PROCEEDINGS

OF SCIENCE

Lattice calculations of Dsto n and n’ decay form
factors

Issaku Kanamori*
Institut fiir Theoretische Physik, University of RegengbD+93040 Regensburg, Germany

E-mail: i ssaku. kananori @hysi k. uni - r egensbur g. de

We report on lattice results of the form factors for semitdeyc decays of th®s meson tag and

n’, with ny = 241 configurations. The calculation contains disconnectaditen loop diagrams,
which are challenging to calculate on the lattice. Our testubws that the disconnected diagrams
give significant contributions to the form factors.

Xth Quark Confinement and the Hadron Spectrum
8-12 October 2012
TUM Campus Garching, Munich, Germany

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Lattice calculations of Pto n andn’ decay form factors Issaku Kanamori

1. Introduction

About 15% of the decays of tHBs meson are semi-leptonic. There are by far dominated by
decays withn, n’ and ¢ mesons in the final state. The decays intandn’ contain interesting
flavor physics, in particular, the mixing of andn’. Investigating the corresponding form factors
helps to understand the magnitude of the gluonic contobutd n’ (see [1], for example). The
mixing can be studied through bofthandDgs semi-leptonic decays. However, the latter is easier to
access in experiment, since it is a Cabibbo allowed process.

The Ds — n') semi-leptonic decays are characterized by the following form factors,

fo(a?) and f, (o):

: 5 ’ MEZJS—M,%U) > M3, M,27<’>
(" (k) VH(?)|Ds(p)) = f+(0P) (p+k)“—Tq" +fo(Q)Tq“, (1.1)

whereVH is a vector current anbllp, andM n) are the masses &f andn (), respectively. Together
with the CKM matrix, one can relate the form factors to theagyewidth and thus the branching
ratio. Experimental results for these decay modes ardrajat appear, see [2, 3]. The matrix
element (I.h.s) is what we can obtain from the lattice. We fo@us only on the scalar form factor
fo(g?), which can be related to the scalar matrix element [4]
fo(?) = > (n")|SDs). (L2
Ds — V)

whereS = s¢ andmg andm; are thes- and c-quark masses, respectively. This relation has an
advantage over eq. (1.1), in the sense that it does not estingircurrent renormalization.

Currently, only a prediction of the form factors from thehiigcone sum rules is available [5].
A first principles calculation on the lattice is desirablealso provides an interesting playground
for quantum field theory, since physics relevantjtoshould contain non-trivial effects from the
chiral anomaly as characterized by the Veneziano-Wittemdita [6, 7].

However, a lattice calculation of the decay form factor ishtdcally challenging, as it re-
quires the evaluation of disconnected fermion loop diagtdmorder to obtain the relevant matrix
elements, we need to compute the following three point fanstshown pictorially:

nn 9

(") (K)|S(DIDs(p) = @ — (.o @) (1.3)

K
s P I=u,d,s

where the solid lines represent fermion propagators. Thkedird the second terms are the con-
nected and disconnected fermion loop diagrams, respBctNete that the disconnected one is in

fact connected by gluons. We expect to see the effect of thmaly in the pseudoscalar flavor

singlet sector and this is only possible with the discoregterms.

To obtain a fermion propagator, we need to invert the Diraeraior, a matrix of typically
0O(10") x O(10"). Many of the quark propagators in the three point functiopeaping in eq. (1.3)
only require a few columns of the inverted matrices. Howgether disconnected diagram requires
the whole inverted matrix (i.e. an all-to-all propagatar) the light quarksl) and thus is compu-
tationally much more expensive to calculate. Note that teecthnected contributions are summed



Lattice calculations of Pto n andn’ decay form factors Issaku Kanamori

over the three light flavors, which enhances the contribgtioy roughly a factor of three. This is
another reason to expect that they may be large.

Although the calculation is challenging, it is still feasilj8]. We use stochastic estimations of
all-to-all propagators in the disconnected fermion diaggaln addition, we also use the stochas-
tic method for the charm quark propagator in the connectadrdim (denoted by a blue line in
eg. (1.3)) [9]. This allows us to access many different mawmancombinations, which helps to
improve the signal by averaging over rotationally equimal@omenta. The stochastic estimations
introduce stochastic noise in addition to gauge noise, andombine several noise reduction tech-
niques, such as the standard low mode averaging and thateghsolver method (TSM) [10].

