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Introduction

Semileptonic Decay of D-meson (e.g. D — [vK)

lattice

_A\"

o j’—qrz — (kin. factor)|Vexm|? |(form factor)|?

well-studied in both exp. and lat., high prec. competition

Ds: the major semi-leptonic decay is |Ds — lvn, lvn’

e Experiment: only branching fractions in the PDG

e Theory: no lattice calculations so far
(available: light cone QCD sum rule predictions)

e Interesting for n/n’ mixing, gluonic contrib.
e Challenging: disconnected fermion loops

e |Interesting play ground for QFT:
contributions from anomaly (cf. Witten-Veneziano
formula)
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(n(’)(k)IV“(q )|Ds(P))
-M2 ) M3 =M ()
= fol@) = " +f+(g?) {(p+l<)“— 72 q“}

We focus on the scalar form factor:

fo(q?) = g25E—(nISIDs)
Ds nl’/

scalar current: S=sc (m:—ms)S : no renormalization
H.Na et al.(HPQCD)

Target observable: (OlOn(/)(tsep, k)S(t, q)OES(O, p)|0)
—E (t—Eps(tsep—t ’
~ e ta) T Ees e ™D () () 5(62) D5 ()

Ds
@ . *
Kk
0 stt,q) P
I7 (t= tsep, k) Ds(t= O, p)
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Disconnected fermion loops

nn g i c

Ds TN | g _© Db
3ptfunc.=C>‘ - > (QO O)
i s b =ud,s \" 3 P
e U, d,s: enhancement by factor 3

e n’: contributions from anomaly m%
k

S p

The disconnected part may contribute significantly
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...but noisy and expensive in lattice calculation
(needs all-to-all propagators)
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Disconnected fermion loops

ST Sy "0 | g _° D,
3 pt func. = QC>‘ - ) @D e
i s b =ud,s \" 3 P

e U, d,s: enhancement by factor 3

e n’: contributions from anomaly mggéﬂ
k

S p

The disconnected part may contribute significantly

...but noisy and expensive in lattice calculation
(needs all-to-all propagators)

—>| manageable | ik Lattice 2011

e stochastic estimation
(also for the connected part Evans-Bali-Collins)

e low mode averaging
e truncated solver method Bali-Collins-Schafer
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QCDSF 241 flavor configurations: w.Bietenholz et al.[QCDSF collab.]
my + mg + ms = fixed
my = Mg =ms — my(=mg) |, Ms 1
SU(3) basis:
ng = %(u&+d8—25§) ni = %(uft+dc_1+s§)

e stout link non-perturbative clover
charm quark: relativistic partially guenched approximation

e 3=5.5,243%x48,a~0.08 fm

e My~ 450MeV (SU(3) symmetric) 939 confs
e My~ 348MeV 239 confs

e (planning: 323 x 64 )
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Extracting n and n’ states
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2 point functions

Building blocks: ng = %(ufﬁd&— 255), N1 = %(ua+d8+s§)
(Mw*%)Um*nQ) . (M*ﬂ) 0 )

(n1—ns) (Nn1—n1)) . 0 (n"—n’)
diagonalize

— masses, interpolators for the physical states O, , Oy

ex.) (ns — ng) = (0s()OL(0))
[ S
— %[O+ y <l
[ S

[ S S
-2(0> @) -2(0= @)
+up$<§n+mt§éxﬂ
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348MeV(mu d < ms) My = 450MeV(mu d= ms)
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t/a t/a

(fittings above: with p = 0 data only)

We can use p # 0 data + dispersion relation
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mass (preliminary)

N(e), n'(a) mass (GeV): as of before the Lattice 2013
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n’ mass and the topological fluctuation:

— finite volume effect —
finite volume effect with fixed topological charge Q:

2
(p(x)p(0))o = — (Xt — ) + -+ for |x| = oo
P. topological charge density Aoki-Fukaya-Hashimoto-Onogi
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n’ mass and the topological fluctuation:

— finite volume effect —
finite volume effect with fixed topological charge Q:

