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Outline

Isospin Breaking (IB) corrections after WP2025: Sgy,
Gppm(s), FSR(s), AL [zzy]

o Summary of IB corrections using 7 data (WP2025)

. Beyond sQED effects in AFp[me] (and FSR),

+ Preliminary calculation of IB in pzz couplings — AL (g,,..)

 Impact of IB corrections on AaEVP’LO[T, 7|



HVP evaluation using 7 — 7nzv (y) data
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Status IB corrections in Aaﬂ(in 10~V units): White Paper 2025

(Phys. Rep. ’25)

Refs. [166,194] Ref. [209] Refs. [237,247] Our estimate

Phase space —7.88 —7.52 - —7.7(2)
Sk —12.21(15) —12.16(15) = —12.2(1.3)
G —1.92(90) (—1.67)19% . —2.0(1.4)
FSR 4.67(47) 4.62(46) 4.42(4) 4.5(3)
p-@ Mixing 4.0(4) 2.87(8) 3.79(19) 3.9(3)

AM,, 0.20(*47)(9) 1195+ 2 -

AT,(AM,,) 4.09(0)(7) 3.37 -
. (wjo p-w) AT, (w7y) —5.91(59)(48) —6.66(73) .

AFp(gpnn) - - -

Total —1.62(65)(63) (—1.34)+]22 - —1.5(4.7)

Sum

—14.9(1.9)

2.26
(152052

Uncertainties

® Largest uncertainty due to IB in pzr,

® Matching and scheme-dependence in Sgw, Geyp(s),

® Missing Str-Dep corrections in Ggy(s), FSR(s) & Al [zzy]

gp"']l""ﬂ'o/gpoﬂ'"'ﬁ'_ — 1| = 2“/7[

Exp: =1.45 x 107"

[166] Davier et al, EPJC, 24
[194] Davier et al, EPJC, 10
[209] Castro et al, PRD, ’25
[237] Colangelo et al, JHEP, ’22
[247] Hoferichter et al, PRL, ‘23



Some recent (after WP25) developments in IB corrections

® Gp)4(5): Structure-dependent corrections, Colangelo et al, PRL 136 (2026); JHEP 02, (2026)
® Stw - Gev(s): Scheme-independence, Cirigliano et al, PRL 137 (2026)

® FSR(s): Structure-dependent corrections, Flores-Baez et al, PRD 113 (2026)

® [',(s)/F_ (s): IB corrections in AFp , Flores-Baez et al 2026; GLC-KR ; Davier et al, 2504.13789

This talk



Refs. [2, 19] Ref. [33] Refs. [64, 73] Our estimate
Phase space —7.88 —7.52 — =71.7(2)
SEW —22.01(91) { -12.21(15)  —12.16(15) } —21.4(F0%  -12.2(1.3)
Gem -1.9290)  -1.679% - -2.0(1.4)
FSR 4.67(47) 4.62(46) 4.42(4) 4.5(3)
p—w mixing 4.0(4) 2.87(8) 3.79(19) 3.9(3)
AM,  0.20(*1)(9) 1.95% -2 -
AT ,(AM,) 4.09(0)(7) 3.37 -
fx wlop-w) AT (nmy) -591(59)48)  —6.66(73) _
AT, (gonn) - — -
Total -1.62(65)(63)  —1.34* - — -1.5(4.7)
Sum -14.9(19) -15.20%22 - -15.0(5.1)

-2.63

Bo(s)/ B+ (5)]”

SEwGEM(S)

— 21.9(1.8)



3
Refs. [2, 19] Ref. [33] Refs. [64, 73] Our estimate [5 O(S)/ 5 (S>]

SEwGEM(S)
Phase space —7.88 =7.52 = =71.7(2)
SEW —22.01(91) ¢ -12.21(15) —12.16(15)} —21.4(F%%  -122313) § —21.9(1.8)
GEM -1.9290)  -1.679% - ~2.0(1.4)
FSR 4.67(47) 4.62(46) 4.42(4) 4.5(3)
p—w mixing 4.0(4) 2.87(8) 3.79(19) 3.9(3)
AM,  0.20(*3)(9) 1.95% -2 -
AT, (AM,,) 4.09(0)(7) 3.37 —
'~ wop-w)  AT,(tmy) -591(59)48)  —6.66(73) _
Arp(gpmr) > = -
Total —1.62(65)(63)  —1.34*172 - -1.5(4.7)
Sum ~-14.9(1.9) —15.20%226 — —-15.0(5.1)

-2.63

After WP2025....see previous talks
Colangelo et al, PRL 136 (2026); JHEP(2026)

