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Isospin Breaking by Perturbation

bare quark propagator: S

- P + e + m

guark mass shift

QED self-energy counter term needs renormalization.



Isospin Breaking by Perturbation

bare quark propagator: B>

) b + e +m

guark mass shift QED

QED self-energy counter term needs renormalization. 4®— ?

However, such counter term does not appear
in some cases of hadron mass splittings.
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Example: quark QED

mass counter
shift term
coefficients
of diagrams
m,,+ 1 Fs(0)-Am, 2e?/9 —5e%/9 —5e%/9-CT
m o 1 F.(0)-Am, —5¢*/18 e /2 —5e%2/9 —5e%/9-CT
m_: — Mo 0 0 e /2 —e%/2 0 0

No ultra-violet divergence nor counter term in m_+ — m_o.

For baryons made of uds, the same thing happens in m+ + my- — 2myo.



Example: quark QED

mass counter
shift term
coefficients
of diagrams
m, Fs(0)-Am, 2e?/9 —5e%/9 —5e%/9-CT
M 0 1 Fs(0) - Am, —5e“/18 e /2 —5e2/9 —5e%/9-CT
M — Hilo 0 0 62/2 — 62/2 0 0

No ultra-violet divergence nor counter termin m_: — m_o.

For baryons made of uds, the same thing happens in my+ + my- — 2mjyo.

How to make it general?



Generalize to Any Hadron

o used on lattice
» Within pure QCD

Ny = mfﬁf + (H|ﬁq|H)(mghy|— mq) + 0 ((mghy — mq)z)

u-d mass splitting and fine tuning.
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Generalize to Any Hadron

o used on lattice
» Within pure QCD

B 2
my = my + (H|qq|H)(mghy|— mq) + 0 ((mﬂ'}hy = mq) )

u-d mass splitting and fine tuning.
» We square it for mesons

mZ = (m2)? + ng(nlﬁqm)(mghy — mq) + 0 ((mqphy = mq)z)

relates mildly to pion mass.
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Generalize to Any Hadron

o used on lattice
» Within pure QCD —

| 2
my = md + (Hlﬁqu)(mghy|—~ mq) + 0 ((mghy - mq) )

u-d mass splitting and fine tuning. -
» We square it for mesons

mZ = (m2)? + ng(ﬁﬁq[n)(mghy — mq) + 0 ((mghy =t mq)Z)

—

relates mildly to pion mass.

h
cancel mﬁ g my
|lattice calculation

prediction / | \
\ B HIGgH) mE — (m)?
Tt 2m%<73|aq|n> \mgw

Z cancels input a/11




Introduce QED Effect
UV divergence is cut off by lattice spacing

|

my = mf + (HIGqH) (2™ — mg + T) + AmZ + 0 ((m2™ —m,)")

QED self-energy counter term of quark
= 2
mz = (m2)? + Zm?r(nquln)(mzhy —mg + CT) + 2m3am2FP + 0 ((mﬁhy —mg) )

lattice calculation counter term &

unphysical part cancel
prediction \
0

PRY 11115 2 032 0 A ., QED
m H HYmsz — (m — 2m-Am 2
L 0 ( |QQ| Ymz — (mz) T T A ngD 4 0(( phy q) )

2m3(mlqqin) P q

mH:mH

input — By
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Lattice Calculation

» For lattice with 3 flavors of quarks, we need 3 kinds of mesons
o 2
My =M+ z (HlﬁqIH)(mzhy —mg + CT) + Amgl"u 0 ((mghy —my) )
1 2
= mY + aAff_+ + BAT L+ + YA + AmE™P 4+ 0 ((mﬁhy —m,) )

a, [3, v: combinations of ratios of F'.(0) - need to compute properties of 7 & K.
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Lattice Calculation

» For lattice with 3 flavors of quarks, we need 3 kinds of mesons

39)
C

1

mpey

(HIqqIH)(mE"™ — mg + CT) + AmZ + 0 ((m2" — m,)")

2
= m} + aAm_+ + fAM,+ + YA + Amﬁm +0 ((mghy —my) )

a, 5, y: combinations of ratios of /'.(0) - need to compute properties of 7 & K.

» Both input and output need lattice spacing to convert between lattice and physical unit

ED L PRY . oD
a®Pmy " =my
The lattice spacing changes while introducing QED. We need another hadron (eg.f2)
a“"'”mzhy =mg, = my + aAm+ + BAM,: + yATgo + -+

as input to solve the new spacing a/ **'. \\ \

include a/ %!
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Numerical Analysis

|

— m°, by 2pt
—— lattice spacing

—_—

We compute — ZsFg(0), by3pt of several particles —

— prediction

| Am@EP, by 4pt

e M= O RS

0.19fm  143MeV

Generated by RBC/UKQCD, 2+1 flavor
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o, by 2pt r
{ ZsFs(0), by3pt  §(T) = Z (05(T)]s(1)07(0)) = Cy + (H|qq|H) - T + (excited states)
Am©PED  py 4pt

T=i)
(Hlqq[H)/(2My) (Hgq/H)/(2My)
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m°, by 2pt
ZSFS(O)J by 3pt
AmUEP, by 4pt
§ Qt,=077fm
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Preliminary Results

_ 2
a M, PhY — my = my + aAifi+ + BAM .+ + yAM L+ + AngD + 0 ((m?;hy - ‘m,q) )

H
» For ()
& =— 1. 19823 ), g/ ull theory
—pure GCD = 1.0195(50)
p =y =1264(20)
» To do next...

® N, %, E A, for example, ay, Bx, Y, AMY>, /™ - Amy
® Disconnected diagrams
® Add finer lattice to do continuum extrapolation
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Conclusion

» We develop a new method to compute isospin breaking effect on
hadron mass splitting on lattice.

» Using this method we can compute hadron mass splitting without
ultraviolet divergence nor renormalization.

»We apply it on a real lattice to compute several hadrons.

Thank you for your listening.



