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aHVP,LO
µ :

light conn. ∼ 88%

strange conn. ∼ 7%

charm conn. ∼ 2%

b, t conn. < 0.05%

disc. ∼ 2%

iso-broken: ∼ 1%

aSD
µ (∼ 10%) :

aW
µ (∼ 35%) :

aLD
µ (∼ 55%) :

aSD
µ (∼ 10%) :

aW
µ (∼ 35%) :

aLD
µ (∼ 55%) :
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PRL. 135 (2025) 1, 011901

Upcoming

This talk: Isospin symmetric update
Previous talk: Isospin breaking (Ethan Neil)
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I = 0

aHVP,LO
µ :

light conn. ∼ 88%

strange conn. ∼ 7%

charm conn. ∼ 2%

b, t conn. < 0.05%

disc. ∼ 2%

iso-broken: ∼ 1%

aHVP,LO
µ :

I = 1: ∼ 80%

I = 0: ∼ 19%

iso-broken: ∼ 1%

�A=
� : �H�H

�
�A=
� : �H�H

� + �b�b
� + �+�+

� + �( )

I � ( ) ∼ �A= �y
� - �R

�N
�A= �R
�

I Correlator reconstruction difficult & not easily testable ⇒ construct = instead.
I Removes dominant finite-volume & taste-breaking effects.
I Rest of talk: Charm is separate
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I = 0

HISQ physical-mass ensembles

I M: Mistuned
I C: Corrected
I L: Large volume

I �A= constrained by the disconnected dataset (taste-singlet discretization).
I New dataset generated at : fm with LMA:

4000 exact low-modes (pairs)
1000 random-volume tsm-improved deflated sources
Mass-split technique

I Coarser ensembles also under production: retuned : �* and new : (�� � : fm).
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I = 0

I �*�Q�M�i�B�M�m�m�K �A�o�,! ! ��� �-� ! �E�E

I �G���i�i�B�+�2 �;�`�Q�m�T �i�?�2�Q�`�v �`�2�b�i�`�B�+�i�b��� �b�i���i�2�b �+�Q�m�T�H�B�M�;
�i�Q �p�2�+�i�Q�` �+�m�`�`�2�M�i�X
�2�;�X �L�Q� (�y; �y; �R)� (�y; �y; � �R)� (�y; �y; �y) �+�Q�m�T�H�B�M�;�X

I �G�Q�r�2�b�i �b�i���i�2 �B�M�A= �y �+�?���M�M�2�H �Q�M �>�A�a�Z
�T�?�v�b�B�+���H�@�K���b�b �H���i�i�B�+�2�b �B�b �/�Q�K�B�M���i�2�/ �#�v �U�b�i���#�H�2�V!
�M�Q�i��� 1

I �E�E�b�i���i�2�b ���H�b�Q ���#�Q�p�2! �U���M�/� �V�X

I �h�?�B�b �B�b �M�Q�M�@�B�M�i�2�`���+�i�B�M�; �T�B�+�i�m�`�2 �#�m�i �2�t�T�2�+�i �#�B�M�/�B�M�;
�2�M�2�`�;�B�2�b �i�Q �#�2 �b�K���H�H2�X
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Mω PDG

γ5 ⊗ 1

γ5 ⊗ γµ
γ5 ⊗ γµγν
γ5 ⊗ γ5γµ

γ5 ⊗ γ5

Mω PDG

γ5 ⊗ 1

γ5 ⊗ γµ
γ5 ⊗ γµγν
γ5 ⊗ γ5γµ

γ5 ⊗ γ5

�� ; =
q

~ + �1�1�t�+�2�T�i ���i �y�X�y�9 �7�K
2�S���`�`�B�M�Q�f�G�2�?�M�2�` �i���H�F �! �3�i�? �;�@�k �h�A �r�Q�`�F�b�?�Q�T�X
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I = 0

= : fit

�* �A= �y
�7�B�i(�i) =

�L�b�i���i�2�bX

�M= �y

�w�k
�M

�
�2� �1�M�i + �2� �1�M( �h� �i)

�
+ ( � �R) �i

�J �b�i���i�2�bX

�K= �y

�w�k
�K; �Q�b�+

�
�2� �1�K; �Q�b�+�i + �2� �1�K; �Q�b�+( �h� �i)

�

I �1�t�T�2�+�i�1�}�i ; �y = �J !