(PS, Sew,Gem) — —24.9(5) x 107" Girigliano et al, PRL 137 (2026)




The width differente of rho mesons: AFp =1 ,—=1

p pT

@ Data-based determination not precise enough, error ~ 1%, needed < 0.5% PDG, Davier et al 2504.1378

® Theory-based Al') = Al [zz(y)] + AL (rest) Flores-Baez et al, PRD 76, 096010 (2007)
@ AT (rest) = + 0.085(17) MeV, from channels other than zz(y) PDG, 2024

@ |B dominated by p' — zz(y) channels, (i = 0, +)

2
7: g@ \/g = Ogtg— o = + 7+ 70
F[IO — 7T7T(">/)](S) — 487-‘- 6?(5) (1 — 5@) : 80 gp ntr 84 gp T



The width differente of rho mesons: AFp =1 ,—=1

p pT

@ Data-based determination not precise enough, error ~ 1%, needed < 0.5% PDG, Davier et al 2504.1378

® Theory-based Al') = Al [zz(y)] + AL (rest) Flores-Baez et al, PRD 76, 096010 (2007)
@ AT (rest) = + 0.085(17) MeV, from channels other than zz(y) PDG, 2024

@ |B dominated by p' — zz(y) channels, (i = 0, +)

2
7: g@ \/g = Ogtg— o = + 7+ 70
F[IO — 7T7T(">/)](S) — 487-‘- 6?(5) (1 — 5@) : 80 gp ntr 84 gp T

Radcorr IB in prr s s
/ / |
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At leading order in IB AT | (y)] = L'(p? = 7tn7) |69 — 0y — 2 (:’: 1) -5 ( 260> m
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1. 0, ( corrections to p — 77 decays beyond sQED

sQED: Flores-Baez et al, PRD (2007) GVMD: Ignatov & Lee, PLB (2022) fj
/ 2 —>

E d sQED : : F(k?
eyond s ﬁ:ﬁ ZaV A(k2)

|% nt(p™)

Scalar QED: 2 aVFV(kz) = Z ayFy(0)=1—- Z ay, =1 20(P) y(k)

%4 | %4 V
7 (p")

® Electromagnetic gauge invariance preserved,

® Asymptotic FF 1/k*, Ultraviolet Finite,

® Negligible structure-dependent real-photon corrections
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® Electromagnetic gauge invariance preserved,

® Asymptotic FF 1/k*, Ultraviolet Finite,

® Negligible structure-dependent real-photon corrections o
- ® 5 =+6.042) x 107, for p” = 7 (1)

® 5, =+1.443) x 1072, for p* — 77°(y)
o 5y — 8, = 4.60(4) x 1073,

= e .- — — e E— e —

Atm, = 775 MeV

Flores-Baez, GLC,Toledo PRD 113, (2026)



0, (s)

Energy-dependence of radiative corrections

p? = zta ()

0.025 i | ! | 1 | T | | T [ T I
I = = SQED [Schwinger]
E . sQED [14]
0.02 ——— SQED+VMD [This work]
0.015 = —
0.01F -
! s —— :
0.005 e P —
0 [ a1 | | | | | |

12 (GeV)

FSR(s) = 1 + ,(s)

sQED: Schwinger’s Book; Drees-Hikasa, PLB (1990)
Flores-Baez et al, PRD (2007).

Flores-Baez et al, PRD 113(2026)



0y (s)

Energy-dependence of radiative corrections Flores-Baez et al, PRD 113(2026)

_ + +__0
p? = mta(y) pt — ntnl(y)

0.025 i | ' T T | l T ' | l | T | =] | % 4 % 0 = b % L & L ¥ L & |
i — = sQED [Schwinger] I — = Convection [14] g
! . sQED [14] Il —  SQED+VMD|This work] |
0.02 —— sQED+VMD [This work] 0.005 =
0.015F - of -

. - oo+ g
0.01F 5 -0.005} ~——— _ -
0.005F S 0.01 -
0 - l l : l l l l I ' l l I ' I : - O 015 | 1 | 1 | 1 | 1 | 1 | 1 | L i
04 06 08 1 12 14 16 138 e 04 06 08 1 12 14 16 1.8
1/2
s (GeV) s"% (GeV)

FSR( S) — ) [ 50( S) sQED: Schwinger’s Book; Drees-Hikasa, PLB (1990)
Flores-Baez et al, PRD (2007).



