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THE MUON g—2: A PROBE FOR NEW PHYSICS

Leading contributions to a,: [PDG]

Y Y

2 Bop I

m SM prediction from QED, electroweak and hadronic contributions:

SM QED

m —i—a +a

had where ahad _ ahvp —|—a£1LbL.

a I 1 T

m Let's focus on ath in the following.
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https://pdg.lbl.gov/2022/reviews/rpp2022-rev-g-2-muon-anom-mag-moment.pdf

Contribution Value x10**

Experiment (E821 + E989) 116592 071.5(14.5)

QED 116584 718.8( 2)
Electroweak 154.4( 4)
HVP 7045 (61)
HLbL 115.5( 9.9)
Total SM value 116592033 (62)
Difference: Aa, = af® — aj™ 38 (63)
Aa, (WP20) 249 (48)

CONTRIBUTIONS TO ay,

m SM central value dominated by
QED contributions.

m SM uncertainty dominated by
hadronic contributions.

m These require to evaluate QCD in
the low-energy region.
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MUON g—2: COMPARING THEORY AND EXPERIMENT

A staggered  HEH domain wall
M+ Wilson

ai‘t"p‘m from:

WP 25 (Lattice)
RBC/UKQCD 24
Mainz/CLS 24
BMW 20
BMW+R-ratio 24
WP 20 (R-ratio)

Experiment

L ey

|

1

- =

. 59 .
. 1010

m Muon g—2 collaboration reached
their precision target
[Muon ¢ — 2, 2506.03069] [Quinn].

B Muon g—2 Theory Initiative: Second
White Paper published in 2025
[2505.21476, Aliberti et al.] [Lehner].

m Significant shift of the SM
prediction compared to 2020:

Hadronic vacuum polarization
from lattice QCD.

m Theory still needs to improve by
a factor of 4...
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https://inspirehep.net/literature/2928642
https://indico.sns.it/event/140/contributions/1381/
https://muon-gm2-theory.illinois.edu/
https://inspirehep.net/literature/2925594
https://indico.sns.it/event/140/contributions/1429/

aﬁ“’P FROM LATTICE QCD (LEADING ORDER)

ai}vp'l‘o from:

WP 25 (Lattice)
Mainz/CLS 24
BMW-+R-ratio 24
Aubin et al. 22
Lehner, Meyer 20
BMW 20
Mainz/CLS 19
FNAL/HPQCD/MILC 19
PACS 19

ETMC 19
RBC/UKQCD 18
WP 20 (R-ratio)
Experiment

A staggered M8 twisted mass

HH Wilson

HH domain wall

m Two sub-percent determinations of
a;’® from the lattice:
[BMW(c, 2002:12347], [Mainz/CLS, 2411.07969].

m One hybrid lattice QCD + R-ratio
determination at 0.5% precision

[BMW+DMZ, 240710913] [Lupol.

m Many further lattice results for

sub-contributions to aj;"”.

m The basis for the WP 25 SM prediction.
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https://inspirehep.net/literature/1782626
https://inspirehep.net/literature/2847412
https://inspirehep.net/literature/2807716
https://indico.sns.it/event/140/contributions/1425/

aﬁVP ON THE LATTICE




LATTICE QCD

m QCD is a strongly coupled theory in the

0.35 T T T
T decay (NLO) +=— H H
low @ com. (NLO) o hadronic regime at @ ~ 300 MeV.
0s b HERA jets (NNLO) —+— ]
’ Heavy Quarkonia (NNLO) . . .
" jets/shapes (NNLO-res) - m Perturbative expansion fails below 1 GeV.
pp/pp (jets NLO) +=—
025 EW precision fit (N>LO) Fe— ]
pp (top, NNLO) v
© a2}
-1
0.15
0.1 F
= 0(Mz2) = 0.1179 = 0.0009
0.05 - . .
1 10 100 1000
August 2021 Q[GeV]

[PDG, PTEP 2022 (2022), 083C01]
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https://inspirehep.net/literature/2106994

LATTICE QCD

m QCD is a strongly coupled theory in the
hadronic regime at Q ~ 300 MeV.

m Perturbative expansion fails below 1 GeV.

m Formulate the theory
» on a finite grid — regulator Ayy.

in finite volume — Ag.

