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Motivation and current
muon g-2 status

Motivation

Magnetic field couples to the spin of a charged lepton through the g factor

— — ql
A=W, B H|= 8

S

2ml
Dirac theory predicts g = 2 for spin 1/2 particles at first order, quantum effects shift this value to
g > 2. This difference is known as the anomalous magnetic moment of the lepton.  gsy physics?

r A ~ ™)
g 2 y y Y. Y. Y | 4 Y.
H
a//t — 2 = - = + u____ + L + H u
PD Dr. Tobias Huber; October 13, 2021 Most contributing to the total uncertainty for

[ = u and probably for [ = e in the near future

Precise exp. and th. predictions (picture in 2020)

ez ag? = 116592059(22) x 107!

} 5.20 discrepancy
e i = 116591810(43) x 10~
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Motivation and current
muon g-2 status

Past & current status

Plenty of new results and discoveries since then; new more precise lattice results have changed
the way we look at this. = Big discrepancies between lattice and data driven approaches

T I T l l I 1 T T i staggered @ twisted mass
DINL S P { a™PLO from: -+ Wilson 4 domain wall
FNAL 2023 }—&— s e
Experimental avg. —&— Mainz/CLS 24| —4— 7
BMW-+R-ratio 24 z -
} = l : i | , i
Lattice 2024 [arXiv:2407.10913)] Aubin et al. 22 | A |
* v 1 - = -
BMW 20 Lehner, Meyer 20
"""""""""""""""""""""""""""""""""""""""""""" BMW 20 k] .
< 1.00 > .
. ° . Mainz/CLS 19 | —4 : -
White paper FHM 19 | A : ~
< .20 ) PACS 19F i 0 -
— O 1 | J
BaBar 4 o H ETMC 19} | l -
KLOE 4 Q - R-ratio (pre CMD3) - < -
L L | | Lau | | | L L Experiment - 1 | I-Y-i | -
175 180 185 190 195 200 205 210 215 '_40' | '_20' — 0 — 20 —
a, % 10" — 11659000 (aSM — go®) . 1010 [BNL g-2, hep-ex/0602035]
H H [FNAL g—2, 2104.03281, 2308.06230]

Anna Driutti, Lecture 1: Muon Magnetic Moment Experiments Simon Kuberski, Update from Mainz on ohvp 7th

L plenary workshop muon g-2
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aL‘VP structure LO & NLO contributions to the a,)"?

E.g. in the LO case: EE

a}thp[LO] — — JOO dq2
0

= J dq® %> T1(g?)
0

= Hu

Kernel: QED structure of the diagram, known analytic (~ weight) function

Hadron Vacuum Polarisation (HVP) function: Includes all the QCD effects — non-perturbative
nhature, must be computed by other means

M. Passera et al. Physics Letters B 834 (2022) 137462
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aL‘VP structure LO & NLO contributions to the a,)"?

E.g. in the LO case: =L

a}thP[LO] — — Joo dq2
0

= J dg* G (g
0

E.g. photon and muon corrections in the NLO case:

hv L 0 i | 0 . ~
a, PINLO,] = — J dq> >< ‘ _ J dg? FONLO)(52) T1(g?)
U 0

M. Passera et al. Physics Letters B 834 (2022) 137462
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LO & NLO contributions LO & NLO contributions to the aEVp

~ 730 x 1010 Generally can be expressed as the integral of the
Kernel f(qz) (given by the QED structure) times
the HVP I1(g?)

O contribution:

>2 00
a,"’[(D)] = <3> [ dg* fO(GHI1(g?) with i = LO, NLO,, NLO,
0)

~ —20x 101° T

e.g. [N =2 fLO x F

4a

NLO contribution: a2

~ 0.3 x 1010

) py 3 ro0 A o)
af*P[(NLO,)] = (—) dg> 1O f1(g?)|

) Jo

PROBLEM:

\_ i _/ | non-perturbative QCD effects — f[(qz) cannot
be computed with perturbation theory!

Involved, in lattice QCD it’s usually
M. Passera et al. Physics Letters B 834 (2022) 137462 computed as a small correction of the LO
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ahvp from the lattice ath from lattice simulations

U H

f[(qz) must be found non-perturbatively.

