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MOTIVATIONS

3 ® ALEPH
L — Perturbative QCD (massless)
25 | -~ Parton model prediction
F =
2 31 3P 61(MC)
E W(MC),nmre(MC),KK’(MC)
15 - TKR(MC)
1 F +
E "0—0-4_
A R V — A current
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7 data can improve a,,[77]

L a,[HVP] = 693.3(2.5) [KNT '18]
— 40
e — ap[r7] = 503.9(2.0) [KNT '1g]
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Final states I = 0,1 neutral



IsosPIN CORRECTIONS

0

Restriction to ete™ = ntn~ and 7~ = 7 7%v,

S
U()(S) = WO’,ﬁrﬂ-— (S)

m72_ Bﬂ-ﬂo 1 dNﬂ..,ro S -1 2s\~1 1
(=52 (o)

v_(s) = = ki
( ) 6|Vud|2 B, Nypo ds m2 + m72_ SEW
PSR B3| FO)2
Isospin correction vg = Ripv_ Rig = L0057l [Alemani et al. '98]
Gem B2 |Fr |2

0. Sgw electro-weak radiative correct.  [Marciano, Sirlin '88][Braaten, Li '90]
1. Final State Radiation of 777~ system  [Schwinger '89][Drees, Hikasa '90]

2. Ggwm (long distance) radiative corrections in 7 decays
Chiral Resonance Theory [Cirigliano et al. '01, '02]

Meson Dominance [Flores-Talpa et al. '06, ‘0718“‘)0'(“""EN
A

3_ Phase Space (BO,—) due to (mﬂ.i —mﬂo) NATIONAL LABORATORY



PI1ON FORM

FACTORS

[Gounaris, Sakurai '68]
[Kiithn, Santamaria '90]

Sources of IB breaking in phenomenological models

mpo # myx , o #Tx , mgo # mgs

p — w mixing & =~ O(my —mq) + O(e?)
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CONTRIBUTION TO a,,

Time-momentum representation [Bernecker, Meyer, '11]
G'(t)=1 Z/d:c (@) (0) — a,= 40422th7(15)
t

Isospin decomposition of u, d current

0
Jp = (uvuu + d%t (“'VM d’Yu = Jl(A )+ J/(ll)

= 6@ = £+ £ O+ Cor O
Gy = G @i () = e {r
6t @i ) = { r+ e e

Decompose a,, = aly"” + a"") + all"! BROOKHIVEN
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NEUTRAL VS CHARGED

L . I=1 Aoy s oo I=1
5(%‘“_@”@’[13:0] v ):ﬂ(“”‘d)’{k:— ]

Isospin 1 charged correlator G} = 3 Z/dw (1 +) I _>(0)>

G4 =GY, - GYY

-t SZ2 ©) + (O-O)]
031—24@2 Qd)* 47ra @—FQX@ Q@

2
—|—Z2Q 2Qd(mu )[2>< @ ]
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Aay|rm, 7]

Restriction to 2 — neglect pure I = 0 part a/&o,o) [7%9,3m,...]

Lattice: Aay[rm,7] =402 wy x [Gy,(t) + GF,(t) — Gy (1)]
t
Pheno: Aay[mm, 7] :/ TdsK(s) [ vo($) —v_(s)]
4m?2
Conversion to Euclidean time for direct comparison
Aay[rm, 7] =402 Y, wy X {ﬁ [ dw we™“[Rip(w?) — 1]v_ (wQ)}

FSR, Ggym —  not computed from lattice but doable [C.Sachrajda Wed)]

required for direct comparison v_ vs GV}
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LATTICE: PRELIMINARY RESULTS

Aa,, from G, (QED and SIB): Pure I =1 only O(«) terms:
1 0.3
0.2
0.1
% 0.0
3
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CONCLUSIONS

For detailed comparison lattice vs pheno:
study systematic errors — ongoing finite volume study
improvement of errs — high stat. data set from HLbL
Outlook:

1. full lattice calculation of Aa,[mm, 7] on the way

2. lattice QCD calculation — various comparisons

comparison v_ with experiment requires FSR, Sgw and Ggum
— test of long distance QED corrections
— direct computation

study G{, alone — p — w mixing

study 6GD alone — p° vs p~ properties
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Thanks for your attention



Furr QED anND SIB

O Q [Blum et. al. "18]

@ @ @ : : [C. Lehner talk]

@V S  @©T (e) D2 (\ .
P
(‘x

oo ®0 &

F (a) M (b) R (c) O

Presently only leading diagrams are computed V' | F', .S, M [Blum et al. '18]
— improving precision between 2 and 4 times
SU(3) and 1/N, diagrams presently not computed
BROOKHFIAVEN
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PEEKING AT THE DATA - 1

Lattice fully inclusive — comparison with v_ problematic

manipulate correlator to implement energy cut

fit lowest energy state (co + c1t)e Pt

0.00004
P . . —Enx . .
| (‘O“lt)eiE ; lattice correlator more precise
0.00003 1 (co + ext)e at short distances
t V+F
0.00002 - | fit with fixed energy
| Eopi=1, Ery
0.00001 1 {
temporary solution: not
1 44 4@ H H 1
0.00000 SR rEoe SR A RN required with better precision
—0.00001 ; - ; . .
5 10 15 20 25 30 BROOKHILAVEN
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PEEKING AT THE DATA - II

Aa,, = 4a* Y, w, 6G(t) — weights suppress short distance

Aafle) x (V+F)

4 lattice correlator more precise
)| at short distances
PRULLL Y
v > .
0 ase?” \hl'- T fit (co + c1t)e Bt
{ E — 7w oor my
_24
Y —— i — reduction of stat. noise
t data temporary solution: not
—6 0 10 20 30 10 50 required with better precision
T/a = summation window
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Stat. improvements from data of HLbL project

LATTICE IMPROVEMENTS

[Phys.Rev.Lett. 118 (2017)]

contribution of diagram F' to pure I =1 part of Aaq,

Adl/=V[F only]

’ {  data set from HLbL

11 %  data from [Blum et al. '18]

0 "W****
14 %EF}F
i
—3
-9 10 20 30 10

data from [Blum et al. '18]: O(500) point-src per conf.

T/a = summation window

76 configurations

0O(1000) point-src per conf.
5105 combinations
80 configurations

x4 reduction in error

finite volume errs relevant
— dedicated study
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RADIATIVE CORRECTIONS

Some QED corrections computed in Chiral PT [Cirigliano et al. "01]
e.g. photon exchange between 7 and hadrons

relevant to compare lattice data vs v_

is current precision enough?

alternative calculation from lattice
possible [Giusti et al. "17]
[C. Sachrajda Wed] [J. Richings Wed]
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