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Introduction

Outline Southampton

O

m Leptonic decays .‘

m All-to-all approach & Meson fields
(=] IQ

0

m Isospin-breaking corrections

[github. com/paboyle/Crid]

m Disconnected isospin-breaking corrections

® Summary

Hadrons

ithub.com/paboyle/Grid/tree/develop/Hadrons]
g P Y P.
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Leptonic decays
UNIVERSITY OF

Leptonic decays Southampton

m The leading order (a®) decay rate is:
2
2
m m
Mt — ITv) = 8—;Gﬁ|fﬂ\2|Vud|2m,2 [1 — mé]
m The isospin breaking correction to the rate:

(= [Fu) = [tree. [1 + (SR,,}

[1502.00257] [1711.06537]

m QED isospin breaking (IB): m Strong isospin breaking:
e? 92 myg — my
(0) = (O + & o (0) (0) = (0 + ) (o)
e=0

[1110.6294]
[1303.4896]
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IB corrections Leptonic decay rates Southampton

m Connected QED isospin breaking corrections to the decay rate: (A.Portelli’s talk)

L

\
Quark-lepton Diagram Exchange diagram Self-energy diagram

m Disconnected qq QED isospin breaking corrections to the decay rate: [isos.002s7]

[ e e

N\
\
Tadpole diagram Specs diagram Burger diagram
m Strong isospin breaking corrections: O I
@ N <> A
\ \
Strong diagram Strong disconnected diagram
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All-to-all propagators Southampton
m All-to-all propagator:

N;+Njp N, Nj+Np
Daoalxsy) = > vilw () = D viw/ () + Y va(x)wi(y)
i=1 =1 h=N;+1

[0505023]
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UNIVERSITY OF

All-to-all propagators Southampton
m All-to-all propagator:

N;+Njp N, Nj+Np
Daoalxsy) = > vilw () = D viw/ () + Y va(x)wi(y)
i=1 =1 h=N;+1
[0505023]
B Low modes (from eigenvectors): ® High modes (from stochastic solves):
vi(x) = ¢i(x) Vi(x) = Dgefiin(x)
wi(y) = di(y)/ A wh(y) = na(y)
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All-to-all propagators
m All-to-all propagator:

Nj+Ny N;

UNIVERSITY OF

Southampton

N+ Ny

Daa(x:y) = > vilIw! (v) =D _viw/ () + D> va()wi(y)

i=1 I=

B Low modes (from eigenvectors):

vi(x) = ¢i(x)
wi(y) = éi(y)/ M

® Ensembles:
vol. a2t my N N,
483x96 | 1.73GeV | 140MeV | 19 | 2000
243%64 | 1.78GeV | 340MeV | 25 | 600

[1411.7017]

[0804.0473]

James Richings (Lattice 2019)

Disconnected

h=N,+1

[0505023]

® High modes (from stochastic solves):

va(x) = Dymn(x)
wh(y) = 1n(y)

m QED:

- Local vector currents

- Feynman gauge

- QEDL

- stochastic photons
A;LL/(X - y) = <Au(X)AV(y)>

[1704.06561] [1706.05293]

[0804.2044]
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Meson fields Southampton

® Two point function:
Su(xv}/)

Sd(y7x)

> tr [vssu(x, ¥)15S4(y, X)}

Xy

James Richings (Lattice 2019) Disconnected 19/06/2019 7/ 16



Meson fields

® Two point function:
Su(xy)

Sd(y7x)

UNIVERSITY OF

Southampton

Z,‘ Vi(X)W,'T ()’)
s s

> vily)w! (%)

> tr [%Su(x, ¥)15S4(y, X)}

Xy

S trfis > vlow! (s Y- vlw] ()]

Xy J
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Meson fields Southampton
® Two point function:
Su(x) i viw (v)
Vs <> Vs Vs Vs
Sa(y,x) > vily)w! (%)
> tr[1sSubey)isSaly )| | 1D e[ Do vitw! (1)s 3 viy)w] ()]
8% Xy i J
vi(x) w! ()
Vs Vs
Wj(x) vi(y)

Z tr[z WiT(y)rY5Vj(y) Z WJ'T(X)’Y5V,'(X)

i y X
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Meson fields Southampton
® Two point function:
Su(x.y) ZviIw! (v)
Vs <> Vs Vs Vs
Sa(y,x) > vily)w! (%)
> tr[1sSutey)sSaly )| ||| 2200wl (s 3 wly)w ()]
Xy Xy J
vi() w(y)
5 - m Meson Field:
Mji(tei 7s) = Z w) (x)svi(x
Wj(x) vi(y)

Z tr[z WiT(y)rY5Vj(y) Z WJ'T(X)’Y5V,'(X)

i y X
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Isospin breaking

Strong isospin breaking using Meson fields

m Strong isospin breaking:

(0g(2)19(2)) = <Z tr(vs5i(x, 2)1S1(z, y)1sSi(y, x)))

X,¥Z

= (30D Myt 75) My, Mii (8, 75))

ijk ot
m Mass correction:

