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CLS collection Introduction

1
: — 3y ( i Y o
GrI(1) = - 3 d”x { ji(1,%) j;(0) ) 385 3.7 355 346 34 3.34
450- N300 H200 A653
- Large data set already created (CLS) ,J5008307  en2o2  BA50  HIOL .
h 400- N452
> ' ' les: — — p N302 ° H102
2 chiral trajectories: tr;M = ct and m, = mi 2. Joon 306 N203 gS400 e
X . . = D251
3 ensembles at physical pion mass < 300 ot gN20 ST g
* Current efforts in improving and extending the data set £ 950- + 5000 Dasp Cl02 oMo
‘D201 :D45O :ClOl
* Specific efforts to mitigate the StN probleminthe long 9. o $/2>0
distance tall . D45
1501 _ph JF300 ppsg ¢ D150
> We have performed LMA on 14 ensembles °
1001_ | | | | |
> Spectroscopy analysis on E250 and D200 0.000 0.002 0.004 : 02006 0.008 0.010
a’ [fm?]

Arnau Beltran g — 2 Theory Initiative Mainz HVP update




Methodology

Introduction

* Isospin basis decomposition (3,3 8.8 ¢, c...)
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Methodology Introduction

* Isospin basis decomposition (3,3 8.8 ¢, c...)

—$— No window

« Windowing procedure (SD, |D, |.D) BN + wos

—4— W=LD

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Arnau Beltran g — 2 Theory Initiative Mainz HVP update




Methodology Introduction

* Isospin basis decomposition (3,3 8.8 ¢, c...)

» Windowing procedure (SD, 1D, D) 0.0035 - — Q=80
— — Q=7.0
: |

» Cancelation of log-enhanced cutoff effects by o OO0 — Q=6.0
: : =, —— Q=5.0
subtracting the most short-distance O (t4) S 0.0025 1 Q45
. . ~ —— Q=4.0
physics of the integrand 5, 0.0020-  ose
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Methodology Introduction

* Isospin basis decomposition (3,3 8.8 ¢, c...)

- Windowing procedure (SD, |D, |D) 1} Boundng et
410 ® UB from EO
» Cancelation of log-enhanced cutoff effects by }} # L from Eor
subtracting the most short-distance O (t4) S 40- ﬂ
physics of the integrand ol ﬂ
= 390 [
» Bounding method and reconstruction = "
;Oj 380 ,
E |

360 -

1.0 1.5
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Methodology Introduction

» |Isospin basis decomposition (3,3 8.8 ¢,c ...)

%1075 D251 vs. N200
» Windowing procedure (SD, 1D, LD) 10- a T _
» Cancelation of log-enhanced cutoff effects by ) Tt T
subtracting the most short-distance O (t4) & osh -
physics of the integrand *i/ .
« Bounding method and reconstruction fi:’ 0.01 _ LT T -
T FSE, dat - 1 -
» 2-step computation of finite volume effects % % FSE7 H?a al t4]1 1
—0.5F | s -
- Correction to V. before extrapolation to ph ! FSE HP&MLL il
point (HP & MLL methods) 0 1 > 3
t [fm]

> Correction from V., to co in the continuum
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Observables Introduction

O™P(Q) ~ Jdt w(t; Q) G(1)

* We probe observables sensitive to the HVP, each weighting a different region of the hadronic spectrum /
Euclidean momentum

. hvp, lo hvp, lo /
- Long distance - «, """ , q, B30 TT'(0)
Short distance - Aa,,, (M) , A(sin”0y) pnon g PO (can b ted to high precisi
. had \ M7 ) W)pg a, , a; can be computed to high precision)

* Compare data- and lattice-based determinations across these observables to test their (in)consistency
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The running of the QED coupling