I �_�2�+�Q�M�b�i�`�m�+�i �i���B�H �r�B�i�?�* �A= �y
�`�2�+�Q�M(�i) = �w�k

�y�2
� �1�}�i ; �y�i

I ���H�b�Q �+�Q�M�b�B�/�2�` �#�Q�m�M�/�B�M�;�* �A= �y(�i) �r�B�i�?�1�m�T�T�2�=̀ �J ! �-�1�H�Q�r�2�=̀ �1���; �y; �7�`�2�2

Disconnected: Joint fit
I �* �/�B�b�+(�i) = �* �A= �y(�i) � �R

�N�* �A= �R(�i)

I �h�r�Q �+�?���M�M�2�H �}�i �i�Q�* �/�B�b�+(�i) �m�M�+�Q�M�b�i�`���B�M�2�/) �C�Q�B�M�i �}�i �i�Q�* �H�H(�i) � �* �b�b(�i) � �* �/�B�b�+(�i)

I �A= �R���K�T�H�B�i�m�/�2�b �b�?���`�2�/ �#�2�i�r�2�2�M �H�B�;�?�i �� �/�B�b�+ �U�m�T �i�Q �+�?���`�;�2 �7���+�i�Q�`�b�V
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I = 0 0:06

I �:�`�Q�m�M�/ �b�i���i�2�1�y �+�Q�M�b�B�b�i�2�M�i �r�B�i�?! �-
�#�2�H�Q�r �i�?�2��� �� �E+ �E� �i�?�`�2�b�?�Q�H�/�b�X

I �P�M�H�v �m�b�B�M�; �i�?�2 �;�`�Q�m�M�/ �b�i���i�2�- �M�Q�i �/�Q�B�M�;
�b�T�2�+�i�`�Q�b�+�Q�T�v�5

I �6�B�M���H��� �`�2�b�m�H�i �+�`�Q�b�b�@�+�?�2�+�F�2�/ ���;���B�M�b�i
�#�Q�m�M�/�B�M�; �K�2�i�?�Q�/

Fit CI=0(t) Joint Fit Cll(t)⊕ Css(t)⊕ Cdisc(t)
0.50

0.75

1.00

1.25

1.50

1.75

2.00

E
[G

eV
]

Mφ PDG

Mω PDG

Ethresh.
K+K−

Ethresh.
πππ

E0

E1

E2

I=0 / Disconnected 8 / 14



�A= �y�� �/�B�b�+�Q�M�M�2�+�i�2�/ �+�Q�M�i�B�M�m�m�K �2�t�i�`���T�X

I ���A= �y
� �, �6�o �� �i���b�i�2�@�#�`�2���F�B�M�; �2�z�2�+�i�b �+���M�+�2�H �#�v �+�Q�M�b�i�`�m�+�i�B�Q�M) �+�H�2���M�2�` �+�Q�M�i�B�M�m�m�K�- �M�Q �h�" �+�Q�`�`�2�+�i�B�Q�M�X

I ��� (�/�B�b�+�X)�, �G�. �6�o �� �i���b�i�2�@�#�`�2���F�B�M�; �2�z�2�+�i�b �U�7�`�Q�K�A= �R�V) �+�Q�`�`�2�+�i�B�Q�M�b�, �U� �6�o �-� �h�" �-� �J � �V�X

�A�4�y �f �.�B�b�+�Q�M�M�2�+�i�2�/ �N �f �R�9



�A= �y�� �/�B�b�+�Q�M�M�2�+�i�2�/ �+�`�Q�b�b�@�+�?�2�+�F�b

�*�`�Q�b�b�@�+�?�2�+�F�,���A= �y
� �+�Q�M�b�B�b�i�2�M�i �B�7 �+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�K�,

I �A= �y �+�Q�`�`�2�H���i�Q�` �r�f �}�i

I �A= �y �+�Q�`�`�2�H���i�Q�` �r�f �#�Q�m�M�/

I �~���p�Q�` �+�Q�K�T�Q�M�2�M�i�b �Q�M �i�?�2 �H���i�i�B�+�2

I �~���p�Q�` �+�Q�K�T�Q�M�2�M�i�b �B�M �i�?�2 �+�Q�M�i�B�M�m�m�m�K

�a�K���H�H�2�` �2�`�`�Q�` �B�7 �+�Q�M�b�i�`�m�+�i�2�/ �B�M �+�Q�M�i�B�M�m�m�K �#�m�i �B�M�+�`�2���b�2�/ �+�Q�`�`�2�H���i�B�Q�M�b �r�B�i�?���H�H
� �U���A= �R

� �V
) ��� (�B�b�Q) = ���A= �y

� + ���A= �R
� �?���b �b�B�K�B�H���` �2�`�`�Q�`�b �`�2�;���`�/�H�2�b�b �Q�7 ���T�T�`�Q���+�?�X �U�#���+�F�m�T �b�H�B�/�2�V

�A�4�y �f �.�B�b�+�Q�M�M�2�+�i�2�/ �R�y �f �R�9



�A�4�R �f �G�B�;�?�i



�*�Q�`�`�2�H���i�Q�` �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �`�2�+���T