HVP tensor: i (q) =i (g"q° — g"q") N(g*) = Jd“xeiq“(jé’m(x)je”m(()))
I O d e
Lattice correlator: G(7) = — 3 2 Z (jE & T)jan(0)) This can be computed in the lattice
xeA k=0

There’s an analytic relation between both descriptions: osermeckerand raveyer 2011 Eur Phys
. dr? [ _ Wt
[I(w?) = —J dt G(t) |w?t? — 4 sin? —
w? 2
0

Same idea as before applies, energy integral is absorbed by the Kernel and a}}Vp IS expressed as an
integral over Euclidian time.

4 B} )
A ....... a) hvpy /- o >2 roo i) | i) , o0 dé\) ’\(i) . 020 - C/(\)f |
o= a, ()] = — dt fY(1)G(t) with| (1) = 8« — [ (07) |w°t” —4sin“—| | for i = LO, NLO,, NLO,
X [ T JO 0 0)) 2 )

L=myt : \ - -
f= m; f We need to find a suitable representation for these kernels!!

llllllllllllllllll
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TMR Kernels a,"” from lattice simulations

1
\V/5(s +4) -

1

A 1
FEO) = 5 <\/s(s +4) — S> +

Has a closed-form solution.

3
#(LO) 2n” 4 5 38 A A o1 2| 2
FLOG) = 2 | =2 + 8y + — + 12 — —K;(21) + 81In(F) + G2 | 7
m2 12 t 1.3 1
H 09193

2

L0 =
1672 -

The hadronic vacuum polarization contribution to the muon g — 2
from lattice QCD. 2017. M. Della Morte et al
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TMR Kernels a,"” from lattice simulations

FINLO,)(py — 27 5 '
/ (7) 4 >
1

20555 = —4
]?(NLOa)(S) — 4(y( )) where  y(z) = : \/Z(Z ) and :

=S z2+1+/2(z — 4)

23u® — 37u” + 124u* — 86u> — 57u* + 99u + 78
72(u — 1)2u(u + 1)
(126® — 11u” — 78u® + 21w + 4u® — 156> + 13u + 6) log(—u)
12(u — 1)3u(u + 1)2

F 4(”) —

NO CLOSED-FORM SOLUTION

_|_

(=7u*—8u’ +8u+7)log(l —u) (u+ 1)(—u’+7u®+ 8u+6)log(u+ 1)
+ +
1202 1212

(—3u* — 5u — Tu® — 5u - 3) <2Liz(—u) + 4Lin(u) + log(=u)log (1 — u)*(u + 1))>

612
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TMR Kernels a™P from lattice simulations

H

For < 1 one can proceed as:

0 /\2 i A A_ -7 A2 AN o0 A2 AN
do” - R .t Vi do” A R .t do” - R .t
J — fOOX (@) | @*7* — 4 sin? — | = J — fNON@?) | 1% — 4sin® — | + | — fOON@?) [ %7 — 4sin’ -

0 1-7 -

- - - % oo

~

-

N2
OCI)

Hi~0
For £ > 1 one solves analytically as much as possible and rotates the cosine to the complex plane to make it real and thus make
explicit the suppressed contribution. Then, one numerically expands around 7, by studying the asymptotic behavior of each piece.

N a, +b,n* +c,(yg+1Inf) +d,(yg + In 2)2 ~ NP

2 Zn=4,n€even n! ! t <t

- fNLOa(t) — i (b:1:1) (b;1:2) % B:2:2) 1 7 4 - (b:2:3) P
1672 _ R p a’" a’" £ CAn . a’>>“Int+a;’” f n n
Dominant| 2] + — + — ——1) +e? (a2 - ——1 t > t*
p=0 f 2 2 p Vi f

: _ _ AU A _ —8 o : Time-kernel for lattice determinations of NLO hadronic vacuum
With N =30 and P = 12’ (* = 3.82 and tO =54 precision < 3% 10 V tis achieved. polarisation contributions to the muon g-2. 2024. S. Laporta et al.
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TMR Kernels

872

FONLOY(py = 2

2
m,

LG F, (2, M)

r° de* .
20
0 @

a™P from lattice simulations

H

NO closed-form solution.
We have a new parameter M = m,/m, < 1, for t < 1.

