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— Brief introduction to (g — 2),: what's that?

e How charged spin particle interacts in classical electromagnetic field B
l/

= —e (a [ Fu(e?) + 252 Fa(a?)] w) Aua)

/Q\ = 2(F1(0) + F2(0)) % ge(y = 2(1 + F2(0))

e Care, spin is not classic! Fundamental property of a particle!

‘ '
e Dirac equation (1928) predicted g.(,,) = 2

- Confirmed in 1934 — 1%o0 deviations in 1947!

<4

—

e But nature is quantum (also electromagnetism)

Culmination of QED renormalization (1948)
Be(uy = E=2 = F,(0) = & = 0.00116
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__ Brief introduction to (g — 2),: what's that?

e But measurements just began! And higher loops to come...

e Most recent result
ar® =1159652180.73(28) x 10~ '
a. " =1159652181.61(23*) x 10~
alFx =0.88(36) x 10 (2.40)

* Previously (72); now «(Cs) 2018
e Future ambitions Aaf*P =3 x 1074
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« 2008 ‘87 17063 47 « 02 79 62

m‘*w m‘*" 10"15 10"“ 10‘41 DT w7 w° w00
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2 /812 2 2 4
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__ Brief introduction to (g — 2),: what's that?

e But measurements just began! And higher loops to come...

« 2008 ‘87 17063 47 « 02 79 62

T T e e o o o

e Most recent result e More sensitive to heavy physics
al* =1159652180.73(28) x 1012 Sag ~ m; /M? — m? /mZ ~ 10°*
aeTh —1159652181.61(23*) x 10~ 12 e Makes p more interesting!

alhEx —0.88(36) x 10712 (2.40) e Indeed, there is a tension... but let’s

give experimentalists their credit first!
* Previously (72); now «(Cs) 2018

e Future ambitions AaF*P = 3 x 107 How do we measure that?
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— Brief introduction to (g — 2),: how do we measure it?

e Crash course on (spin) precession!

e |n classical EM

2
H_1 N g Q“ eQ r FY f(, B
M_Z/rXJ_ZmL:ngL r
e Torque on dipole from a B field j_,f
L eQ - =
T=fxB=_——gLxB
T=[x L e~
*

e Implies spin precession; for BLL

T —e@
J— B
L~ 2m¢®

wp =
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— Brief introduction to (g — 2),: how do we measure it?
e Crash course on (spin) precession!

e Also in QM: spin along +X and B along 2 Time evolution:

H=—ji B, H|z2+)=Es|s%) . 1 [e &t
_ Q& ehQ [+%,1) = V2 \e E!
(i) = g52(S) = Ex = F%.28B 2
e Then, time-evolution implies Expectation value:
< S5 >= h COS(E) <S5, >= h sin(f@ )= g W oy
T2 B ) R

e This is, it precesses with w, = ;—ff"g

e Same as classical mechanics



__ Brief introduction to (g — 2)

e a, measured via spin precession
e The short u* lifetime in brief

LH
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u: how do we measure it?

'3

B )&
<O
= : e tunﬂa‘

.Jw;, » L3 W'

(14

e

e Let's boost the u to the experiment

eB
p = g;mg g;wc =wc(l+ay)
= a”' p_]_ — M

—F
o 5 2(0)
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— Brief introduction to (g — 2),: how do we measure it?

e a, measured via spin precession
e The short u* lifetime in brief

4 AR ¢
4 (o4 (2
w x é At —
[l = J
v, = : " ermthed
€w .Jw;,,x‘ st

e Let's boost the u to the experiment

eB
wp = g;mg = %wc =we(l+ay)
(g —2)u

w,
ja”:wip—].: )
c

= F2(0)
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— Brief introduction to (g — 2),: how do we measure it?

e a, measured via spin precession
e The short u* lifetime in brief

- &
x* Un Nu ot
W e T
e > < v hnd : t.':f-;‘l‘u
}*'/“"& '-\n.!_ﬁ_(i\cd CRY 'J"J PR

107 F y2n.d.f. = 4167/4132 3
10°

wsm

104WA’VWAMMMAW

BW\NVVVV\NWV\/\N\,\N\,\MA‘ gueB 8u

110° B = =8k =
ARSI A A o= oy T g we T Wl an)