I �6�B�i �p�b�X �#�Q�m�M�/�B�M�; ���i�y:�y�e�7�K �M�2�2�/�b �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�B�Q�M
�U�7���F�2�@�/���i�� �i�2�b�i �+�Q�M�}�`�K�2�/ �}�i ���T�T�`�Q���+�? �U�#���+�F�m�T �b�H�B�/�2�b�V�- �#�m�i �T�H���M �i�Q �`�2�p�B�b�B�i �r�B�i�? �K�Q�`�2 �b�i���i�B�b�i�B�+�b�X�V

�A�4�R �f �G�B�;�?�i �R�R �f �R�9



�G�B�;�?�i �m�T�/���i�2 �T�H���M�b

I �1�t�i�2�M�b�B�p�2 �H�B�;�?�i �/���i�� �;�2�M�2�`���i�B�Q�M �Q�M�;�Q�B�M�; �Q�M ���m�`�Q�`���- �6�`�Q�M�i�B�2�` �� �S�2�`�H�K�m�i�i�2�`�,

� �j�y�y! �R�F �+�Q�M�}�;�b �!�y:�y�9
� �R�F! �j�F �+�Q�M�}�;�b �!�y:�y�e
� �y! �R�F �+�Q�M�}�;�b �!�y:�y�3
� �R�F! �j�F �+�Q�M�}�;�b �!�y:�y�N�* �U�T�`�B�K���`�B�H�v �7�Q�` �6�o �b�i�m�/�v�V

I �L�2���`�@�i�2�`�K�, �m�T�/���i�2 �i�?�2 �H�B�;�?�i �+�Q�M�i�`�B�#�m�i�B�Q�M �r�B�i�?�k� �b�i���i�B�b�i�B�+�b �!�y:�y�e�7�K�X

I �J�, �J�B�b�i�m�M�2�/

I �*�, �*�Q�`�`�2�+�i�2�/
I �G�, �G���`�;�2 �p�Q�H�m�K�2

�A�4�R �f �G�B�;�?�i �R�k �f �R�9



�a�i���;�;�2�`�2�/ �i�r�Q�@�T�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M

�1�b�i���#�H�B�b�?�2�/ ���i�y:�R�8�7�K�U�3� �3�#���b�B�b�V�,

�1�t�i�2�M�/�B�M�; �i�Q�y:�R�k�7�K�,�J�Q�`�2 �K�Q�K�2�M�i���- �K�Q�`�2 �i���b�i�2�b)

�#���b�B�b�,�3� �3! �R�e� �R�e�X

I 
 �8
 �y 
 � �� �Q�T�b �m�b�2�/ �Q�p�2�`
 �8 
 � �� �i�Q �`�2�K�Q�p�2 �b�i���;�;�2�`�2�/ �i�B�K�2�@�H�B�M�F�b
I 
 �8
 �y�, �#���/ �;�`�Q�m�M�/�@�b�i���i�2 �Q�p�2�`�H���T) �M�Q�B�b�v�- �M�Q �+�H�2���M �T�H���i�2���m�-
I �:�1�o�S �r�Q�M�ö�i �/�B���;�Q�M���H�B�b�2 �r�B�i�? �7�m�H�H �#���b�B�b �U�M�Q�i �+�Q�K�T�H�2�i�2�V�X

I �S�H���M�,�A�M�p�2�b�i�B�;���i�2 �i�B�K�2�@�H�B�M�F �Q�T�b�c �K�Q�/�B�7�v �K���i�`�B�t �}�i �f �:�1�o�S�X

�A�4�R �f �G�B�;�?�i �R�j �f �R�9



�P�m�i�H�Q�Q�F

I �L�2���` �i�2�`�K�,

�A�M�+�`�2���b�B�M�; �b�i���i�B�b�i�B�+�b �Q�M �H�B�;�?�i �/���i���b�2�i�b

�6�o �b�i�m�/�v �Q�M �H���i�i�B�+�2 �r�B�i�?�k� �p�Q�H�m�K�2�X

�G���i�i�B�+�2 �+���H�+�m�H���i�B�Q�M �Q�7 �A�" �2�z�2�+�i�b
�U�*�Q�K�T�H�2�i�2 �a�A�" �� �T���`�i�B���H �Z�1�.�V

�L�G�P �+���H�+�m�H���i�B�Q�M

�S�H���M�, �h�Q�i���H �>�o�S �T���T�2�` �#�v �2�M�/ �Q�7 �i�?�2 �v�2���`
��� (�B�b�Q�X) �m�M�+�2�`�i���B�M�i�v� �q�S�k�8 ���p�2�`���;�2
�A�" �2�`�`�Q�`�b �H�2�b�b �r�2�H�H �F�M�Q�r�M ���i �i�?�B�b �T�Q�B�M�i�X