>
» in Euclidean space-time
>

as a Boltzmann distribution

—

gluon qugrk m Compute expectation values (O) by

sampling the QCD path integral with
Markov Chain Monte Carlo methods.

http://www.jicfus.jp/en/promotion/pr/mj/guido-cossu/
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LATTICE QCD

The QCD Lagrange density

N —
Lqocp = Zfil V(D +mp)s + iterFW

m Contains Ny + 1 bare parameters (gauge coupling and Ny quark masses)

m Renormalize the theory from hadronic input, e.g., mq, my, mg, mp,, mg,.
— All other observables are predictions.

m Freedom of choice on how to discretize Lqcp:
Wilson, twisted mass, staggered, domain wall, overlap, ...

m Ab initio predictions after lifting the cutoffs:
» Arr: Infinite-volume limit.

» Ayvy: Continuum limit.
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a,’” ON THE LATTICE

hvp

m Compute a, via [Laurup et al.] [Blum, hep-lat/0212018]
. a2 o0 9 . IS ‘ . ~ . .
arr = (2) /0 AQRFQHNQY),  with 11(Q?) = 4x? [11(Q?) — T1(0)]
from a known QED kernel function f(Q?) and the polarization tensor

1,,(Q) = /(141: LT (@) 55 (0)) = (QuQu — 6w Q@) I(Q?) .

hvp

m q,'" in the time-momentum representation (TMR) [Bernecker, Meyer, 1107.4388],

™

2 o0 ~ ~
a/}ij = (3) /0 dt G(t)K(t) with the known QED kernel function K (¢),

in terms of the zero-momentum vector correlator G(t) (de facto standard).

m Alternative: coordinate space method [Meyer, 1706.01139] [Chao et al., 221115581].
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https://inspirehep.net/literature/69646
https://inspirehep.net/literature/604400
https://inspirehep.net/literature/919588
https://inspirehep.net/literature/1602622
https://inspirehep.net/literature/2634514

a/b"'p ON THE LATTICE: EUCLIDEAN TIME WINDOWS

v a2 o ayd Cl3 : -em =2\ ;em
@) = () [ acwRo. G = =43 S G ) 5 0)
k=1 &
25F T T T
xﬁxx E (allll)

s 20r :: = i

é15* = XXX 4

K %

N ﬁf@@ﬁﬁﬁ i

05 1.0 1.5 2.0 25 30 30 40 45
t [fm]
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https://inspirehep.net/literature/1649231

a/b“'p ON THE LATTICE: EUCLIDEAN TIME WINDOWS

(i — (:)2/0 dt GOR (1) W'(t: to: 1)

25F
- 20} N E3 ]
::15— - XXX — W)
% kS — Wi
=10 E — W) -
0

N Eﬁ%ﬁﬂﬁﬁﬁgm

005 10 15 2 . ]25 30 35

t|ftm

4.5

a3

3

G =23 e

k=1 &

"(t, 7) ;™ (0))

m Windows in the TMR:
separate short- from
long-distance effects
[RBC/UKQCD, 1801.07224).
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https://inspirehep.net/literature/1649231

CLEVP ON THE LATTICE: EUCLIDEAN TIME WINDOWS

3
. )\ 2 S ~ . a3
@y = (2)" [T acwRe wie ), =SS G ) E0))
0 k=1
25F w ‘ . .
_ 25 I (@ l“vﬂ) m Windows in the TMR:
Tab 3 o= I (@wnpo | separate short- from
= & +* b (ahwiyp long-distance effects
:915— :‘ K III $ (abwltylD + [RBC/UKQCD, 1801.07224].
g i b hvp,I1
T I0F s { m Intermediate window (a,,"*"")P
= *
> 5‘3 . > Cutoff effects suppressed.
CT A i | » No signal-to-noise problem.
4+ &
ol 5 - XU > Finite-volume effects small.
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https://inspirehep.net/literature/1649231

a/b“'p ON THE LATTICE: CONTRIBUTIONS

The electromagnetic current
. _ 2= 17 1 2 _ :I=1 -1=0
]Zm = Uy u — 3dyud — 357,85 + 5Cyc+ ... = Ju
from zero-momentum vector-vector correlation functions