See A. Conigli’s talk: Thursday 09:25 - 09:55

Q?=1.0GeV? Q?=3.0GeV? Q*=50GCeV? Q*=7.0GeV? Q*=09.0CeV?
This work HilH Ak - ] - ] - )
Mainz 2022 1 —/\— —7/\— —— —/\—

BMWecl71 -0 Py ®

BMWe20 - Py
DHMYZ dataq - e - o -

Jegerl. | . o o . .
alphaQED19
KNTI18 data{ ® * » - .
096  1.00 0.96 1.00 0.96 1.00 0.96 1.00 0.96 1.00

Aoz}(l?d(—QQ) ratio
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lat. + AdlerPy : 3
lat. + pQCD updated —h—
lat. + pQCD —h—
Mainz 2022 —
KNT19/CMD3 —o R —ratio
KNT18/19 —O—
DHMZ19 —0—
Jegerlehner 19 —— 9
EW global fits
Gfitter 18 - V
Crivellin 20 v
Keshavarzi 20
Malaescu 20 A
HEPfit 20 ' VA
0.0260  0.0265  0.0270  0.0275  0.0280  0.0285  0.0290
(5) 2
Aayq(Mz)
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Representations of the master formula

[D. Bernecker and H. B. Meyer 2011]

0 O=Q
1 () = (4a),(4D), (4c)
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Representations of the master formula

[D. Bernecker and H. B. Meyer 2011]

0 O=Q
1 () = (4a),(4D), (4c)

We want analytical control over f for all NLO diagrams %\ i
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NLOa and NLODb diagrams TMR

NLOa
D) — (an +bn*+ ¢, (yg+Int) +d,(y+In f)z)
14 14 14 14 &
N ST A
féo) = (1) + S(@)
1672

[S. Laporta et al. 2024] _
Suppressed piece: &
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NLOa and NLODb diagrams TMR

NLOa 2 ¢
m ~ A 7 A N 2
L fla) p) <l Z — <an +ba*+ ¢, (yp+1nf) +d,(yg+ Ini) )

2
My ~ N A A
Dominant piece: 9 ~ v 2]6(4“)(t) = Y(t) + &8(1)
[S. Laporta et al. 2024] a
Suppressed piece: &

NLOb ' _ _______________________ _ _______ e M=m,/m;"
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Time-kernel for the NLOc
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Time-kernel for the NLOc

m ra z /N A
U9 (1,3) = L (1 +7) + PAG) + 2 + Z 5 B(6)
3274 4 e ”
O=(1+17), | -7 0=t,7
I > 1 =
_ | 2,1 p2| 2
A (0) = 25 2 (1116’ + ;/E) — EKl(ZH) + ZGL3 0 01l
o 92
3 5
RBO) = (1-060%)In0+ Ky(20) + Toailer| 2 |- Llg22|e b2
270 Jorg] 16 1204
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Time-kernel for the NLOc TMR
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Accumulated error

We observe a relative error
< 10719 for all observables

hvpKernels.jl
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Long distance cancellation for 2 = u NLO HVP

100

....... LO
We set m, = m - NLOa
A —=—- NLOb
—— NLOa&b
e NLOa and NLODb have opposite signs
e Their addition exactly cancels around
t ~3.6 fm
e NLOa&b = NLOa + NLOb exploits this

cancellation

—100
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Reduction of uncertainty NLO HVP

«— (Contribution to the Central Value
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Reduction of uncertainty NLO HVP

«— (Contribution to the Central Value

«— (Contribution to the Final Error
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Reduction of uncertainty

* The size of NLO HVP is similar to the S
HLbL but with the opposite sign

» We have achieved a 0.6 % precision, "

improving on WP25

» Large cancelation in the Isospin

Breaking corrections in NLOa+NLODb,

very reliable QCD estimate

Arnau Beltran
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O:

H@+—

<P

<P

<P

g — 2 Theory Initiative

—215

—210

ahvp, nlo

H

—205

hvp. nl
aﬂVp,HO(a) % 1011

105

hvp, nlo(b)
Gy

110
x 101

hvp, nlo(c)

Ap

3.50

3.75
x 101!