2. Isospin breaking in pzr couplings

+ [0, = | (g4 — 80)/80‘ < 2a/m, compromise guess , |Al' )| =300[4,| MeV < 1.4 MeV

+ = AqO"Pr, ] = £47%x1071° | wpP2025

4 Some model-dependence cancel in g, /g, ratio (?)
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+ [0, = | (g4 — 80)/80‘ < 2a/m, compromise guess , |Al' )| =300[4,| MeV < 1.4 MeV

+ = AqO"Pr, ] = £47%x1071° | wpP2025

4 Some model-dependence cancel in g, /g, ratio (?)

The gy pp strong coupling is computed via

With Khepani Raya . . . . .
Schwinger-Dyson in the impulse approximation:

p(p;,€) = n(py)n(q)

d4k
A
et -q = Nt

x Tpi(kpr,—p2)S??(k2)Tp(kp, —q).

2573 (k3)e* - Ty (kv p1) ST (kr)




_Sf: f-flavored quark propagator - @ - i B

P p

Quark Dyson-Schwinger equation (DSE)

1B _ Vector and pseudoscalar meson T — K
WiP - Bethe-Salpeter amplitudes (BSA)

Bethe-Salpeter equation (BSE)



Within a symmetry-preserving Z. Xing, K. Raya, L. Chang, PRD 104, (2021)
contact interaction:

1 The gluon propagator saturates at an
2 meft
gD v (p o Q) S 5#’/ infrared-enhanced fixed point

me

SOp)]™ = —iv-p+m

» The quark DSE thus reads: 1 ,

4
—1 — 0 -1
S~ (p) =[SV (p)] 7" A 3m2 /WMS(QWM - Non-perturbative quark mass function M
G v9q becomes momentum-independent, playing
the role of a constituent mass
» Meanwhile, the meson BSE:
1

4 s s I'p(P) =ivsEp(P) + =757 - PFp(P)

Cu(P) = =5 | [Py = €Exu(P)T;| Y
- | l [y (P) =, Ev(P) + =0 P, Fy(P)
Rainbow-ladder (RL) piece

Beyond RL components

{]Iv 5 Z./\/EO'“V}



1) m_ = 139.57 MeV reproduced with

® m,;=m,="7.00MeV, Isospin symmetry

® m,=2m,=9.32 MeV, Isospin breaking

2) with current quark masses fixed,

® My =Ny = 775.19 MeV, for & = £, = 0.37 in BSE,

® m,. # my, forvarying §, ;, keep & = /&8, fixed

+
fedrics

g

Gor

1.008

1.006

1.004

1.002

1.000} =~

0.0

0.5

1.0
mh-m [MeV]
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1) m_ = 139.57 MeV reproduced with 1008

® m;=m,="7.00MeV, Isospin symmetry 1 006
E
® m,=2m,=9.32 MeV, Isospin breaking o
"k 1.004
)
2) with current quark masses fixed, 1002
® my. =my ="775.19 MeV, for £ = £, = 0.37 in BSE,
1.000} =

® m,. # my, forvarying §, ;, keep & = /&8, fixed
0.0 0.5 1.0 1.9 20

mh—-m} [MeV]

Using m,, — m, = + 0.7(3) MeV PDG, one gets

| r og = — 0.0024(17), compared to 6g = O(—a) = (0.0000(46)
\ T

' O 1.0024(17) |
9ot m+mo ; WP 2025
)




Summary of IB in rho meson widths

AT, = Al |mm(y)] + AL, (rest)

=T'(p’ = ntr7) 50—5+—2(g+

— +0.39(51) MeV

o AFp = (
Compared to

go

)

3

2

(

1 — 32

B

0.3 = 1.3) MeV from PDG2024,

)

= [+0.690(6) + 0.72(51) — 1.104| MeV + 0.085(17) MeV

OM,

7.3

+ AL, (rest)

® Al', = (—0.58 = 1.01) MeV (GS), from Davier et al 2504.13789



Summary: Estimated impact on Aa//It{VP’LO[T, ] (unts 10

—1())

Refs. [a,b] Ref. [c 2026
PS, Sew, Gewm —22.01(91) —21.4(F%%)  —24.9(5) [d,e]
FSR 4.67(47) 4.62(46) 3.77(2) [f]
p — w mixing +4.0(4) +2.87(8) +4.0(4)
Am,, +0.20(F75)  +1.95(135)  +0.20(%7)
AT, (Am;)  +4.09 +3.37 +4.09
y
7= (wjop—w) Al,(rmy) —591(59) —6.66(73) —2.22(3) [f]
AFP(gPWﬁ) o o _232(:-'64) [g]
Total ~1.62(65) —1.34(1.72)  —0.25(1.66)
Aa, VO T, o] —~14.9(1.9) —15.2(752)  —17.4(1.8)