GisoQCD (t) _ gthht(t) + %Gstrange(t) + %Gcharm(t) + Gdisc(t) I

Contributions to ah"p Contributions to (Aal®)?
light

light

. —disconnected
e charm

strange

FV correction
FV correction Isospin breaking
disconnected

Based on [Mainz/CLS, 2411.07969]: ap'* = 724.5(7.1) - 10710 9/23


https://inspirehep.net/literature/2847412

WINDOWS

H+ Wilson

FNAL/HPQCD/MILC 24
BMW/DMZ 24
RBC/UKQCD 23
FNAL/HPQCD/MILC 23
ETMC 22

Mainz/CLS 22

Aubin et al. 22

chiQCD 22

ETMC 21

Lehner, Meyer 20

BMW 20

Aubin et al. 19
RBC/UKQCD 18

R-ratio (CMD-3)

R-ratiof

Hd staggered M8 twisted mass  FV I overlap
HH domain wall
I T ]
[ }*‘ ,
L H i
[ )ﬂ__{ ,
- —o—
[ )_H -
- ——
L ¥ i
- —e— .
| )_H -
| )_A_{ -
L )—-ﬁx—;iﬂ_‘,
L ——|
200 205 210

R-ratio determinations from [Benton et al., 2411.06637]

((lhvp>ID,l . 101[)

m Many results for the dominant
(light-connected) contribution.

m Good agreement.
» Statistically uncorrelated.
» Systematically only weakly correlated.
> Blinded analyses are now standard.

m White Paper estimate for aﬁvp by
combining window averages:
» 8 collaborations, 17 papers.

> 3 precision calculations of aj,"”.
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https://inspirehep.net/literature/2847080

WINDOWS

Hd staggered M8 twisted mass  F¥ overlap

HH Wilson 4% domain wall m Many results for the dominant
roarmpoepnmcl  w | (light-connected) contribution.
Spiegel, Lehner 24+ —a— B
BMW/DMZ 241 e 1 m Good agreement.
Mainz/CLS 241 —+ 1 » Statistically uncorrelated.
RBC/UKQCD 23 ——— .
ETMC 221 Lo J » Systematically only weakly correlated.
chiQCD 22 ‘ v -l » Blinded analyses are now standard.
ETMC 21 —e— .
R-ratio (CMD-3)[- —— R
Reratiopb—>— =~ 1 b
47 43 49 m White Paper estimate for a,"" by

hvp\SD,l , 110 . . .
(a,)™>" - 10 combining window averages:

» 8 collaborations, 17 papers.
> 3 precision calculations of aj,"”.

R-ratio determinations from [Benton et al., 2411.06637] 10/ 23


https://inspirehep.net/literature/2847080

WINDOWS

Hd staggered MM Wilson  HBH domain wall

m Many results for the dominant

BMW/DMZ 241 * (light-connected) contribution.
FNAL/HPQCD/MILC 24 —A—
Mainz/CLS 241 | = Good agreement.
p > -
RBC/UKQCD 24 Statistically uncorrelated.
, » Systematically only weakly correlated.
Rrratio (CMD-3)r —<—
, > Blinded analyses are now standard.
R-ratio- >4 B
00 W0 40 10 » Error inflation for LD window in WP 25.

(al;vp)LD,l . 1010

m White Paper estimate for aﬁvp by
combining window averages:

» 8 collaborations, 17 papers.

BMW/DMZ 24 did not enter the White Paper average

> 3 precision calculations of aj,"”.

R-ratio determinations from [Benton et al., 2411.06637] 10/ 23


https://inspirehep.net/literature/2847080

WINDOWS

o = m Many results for the dominant
ol (light-connected) contribution.

BESHI{ " —me—
SND20 e

s JESERIES m Good agreement.
T H—t—O—t+—H . .
o > Statistically uncorrelated.
e » Systematically only weakly correlated.
BMW-20 | .
e > Blinded analyses are now standard.
vg. 2
e » Error inflation for LD window in WP 25.
Avg. 4 i)
WP25 . . hvp
ST T LA I White Paper estimate for a,,~ by
10 = e combining window averages:

» 8 collaborations, 17 papers.
> 3 precision calculations of aj,"”.
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CONTROLLING THE LONG-DISTANCE TAIL

Exponential deterioration of the
signal-to-noise ratio.