2
(p(x)p(0))o = — (Xt — ) + -+ for |x| = oo
P. topological charge density Aoki-Fukaya-Hashimoto-Onogi

Since p ~ ni, If the statistics is not large enough, one may
observe the constant part:
t—

(On,(p =0, t)(’);fh(p =0, 0)) 22 A exp(—mp, t)+cC
(at my = mg = ms point)
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n’ mass and the topological fluctuation:

— finite volume effect —
finite volume effect with fixed topological charge Q:

2
(p(x)p(0))o = — - (Xt — =) + -+ for x| — oo
P. topological charge density Aoki-Fukaya-Hashimoto-Onogi

Since p ~ ni, If the statistics is not large enough, one may
observe the constant part:

(On,(p =0, t)(’fr (p =0, 0)) ———>Aexp( mp,t)+ ¢
(at my = md = ms point)

) . 0.7
N’ two point func. I n const. removed
2.5e-05 T T T T r] naive ———
full(939 confs) ——x— 0.6 -
7.35e-7
05 [
2e-05 = 05
s £ g I 1
= x c T4
1.5e-05 | o oal %
g O 1
% i 4
1S
1e-05 | s 03f t }

% ©

(]
% T o2} }
5e-06 - . ' } }
< 1
£ } |
X
ok TEEEEEEExerxrrER 01 } 1 }
O 1 1
50-06 . . . . 2 4 6 8 10 12 14 16
5 10 15 20 25

needed to remove the constant part
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Decay Form Factor
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Correlation functions to matrix element

Now we have O, and can calculate: (the same for n’)
o C3pt(t) = (0]Oy(K, tsep)S(q, )OL (P, 0)|0)
Z
= 5252 exp(—Ep,t — En(tsep — 1)) x| (NISIDs) + - |

Zn(k)|?
o Cult k) = 510 exp(=Eq(K)t) + -+

S Z S 2
o Coii(t, p) = 5220 exp(—Ep,(p)t) + -

= (n(k)|S(g?)|Ds(p)) =form factor fo(q?)
g D.

® X ®
k p

- 5(t, q)
Nt (t = tsep, k) Ds(t=0, p)
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results: D; — [vn

mqy=450MeV (SU(3)) mqy, = 348MeV

fO(qZ): Dg ->Ilvn (M, =450 MeV) fO(qZ): Dg ->Ivn (M, = 348 MeV)
08 T T T T T 08

I I
k=0.12104, kg=0.12062
o7TF e - 07

ﬁ.@—a—-ﬁ‘“ | } ............ }--H-------%-};—ﬁ--—ﬁ-ﬂ%ﬁ'*‘}““‘}W

05 - % _________ E-%ja""' 05 -
0.4 B . 0.4
0.3 . 0.3
0.2 - | 02 +
0.1 - Preliminary nr—e— 0.1 - Preliminary nr—e—
fit ------- fit -------
0 | | | | | 0 | | | | |
-1 -0.5 0 0.5 1 15 2 -1 -0.5 0 0.5 1 15 2
q2 (GeV) q2 (GeV)

f3(0) =0.52(2) £2(0) ~ 0.58(5)

(fit with fo(q?) = 1=} )
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results: D; — (vn’
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fo(qz): Dg ->1Ivn’ (m, =450 MeV)

My = 348MeV

fo(qz): Dg ->1Ivn’” (m, = 348 MeV)
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-------------- - 05 - i J
i 04 Fﬁﬂ%} %

I I
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0.7
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f7(0) = 0.45(5)

0.3
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fit ------- fit -------
| | | | | 0 | | | | |
-1 -0.5 0 0.5 1 15 2 -1 -0.5 0 0.5 1 15 2
q2 (GeV) q2 (GeV)

f7(0) ~ 0.42(5)

(fit with fo(q?) = 1=} )
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mqy=450MeV (SU(3)) mqy, = 348MeV

fo(qz): Dg -> Ivr](’) (m; =450 MeV) fo(qz): Dg -> Ivr](’) (m, =348 MeV)
- | | ’ T | LR - ki=0.12104, k,=0.12062 |
0.7 | T 0.7 | } + }%%%’
SR LAE B S it w% ,,,,,,,,,,,, e