[a] Davier et al, EPJ C84, 721 ( 2024),
[b] Davier et al, EPJC C66, 127( 2010)

[c] Castro et al, PRD 111, 073004 (2025)
[d] Colangelo et al PRL 136, 10(2026); JHEP 02, 181 (2026)

[e] Cirigliano et al, arXiv 2602.11253

[f] Flores-Baez et al, PRD 113, 093002 (2026)

[0 GLC+K. Raya, preliminar

(GS)
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[0 GLC+K. Raya, preliminar

*% Structure-dependent effects (*) in radcorr p — za(y)
*k Different results compatible within errors
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Neutral rho meson p* — 7777 (y)

® Real photon emission same as in the previous analysis (PRD 2007),

® IR finite upon inclusion of real photon emission contribution;

® UV finite

18



Conclusions

 Structure-dependent effects in FRS(s) and in the width difference
Arp[ﬂn(y)], calculated within a GVMD model, are larger than previously

estimated (a 10% uncertainty).

* Taken together, these effects reduce the size of IB corrections to the HVP

contribution based on tau data
11.9+1.7) x 1071Y, 2510.02723v2

14.9+1.9) x 1071Y,  Davier et al, EPJC(2024)
12.2 £3.41) x 10~1%,  Davier et al, 2504.13189
15.2272:25) x 1071 CMR, PRD(2025)
15.0£5.1) x 10719, WP (2025)

A&HVP

. T, T =

N7 N7 N7 NN

CVCar — HVPIe ] + AafVP[T, | = tau-based prediction of a

o (I L

[ H
moves closer to experimental value.
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M. Davier et al, EPJC 66, 127 (2010)

| I L | L I L ' I: 8 0 % l L I L I I

DEHZ 03 (1)
-133+68

HMNT 07 (e'e")
—287 £ 53

J 07 (e'e)

—294 + 65 : ®

This work (1)
—157 £ 52 ——aA

This work (e"e” with KLOE)
-312 + 51 ;

This work (e"e” w/o KLOE)
—-301 + 58 : ®

BNL-E821 (average)
0+63

£
~

-/00 -600 -500 -400 -300 -200 -100

_ aexp
@~ 4,

0 100
x 107

Aa,V [t an] = (—161 £19) x 10" DH...10

U
(—149 £ 19) x 107! DHLMZ 23

\

(—15277) x 107! cMRr25

U
(—150 £ 50) x 10~ wp-Trr25

U
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Ry

e 3
_B@ - KK ) S I N ) Sopn = 4.09 %
B(¢p — KOKD) 8 pKOKO \ 1 +00ep \ P+
RZXP 9o R+ K- /ngKOKO | Ref
1.637 =£0.062 1.019 +0.019 BESIII 25-26
1.351 =0.057 0.925 = 0.019 PDG Average
1.449 = 0.029 0.958 = 0.010 PDG Fit
BESIII-25: PRL 136, (2025);
BESIII-26: arXiv 2605.11464
EPK+K-

Premilinar result Schwinger-Dyson:

= 0.97 £ 0.01

EpKOKO



The p width difference

Source AT, =T =T+ Am, =my+ — myo Ref.
(MeV) (MeV)
Data based PDG +0.3+1.3 +0.7 £ 0.8 PDG 24
(—1.7+1.1) (—0.154+0.41)
Data based —0.58 +1.04 * +0.30 £ 0.53 arXiv: 2504.13789
Th. rad corr. +0.76 £ 0.20 ** - Flores-Baez ...PRD’07

Dayvier et al, EPJC’10

Induced uncertainty

5(ACLHVP

L

AT,]) = +2.92 x 1071 % arXiv : 250413789
PI777 1 40.59 x 1071Y %% Davier et al, EPJC, 10

** 1) sQED approximation and, 2) incomplete ppy electromagnetic vertex



F [

10

107"

Pion charge asymmetry in e ¢~ — 777~ measured by CMD3

x? / ndf =614.1 /90

I I T R I T T T T T T T T e I

-l'"t"""l"."."'."]'"“'."‘.'"I"""l""‘“""‘“."""l".""'""""l"*"."I“‘.“""."

M, 755.2 £ 0.2
I 131.9+ 0.5
M, 1185+ 3
Ly 5732+ 6
M, 1728 + 0.7
Iy 189.5 + 1
@l 0.1988 + 0.002
aa, 2444 +0.02
2,1 0.04296 + 0.0003
a9 a.  0.5819 +0.01
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