VM n i N A
=7 d®® ap o o L Of Vi do* .~ o L Of ® do? . . L Of
FIOD?) F(w*; M) | &*1% — 4sin> — | + —— fLOGHF(w*; M) | %12 — 4sin? — | + | —— fEO®?) F(w*; M) | &°1? — 4 sin® —
/\2 l A2 l A2 l
0 @ 2 % 0, ) 3 ] 2 1-i % - 3 , 2
O>~0 - § ) - M~0 § - Vi oo M~0
®Oi~0 wi~0

Same procedure for t > 1 as before, now two exp. surpassed behaviors have to be taken into account!

N M 2 A A\ 2 i‘\n A A
2 Sn=4 2, [anm + byt + Cpy (vg+Inf) +d,, (vg+1In7) ] —M" [ < ¥
m., _ n & even
//l NLOb —_—
) = _
16ﬂ2f ( ) D . A P a}gb;l;Z) it(Z) 1 P €—2f (b23) :‘e-—zf\;lf:(Abzé]_) ?O 1 P A A
ominant| o -] + zp=0 — |\ = + Wap + Wap e >t

Up to N = 32 and M = 6 coefficients have been extracted to achieve a precision < 107 for f < 1* = 4.

> 1 suppressed contribution is still being worked around; terms with e

Arnau Beltran Martinez

MPA retreat
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asymptotic behavior provide a new layer of difficulty to the problem.
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TMR Kernels a,"” from lattice simulations

n m =20 m = 2 m=4 m==6
4 —2InM - L 1 44 4In2 M —46 4 28'mM _ lgn2 M A .
16991)nM . 36}9%1 2 5 éo7 56 13M 136 In? M [ < 1 COGﬁ:lClentS
6 o 2—2InM o7 + - 3
. 10 s _ 30603 70l o 2 & siu
10 1101800 M 21515067 5344 17550779 _ 47561n M s 4 16 InM
12 20413%5 M 2894989903 130858 1208868983 127%5%1n M 1883184914 _ 2385841n M
14 61235910 M _ 213885657033 1218348 127619884309 3616143 1n M 99298445424 70455580 M
16 067631 In M _ 85369133883 069085 761765635083 2560880 In M 428528588487 1520893610 M
18 1374144500 M 101828858935029 17150277 58307355659567 _ 1710914510 M 1845598 1 7550567 54485383010 M
20 2708773155 1n M _ 272809819880938103 1353550726 39513558 73456528 _ 675640394 In M 8767503810489044 _ 1347956756 In M
99 3496087401 M 143188117815889951 2795440492 462489876059533483 2793108812 1n M 01804 0 TRObB606424 _ 2789598936 In M
24 16542935750 In M _ 39648833580885466677 8265843735 2544939568841 4500817 _ 132237828072 1n M 2028447655726 70883 _ 264260177584 In M
26 169660888992 1n M 206675585675 1Rab503313 848152011126 16483358661861898%4710 84789883596 1n M 105371053 136a5605555402 2711963687072 1n M
28 208288558500 In M _ 2760330530401 567049181 520068477976 100431 7833857£3838%114 _ 520577034756 In M 1227 LR Lo E06041196 _ 1040850822372 1n M N M pn
g0 | 1027838381%3B1n A 1023230KEEEE UK 602683 6166793506768 37932368558 49000686029301 _ 30830870730448 In M 3045158094883288189180176 _ 61650839071376 1n M 2 2 [a + Byt + Cop (7 + In f) +d,, (75 +In f) 2] M
nm nm nm nm
39 81187316488925 In M _ 23861791 30500089817099076431 1623767014220 2997526545 nn T 705 0080160013 _ 3896754080424361n M 2411358530380107941 1549801813 _ 38963 051303752 In M n!
150722 2331942032060269200 39556 48195227291562351000 1869021 142394989725070582500 55221075 n=4 m=0
n € even
Table 1.1: apy(In M) coefficients. All the coefficients that are not explicitly shown are 0.
n m=20 m=3 m =4 m =26 n m=0 m=4 m=~6
4 0 0 0 0 1 3 3 g” 2
. B g3 ) 0 . 8 1 0 0 0 8 —4 0 0
=222 _ 8In — 14 56
10 10583 _112In M —24 81n M — 8011 0 10 3 0 —1 04 10 T3 4 1%
251834 3 185302 321ln M 12 20 0 —6 3 12 —80 24 3
12 251684 _ 1601n M —112 481n M — 182202 nM _ 307124 165 3 3
871453 5047392 3 84113904 14 o 0 —28 —8 14 —330 112 32
14 o> — 6601n M —480 2241n M — 2520292 641In M — 53222 16 1601 0 190 112 16 _ 4004 480 448
16 18:?5859 __ 8008 1In M —1980 960 In M — 10466956 896In M 17?’90?52 4(%4 - -3 16816 3
171605860 3 5515011 508818670 20 5304 0 —2002 —660 20 —21216 8008 2640
20 222008 42432 In M —32032 16016 In M — 222222 5280 1In M — 222220 8008 32032
221739355 81545956 640641n M 208435692 22 20995 0 —8008 - 22 —83980 32032
22 221735355 _ 167960 In M —127296 64064 In M — 81522056 nM _ 20808 oq | 248710 0 31894 32032 o4 | _ 994840 197996 128128
o4 5251898975 _ 1989680 1n M 503880 954592 1n M — 34488942472 2562561n M 19661441456 3 - ~ 73 3 3
53918838534 3 36830670967 3 1005395961344 26 326876 0 —125970 —42432 26 | —1307504 503880 169728
26 — 2615008 In M —1989680 1007760 In M — 339456 In M — 3863080 15452320
0881 3855 841225 28 | =902050 0 —497420  —167960 28 19292320 1989680 671840
928 993906911612 30904640 In M 7845024 3979360 In M — 670965894406 1343680 In M — 1154 8012 2 3 7058720
B SR 3 49365 239088 30 | 10120585 0 —1961256 ~ — 1989680 30 | —20281170 7845024 7958720
30 363774861147 40562340 In M —30904640 15690048 In M — 39547 83388 15917440 In M _ 68226 0376 2 3 3
465724851544639 2488618055384156 3 4303315563931512 32 19959975 0 — 17726160 —2615008 32 —79839900 30904640 10460032
32 YRS — 159679800 In M —121687020 61809280In M — 82 AE10F 20920064 In M — EEon10E