0Ax
Ar

0C:(t) = C,,(t)l

_W,Tt]

m 243 Strong isospin breaking corrections:

James Richings (Lattice 2019)

IMesr =

UNIVERSITY OF

Southampton

Strong diagram

5Ca(t)  8Ca(t+1)

Ca(t)

=

=

=
=
IxIIIIIIIIIIIIIIIIIE

10

t

Disconnected

20

30

Ce(t+1)
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Isospin breaking

QED isospin breaking using Meson fields Southampton
B A-slash field: Nji(te; A(x)) = Z wi (x)A(x)v;(x)
m Exchange: X

2 1 10 T T T
Vs <§> Vs % Z : qf %E 1 it % Ef :
' 1 3 ’ % -5H E E ’ E E E
Exchange diagram —10 T | L |
0 10 20 30
m Self Energy: t
2 2 10 T T L
=
Self Energy diagram ~10 ]V I i T
0 10 20 30
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Isospin breaking

Sequential Meson fields

B Instead sequentially insert the photons.

/(x) = Z S(x, 2)iA(2)

vi(z)

tX, M= Z WT(X Fv (%)

m Double sequential meson fields:

/(x) = ZS(x,y)iA(y)v,-’(y)
=3 S(x ZS(y,

” (t;T) = ZW

James Richings (Lattice 2019)

A(z)vi(2)

Disconnected

UNIVERSITY OF

Southampton

Exchange diagram

Self Energy diagram

19/06/2019

10 / 16



Isospin breaking

Sequential all-to-all: Comparison and results Southampton

m 243 Pion Exchange comparison

4 T I
% 2[] 1 I 2 5
5 - - s
E 1 H1{ *36el + 3 o
N1 hnicaemsies
0 10 20 30

t

m 243 Pion Self Energy comparison

4 T
-4 J 1
3 3§ n 3
s * T 2
: 2H e B k]
[ - _ E
2 1] T T = =

: T

0 10 20 30
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m 483 Pion Exchange

KX T
2 - ]
18 % l
e e S 8,
1.6 |- |
| |
0 20 40

t

m 483 Pion Self Energy:

26w
2.4
)
2.2 I‘Wwﬁ
2
| |
0 20 40
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Disconnected Strong isospin breaking corrections  Southampton

(03(2)14(2)) — (0) (a(2)19(2))

_ Z (tr {755/(X,Y)755/(y’x)} tr [IS/(Z,Z)p Q

X,¥,z

*Z ff[55/X)/ )5Si1(y, x)

X,y,z

ik

)
:Z [ i (B, 78) ;i ty,%HZI'Ikk t,, 1 } v 1

2

I

2

tr[IS,zz}) : :

Strong disconnected diagram

_Z { ii(tes 5 tyﬁS)} {ZI’I;{;{ by I }

i,k
m 243 effective mass:
1

S Mefr

0

—-0.5

Eﬁgﬂmﬂi{{{ﬂﬂﬁg

0 10 20

James Richings (Lattice 2019)

‘ [ |
30

Disconnected

Simple case without QED.

Suppressed compabred to leading
order strong IB contribution.

u and d contributions cancel.
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Disconnected QED isospin breaking corrections  Southampton

m Sequential A-slash field:
= ] COAGI0 = 2wl AG) 2o St i)
® Quark disconnected diagrams:
Y5 O V5 V5 Y5

Burger diagram Tadpole diagram

OO
75@75 75<>«A<>75

Specs diagram Neutral pion exchange diagram
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Pion mass splitting Southampton
(Q — Qd)2 - r:reutral exch
Mﬂ‘+ - Mﬂ.o = u 328t
2 %
. 243 [1303.4896]
< oo T :
'E 4 J H U% 0 M,ﬂimiiii E
2 hd E \ﬁ E {
§ 2 g lﬁlzzr-ri ‘I T ;f E
© ] El J_T :
° ‘ . v -0.1 L L
y ° » % 0 10 20 30
m 483 t .
5 -10~2 |
T 4.5 \)X L
2 =
% 4 : E {ﬂ'
T e e iﬁﬂ{ ,
3 S -1 | ‘ |
0 20 40
' t
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Pion QED isospin breaking sea quark effects Southampton

. B;)rger contribution 243 <> Todp ole contribution 243: <=
U | e
® Specs contributio t24 %‘% m Total contribution 243:

sniiy i
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Summary Southampton

m We use an all-to-all approach to form meson fields that can be used to
calculate a variety of physical quantities, including isospin breaking effects.

m We see a significant improvement in signal when using sequential meson
fields to form the correlators required to study QED isospin breaking effects.

m We have an initial set of meson fields on our 243 and 483 ensembles allowing
us to investigate a variety of quantities including IB corrections to masses,
leptonic decay rates and work on Rare Kaon's (See Fionn's talk on Friday)

m The all-to-all method allows us to calculate disconnected contributions to
isospin breaking effects.

m For more on our collaborations work on isospin breaking corrections to
leptonic decay rates, Antonin Portelli is speaking next.
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