Muon g-2: from Anomaly to Agreement

The HVP contribution from Lattice QCD
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Why the HVP contribution? [WP25: arXiv:2505.21476]
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[Czarnecki et al. PRD (2006), Gnendiger et al. PRD (2013)]

S. Bacchio — Muon HVP from Lattice QCD — EINN — Paphos — 28/10/25


https://arxiv.org/abs/2505.21476

Why the HVP contribution?

[WP25: arXiv:2505.21476]
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The Hadronic Vacuum Polarization

O(7-107%) O(107?) 0(1071%) Relevant diagrams at NLO and NNLO:

HVP HVP,LO HVP,NLO HVP,NNLO
Au = ay +ay +ay

The key ingredient is the spectral density of the HVP:

Dicpercive approach Lattice TMR approach

PHVP (i ) = ava _ (%)2/0 dprvp( )K%(w) _ (%)2/000 dtGHVP(t)K'aH(t)

Currently, two theoretical approaches to compute it: _ .
K, () = [ dwe ™ K, (w)

e Dispersive approach: e Lattice TMR approach:
Relates aZIVPto e e~ — hadrons Relates aEVP to vector-vector
cross-sections via optical theorem Euclidean correlation functions

(or to hadronic T decay)

S. Bacchio — Muon HVP from Lattice QCD — EINN — Paphos — 28/10/25



From Anomaly to Agreement
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BMW20: first precise lattice QCD calculation

[Sz. Borsanyi et al., 2020]

Results in WP25
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Ingredients for high-precision Lattice QCD results

e (Pre-)Exascale computing: EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.
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Ingredients for high-precision Lattice QCD results

EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.

e (Pre-)Exascale computing:

Reach sub-percent precision: through the combination of cutting-edge HPC infrastructure and novel algorithms.
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Ingredients for high-precision Lattice QCD results

e (Pre-)Exascale computing:

EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.

e Reach sub-percent precision:

e Reach sub-percent accuracy:
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Ingredients for high-precision Lattice QCD results

e (Pre-)Exascale computing: EuroHPC-JU is the largest pan-European initiative dedicated to funding HPC resources.
e Reach sub-percent precision: through the combination of cutting-edge HPC infrastructure and novel algorithms.
e Reach sub-percent accuracy: comprehensive set of ensembles enables full control of systematic effects.
e Independent calculations for robust final results: thanks to the collective effort of many collaborations.
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The anatomy for the Lattice QCD calculation

Article Published: 07 April 2021

Isospin symmetric Leading hadronic contribution to the muon
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Key tool: Euclidean correlation functions

The correlation function between two electromagnetic currents:

Capt (£) = (Jem () Tem (0)) = (Jem| T | Tem) = D~ {Jem |} (m|Tum )& ot > Expenentis

L "
e—H

10—1_

: 2_ . L = 2 1_ . 2 .
Joy = gﬂ'yzu — —dv'd — =35v's + —cv'c

3 3 3 107

10—5.

:Jem (t) <——Z:>Jem (0) Connected
10—7_
Jem (t) @ @Jem (0) Dicconnected 10791

suppression!

Key Challenge:
e Exponential growth of
the noise with distance

Locs of cignal

P
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Key technique: Low-Mode Averaging (LMA)

Concept: Low-modes dominate at large distance in correlation functions!
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Key technique: Low-Mode Averaging (LMA)

Concept: Low-modes dominate at large distance in correlation functions!
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Key technique: Low-Mode Averaging (LMA)

Concept: Low-modes dominate at large distance in correlation functions!
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From correlator to HVP contribution
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From correlator to HVP contribution
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[aking the continvum limit reduces the parametrization cystematic below other uncertainties.
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Beyond Muon g-2: Windows observables [RBC/UKQCD]
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Beyond Muon g-2: Windows observables [RBC/UKQCD]
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Main vn certainty
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Beyond Muon g-2: ... with isoscalar (I=0) and isovector (I1=1)
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Confirmation that the two-pion channel is the main cource of diccrepancy
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Beyond Muon g-2: Energy-smeared R-ratio
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[arXiv:2212.08467]

Direct comparison with dispersive approaches energy-by-energy

Upcoming recult with new data
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Other opportunities with current-current correlators

Inclusive semileptonic Tt decay and determination of [V_|

[arXiv:2308.03125, arXiv:2403.05404]
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Conclusions

Resolving the (g-2) puzzle was on of the recent
greatest achievement of Lattice QCD, coming
with many opportunities.
Credits:

e BMW: First high-precision calculation

e RBC/UKQCD: Windows observables

From (g-2)u to dispersive vs lattice results:

e Windows comparisons
® |sovector vs isoscalar
e Energy smeared R-ratio

And many other opportunities on the same data

Results in WP25

SNDO6 == = 5
——f— CMD-2
e BaBar
KLOE ro—je—
BESIII e

7 decay H——+—O—+—H
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® 0
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10 SM exp
107 x (a)" — aj;
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Question: Can we do better?