Table 1.3: by, (on the left) and d,.,, (on the right) coefficients. Notice that bs3 is the only

Table 1.2: ¢y (In M) coefficients. All the coefficients that are not explicitly shown are 0. . . _ o
non-zero ”odd coefficient”. Again, all the coefficients that are not explicitly shown are 0.

Arnau Beltran Martinez MPA retreat Lattice determination of the HVP NLO contributions to the (g — 2) y 11




TMR Kernels a™P from lattice simulations

H

REMINDER:

hvp “ 2 £LO) A2\ TT( 12 : N N ) . o W1
a™P[(NLO,)] = dg® O )[H(q )] — M) == | dr G|’ — 4sin’ =
W= Jo

Two integrals will “come out” from the IT° term — The Kernel for NLO.,, is bi-dimensional.

", a"P[(NLO,)] = (ﬁ> J J didz [0, )G0)G(7)
t:mﬂt & 0 0
F=mis

lllllllllllllllllll
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a};VP from lattice simulations

TMR Kernels

Has a closed-form solution.
The first step is to find the analytical solution:

mﬂ Zdc) (5 %22\2 it2 %2 1 ) 1 I~ A > R . A - A
/0t = g = S (P )+ - =20y #2502 4 yp) + 280+ ) + 2 (P = 1) Ind 42 (2~ 1) In?

. . r° 72 1 . . 1. .
+[1—(t+1‘)2]1n(t+1')+[1—(t—T)2]ln|t—T|+(Z—Z)KO(ZI)+<€—2)KO(ZT)+<I—E(t+f)2>KO(2(l‘+T))+(I—E(I—T)2>KO(2|t—T|)

3 )
272 % 242 f 1 1 2 22 15 5
- +— | KD - —+ KiQH)+— |1 -2|KQ|T -2+ =@+ DK+ D))+ | —+ G2 2
<A 12) 1( T) (t 12) 1( ) 24| T| 1(| T|) 24( T) 1(( T)) (