To carry out the lattice calculation, we use QCDi&F= 2+ 1 configurations [11, 12]. The
strategy of these sets of configurations is to keep the flanglet mass average of the three quarks,
%(mu +my + mg), constant. Starting from the flavor SU(3) symmetric poimg,g = ms, Mygq is
reduced andns is increased. This setup is ideal to study flavor physics éS3bJ(3) flavor basis.
So far, we have analyzed 939 configurations at the flavor synumpmint, corresponding to pion
and Kaon massddl;; = Mx = 450MeV, and 239 configurations witfl; = 348 MeV andM =
483MeV. The physical spacial extent of the lattice is royghBfm, and the lattice spacing is
a ~ 0.08fm for both sets of configurations. The stout link non-pdratively improved clover
action (SLINC) [13], for which the discretization effecteeaemoved td(a), is used for both the
dynamicalu, d ands-quarks and the partially quenchedjuark,

In the next section, we extract the masseg @ndn’, and a mixing angle between the SU(3)
flavor singlet-octet basis and the physical states. We tihesept our result for the scalar form
factor fg in section 3.

2. Extractingn and n’

Since the configurations are well suited to study the effettsavor symmetry breaking, we
start with the following SU(3) basis to descriheandn’:

1, _ - -
ngzﬁ(uu+dd—25§), nlzﬁ(uu+dd+s§j. (2.2)

The physicall andn’ should be a mixing of the above octet stajg)(@nd the singlet statey():
n = cosf ng —sind ny, n’ = sin@ ng+ cosb n;. (2.2)

We use a single angle parameterization and do not includeanigl state in eq. (2.2), since we
expect the gluonic contributions to be small. In principle gan resolve the contribution but is
beyond the current analysis. The interpolating operétgqr) that will be used creates an overlap

with the () state sufficient to obtain the target matrix elements.
To extract the) andn’ states from the lattice data, we need to diagonalize theviigllg 2x 2
two point correlation matrix:

o [(0s(K)EL(0)) (Os(t;K) 61 (0))
. <<m<t:i>@§*<0>> <ﬁ1<t:R>ﬁi*<o>>> ’ 23
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wheredg and ¢’y are interpolating operators fgg andn;, respectively, antdis the time separation
between source and sink. The operators at the sink are twdjéx momentunk. Here we use
smeared interpolating operators (Wuppertal smearing) bdjeduce the effects from the excited
states. The diagonalized basis gives the operzﬁﬁ(pr for physicaln(), and the diagonalized two
point functions give the spectra fofa > 1:
diag n /7 | n R‘Z diag n’ /. 7 4 ’R‘Z
G (k) = 2 —exp(—E ), G T(tk =T —exp—E it),  (24)

2Er7 K ZEU,R

whereZ, ;= (n(/)(ﬁ)\ﬁ;(/)(ﬁ)]m is an overlap factor between thg") state with momenturk

and a state created by the interpolating operalﬁap‘);k is the energy of the state. Settikg= 0,
we obtain the masses. Note that each element in eq. (2.3insrtoth connected and discon-
nected fermion loops. For example, hg— ng two point function contains the following fermion
diagrams:

. I S
(Ga(t;K) 63(0)) = %[O/IQO +206_—®
S

I S S | s s |
20> C@)-20o @) +2(e—> <e)+2(e> c.)}
wherel stands for light (i.e.y- andd- ) quarks. In figure 1, we show the effective mass plot

ay G

for n andn’ together with that ofr. The figure demonstrates our ability to separaterttandn’
states.

The diagonalization presented so far gives a mixing of tkerjiolating operatorg’;, and &g,
which depends on the smearing of our choice. To obtainpthgsical mixing, we replace the
smeared operators @in eq. (2.3) by local operators. The smeared operators ilresgtd att = 0
SO we need to Usg ) from smeared(source)-smeared(sink) two point functionsormalize the
matrix elements. Setting the momentéma: O, we can extract the following matrix elements:

& = (0logn), & = (0logn’), & = (OlFn), & = (O, (2:6)
Modulo renormalization factors, they are proportionallie tlecay constants in the SU(3) flavor
basis: for examplezgaff7 =My f,?, whereZg is the renormalization factor anf:;‘,3 is the decay
constant ofy through the octet. We use the following ratio to obtain th&ing angleo,

g — (010e) Olog*n’)
<O\ ﬁéocalm > <O\ ﬁllocal‘ r]/> ’

for which the renormalization factors cancel.

Figure 2 shows our preliminary values for the mass (left paaral mixing angle (right panel)
together with the experimental values and other latticelt@sWe findM, = 513(11) MeV, M,/ =
750(130)MeV, and 8 = —8.3°(2.8) at M; = 348MeV. Note that our result has no mixing by
definition at the SU(3) flavor symmetric point = ng andn’ = n;. Currently, we have not yet
included disconnected two point functions for this ensemivhich mean$l, = M/

(2.7)
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Figure1: Effective mass plot forr, n, andn’ for the M, = 348 MeV ensemble.
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Figure 2: Summary of lattice results for the massesnofndn’ (left panel) and the mixing angle (right
panel). Included are result from the BRC/UKQCD [15], UKQCDB]. HSC [17], and ETMC [18] col-
laborations. For the mixing angle, two experimental valog&LOE [19] (e, o) are from radiative decays
(p,w,0) = (1°,n,n")y, n’ — pyand n®,n’) — yy ; they assume zer@) and non-zerod) gluonic contri-
butions ton’ state, respectively. The other experimental valiei§ from BES [20], which uses charmonium
decays only. Data with * use both local and fuzzed (smearpéjaiors and ** fuzzed (smeared) operators
only.