[N
S
T

= T (e Imprqve the signal at large ¢ via
ol P algorlt'hmlc advancements and
5 Z = smart ideas:
ESIE x
g N XXX m Bounds on the correlator.
§ 10

m Noise reduction methods

j | | Eﬂﬁfﬁﬁgﬁﬂgﬁm m Spectral reconstruction of

05 1.0 15 Q.Ot[fm]Q.S 3. . . 4.5 the T Contributions.
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CONTROLLING THE LONG-DISTANCE TAIL

Exponential deterioration of the
signal-to-noise ratio.

. a0 € rr e Improve the signal at large ¢ via
5 660 111 algorithmic advancements and
E o0 I smart ideas:
g 620
2N 600 m Bounds on the correlator.
580 e
0 10 20 30 40

m Noise reduction methods

m Spectral reconstruction of
the w7 contributions.

[RBC/UKQCD, 1910.11745] 1/23


https://inspirehep.net/literature/1761086

CONTROLLING THE LONG-DISTANCE TAIL

Exponential deterioration of the
signal-to-noise ratio.

& [ elD) Improve the signal at large ¢ via
& g E TG algorithmic advancements and
| - + + | H .
50.010 R G+ smart ideas:
Z% { m Bounds on the correlator.
2 0.005
IS m Noise reduction methods
o,oooo* m Spectral reconstruction of

the mr contributions.

[Mainz, 2411.07969] 1/23


https://inspirehep.net/literature/2847412

CONTROLLING THE LONG-DISTANCE TAIL

Exponential deterioration of the
signal-to-noise ratio.

0.015F 1 T =
.ﬁmﬁ;; % wia Improve the signal at large ¢ via
ol o llz e algorithmic advancements and
=0.010 R g, % PN, =2 :
] S gfi LA PoNe=3 smart ideas:
= R 1y, I N,=4
Z 0005 ¢ T emme,, TroE, g
% RN ""--fii'%ﬁ“ m Bounds on the correlator.
ﬁ::.... .M:::.m!’a‘mw
0.000pbesbEssesee ‘ ‘ ‘ . .
0 1 2[ | 3 1 m Noise reduction methods
t [fm

m Spectral reconstruction of
the w7 contributions.

[Mainz, 2411.07969] 1/23


https://inspirehep.net/literature/2847412

FINITE-VOLUME EFFECTS

3% finite-L corrections for a,}}Vp at m,L = 4, mostly in the isovector channel.

m EFT and model calculations.
» NNLO xPT — first steps toward 3NLO [Lellouch et al., 2510:12885] 4001 1

» Two-pion spectrum in finite-volume and the timelike .
pion form factor [Meyer, 1105.1892] 2 3
[Lellouch and Liischer, hep-lat/0003023] [Giusti et al., 1808.00887].  3%°

» Pions winding around the torus and the electromagnetic 3

pion form factor [Hansen, Patella, 190410010, 2004.03935]. o0l ® §

» Rho-pion-gamma model
[Sakurai] [Jegerlehner, Szafron, 1101.2872] [HPQCD, 1601.03071].

m Simulations at L > 10 fm [PACS, 1902.00885] [BMWc, 2002.12347]. »or o
. .. . 0.5 1 1.5
» Uncertainty statistics dominated. r fm

» Show good consistency with models.


https://inspirehep.net/literature/3069979
https://inspirehep.net/literature/899092
https://inspirehep.net/literature/525453
https://inspirehep.net/literature/1684765
https://inspirehep.net/literature/1730813
https://inspirehep.net/literature/1790429
https://inspirehep.net/literature/3218
https://inspirehep.net/literature/884306
https://inspirehep.net/literature/1415120
https://inspirehep.net/literature/1718315
https://inspirehep.net/literature/1782626

FINITE-VOLUME EFFECTS

3% finite-L corrections for a,}}Vp at m,L = 4, mostly in the isovector channel.