—102

—100

—98

ahvp,nlo % 1011

0

= — 101.57(26) 1, (54),[60] x 107"
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Lepton flavor hierarchy

electron (e) muon (u) tau (7)
m, = 0.0005109989461 GeV m, = 0.10565837 GeV ny, ="1.77693/GcV
M << W, << M
i 'IIIIIII | IIIIIIIi | IIIIIIIi.I IIIIIIIi | I|.Illi »
10~ 1073 1072 1071 10° 10!
Mass (GeV)
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Lepton flavor hierarchy

electron (e) muon (u) tau (7)
m, = 0.0005109989461 GeV m, = 0.10565837 GeV . ="1.77695:GeV
: m, << m, << Mg
i |.IIITI|I | Illlllli | IIIIIIIi.I llllllli | II‘IIIi >
104 1073 1072 101 10 10!
Mass (GeV)

2

m
. aLEIVP ~ N2 for small m, — HVP contributions remain small for a, (and a,, )

» The smallness of m,, ( m, ) pushes the bulk of the integrand towards the long distances — StN problem

» The (relative) stability of e ( i1 ) allows for an accurate experimental determination of a,, ( a, )
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Lepton flavor hierarchy

electron (e) muon (1) tau (7)
m, = 0.0005109989461 GeV m,, = 0.10565837 GeV m, = 1.77693 GeV
M << MY, << N
i @ | Illﬂlli | IIIIIII;‘I lllllﬂi T ll.llli >
10~ 1073 =2 10~} 10° 10
Mass (GeV)

2

m
o aLEIVP ~ N2 for small m, — HVP contributions remain small for a, (and a,, )

» The smallness of m,, ( m, ) pushes the bulk of the integrand towards the long distances — StN problem

» The (relative) stability of e ( i1 ) allows for an accurate experimental determination of a,, ( a, )

» m_pushes the bulk of the integrand towards the short distances — we can estimate a?VP to great precision
HVP

T

 Due to the large decay rate of 7 we do not have precise enough experimental results to probe a
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Lepton universality at the LO level
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HVP, LO
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Motivation and introduction Electron g — 2

 Current uncertainty on a, is dominated by the Cs/Rb discrepancy in
determinations of a (atom interferometry)

| |
: = : ¢+ SM prediction
ubidium i Experiment
Cesium
o
0.25 0.50 0.75 1.00 1.25 1.50 1.75 .
a, X 101 +1.15965218 x 10

Arnau Beltran g — 2 Theory Initiative Mainz HVP update




Motivation and introduction Electron g — 2

[H. Wittig 2025]

» Current uncertainty on a, is dominated by the Cs/Rb discrepancy in le--09 QED tot
determinations of a (atom interferometry) le+08
: K ! +| SM predilction le+07
ubi:dium -  Experiment 1le4-06
osium | 100000
0.25 0.50 0.75 1.00 1.25 1.50 1.75 10000

a, X 1012 +1.15965218 x 10°
N 1000
» Current error of a,"? already sensitive to the size of a, ™ ° and with 100
prospects of improving

10
o aEVP suffers of the usual discrepancies in the data-driven approach 1
0.1

Relative contribution to a, X 10'? of different
sectors of the SM
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Motivation and introduction Electron g — 2

[H. Wittig 2025]

» Current uncertainty on a, is dominated by the Cs/Rb discrepancy in L6409 QED tot
determinations of a (atom interferometry) 16108
: K ! +| SM predilction le+07
ubi:dium -  Experiment le4-06
.Cesium | 100000
0.25 0.50 0.75 1.00 1.25 1.50 1.75 10000

a, X 101 +1.15965218 x 10
b | 1000
- Current error of a,’? already sensitive to the size of @, *"° and with 100
prospects of improving

