

» exploit electric charge normalization
(H(=§)|Va|H(G)) = 2mpy - f(q? = 0) = 2m, - 1

R{(g?)

Ra(q?)
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Recipe

Simulated quark masses are not the physical ones. Moreover one wants

a — 0 limit.
» extract f, o(q?) at the several values of (a, m;, mg, m;)
2 I \ I L E—
5 a~0.063fm
- ® ®f(q), an=0.0080 E
2 m_~1884 MeV
15 O Of,(d)am=00080 ° & = _
f (¢%), am=0.
oo O(qz)'am' 00060 1860 Mev @Q® |
0 0 f,(q") an=0.0060
g ®
1 PR Y o =
@Eﬂ .. ]
N é L™ |
05 —
0 \ \ \ \ \ \ \
-1 -05 0 05 1 15 2 25
q’ (Gev?)
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Recipe

Simulated quark masses are not the physical ones. Moreover one wants
a— 0 limit.
» extract f, o(q?) at the several values of (a, m;, mg, m;)

» interpolate to physical charm quark mass [see F. Sanfilippo's talk]

» interpolate to physical strange quark mass by fixing the combination
2m& — m2 to its physical value (~ 476 MeV)

» use HMChPT to fit the data in (m,, g%) and extrapolate to m2™* J

» parametrically include O(&?) effects in the chiral formulae J
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HMChPT formulae (1 ) [Becirevic et al. 2003, 2004]

for calculations on the lattice and in HQET it is more convenient to use the
decomposition

(PIgyuclD) = vmp [V“ f(Ep) + P fP(EP)] J

» v* = pf/mp, 4—velocity of the D meson
» pl is the component of pj; orthogonal to v#

» Ep=vVv-pp=(m3+m3—qg?)/(2mp),
P meson energy in the D rest frame

2m
1(eP) = ———5 [(mo — Ep) fy(Ep) — P} fo(EP)]
mp — Mp
1
= [E - =
f.(q%) m [f\(Ep) + (mp — Ep) fo(Ep)] u@
(note that the kinematical constraint is automatically satisfied) o
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HMChPT formulae (2) eecirevic et al. 2003, 20041

Zeroth order in 1/mp, LO continuum formulae (chiral limit, soft pion)
g = 9p*=p~ = 0.6 from [Becirevic et al. 2009]

fD* mB
fr

(A = mp« — mp correctly accounts for the pole, (A ~ 145 MeV, from PDG). The fit
formulae, including O(a?) discretization effects

fo(m. ) =2V 9 o, ) =

E+A°

C 3
fo(m. E) = £ +°A 1+ 70+ 3g%)¢log & + Ci(E)mP? + Co(E) +Csa”
_/_/ .
chiral logs analytic terms
_ 9g° -5 2 2 2
ff(mE)=Do | 1+ Tflogf —2E°F(m,E)+ Di(EYm® + D>(E)+Dsa
—_———
chiral logs analytic terms (%Pen,
(€ = m?/(4xf)?, f ~ 0.121MeV, [Baron et al. 2009]) f‘@
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HMChPT formulae (2) eecirevic et al. 2003, 20041

Zeroth order in 1/mp, LO continuum formulae (chiral limit, soft pion)
g = 9p*=p~ = 0.6 from [Becirevic et al. 2009]
fD* mB

fr

(A = mp« — mp correctly accounts for the pole, (A ~ 145 MeV, from PDG). The fit
formulae, including O(a?) discretization effects

fo(m, )= o9

E+ A’ fVLO(m’ E) =

. log¢ +2,/1— (m/E)log [E/m(1 +/T— (m/E)z)] E>m
(m E) = log& — 2,/(m/EY2 — 1 [w/z — arctan (1/(\/(m/E)2 - 1))} E<m
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|a~0.086 fm, m_ ~1.820 GeV |
T

E, ~ 500 MeV

» chiral behaviour
0.25

for fixed gaand at a
given value of E,

0.25
o =




Fit quality: dependence on E;

