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Introduction

@ Accurate calculations of heavy-light quantities can help to determine
CKM matrix elements.

@ Highly improved staggered quark (HISQ) action makes it possible to
have staggered charm quarks as well as staggered light quarks.

e Many advantages: avoiding renormalization for partially conserved
currents, ...

@ SXPT can help us extrapolate lattice data to the continuum limit and

extrapolate or interpolate to the physical values of light quark masses.

@ Aubin and Bernard derived SXPT for staggered light quarks and
Fermilab heavy quarks.

e The doubler states of a heavy quark are treated as integrated out.
e The heavy quark fields have no degree of freedom corresponding to
taste.

@ HISQ charm: each staggered heavy quark has a taste-degree of
freedom.
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e Many advantages: avoiding renormalization for partially conserved
currents, ...

@ SXPT can help us extrapolate lattice data to the continuum limit and

extrapolate or interpolate to the physical values of light quark masses.

@ Aubin and Bernard derived SXPT for staggered light quarks and
Fermilab heavy quarks.

e The doubler states of a heavy quark are treated as integrated out.
e The heavy quark fields have no degree of freedom corresponding to
taste.

@ HISQ charm: each staggered heavy quark has a taste-degree of
freedom.

@ We need to extend the program to include staggered heavy quarks
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Introduction

@ SXPT in continuum limit:
e Normal continuum heavy-light XPT but extra taste degree for both
heavy and light quarks.
o Separate SU(4) taste symmetry for both heavy and light quarks.
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Introduction

@ SXPT in continuum limit:
e Normal continuum heavy-light XPT but extra taste degree for both
heavy and light quarks.
o Separate SU(4) taste symmetry for both heavy and light quarks.
@ SXPT at non-zero lattice spacing:
o Taste symmetries (heavy-+light) are broken.
o But splittings of D's is small (comparing to pion’s)
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Figure: Coarse MILC ensemble
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Chiral Lagrangian in the Continuum Limit (no taste)

o Consider a heavy quark with no taste degree of freedom:

@ Due to the spin symmetry of heavy quarks, one can combine the spin
zero and spin one eigenstates of a heavy-light meson.

The field destroying the heavy-light meson:

_ Ly

H., 3

The creating field:
[’Y“ B/ja + "75 Ba] Pa = Yo HJ'YO J

a" is the combined flavor-taste index of the light quark and v is the
meson's velocity.

@ The H-field chiral Lagrangian at LO is:

Ly = —i Te(AHv-D) + gx Tr(HHY"y5A,) | |
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ChiPT for all-Staggered Heavy-Light Mesons

@ Now, we assume the heavy quark is implemented by a staggered
fermion.

@ We generalize the definition of the creation and annihilation operators
of a heavy-light meson.

The field destroying the heavy-light meson: v: the meson’s velocity
a: the heavy quark taste index

i * .
Hoa = %y (7" Bjiaa + i75Ba) a: the light quark flavor-taste index

The field creating the heavy-light meson:

Haa = [y*Bf%. + ivsBL.] Y

Javad Komijani, Claude Bernard (Wash. U.) June 24, 2012 5/ 14



ChiPT for all-Staggered Heavy-Light Mesons

@ Now, we assume the heavy quark is implemented by a staggered

fermion.
@ We generalize the definition of the creation and annihilation operators

of a heavy-light meson.

The field destroying the heavy-light meson: v: the meson’s velocity
1y . ; a: the heavy quark taste index
Hoa = 555 [V Bjiaa + ivsBaa] — Hi=z | a: the light quark flavor-taste index

i: the light quark flavor index

The field creating the heavy-light meson: =: the meson taste index
(16 indep. 4 x 4 taste matrices)

Poza = [’Y‘L BZLZa + iVSBla] % — FE

v
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ChiPT for all-Staggered Heavy-Light Mesons

@ Now, we assume the heavy quark is implemented by a staggered
fermion.

@ We generalize the definition of the creation and annihilation operators
of a heavy-light meson.

The field destroying the heavy-light meson: v: the meson’s velocity
Ao . ; a: the heavy quark taste index
Hoa = =~ [’V“Buaa + I’YSBaa] — Hi= ) the light quark flavor-taste index
i: the light quark flavor index
The field creating the heavy-light meson: =: the meson taste index
- . (16 indep. 4 x 4 taste matrices)
Has = [v*Bi, + ivsBl.] B¢ — Hi=

v

@ The tastes of a meson can be represented with the Hermitian taste
generators:

TE :{5571.5/1457’.5#”75#75/} J
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ChiPT for all-Staggered Heavy-Light Mesons

o Leading order staggered version of heavy-light meson Lagrangian
looks the same as continuum SXPT.
@ The LO chiral Lagrangian involving the heavy-lights is:

Ly = —i Te(AHv-D) + gx Tr(HHA 5A,) |

e HH is a 4n x 4n matrix in the flavor-taste space of light quarks:

(HH)ab = HaaHab J

e This Lagrangian has the SU(4) taste symmetry and the spin
symmetry of the heavy quark.
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ChiPT for all-Staggered Heavy-Light Mesons

Leading order staggered version of heavy-light meson Lagrangian
looks the same as continuum SXPT.
@ The LO chiral Lagrangian involving the heavy-lights is:

Ly = —i Te(AHv-D) + gx Tr(HHA 5A,) |

e HH is a 4n x 4n matrix in the flavor-taste space of light quarks:

(HH)ab = HaaHab J

This Lagrangian has the SU(4) taste symmetry and the spin
symmetry of the heavy quark.