700 |
690 400 —
e @
55 g
H
680 £y
,_'—'O 4 x
5. 670 ¥ 350( .
5, . i
660 | 2 %
" 96x96,upper bound —&—
650 96x96,lower bound —e— . [
56x84,upper bound —— 300 H
640 ‘ _ 56x84,lower bound —A—
3 35 4 45 5 55
telfm] N
m Simulations at L > 10 fm [PACS, 1902.00885] [BMWc, 2002.12347]. »or
. . . 05 1 L5
» Uncertainty statistics dominated. r fm

» Show good consistency with models.


https://inspirehep.net/literature/3069979
https://inspirehep.net/literature/899092
https://inspirehep.net/literature/525453
https://inspirehep.net/literature/1684765
https://inspirehep.net/literature/1730813
https://inspirehep.net/literature/1790429
https://inspirehep.net/literature/3218
https://inspirehep.net/literature/884306
https://inspirehep.net/literature/1415120
https://inspirehep.net/literature/1718315
https://inspirehep.net/literature/1782626

CUTOFF EFFECTS

Systematic uncertainties from the continuum extrapolation become dominant.

m Extrapolation to the continuum limit guided by Symanzik effective theory.

m Cutoff effects start at O(a?) in modern lattice calculations.!
m Mandatory to

» include > 4 resolutions to constrain higher order cutoff effects.
» include fine resolutions a < 0.05 fm for per-mil uncertainties.

! Up to logarithmic corrections [Husung et al., 2111.02347]. 13/ 23


https://inspirehep.net/literature/1959499

CUTOFF EFFECTS

Systematic uncertainties from the continuum extrapolation become dominant.

m Extrapolation to the continuum limit guided by Symanzik effective theory.
m Cutoff effects start at O(a?) in modern lattice calculations.!

m Mandatory to

» include > 4 resolutions to constrain higher order cutoff effects.
» include fine resolutions a < 0.05 fm for per-mil uncertainties.

m Staggered quarks: taste violations distort the pion spectrum.

» This is a cutoff effect: Vanishes in the continuum limit.
» Taste breaking introduces modifications to ~ a? scaling.
— Model dependent corrections applied at finite lattice spacing.

! Up to logarithmic corrections [Husung et al., 2111.02347]. 13/ 23


https://inspirehep.net/literature/1959499

THE CONTINUUM LIMIT: LONG-DISTANCE WINDOW

Four sets of extrapolations, based on different fermion actions.

820 T T T T T T T
m=2m VS —+—i
mp=1.5 mPWs
810 | Py ,,
36018
a L J
2 800 I
3 i ‘
2 790 y EL
3 o)
& 780 | B — set 1, LL
o0l —— set 1, LC
770 | | —— set2 LL
— set 2, LC'
760 O 0.000 0002 0001 0006 0.008
0 0.0020.0040.006 0.008 0.01 0.0120.0140.016 o[
a2 /fm?
460 i 380F
g e 360
S 5 * S
5 360 2., .
5 % 340
=3 - T s
= 3w0r e 220l @ srHO =
= 260k © local 8 Apy, Agg, A (CM) - B SXPT -
= onelink o Arv, Au,(CM) . . a0l A none —
0005 001 0015 002 0025 0.0000 00025 0.0050 0.0075 00100 0.0125 0.0150
a2 [fm?) a? / fm*

10°

Relative weight

[RBC/UKQCD,
2410.20590]

[Mainz,
2411.07969]

[FNAL,
HPQCD,
MILC,
2£1218491]

[BMWC,
2407.10913]
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https://inspirehep.net/literature/2843080
https://inspirehep.net/literature/2843080
https://inspirehep.net/literature/2847412
https://inspirehep.net/literature/2847412
https://inspirehep.net/literature/2862618
https://inspirehep.net/literature/2862618
https://inspirehep.net/literature/2862618
https://inspirehep.net/literature/2862618
https://inspirehep.net/literature/2807716
https://inspirehep.net/literature/2807716

ISOSPIN-BREAKING EFFECTS

Need to include O (”k’(;crgd> and O(«) effects for per-mil precision.
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https://indico.cern.ch/event/956699/contributions/4110980/
https://inspirehep.net/literature/1224545
https://inspirehep.net/literature/1782626

ISOSPIN-BREAKING EFFECTS

Need to include O (’”A“‘md> and O(«) effects for per-mil precision.