[a~0.086 fm, m ~ 1717 GeV, m_ ~0.305 GeV |
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dependence on
E.., for fixed m,
and fixed a
Ci(E), Cs(E) and
Di(E), Do(E)
simple polynomial
ansatz for E
dependence

pole dominates f,
more terms in f,

(urePEa,




Fit quality: discretization effects
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N; = 2 form factors at the physical point: D — «

T T e T T
| PRELIMINARY ]
sk |— f(a”) ETMC N;=2 (HMChPT, continuum) i
2, .
L - f,(q") ETMC N,=2 (HMChPT, continuum) ]
sl | W f,(¢f) CLEO-c D >t [PRD 80 032005 (2009)]

n » CKM unitarity is

1 assumed

> |Vcd| ~\=
0.2258 [uTFIM]

1 » good agreement

- with bin per bin

1 exp data

A (q) CLEO-c D*->1C [PRD 80 032005 (2009)]

L :
2 |77 9

[ m_ ~480MeV - 270 MeV

S, - SO

15~ a~0.100fm- 0.063 fm

(urePEa,
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N; = 2 form factors at the physical point: D — K (1)

f; 0(g?): lattice vs CLEO—c

{ » good agreement
- with bin per bin
8 exp data

35 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T
| PRELIMINARY Lo
aL |— f(q”) ETMC N,=2 (Partially Q. HMChPT, continuum) b
| + 1,(?) ETMC N,=2 (Partially Q. HMCHPT, continuum) b
2, 0 - I
|| m f,(d) CLEO-c D’->K’ [PRD 80 032005 (2009)] P L
25 2 .0 i » CKM unitarity is
| | & 1) CLEO-cD'->K® [PRD 80 032005 (2009)] P
7 ! assumed
2 |77 Tmax H 2
L m_~480 MeV - 270 Mev vl [ Ves| 2 1= 2%/2 =
a~0.100 fm - 0.063 fm | 0.9745 [uTFIm
I
]
|
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N; = 2 form factors at the physical point: D — K(2)

f; 0(g?) normalized to £(0): lattice vs BaBar and FOCUS

» good agreement
with bin per bin
exp data

a~0.100 fm- 0.063 fm

35 T [ T [ T [ T [ T [ T [ T [ T [ T [ | T
PRELIMINARY H
— 1,(@)/f(0) ETMC N,=2 (Partially Q. HMChPT, continuum) !
8 - £,(q/f(0) ETMC N,=2 (Partially Q. HMChPT, continuum) .
F | m f,(q)/f(0) BaBar D’->K  [PRD 76 052005 (2007)] .
I
25 f,(q)/f(0) FOCUS D®>K™ [PL B607 233 (2005)] 1 .
7 : » independent on
[ q max EI 7 V
] | CS‘
21— m_~480MeV - 270 MeV [] o~
I
I
I
]
J

2 (urePEa,
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» Obtained: N; = 2 form factors for both D — 7 and D — K at the physical
point
» HMChPT for extrapolating towards physical pion mass, down to ¢* = 0
» HMChPT coefficients of analytic terms depend on energy = with simple
polynomial ansatzs the formulae describe the g dependence
» Maximally twisted tmLQCD = only O(&?) discr. effects in phys. obs.
» FSE under control (ML > 4 or ML = 3.7)
» Outlook:
» Momentum dependence through different paramterizations (BK,
z—expansion)
> |Veg| and | Vs
» What about B physics? oo -




Conclusions and outlook

Thanks everybody!
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N; = 2 form factors at the physical point: D — «
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80 032005 (2009)]

[ m_ ~480MeV - 300 MeV
~ a~0.100fm- 0.063 fm

S. Di Vita et al. (Roma Tre U.)

Form factors of D — 7 and D — K

» CKM unitarity is
assumed

> [Ved| >~ A =
0.2258 [uTFIM]

» good agreement
with bin per bin
exp data

(urePEa,




N; = 2 form factors at the physical point: D — «
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0.2258 [uTFIM]

» good agreement
with bin per bin
exp data
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