7 12 4 16 1,3\ 0,1%)
2 215 12 s ( ) s ( 2
i > . A 2 ) ) 3
Hl=+—-=)c2 2] 2 [+ (= -=G+22) > |+ * |+ (=-—=-22) G2 |i-9?] 2
12 4 16 01+ 32 24 ’ 01~ 32 24 L3 01+
\ 9 92 \ 2 72} \ ° 92)

Arnau Beltran Martinez
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a};VP from lattice simulations

TMR Kernels

Has a closed-form solution.
The first step is to find the analytical solution:

4 2272 22 22
m, . n Tt { I ., 1 . A A N . N A A
32;4f(4c) (7,7) = totm 5 (7 +2%) +- -2 +yp) + 20702 +yp) + 28°(n i+ yp) +2 (= 1) Ini+2 (22— 1) In?

------------

............ ~2 A2
+[1 = (7 + 2| In(7 + 2) + |1 —i(7 — ?) }1n-| [ — r| + (% - 2) Ky(21) + (% - 2) Ky(27) + <1 - 1—12(2+ %)2> KyQ2(7 + 7)) + (1 - —.(r - T)2> Ky(2:| 7 - Tl‘)

------------------------

. . . ( 3
2 koo - (24 K@)+ 5 = 2K\~ £ + o+ DK, 00+ 2) + FLE _Belp| 2
- A 1) — — =7 =7 — T T — ’
¢ 12 P12 )T g B - ! FERAVIRETY RdEl R Pt
\ "2
2 215 12 s ( L) s ( )
? 3 A A 2 oo e )
| =r——— )2 2] * |+ (= =G+ 22 GG+ |+ (= - -2 G -2
12 4 16 ) 011 32 24 : 011 32 24%------ of P e---- ‘101 L
\ 992) \ 992) \ ,,2)
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TMR Kernels a,"” from lattice simulations

Similar procedure as before }
» We expand for 7,7 < 1 in the green region.
» We expand for #,7,t + %, | — 2| > 1 in the blue region.
» Exp. suppressed terms are expanded around 7, = 7, = T, = 2.2 to R
interpolate both limit expansions. A A o
oc e—Zt, 6—2%, e—2(t+%), o —2(i=7)
> For the red region, the asymptotic expansion from terms with t—1
dependence is subtracted and expanded around t—t < 1.
> For the region, the asymptotic expansion from terms with £ (7)

dependence is subtracted and expanded around f < 1 ( < 1).

t, 7,

By a correct choice of the region limits and by computing terms upto N = 30 and P = 13 p N
for T, = 2.2 a precision < 1078 V 7, 7 has been achieved. P <

2PN A A
R T It —7] <« 1

t
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TMR Kernels a™P from lattice simulations

H

Expansion for the green region:

my N [,@ xe)
N (72) = Y [ (P87 + 2) + = (g + In D" + 2 + In )77
3272' n=4 | n! n! ] n a,ff) be) a7(13) bff)
n € even 0 0 0 —32 — 2 0
N[0 ; o : iy 3
a R A R A A R 1 1
+2 ) | (E+ 2+ (-2 — 28" —2i7) 6 | -l 2 -1 0
n! 8 — 892 12 176 1
n=6 | 10 _ 538 56 1355 —6
n € even 192 . 44;11518 240 63139 _98
N6 T 14 -l%§2§§Z 990 3g§§§7 —120
A oA A A oA A A A A A 16 — 967681 4004 965185 —495
+ L ((}/E + ln(t -+ T))(t -+ T)n + (}/E + In | [ — Tl )(t — T)n — Z(YE + In t)Tn — 2(}/E -+ In T)tn) 18 _m 16016 17181577 —92002
n ! 20 . 1354]35836566 63648 6788?8363 —8008
- 99 _ 1748bds70 951940 698860123 31824
24 . 8278436]9595 994840 8253&23735 —125970
26 . 848&)64833496 3922512 4248'}%88563 —497420
28 _ 10412%?‘?9400 15452320 130?667911109494 —1961256
30 . 1027%}1803:81233 60843510 1541§§§§§1692 —7726160

By a correct choice of the region limits and by computing terms upto N = 30 and P = 13
for T, = 2.2 a precision < 107°V 7, Z has been achieved.

(2) (3)

Table 1.4: Small distance expansion coefficients a, ’, bg), ay,’ and b,(f’).