3. Decay Form Factors

Above we have constructed suitable interpolating opesdtmrn andn’, so it is straightfor-
ward to obtain the matrix element we need from the followimgé point function:

Ds () L . T
C3* () = (0,0 (tr: K)S(t; ) Op, ()
trstst Zy0) g ZDsp
4E, ) ¢En.p

«tr = 0] () (01S(@) Ds(P))-
(3.1)

exp|~Ep, p(t —t) ~ Eyv)

)

Here, p = E+q and 0p, is an interpolating operator fdds. We use a similar parameterization
to eq. (2.4) for the two point functiodp,(t; ﬁ)ﬁgs(0)>. By combining egs. (2.4), (3.1) and
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(Op,(t; B) 07, (0)), we obtain the matrix elemeriy ")) (k)|S(d)|Ds(p)).-

In figure 3, we plot our preliminary results fdg(g?) for the SU(3) flavor symmetric case. A
fit to the functional formfo(g?) = % is also shown. We findo(0) = 0.75(3) for Ds — Ivn and
fo(0) = 0.52(5) for Ds — Iy ', atM,; = 450 MeV.

To calculate the three point functions, we included all diseected fermion loops. As men-
tioned in the previous section, we have used the approxambtj, = M, to compute the two point
functions, which allows us to use differeigtp, = ts —t;j in eq. (3.1) for the connected fermion loop
contribution {sep = 24a) and the disconnected ongefp= 8a). A largertsep suppresses possible
pollution from excited states, but leads to larger statidterrors, which is particularly problem-
atic for the disconnected diagrams. Using differgggfor the connected and disconnected three
point functions circumvents these problems in this caseulAahalysis withM, # M, which
could affect theDg — I_v|r;1 form factor, is currently under investigation. Due to flaggmme-
try, the Dg — I_v| ng form factor is identical td — I_v| mandD — I_v|K at the symmetric point
(M= 450MeV).

Interestingly, we find that the contributions from the discected fermion loops are signif-
icant, see figure 4 where both connected and disconnectedbcions toCs'?S_’”/(t) are plotted
separately. The figure also indicates that the main sourtlkeeos$tatistical error comes from the
disconnected contribution.

The results presented here are still preliminary. In paldic the effects of excited states of
the Ds and possiblyn, n’ are still under investigation. The effective mass plot (fegll) suggests
that the excited state may contributes up/@< 5. Since our fit region for the three point function
is at most 1< t/a < 7 for the disconnected diagrams, there may be some pollérion excited
states. Note that the effects of an excited state (g:g.to the two point functions is suppressed
by a square of the overlapping factor. For example, inclyidire leading order of the excited
contributions eq. (2.4) becomes
’Zn*fk’2 Enx
12,1 By k

2E -

dia T Z R‘Z
CP(t,k) = S —exp(—-E, it) [ 1+
rl‘,k

exp —(E,]*R—Eni)t] +> . (32

The term|Z,-/Z,|? appears as a correction. On the other hand, the pollutiohetdhree point
function is suppressed by only a linear factor:

Z +Z .
D (1) = #EZ exp|—Eo, plt —t) — E ¢(t —1)| (1 (K)IS(@)Ds())
Z . E - “(k
2R Bk e e o] (1 RIS@IDLE)
7 By Pk B O] e B
ZosEous e e oo RSO |4,
2 T C N R M

where the correction starts with tf#&-/Z, term. It is important to remove these effects or to
estimate their magnitude, which may be one of the main seust¢he systematic error in our
calculation.
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Figure 3: Preliminary results for the scalar form factéy(g?) for the SU(3) flavor symmetric ensemble
(M =450MeV). Also included are results from light cone QCD suhesyLCSR) [5].
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Figure4: Connected and disconnected contributions to the threetnmintioncgﬁ"/ (t)ywithp=qg= k=0
andMy = 348 MeV. TheDs meson is created fa = 0 and then’ is annihilated at/a = 8.

4. Conclusions

We calculated the semi-leptonic decay form factors Bar— |vjn and Ds — Ivin’ using
QCDSFns = 2+ 1 lattice configurations. This is the first lattice result acdy form factors
which includes the fermion disconnected loop contribwgioitt turned out that the disconnected
fermion loops give significant contributions to the formttac The result is still preliminary but
promising: the scalar form factor at zero momentum tran&féd) can be obtained with 10-15 %
precision.

We are planning to use larger lattices and lower quark magsesther target in addition to
fo(q?) is the other form factof | (g?). We are also interested in calculating the— v @ decay
form factor that also contains a disconnected quark lindrifmion and the same calculation
techniques are applicable.
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