10
o aEVP suffers of the usual discrepancies in the data-driven approach 1
. Once a is resolved, an unambiguous determination of """ ° is as 0-1

: th :
pressing as a Complete 6 order QED computatlon Relative contribution to a, X 1012 of different

sectors of the SM
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hvp, lo

Rescaling from a, Electron g — )

[S. Li et al. 2026]

See S. Li talk: Friday 12:15 - 12:35
( V. Pascalutsa: Tuesday 9:30 - 9:50)

- This observable provides a cancelation of high-energetic effects (A > m,, m, )

- At the kernel level, there is an exact cancellation of the O(z*) terms

m m

2 2
m ~ m ~ <<l/m<l1/m, 4 4
avP-lo (—e> a/}lwp’lo — fO(m) — (—e> f(z)(mﬂt) = <O(mﬂ) + O(me) ) £

u u -
Fo ) B 2
. a™P-!° is computed as a shift from the rescaled a/iwp’ to
2 hvp, lo
m Aoy

ahvp,lo — e ahvp,lo_l_ahlfp,lo | ~ 15 %

e o u e—p hvp, 1o

H de
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hvp, lo

Rescaling from g, Electron g — 2

x10~1 780 T i
b o .000,..° + a}c}Vp7IO 760- i i
o .. .. 2 hvp. 1 - 1 T e i
:o o. o. + (zz) aluVP, O HE 740 - i O $ | i
o ® o | ® !
® ® o X 4 » |
g A . .. ) + }e“_“iz lo Cl\mo i { | i
g . .. .. § 700 - i ! ® i
%O ° ° o \3_ i b i
E R Eo0q [ i
= () .. o : o :
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'o.‘o. 2w i & i
’ e000e ..0..‘0 > 640 I I ! ¥

o ...0 000® ......O LT TP . ....:.:’Q’ i I *
0] eesnsseres®® pau LT TP 01 o 5
0 10 2) ) A0) 50) 60 () 000 0.02 0.04 0.06 0.08 010

L / a My [Ge\/]
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: hvp, lo
Windows a,_, g, — 2
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SID of gM'P:1o

E—H

E250

%]
#
%)

i

No window

—— W=SID

W=LD

— discr. Il: set 1 — discr. |l set 2

— discr. Ic; set 1 — discr. lc; set 2

0.00 0.03  0.04  0.05
CL2/8t0

0.06
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E250

_______
v V

No window
W=SID

—4— W=LD
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— discr. Il: set 1
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Comparison of results (isoQCD) Electron g — 2

| ThIS WOFk_ . ‘Blinded larjd preliminary
® CaICUIation through a;_I_VP at d 1 % (rescalmg from a'u) Blinded and preliminary
H This work —
preCiSiOn (direct computation)
* The direct computation presents larger
- - ETMC (2019)1 = o
errors - dominated by scale setting ( tgh) (2019)
b BMW (2018) ! = ¢
- IB corrections are important for a, ¥ and
hvp : : : , _ KNT19(CMD3)- —e
a,_, , still not included in this analysis
KNT19- —o—
* Then, unblinding
Jegerlehner (2017)- —e
Nomura & Teubner (2013) —e
Krause (1997) - ! i o

180.0 182.5 185.0 187.5 190.0 192.5 195.0
CL‘EVP’ lo % 1014
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Direct computation

Arnau Beltran

g — 2 Theory Initiative

-m, > m,, m, = High-energy observable, more short

distance
* Relevance of the LD window is dampened

» Reduced systematic effects (StN, FVC, IB ...)

m2

4 .
. Far from —— behaviour
m2
f/

- Rescaling from a, Is not possible (only for the SD)