QCD
Overview of published results - contributions to a, x 10 B Method of choice: Perturbative
expansion around isospin
ke saan0n oot recuach symmetric QCD [RM123, 1303.4896].
ETM 1.1(1.0)

T e 0O 6 0O m Many diagrams have to be
<?> T IR 8(}5@@ OO0 computed, many of them
—0.0093(86)(95) 0.37(21)(24) BMW 0.011(24)(14) —0.040(33)(21) BMW being ve ry noisy.

e e . .
> > OO0 00 m Major challenge: Formulation of
6.60(63)(53) I BMW e BMW QED in a finite box.
10.6(4.3)(6.8) RBC/UKQCD
6.0(2.3) ETM 'BMW [Nature 593 (2021) 7857, 51.55]
oy Y o ['(),' m Many re;ults, only one complete

141 s 1 ) o calculation [BMWc, 2002.12347].

Adapted from [V. Giilpers] 15723


https://indico.cern.ch/event/956699/contributions/4110980/
https://inspirehep.net/literature/1224545
https://inspirehep.net/literature/1782626

ISOSPIN-BREAKING EFFECTS: RECENT DEVELOPMENTS

0.14 T
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012 | . ZEFE  Reconstructed p ¢
Y+ . ®Reconstructed ry —+—
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002 ¥ sEfEag, %i ]
o= ¥¥’{*‘*/XLT? ]
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0.02 T T T T
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001 L % % Reconstructed iy |
- % + Reconstructed p +my
0.005 [
ofi&‘;w_\@ % 1**X¥;£ i
0005 , = % x* ;J,a 1
0.01 |- . = % ;¥
' * g k1 >lv< % i% I
-0.015 ‘ E% L1l 1
002 - 12278 J
0.02 } % )L 2 I T I
-0.025 - 1 7
-0.03 L |
0 5 10 15 20

tia

25

1 Spectral reconstruction for isospin-breaking contributions [Lehner et al., 2508.21685]

m QED., with Pauli-Villars regulator [Parrino et al., 2501.03192][Erb et al., 2505.24344].

m Direct simulation of QCD+QED [Altherr et al., 2506.19770].
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https://inspirehep.net/literature/2964949
https://inspirehep.net/literature/2865294
https://inspirehep.net/literature/2926915
https://inspirehep.net/literature/2938320

OPEN QUESTIONS

m Only few precise results for the subleading isoscalar contribution at long
distances, containing the noisy quark disconnected contributions.

m More results for isospin-breaking corrections are needed, especially beyond
the electroquenched approximation.

m Lattice results are broadly consistent at the current level of precision.

Small tensions in the LD regime under the variation of the isoQCD scheme have
to be better understood.

— Ongoing work to address these points.
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RELATED OBSERVABLES




NEXT-TO-LEADING ORDER HVP

. \/ A
L0 <> (2) NLOb <> (4b)
NLOd NLOa <> (4a) NLOc <> (4c)

—  J J

m NLO HVP at O(a?): 4 additional topologies.

m WP 25 average based on data-driven analyses (only lattice QCD result had 14%
uncertainty [Chakraborty et al., 1806.08190]). 18/ 23


https://inspirehep.net/literature/1678827

NEXT-TO-LEADING ORDER HVP

100 T : : :

— LO 0.015F f’m"a i Lo 1
—— NLOa&b e e ¢+ 10x NLO
50F —— NLOa 1 0.010F * *, 1
- + *,
_ ~—— NLOb £ > %,
“1 - = 0.0050 ¥
£ o — 1=
= g: 0.000
—50F 7 —0.005
~0.010
Il L Il Il L
—1005 1 ) 3 1 0

t[fm)]

m TMR kernels for lattice evaluation derived in [Balzani et al., 2406.17940] based on
[Balzani et al., 2112.05704], See also [Nesterenko, 2112.05009].

m Combination of (4a) and (4b) NLO diagrams is more short ranged than LO.