I �G�Q�M�;�2�` �i�2�`�K�,

�*�Q�K�T�H�2�i�2 �H���i�i�B�+�2 �+���H�+�m�H���i�B�Q�M �Q�7 �Z�1�. �+�Q�M�i�`�B�#�m�i�B�Q�M�b�X

�G�B�;�?�i�@�[�m���`�F �i���B�H �m�b�B�M�; �i�r�Q�@�T�B�Q�M �Q�T�2�`���i�Q�`�b�X

� ���>�o�S
� (�q�S�k�8)

�P�m�i�H�Q�Q�F �R�9 �f �R�9



�h�?���M�F �v�Q�m



�l�T�/���i�2�/ �b�+���H�2 �b�2�i�i�B�M�;

I �L�2�r �b�+���H�2 �b�2�i�i�B�M�; �#���b�2�/ �Q�M�J 

�j

�r �y �7�K= �y:�R�d�R�3�d(�e�3)�-�r �y=�� < �y:�y�8%
�J 
 (�Z�*�. ) = �R�e�d�R:�y�R(�9�j) �J�2�o�-���J 
 < �y:�k%

I �Z�m���M�i�B�}�+���i�B�Q�M �Q�7�,

�Z�1�. �2�z�2�+�i�b
�Z�m���`�F�@�K���b�b �/�2�T�2�M�/�2�M�+�2
�6�B�M�B�i�2 �p�Q�H�m�K�2
�r �y=�� �/�2�}�M�B�i�B�Q�M

I �l�T�/���i�2�/ �+�`�Q�b�b�@�+�?�2�+�F �r�B�i�?�7� �/�2�i�2�`�K�B�M���i�B�Q�M �b�Q�Q�M�X

�j �>�B�;�?�@�S�`�2�+�B�b�B�Q�M �a�+���H�2 �a�2�i�i�B�M�; �r�B�i�? �i�?�2 �P�K�2�;���@�"���`�v�Q�M �J���b�b ���M�/ �:�`���/�B�2�M�i �6�H�Q�r�- ���`�s�B�p�,�k�8�y�N�X�R�9�j�e�d
�h�?���M�F �v�Q�m �R�9 �f �R�9
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I �P�M�H�v �7�Q�m�` �b�T���+�B�M�;�b �U�M�Q�i �2�M�Q�m�;�? �b�i���i�B�b�i�B�+�b ���i �y�X�y�9�V�X

I �õ�h���b�i�2�@�#�`�2���F�B�M�; �+�Q�`�`�2�+�i�B�Q�M�b�ö �i�Q �`�2�K�Q�p�2 �H�Q�M�;�@�/�B�b�i���M�+�2
�/�B�b�+�`�2�i�B�x���i�B�Q�M �2�z�2�+�i�b �U�G�Z�*�. �7�Q�`�K�m�H���i�B�Q�M �b�T�2�+�B�}�+�V�X
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a� = a� + a� + a�

I Full integrand from: �H�H; �a�.
� + �H�H; �q

� + �H�H; �G�.
�

including stat. and syst. correlations.

I Performed independent analysis of �H�H; �6�m�H�H
�

Have shown:
�H�H; �6�m�H�H
� −

�
�H�H; �a�.
� + �H�H; �q

� + �H�H; �G�.
�

�
=
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I = 0 0:06
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I = 0 0:09
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I = 0 0:12
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I = 0

I �a�[�m���`�2�b�, �A�4�y �+�Q�`�`�2�H���i�Q�`

I �s�, �6�B�i�i�B�M�; �G�B�;�?�i�Y�/�B�b�+

I �h�`�B���M�;�H�2�, �6�B�i�i�B�M�; �G�B�;�?�i�Y�b�i�`���M�;�2�Y�/�B�b�+
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I = 0

104 106 108 110

1010 aµ(I = 0≤s)

FM (MA) off

FM (MA) on

cubic

quad. w/o 0.15

quad.

lin. w/o 0.15

lin.

ZRI-SMOM
V

ZFF
V

BMA

P
re

lim
in

ar
y

ZFF
V

ZRI-SMOM
V

FM (MA) on

FM (MA) off

Thank you 14 / 14



−15 −14 −13

1010 aµ(disc.)

FM (MA) off

FM (MA) on

cubic

quad. w/o 0.15

quad.

lin. w/o 0.15

lin.

w/o TB

w/ TB

[1.5,∞]

[1,∞]

[0.4,∞]

MLLGS

CM

χPT NNLO

BMA

P
re

lim
in

ar
y

[0.4,∞]
[1,∞]

[1.5,∞]

w/ TB

w/o TB

FM (MA) on

FM (MA) off

Thank you 14 / 14




