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Outline of this talk

⋆ Electromagnetic effects in QCD:
introduction and motivation

⋆ Methodology employed in the present work

⋆ Numerical results and analysis

⋆ Summary and tasks ahead
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Hadron Isomultiplets

n0 (udd) 939.6 MeV
p+ (uud) 938.3 MeV

Σ− (dds) 1197.4 MeV
Σ0 (uds) 1192.5 MeV
Σ+ (uus) 1189.4 MeV

π± (ud̄) 139.6 MeV
π0 (qq̄) 135.0 MeV

K± (us̄) 493.7 MeV
K0 (ds̄) 497.7 MeV

Two sources of mass splittings

• Isospin breaking contributions due to the difference in masses
of the u and d quarks

• Different electromagnetic charges between the meson and baryon
isospin members
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Different contributions to mass splittings

Mπ± − Mπ0 = 4.594 MeV (Expt)
Mπ± − Mπ0 |d−u ≈ 0.164(30) MeV
Mπ± − Mπ0 |em ≈ 4.43(30) MeV

MK0 − MK± = 3.971(30) MeV (Expt)
MK0 − MK± |

d−u ≈ 3.973(30) MeV
MK0 − MK± |

em ≈ −0.044 MeV

In the chiral limit and to O(e2),

Dashen′s theorem :
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Corrections to Dashen’s theorem

At NLO, i.e. O(e2m), Dashen’s theorem receives correction, denoted
as (for mu = md = m̂),
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or parametrize as in MILC(2004), Blum(2007)

∆M
2
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π

⋆ NLO correction to Dashen’s theorem can be large [Donoghue et.al.

PRD 47 (1993) 2089; Urech NPB 433 (1995) 234; Bijnens et.al. NPB 490 (1997) 239].

⋆ Estimation of electromagnetic contributions to Mπ and espe-
cially MK±,0 has large uncertainties.

⋆ Determination of quark masses, particularly mu/md, relies for
electromagnetic contributions on continuum phenomenology
which results in ∼ 20% error in quark mass ratio [MILC (2204)].
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Lattice calculation of meson splittings

Mass splittings within isomultiplets from EM ∼ md − mu

• Lattice computation of hadron spectra and pattern of isomul-
tiplet mass splittings by including EM fields in QCD → under-
standing isospin symmetry breaking

• Precision determination of quark masses (mu, md, ms) and
their ratios.

• Phenomenologically relevant quantities like ∆M2 can be de-
termined from pQQCD where the photons are only coupled to
the valence quarks.

• pQχPT for Nf = 2+1 at NLO has been worked out by Bijnens

et.al (2007) −→ to be used for extrapolation to chiral limit,
requires determination of EM LECs.
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Pure electromagnetic correction from lattice

Pure electromagnetic correction (relevant for determining corrections
to Dashen’s theorem) is computed from [Bijnens et.al (2007)],

∆M
2 = M

2(χ1, χ3, q1, q3) − M
2(χ1, χ3, q3, q3)

−M
2(χ1, χ1, q1, q3) + M

2(χ1, χ1, q3, q3)

where χi ≡ 2B0mi and M2(χ1, χ3, q1, q3) denotes mass of the meson
with valence quark masses χ1 = χ2, χ3 and valence charges q1, q3.
Lattice data ∆M2 is fitted to
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SU(3)color × U(1)em fields on lattice

⋆ Gluon configurations generated with Nf = 2 + 1 dynamical
Asqtad staggered quarks (by MILC).

⋆ Quenched photon configurations generated with non-compact
U(1) action [Duncan et.al. (1996), Blum et.al. (2007)],

Sem =
1

4e2

′
∑

n,µ,ν

(

∂R
µ Aν(n) − ∂R

ν Aµ(n)
)2

, ∇ · ~A = 0

subjected to Coulomb gauge fixing.

⋆ Photon fields are obtained in momentum space from Gaussian
random numbers and coordinate space Coulomb gauge fields
{Aµ(n)} are recovered by FFT ⇒ U em

µ (n) = eiqeAµ(n).

⋆ Charged quark propagators are computed for Uqcd
µ (n)×U em

µ (n).
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First attempt with staggered quarks

Partially quenched Nf = 2 + 1 calculations

lattice β a (fm) ml/ms cfgs
203 × 48 6.566 0.15 0.00484/0.0484 200
163 × 48 6.572 0.15 0.0097/0.0484 400
163 × 48 6.586 0.15 0.0194/0.0484 400
163 × 48 6.600 0.15 0.0290/0.0484 400

• Asqtad improved staggered valence quark propagators for mv
q

= 0.0048, 0.0097, 0.0145, 0.0194, 0.0242, 0.0291, 0.0388, 0.0484

• Wall sources for charged quark propagators. Fits reported here
are all correlated χ2 fits and jackknife errors.

• Masses are extracted from exponential fall-off of meson prop-
agators in the time range 9–24, taking into account the corre-
lations among time slices.
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First attempt with staggered quarks

Estimate of O(e2) and O(e2m) contribution to pseudoscalar masses

m2
π(e 6= 0) − m2

π(e = 0) = A0(qu − qd)
2 + O(e2m)

0 0.01 0.02 0.03

e
2
/4π

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

m
π2 (e

!=
0)

 -
 m

π2 (e
=

0)
   

(l
at

tic
e 

un
it)

m
u
 = m

d
 = 0.0097

m
u
 = m

d
 = 0.0291

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
m

u
 + m

d

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

m
π2 (e

!=
0)

 -
 m

π2 (e
=

0)
   

 (
la

tti
ce

 u
ni

t)

e = 0.303
e = 0.450
e = 0.600

EM splittings ... 10/16



Meson splittings: preliminary result
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Meson splittings: preliminary result
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Meson splittings: preliminary result
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Meson splittings: preliminary result
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Dashen correction: preliminary result
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Summary and tasks ahead

⋆ Inclusion of electromagnetic corrections in Lattice QCD is im-
portant to understand isospin symmetry breaking and preci-
sion calculation of quark masses and their ratios.

⋆ As a simple first step, EM fields included in QCD are in quenched
approximation and NLO pQχPT 2+1 flavor for such QED +
QCD is available for use with lattice results.

⋆ We have analyzed four MILC Nf = 2+1, a ≈ 0.15fm ensembles
and initial results show good meson splittings, which will soon
be analyzed with NLO pQχPT.

⋆ Preliminary estimation of Dashen correction has been carried
out and found to be in the correct range as predicted from
continuum.

⋆ Extension of the present study in larger volume and smaller
lattice spacing (a = 0.12fm, 0.09fm) is under way.
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