- Subtraction of the #* terms needed to avoid O(a” In «)
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—— LL set1 —— LC, set 1
2.8() - —— LL, set 2 — LC, set 2
~  2.751
-
S|
A 2.70
[@P)
~
= 9.65
&
=S _ No window ™ =
S 9601
2.55- N\
2.50- | | | |
0.000 0.002 0.004 0.006 0.008 0.010
a’ [fm]
Set 2 LL
2.70 1
'S 2.651
S|
X
292,601
~
o
0.0 0.5 1.0 15 2.0 9.5 3.0 Qﬂg 2.55
t |fm] ~
2.50
o451 | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7
0
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A No window
N W=SD
' —4— Ww=ID

W=LD

vV
---
AAAAAAAAAAAAAAAAAAAAAAAAAAA
VVVVVVVVVVVVVVVVVVVVVVVVV
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\/

0.5 1.0 1.5 2.0 2.5
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— LL, set 1
—— LL, set 2

— LC, set 1
— LC, set 2

0.000 0.002 0.004 0.006 0.008 0.010
a’ [fm]

Set 2 LL

13.57

13.01

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8



— LL, set 1 — LC, set 1
—— LL, set 2 — LC, set 2

=S _ No window
40 - : N\ W=SD
G ; W=ID
P —4— W=LD 63
o .
ac)
O 30+ . . | .
% 0.000 0.002 0.004 0.006 0.008 0.010
Jay a’ [fm]
-~
N—
5 Set 1 LC
X < B=34 P B=237
8 & B=346 & B—385
= A B—=355
.
S
)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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Window and channel decomposition Tau g — 2

- The relevance of the LD is severely reduced (compared to a}}Vp) — from ~60% to <25%

- a™P is dominated by ID window

* The relevance of the charm channel is still subleasing but its size has increased
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Comparison of results (isoQCD) Tau g — 2

* Final result is still blinded and preliminary
* 1Is0QCD effects are still to be included (we expect them to be subleading for this observable)

* Current error is already competitive with the most precise data-driven results

BLINDED

Mainz 2026 - et

KNT19+

()

KNT19/CMD3- —

ETMC 20191 £

BMW 2018- | =

330.0 3325 3350 3375 340.0 3425 345.0
alV x 1078
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Current projects |IB effects

- As our flagship approach, we proceed with the RM123 method. We have currently two programs
following this approach

- QED; making use of the TMR
~ Gomputation through the CCS method, using a Pauli-Villars regulated photon

e T s T s T et T
(2) (3) (4) (5) 7

(1) (6) (7)

> ) o
(8)
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Current projects |IB effects

- As our flagship approach, we proceed with the RM123 method. We have currently two programs
following this approach

- QED; making use of the TMR
~ Gomputation through the CCS method, using a Pauli-Villars regulated photon

o > DD ‘SO PN e o
(2) (3) (4) (5) (8)

(1) (6) (7)

* Regarding the strong IB corrections, we also explore its effects dynamically

>~ We have recently generateda 1 + 1 + 1 ensemble ( Y450)
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The 3,8 component |IB effects

10
. T
;:3 5 / L
Q e
+ )
- : 1 A
S L
5 0 e - —
=
1=
S _§ B )
aa B =3.34 & B =355
— A B=340 1 B =370
—10¢ L 1 B =346 i
0.02 0.04 0.06 0.08 0.10
[D. Djukanovic et al. 2024] Yy
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The 3,8 component |IB effects

|
gHVP — 33 o 88 PEX B
u u 3K

- We place special focus on the 3,8 channel - isospin violating piece
- G*% = 0 in the isoQCD limit
@ = ) A+ A"My Ryge = a’® + (AP"My — A™My) Ragx

4 £, em £, em

Electromagnetic Strong isospin breaking

—1

Rigk is scheme independent
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TMR + QED,; IB effects