Arnau Beltran Martinez MPA retreat Lattice determination of the HVP NLO contributions to the (g — 2) , 14




Procedure and CLS
ensembles

NLO computation

Now we are ready to combine our NLO Kernels with G(¢) from the lattice simulations.

» For this analysis, so far 12 different CLS ensembles with Nf = 2 + 1 flavors, different
lattice spacing, pion, and kaon masses have been used.

Since Gérardin et al., 1904.03120

: * New Ensemble

= « Significantly improved statistics
G(t) = G(t;a,V,m_,m, Significantl d
O : B
. . hv . . 3.85 3.70  3.55 3.46 3.4 3.34
To quote an estimation of a, P at the physical point: —— | l | ]
M. T. Hansen & A. Patella. 2019 . Finite-volume effects in (g — 2)HVPLO 450 35005.1:??8,?,5 ?ggg 33450 H101 AGES "
(V—> 0o A "oV has been corrected | 0T S — -
: N203 : :
— : : : @ : —
. 0 through the Hansen-Patela =30 PEUT SR o e A654
a — > N200 o -H105
method 2300 |- j304 D251 D451 N1l -
ph : 7303 '@
* m, — my Sa50 |- o D451 Ci02. -
e a, m_, m, are extrapolated ~D20L.  Dg50 : C101:
ph z :D200: @ 1@
() mk _) m . . 200 — E300 :.. ’.' ]
\ k / Kto their physical value J o~ Tt D452
150 [ physical — F300 @959 @ D150 .
, I ° I. I e | I
0 0.002 0.004 0.006 0.008 0.01
a? [fm?]
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Isospsin basis NLO computation

It Is convenient to work on the isospin basis

Isosvector Isoscalar

| 2 1 . 2
]ﬂ+§c;fﬂc+

Jo =iy u ——dy,d —=5y,s + —cr,c+ ... = j A

3 3 3 3 \/g

Contributions coming from the ... correspond to contributions from the bottom and top which are

neglected.
This description will give place to some mixing between the currents in the full correlator:
P give p XING between the
1 1 4 2 4 |
_ em emy 33 88 e | C.8 — G iy connected disconnected
Y73 é Ui = O 3O g Geomn 2 Gl 5 Gl + @)
G33 = lGll SU(3) + 1/m_ suppression — negligible /\ O
o 2 conn
88 1 [l SS 38 + +
. G38 = - Gl + 2GS+ 2G|
1 16 2 8 8
Gx G~ G G» + §G88G88 =7 GeomGeom + §G33G88 + §G33G§§nn ey G¥Gn \/ Q

(tlaa?l) (tlafl)
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Isospsin basis NLO computation

1
=__Z<]ﬂ ]ﬁm>_G33+3G88+

xeA

H102: Integrands for diagram (a)

0.000 +

—0.010 -

0 10 20 30 40 20

t/a
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O(a) improvement and

NLO computation

current descriptions

 Two different current discretizations have been used, local-local and local-conserved correlators
will be used in the extrapolation (conserved currents are normalized by construction)

J) = gy, Ty (x)
1
Jux) = > (l/‘f(x + a@)(1 +7,) U ()T (x) — g(x)(1 = y,)U, ()T p(x + aﬂ))

 Currents are also improved to O(a) following two different Symanzik improvement programs
which differ only at @(az), we will refer to these as “Set 1” and “Set 2”.

Jix) ~ O(a)

a

. D ~ 1 _
G D) = ) + ¢V, (—El/f(x) [m, n] 7%@) ~ 0(a?)
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Physical point extrapolation

Model average NLO computation

Projection to continuum extrapolation : . . . :
_7.00 J P Chiral and continuum extrapolation (Discr. Il; impr. set 1)
§ discr. II; set 1 —6.0 1 .
—7.25 ¢ discr. Ic; set 1
[Il discr. Il: set 2 E _ —6.5 = =
$ discr. Ic; set 2 " i
é 7.0 o
g E o b
§ = 75 T :
= A =34
L- = = 8.0 ) N ke ?=3.46
\g S e | 3 =3.55
~— I B s 3 =37
_8.0 7 S0 ph.