+1072 44102 +107° 46100 —s Con we éking it to +101Y 7

SM ED P
aM = g% 4+ oEW 4 GHLbL  ,HV
K I I I I . "
5x reduction of the error...
X a;P(ud) = 406.0(4.9) x 107"
. (o]
700 . T T 1T T T © 1Tl ™ T 1 .
89.6(7)% One more results coming
Data-based (KNT19) o]
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1% source of = ] i 3
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Question: Can we do better?

Anatomy of finite-volume effect on hadronic vacuum polarization

+10712 4+4.1072 410719 +6.10710

contribution to muon g — 2

sSM _ QED EW HLbL HVP
a’,l.L a a# T 0:“ T al’u’ + al'u Sakura Itatani @ .'+* Hidenori Fukaya® 7 and Shoji Hashimoto © 3%
[arXiv:2411.05413]
700 1 100.0(8)% Aa‘EIVP, L= aPIL{VP, Lo(r) — aPI;IVP, LO( o)
89.6(7)% 10-8
d st Current reference cize total
2> source of 7
o 500 _ i
= uncertainty 107
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$ S
S 300 S
I(Ul g ‘ 10710_
200 Zs
T
1007 7.5(0)% )
3 2.1(0)% _1.9(3)%284)% 0.1(2)% 10115
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\)Q\(\ &""0 C(\a‘ 0\5(, q\d\'&e \505Q <@ 10-12 L,
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Question: Can we do better?

BMW is currently the only collaboration to have
computed all contributions within the same framework.

+10712 4+4.1072 410719 +6.10710

SM __ _QED EW HLbL HVP : :
ay =a,  +ay ta +ay Remarkably, they cancel—but what if they didn’t?
|
. 100.0(8)% QED Strong isospin-breaking

89.6(7)% isospin-breaking:
600 1 @ valence @ Q O O O

Main source

connected disconnected
o 300 oo connected -1.23(40)(31)  disconnected -0.55(15)(10) 6.60(63)(53) -4.67(54)(69)
S o of systematics? —
X OO0 aw OOOO
S 300 _ : ,
et Q @ isospin-breaking: O O @
connected 0.37(21)(24) disconnected -0.040(33)(21)
1001 7500% : ﬁ,
" 22(00% 1.93)%288)% 0.12)% QED
. _ S < 3 T isospin-breaking: O-O O P
J(‘o(\(\' QL (,0(\(\ ((\|(.0(\(\ (\Leé'e (;|\¢e 6& .(\l‘o(e’b\‘. CL(\"‘QO mixe d D ! g; cy / fy /e Ve/
O N \ < G Q 2
O x@ o ¥ o \50(’ s connected -0.0093(86)(95) disconnected 0.011(24)(14)
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Answer: Yes, we can!

+1072 +4.10°2 4+107° 16100 —s Con we ék/‘ng it to +101Y 7

SM __ QED EW HLbL HVP
a, =a +a,” +ay + ay
Results in WP25
SNDOQ6 == =
. . e CMD-2
Nothing prevents Lattice QCD from et BaBar
. . L. KLOE reje—
reaching experimental precision. BESII s
SND20 B e
CMD-3 =
It's only a matter of time, resources, i
o Lattice HVP Avg. | ®
and interest. WP25 § .
b I\ FINAL-25
Lattice QCD is a systematically o B
. & o | BNL-06
improvable framework! . . . ‘ ,
—40 =30 —20 -10 0 10

1010 x (aiM — afj‘p)
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Answer: Yes, we can!

+10710  46.10°10

EW HLbL HVP
tay” tag tay

+10°12  +4.10° 12

SM __ _QED
a, =a;

é

Nothing prevents Lattice QCD from
reaching experimental precision.

It’'s only a matter of time, resources,
and interest.

Lattice QCD is a systematically
improvable framework!
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