Lo Pion mass dependence ¥ Connected X  Connected+Disconnected
~1.75 | o m, = 356MeV -
A . Short
—2.00 my;=291MeV -
— —2.25 ¥
| [ e
3 my = 356MeV - e
= —2.20 x ’+ U & H102 Intermediate
> # N451 My =291MeV | VL) A
e —2.75 B N202
@ D450
@ B450 |
—3.00
4% N101 B . ——
® A A654 Tn_356MeV : ¢ :
—3.25 1 A& N452 ong | W :
& H101 my=291MeV 1 % :
_350. mkt  Pheno estimate
25000 50000 75000 100000 125000 150000 175000
21isoQCD 2 I
(mn) [MeV~] my;= 356MeV - ——3¢— :'
marker = pion-mass group Full
@ myp=220 MeV 8 m;=288 MeV A m;=353 MeV B m,=423 MeV my;=291MeV - | % - ¥ '
0.8 -06 -04 -02 0.0 0.2
See S. Lahrtz talk: Wednesday 16:30 - 16:45 (6a,, — §Connected, mean) /g 4 Connected, mean
u U u
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CCS + Pauli-Villars regulator |IB effects

In the Covariant-Coordinate Space (CCS) method the electromagnetic contribution to a>Sis

U
written as
2

3,8 _6_ H C(x — -3 -em ;em ;8 C(A\
Gicem = = 16DE (x = VNG @Y1V 5) + Cr(A)
X,Y,2

With a PV-regulated photon propagator

mK,(m|x|)
>

[E(X)], = : + GYx) = 2G6WDK) where G D) =
472 | x| A 7 " 4m2| x|

and A < 1/a
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CCS + Pauli-Villars regulator

IB effects

JHEP 10 (2025) 157
JHEP 07 (2026) 068

JHEP 07 (2025) 201

(4)a

fully connected

(2+2)a

o~

disconnected

@Q

disconnected

(2+1+1)b

So
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0.0 0.18 0.36 0.54 0.72 0.9

0.0  0.002 0.004 0.006 0.008 0.01
1/A% in 1/my,
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Conclusions




* \We have total analytical control on the time-kernels at NLO for all Euclidean times
> Manuscript in preparation

> Working package already developed “hvpKernels.jl”

- Estimate for the NLO HVP to the muon g — 2 is now complete and accepted for publication

 Progress on a complete determination of the LO HVP to the electron and tau g — 2

> ag{VP . Rescaling from a, working at ~ 1 % relative precision. Still room for improvement: scale-

setting dominates the error

> afVP - Direct isoQCD computation yields < 0.5 % precision Related HVP Mainz talks:
» Parallel isospin breaking projects * S. Lahriz : Wed. 16:30 - 16:45
e A. Conigli : Thu. 10:15 - 10:45
« QED; + TMR
PV 4+ CCS i -
c Y T+ Other Mainz talks:

e D.Erb: Thu.11:45-12:15

» Crosscheck on RM123 througha 1 + 1 + 1 ensembile
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* |soQCD projects

- Higher-order HVP In a,

> Other lepton flavors

* |sospin breaking corrections




Time-kernel for the NLOa
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Time-kernel for the NLOa

[ S. Laporta et al. 2024]

) A n
T _faagy =y (a,, +b,m* + ¢, (rp + In) +d,(yz +In f>2>
167 n>4 n

2 .
121; Féad) "2 (i) + S(P)

Suppressed piece: &
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Time-kernel for the NLOa

[ S. Laporta et al. 2024]

2 R fn

Dominant piece: Y ~ f mg Fa)(fy 2 g + S(7)

1672

Suppressed piece: &

Can be used to interpolate between
t<<land > 1
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Time-kernel for the NLODb
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Time-kernel for the NLODb