LT }W """" S __}.}----.}}gf—%-—— Sill

0.3
0.2 - 02 +
i i
0.1 - Preliminary r? A 0.1 Preliminary L r? A
fit =====-- fit =====--
0 | | | | | 0 | | | | |
-1 -0.5 0 0.5 1 15 2 -1 -0.5 0 0.5 1 15 2
q2 (GeV) q2 (GeV)

(fit with fo(q?) = 1=; )
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Connected vs. Disconnected

p=000, g=000, k=000

1.2e-05 I I I I I I I I I
] conn. —m—

le-05 |- total —®—
disconn. —&—

8e-06 |- -
6e-06 |- -
4e-06 |- % .
2e-06 m i

|
oL | I [

-2e-06 " .
-4e-06 |- n -
-6e-06 - .
-8e-06 [~ % n

-1e-05 | | | | | | | | |
0 1 2 3 4 5 6 4 8

3 point function for (n’|S(t)|Ds), My = Mg = Ms:
the disconnected part is significantly non-zero
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Removing the Excited contributions

Zn Z
C3pt(t) — 2En,7 ZEDDSS exp(—Ep,t — En(tsep —t))

X [(’7|S|Ds) + A1 exp(—AEp,t) + B1 exp(—AEq(tsep — 1)) +- .j

excited contributions

A1,B1~Z*/Z,
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Removing the Excited contributions

Zn Z
C3pt(t) — 2En,7 ZEDDSS exp(—Ep,t — En(tsep —t))

X [(’7|S|Ds) + A1 exp(—AEp,t) + B1 exp(—AEq(tsep — 1)) +- .j

excited contributions

n, p100g000k100 Al, B]_ ~ Z.*/Z.

| tsep:EI% —
0.2 F
0.4
06 I . C3pt
Z Z
-0.8 } { I ; . 2Er)r) ZE[Z)SS exp(—EDSt—Er)(tsep—t))
-
C o = [nIsIDs) + -]
12| 1 =const. ?
1.4 F
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Fit using the Excited States

from 2 pt func.

input: AEp,, AEp, tsep = 8,10, 16

= (n|5|Ds)
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Fit using the Excited States

from 2 pt func.
input: AEp,, AEj , tsep =8, 10,16
= (n|5|Ds)

fit with c+A; exp(- A Epg t) + B, exp(- A E(tsep-t)), n, p100g000k100
0

A'Epg = 0.303761'+- 0.128709 tsep=8 '
a9 | A E = 0.446664 +- 0.052652 tsep=10 F—x— |
' A, = 0.496032 +- 0.210276 ﬁttstgg;}g e
oal B, = -0.007043 +- 0.136741 fit, tesp=10 - ]
' c =-1.036981 +- 0.081215 fit, tesp=16 -------

\ C

0.6 | . s
0.8 |- %% ; -
,,,,,,,,,,,,,,,,,,,,, \,,fi‘%g%‘_ﬁ;,,,,,,,,,,,,,,
1r -’%‘z—fzssf:—i_:f%\“ —:—%L—-—— .
1.2 -
1.4 | -

l ] l ] ] ] ] ] ]
0 2 4 6 8 10 12 14 16
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Conclusions
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Conclusions

Semi-leptonic Decay Form Factor for Ds — nlv, Ds — n’lv

e Calculable using lattice, including fermion
disconnected loops: First Result

e fo(g° =0)
(stats. error) <10-15% at my = 348MeV, 450MeV

outlook
e larger (and finer) lattice
e mixing angle of n-n’

e f+(q°)
e Decay to ¢
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Conclusions

Semi-leptonic Decay Form Factor for Ds — nlv, Ds — n’lv

e Calculable using lattice, including fermion
disconnected loops: First Result

e fo(g° =0)
(stats. error) <10-15% at my = 348MeV, 450MeV

outlook
e larger (and finer) lattice
e mixing angle of n-n’
e f+(g%)
e Decay to ¢

Thank you very much
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