@ To improve the results, we are going to use Symanzik effective action
for mga << 1.
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ChiPT for all-Staggered Heavy-Light Mesons

@ We assume that the charm quark action is sufficiently improved that
we may take amg << 1.
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ChiPT for all-Staggered Heavy-Light Mesons

@ We assume that the charm quark action is sufficiently improved that
we may take amg << 1.

@ This is the way we think about the theory:

‘Staggered Lattice Lagrangian

Continuum Effective Lagrangian: -

mg, p, k << Ay
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ChiPT for all-Staggered Heavy-Light Mesons

We use Symanzik effective action to derive NLO terms for mga << 1,
which leads to heavy quark taste (or spin) symmetry violation.
Three different types of operators in the SET at order a:

a2Oss’tt’ = 326/(’75 ®&:)aiqy (vs ® & )ar
+ o 325/(% ® &) qign(vs @ &) an
+ o 3GV ® &) anTw (vs @ Evr)an

The first type doesn't break the heavy taste symmetry.

The third type doesn't lead to any new terms. (Since we don’t consider
heavy-light scatterings.)

@ We now proceed to determine the chiral representatives of the second type.
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ChiPT for all-Staggered Heavy-Light Mesons

@ Using Spurion analysis, we obtain:
L3% = Kma Tr(HésHés) + Kaea® Tr (HEWHEL) + Kaza® Tr (HEs HE us)
+ Kaaa® Tr (A& HEL) + Kasa® Tr (ﬁm H’y“S)
+ Kasd Tr (m_r,u.gs HY**¢5) + Kard® Tr (Fryun 6 HY60)

+ Kaaa® Tr (FuésaHy"€xs) + Kaod® Tr (Fysuun HY**6n )
+ double-trace terms

‘6‘23,25:2 = Z (KBI"’2 Tr (ﬁ'yvugMH’Ylwgu) + KB2a2 Tr (F’YV;L&SM H’YW/§N5)

o

+ Keaa®v¥ v, Tr (HEuuHg ) + Kosa® Tr (Fis,éos Hv“%))

+ double-trace terms
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£3% = Kma Tr (H&HE) + Kaoa Tr (HELHE,) + Kasa® Tr (HsuHE s )
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+ double-trace terms

Type-A operators are invariant over the full Euclidean space-time
rotation group, SO(4), as well as a corresponding SO(4) of taste.J

Liiz = Z (K3132 Tr (ﬁ’yuufﬂH’yuugu) + K5232 Tr (ﬁ’yl,“§5” H,tugus)

o
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+ double-trace terms
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@ Due to the terms of £%, and £7?%,, different tastes of the D meson
get different corrections to their mass.

e Type-A: gives different masses to different representations of SO(4)
taste symmetry group, labeled by S, P,V A, T.

e Type-B: gives different masses to time and spatial components of a
representation such as & and &;.
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@ The following terms are corresponded to the dominant terms in taste

splittings of light mesons (pions)

[,?7232 = KA322 Tr (ﬁ£5HH‘£M5) + KA832 Tr (P’y‘w&,AH’y”“@@) + ...

B2
Lrye = E

“w

The following pattern of mass splitting is

common between the light and heavy-light
mesons.
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In heavy-light mesons the following pattern of
mass splitting appears at the same order as the
previous one.
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We get the decay constant of the D meson for the partially quenched case as:

fo . 1 1+43g2 1 2
X= — 1 _—— =/
(fBI-:(O> + 167’[’2f2 2 { 16 ;e(mxf,_ )
1 0 3,31/ 1 s(3,%)
—3 Y o [RPIMP O em)]
jemBE 5
) x
(25 X g R Do) + 1V A])}
jEM(4 ,x) )

—+ Cs(mu + myg + ms) + Cvmx + CE,332 )

where x is the valence flavor, = is the valence taste, f runs over the three sea

/

quarks u, d, and s, =/ runs over the 16 meson tastes.
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X= — 1 _—— =/
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—3 Y o [RPIMP O em)]
jemBE 5
) x
(25 X g R Do) + 1V A])}
jEM(4 ,x) )

—+ Cs(mu + myg + ms) + Cvmx + CE,332 )
where x is the valence flavor, = is the valence taste, f runs over the three sea

/

quarks u, d, and s, =/ runs over the 16 meson tastes.

@ (=, is the only coefficient depending on the taste of the meson.

@ 1-loop chiral logs are the same in a paper by Aubin and Bernard, where
heavy quarks have no degree of freedom corresponding to taste.
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We get the decay constant of the D meson for the partially quenched case as:

fo . 1 1+43g2 1 2
X= — 1 _—— =/
(fBI-:(O> + 167’[’2f2 2 { 16 ;e(mxf,_ )
1 0 3,31/ 1 s(3,%)
—3 Y o [RPIMP O em)]
jemBE 5
) x
(25 X g R Do) + 1V A])}
jEM(4 ,x) )

—+ Cs(mu + myg + ms) + Cvmx + CE,332 )

where x is the valence flavor, = is the valence taste, f runs over the three sea

/

quarks u, d, and s, =/ runs over the 16 meson tastes.

@ Taste-independence of 1-loop chiral logs follows from the residual discrete
taste symmetry of the light quarks and SU(4) taste symmetry of the heavy
quarks at LO.
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Conclusion

In summary:
@ We generalized the chiral Lagrangian of a heavy-light
meson so that each heavy quark has four tastes.
@ We derived the NLO chiral Lagrangian which breaks
the SU(4) heavy taste symmetry.
@ We derived the NLO decay constants and the taste
splittings in the heavy-light masses.

Our future work:
o to fit MILC HISQ data for heavy-light decay constants
to the NLO chiral form we derived
o Even though HISQ ensembles have physical light quark
masses, the chiral fits should help control the
extrapolation to the continuum, as well as allowing us
to use additional ensembles with heavier masses.

v
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Thanks for your attention
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