M = <1 , o o\ 2
) 0 2 B B (5 (ot om0 )
A
167> n>4 m>0 ! e
m,/% ~ AL [—00 A My /
"= i,— | + Sm, 1) + S'(my 1)
16727 ¢ my
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Time-kernel for the NLODb

mf/
M = <1 i ) -
e ME ap), o i<l o m, , ) N
n>4 m>
mg (Ap), A\ [—00 ~ My
1671'2 2 mf
THREEREGIONS: <1< I1/M , 1<i<I1/M AND |I<I1/M<1
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Time-kernel for the NLODb

e e it —— 107 oo i o M=my/m, "
C T :
=F SE U f L
SHIRURE Sk ¢ M=mm,
= 4= 10710+
— 10719 — 10711 4
(S (S -
N—— N—— .
SERED SERUS
| 0
—12 ] :
A~ 10 A 1n—14 |
(N (N 10 E :
= = .
S 107134 3 1014 ¢ N 0 ¢ ¢ ¢
LS Yl ¢ = . o
S— S— : O
u 107164
10_ T T T T T T T
0 3.0 3.2 3.4 3.6/\ 3.8 4.0 4.2
Mt
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Accumulated error

60
—— R-ratio model

§  KNT19 R-ratio data

501

401

We relate the R-ratio to

E [I(w?) and G(7)

10+

0.4 0.6 0.8 1.0 1.2 1.4

Vs [GeV]
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Windows NLO HVP
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= — discr. Il: set 1 — discr. |l: set 2

N LO HVP />_<\ _10.94 — discr. Ic; set 1 — discr. Ic; set 2
= ,
= /

0.00 0.0l 002 003 004 005 0.06

— No window
3 —150 - + W=SD
5 W=ID
z R _
— W=LD
0.0 0.5 1.0 1.5 2.0 2.9 3.0 3.9 4.0 4.5

t [fm]
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— 33 — discr. Il; set 1 — discr. Il; set 2
N LO HVP E — discr. Ic; set 1 — discr. Ic; set 2 %
X
-
7
E =
o =35 =
g P ;
av}
<
C:_\ " |
5= =364
S
"

0.00 0.0l 002 003 004 005 006

No window

W=SD
—b— W=ID
W=LD
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 A5

t [fm]
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NLO HVP

Arnau Beltran
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No window
50 W=SD
W=ID
175 —h— W=LD
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 1.0 15
t [fm]

— discr. Il: set 1 — discr. |l: set 2

— discr. lc; set 1 — discr. lc; set 2

0.00 0.0l 002 003 004 005 006
CL2/8t0

0.9 0.4 0.6 0.8



Results for NLOc NLO HVP

275 1
a3,3—3,3
250
mem 3333 mmm 88358
/ / e 3,3-8,8 Bl 8,8-c,c
1251 B 33-cc BN cccc
£ ,3.3-88
3 H
B stat.
| — .
50 — discr. |l; set 1 — discr. |l; set 2 — ::/:e
— discr. Ic; set 1 — discr. Ic; set 2 e B
25 1
——— § a3,3—c,c
\\ 0 JZ
0 . . . . .
0.00 0.01 0.02 0.03 0.04 0.05 0.06 2.4 %
CL2/8tO
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Other small quantities NLO HVP

Bottom quark etfects 2 Tau-loop effects in NLOb
my, >> 1/a for all CLS ensembles, we use pQCD .o We neglected NLOb(7)
2
N; oo 2 .
b _ am, a J' % ) dmj R(2 We evaluate only in E250
H B 2 R AN
6rmy, T 1 Z n;

hvp,nlo(z) _ [ & Z(4b) 2
a,” M) dt fUT) Giaso(1)

Charm sea-quark effects

< - does not contain the charm quark Charm disconnected contributions

Direct and indirect effects from charm sea-quark loops are

2 4
c3 __(cc
included in the error budget Caused by 3 \/g Gige and 0 Giisc

Numerically irrelevant
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* |soQCD projects

~ Higher-order HVP In a,

> Other lepton flavors

* |sospin breaking corrections




Window and channel decomposition Tau g — 2

- SD+ID windows and the LD window have a similar contribution to the total variance (in isoQDD)

- High precision reached ( < 0.5 % ) in the isoQCD calculation

( a7}_IVP ) LD
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