— Reduction of statistical uncertainties and isospin-breaking corrections. /23


https://inspirehep.net/literature/2802316
https://inspirehep.net/literature/1987807
https://inspirehep.net/literature/1986670

NEXT-TO-LEADING ORDER HVP

o | HeH HEH H——+ | | HeH
¢
o? — - —— .
o
«° “&«@ - - ——— -
o - - e -
W« — — ——
(\e
3&:‘\5\,& — —— —4
N
\@0\ ——
W <« —— —— —— —_—
0\
P\
—220 —215 —210 —205 105 110 34 3.6 3.8 —102 —100 —98
ai’:vp. nlo(a) o 1011 a}:vp.nln(h) % 101 al,':vp. nlo(e) o 1ot ahvp, nlo 5 Q11

m First precision lattice determination by the Mainz group [Beltran et al., 2603.068061:
» Full calculation: —101.57(59) x 10~ 1!
» |sopin-breaking effects estimated phenomenologically: sub per-mille.
» Final uncertainty of 0.6% is sufficient for all future SM predictions.

m Disagreement with data-driven determinations expected and found. 20/ 23


https://inspirehep.net/literature/3127609

THE HADRONIC RUNNING OF A«

m The running of the electromagnetic coupling

a(q®) -

5
= TRa Ae) = Baugle’) + Aaigy(e”) + Aep(a”)

is closely related to aj,'®, also in a lattice QCD calculation.

m Reuse data to determine Aay.q(—Q?) at spacelike momenta Q? < 12 GeV?2.

m Combination with perturbation theory needed to compute Aa}(lz)d(Mg):

— perturbative Adler function, Euclidean split technique [Jegerlehner, 0807.4206].
m Challenge:
» Control over discretization effects on the lattice for large Q2.

» Control over perturbative uncertainties for small Q2.

» Window problem!
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AB INITIO CALCULATION OF Aayag

hvp
Q2=10GeV? Q2=3.0GeV? Q2=50GeV> Q=7.0GeV? Q=090 CGeV? u Adva.n‘ce m ent.s fO r Ap erla ble
This vork = = . . = precision lattice calculation in
s | N I 1 [Conigli et al, 2511.01623] improving
on [Mainz 2022, 2203.08676].
BMWel7 o - £l
m Further lattice results in
e [BMW, 1711.04980,2002.12347].
DHMZ dataq & - - - - . .
m Same discrepancy with
o o - - - - data-driven results as in a;,"”
alphaQED19 J7
KNT18 data] - - - -
0.96  1.00 0.96  1.00 0.96  1.00 0.96  1.00 0.96  1.00

Aal(ji)d(—QQ) ratio
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https://inspirehep.net/literature/3076060
https://inspirehep.net/literature/2053773
https://inspirehep.net/literature/1636205
https://inspirehep.net/literature/1782626
https://github.com/rodofer2020/adlerpy
https://inspirehep.net/literature/2720133
https://inspirehep.net/literature/2720133

lat. + AdlerPy -
lat. + pQCD updated —A—

lat. + pQCD A

Mainz 2022 —A—
KNT19/CMD3 o R—ratio
KNT18/19 ——

DHMZ19 ——

Jegerlehner 19 —0——0—

EW global fits

Gfitter 18 —_—
Crivellin 20 —————

Keshavarzi 20 ————/———

Malaescu 20 / £

HEPfit 20 —_——

0.0260 0.0265 0.0270 0.0275

Aa(f))

had

0.0280
(M3)

0.0285

0.0290

0.0295

AB INITIO CALCULATION OF Aayag

m Advancements for a;,’” enable

precision lattice calculation in
[Conigli et al, 2511.01623] improving
on [Mainz 2022, 2203.08676].

m Further lattice results in
[BMW, 1711.04980,2002.12347].

m Same discrepancy with
data-driven results as in aj;"”.

m Combine with perturbative
Adler function in AdlerpPy [Ferro
Hernandez, 2311.04849] to reach
0.2% precision in Aa!”) (M32).
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CONCLUSIONS

m SM uncertainty has to be reduced by a factor of 4 to make full use of the
astonishing experimental precision — 0.2% precision on aﬁvp needed.

m Pushing the precision of a single lattice QCD calculation of aﬂvp to better than
0.5% will be very difficult.

m Best scenario: Average of compatible and mostly independent lattice results.

m Ongoing work to reduce the dominant sources of uncertainty by several
collaborations.
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