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

a,2/8t0 (I)Q
2 h 2
03 - (#5")

a:lwp(a, m_,m,) = + oy, + P (452 — ¢§h> +7 <€b4 - befh> + 4 Aa <¢2 B ¢§h)

a1VPNLOa&eh")
|

w [TIC]

T H !

=t -_— p ph
Base model Ka (¢4 )
MM | | | | | \ H = b=k =81+ 3m2)
o | i M.hh il bl Al h\hh | “~ 81, : I
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Preliminary results and

Preliminary results conclusions

a}}Vp[NLOa] = — 16.60(37)(55) + %[— 10.3327)(S1)] + g[— 1.986(26)(78) + 67.0(0.0)(7.0) x 107°] + L[3.O(6.O)(2.O) X 10™°] = — 20.92(42)(57) [3.38%]

34/3
1 4 2
a™P[NLO,] = 8.64(25)(34) + —[4.83(19)(29)] + —[0.556(07)(22) — 20.2(0.0)(5.7) X 1075] + ——[—1.6(4.0)(4.4) x 1075] = 10.49(28)(35) [4.27%]
g P 3 9 34/3
1 4 2
= a}t‘VP[NLOa&b] = —7.96(13)(19) + 5[—5.50(10)(22)] + 5[_1'430(16)(56) +47(22)(12) x 107°] + 7[1.7(5.9)(7.2) x 107°] = — 10.43(15)(21) [2.47%)
34/3
1 16 2 8 8
= af;VP[NLOC] = 0.226(09)(12) + 3[0.0810(52)(87)] + 5[0.00213(50)(17)] + 5[0.1253(60)(95)] + 5[0.0180(05)(10)] + 5[0.0087(19)(38)] =0.338(13)(14) [5.65%]
a,"’[NLO] = a"’[NLO,¢,] + a, "[NLO,] = — 10.10(14)(21) = — 10.10(25) [2.50%] ( i to x 10-1° )
a,[NLO,] a,[NLOy) a,[NLO.] a,[NLO]
this work { } i @ % i . i i @ i i . — @ — - : : O .
Keshavarzi et al. - @ . @ T ; @ —@—
Jegerlehner - —@— - —— § —@— _ ——
—2i.50 —21l.'2.5 —2i.00 —26.75 —'2(').:30 —26.25 10'.0 10'.'2 10‘.4 10'.6 10'.8 11'.0 O.t30 ()..::}2 O..:34 O..::}()‘ —1b.4 —1b.2 —1b.O —El).8

Agreement between lattice and data-driven determinations at this stage of precision. Future plans include an increase in the lattice
phase space which will severely improve the extrapolation, hopefully achieving an increase in precision by a factor 2> 3.
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Preliminary results and

Conclusions and outlook conclusions

> NLO electromagnetic corrections to the HVP can be computed in the lattice, these, will become
relevant in the full lattice HVP estimation as different collaborations keep pushing for precision.

> This computation provides a new tool to prove lattice vs data-driven approaches.

> Already at this stage, a 2.5 % precession can be obtained. NLO may be naturally more precise
than the LO computation.

> Next step, include full CLS ensembles and statics to increase precision to sub-percent accuracy.

> Improved bounding method and other Finite-Volume correctors will be studied. As well as
corrections for the charm mass miss-tuning.

> Blinding analysis to avoid unconscious bias.
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ath from data driven ath from lattice simulations

U H

f[(qz) must be found non-perturbatively.

Analyticity and the optical theorem allow rewriting the HVP as the cross-section of a well-
known process: e e~ — hadrons (or 7 — hadrons + v).

4+ — 4+ — Alex Kashevarzi, KNTW:Data-Driven HVP,
1/_\[( 2) q2 > J R(S) G(e € — T T ) 7% plenary workshop muon g-2
— \)
1 3 s(s + g2) o gy
Sth  Zameny
— " xor ot
9] (e+e — hadrons) i !
R(S) — Al 8:CMD-2 (2007)

Adra?ls

16:CMD (1985)

So a™P is rewritten in the following form: |- .

2

a\ > [ ds

h : '
a,""[(D)] = (—) —KV(5)R(s)

T Js, \)
e e .
q=—=: : A AL A q
L M KOs)=—| dg* fG*)— = G+ 4 4 414+ 4 H RS e s b b b
= mf} 3 Jo S+4q o
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