10° F E
(g — 2)u

e Let's boost the u to the experiment

. . . .
0 20 40 60 80 100 Wp
Time after injection modulo 102.5 [us] = a, = ——1= ? - Fz(o)
w
PRL 126, 141801 (2021) ¢
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— Brief introduction to (g — 2),: Current status

e There is a tension suggesting possibility of New Physics since E21@BNL ('04)

a;, " =116592089(63) x 10~ **
a, """ =116591807(57) x 10

Th’15-Ex

a, = —282(85) x 10! (3.30)

e Motivated experiments at FNL and JPARC with goal Aa;* =16 x 10~ !
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— Brief introduction to (g — 2),: Current status

e Motivated th. improvements [u g-2 theory initiative, Phys.Rep.887 (2020)]

a;, " =116592091(63) x 10~
a," =116591810(43) x 10~ **
a0t = _279(76) x 107 (3.70)

e Motivated experiments at FNL and JPARC with goal Aa;* = 16 x 10~
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— Brief introduction to (g — 2),: Current status

e Tension confirmed with 1st run at FNL

PRL 126, 141801 (2021)
FNL’21

ANV 2116592040(54) x 1071
al™ =116591810(43) x 10~ 1 B
a, " = —230(69) x 107" (3.30)

175 180 185 190 195 200 205 210 215
o
a,* 10" -1165900

e Motivated experiments at FNL and JPARC with goal Aa* = 16 x 107!



Current progress in the muon g — 2
Introduction

— Brief introduction to (g — 2),: Current status

e Current result: E821+FNL'21
PRL 126, 141801 (2021)

a,* =116592061(41) x 10~
a, " =116591810(43) x 10~
"B = —251(59) x 107 (4.20)

BNLg-2 et

FNAL g2 +——@———+

— e
Standard Model Experiment
Average

17.5 18.0 185 19.0 195 200 205 210 215
a,%10° - 1165900

e Motivated experiments at FNL and JPARC with goal AaEx =16x 1071

e Rapidly changing and active field over past years
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— Brief introduction to (g — 2),: Current status

e Imagine a theoretical paradise...
PRL 126, 141801 (2021)

a, " =116592061(16) x 10~
a," =116591810(0) x 10~ **
a, "N = _ 251(16) x 10 (160)

m

BNLG2
FNAL g2 +——@——t

—— e
Standard Model Experiment
Average

175 180 185 190 195 200 205 210 215
a,%10° - 1165900

e FNL analysing run2+3 (factor of 2 improvement); run4 finished; 5 in future
e JPARC data taking in '25; 1st results in '27

e Soon will be a theorists (4exp) business again; Exciting times ahead!
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— Brief introduction to (g — 2),: Current status

e Imagine a theoretical paradise...

a, " =116592061(16) x 10~
a," =116591810(0) x 10~ **
a, "N = _ 251(16) x 10 (160)

m

FNL analysing run2+3 (factor of 2 improvement); run4 finished; 5 in future

e JPARC data taking in '25; 1st results in '27

Soon will be a theorists (+exp) business again; Exciting times ahead!

e Next slides will be all about discussing (hadronic) uncertainties
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__ QED Contributions

e 1-Loop: Schwinger term '48 (1 diagram) - universal (pure number)
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__ QED Contributions

e 1-Loop: Schwinger term '48 (1 diagram) - universal (pure number)
a"P! = 116140973.321(23) x 10~
e 2-Loops: Petermann and Sommerfield '56; analytic (9 diagrams)
a2"P? = 413217.626(7) x 107
e 3-Loops: Laporta and Remidi '96; analytic (72 diagrams)
a?"P% =30141.9023(3) x 1071
e 4-Loops: Kinoshita et al '06 numeric (891 diagrams) checks in '16,'17
a2"P* =381.00(2) x 107"
e 5-Loops: Kinoshita et al '12 (12672 diagrams) +checks
a"P® = 5.078(6) x 10~
e QED up to 5th order +6th order error estimate (Aoyama '19)

a®P = 116584718.931(30) x 10~

14
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__ EW Contributions

e 1-Loop: Jackiw-Weinberg & Bars-Yoshimura & Fujikawa-Lee-Sanda(R;) '72
a, VO = 104.80(1) x 107" Stéckinger et al’l3 with my
e 2-Loop: Czarnecki et al'95 & Knecht et al'02 & Stockinger et al'13
a, VNFO — _41.2(1.0) x 1071
e Including NNLO error estimate (Stdckinger et al'13)

a, "V =153.6(1.0) x 107"

P VNN
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Theoretical calculation Ill: Hadronic part
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__ Hadronic Contributions

e QCD is a non-perturbative confining theory

o Perturbative calculations valid at short distances; otherwise hadrons!

e Certainly the case at muon scales (m,, ~ my)
e Indeed (believe me) it is space-like (mostly) low-energies that matter for a,
e To convince you how bad pQCD: HVP in units of 10~**

aEVP\ngG = 223366, aEVPIm:mo Mev = 5876, aEVP = 6933,

e Hopefully convinces you not an expansion in as!
e Alternative techniques to deal with QCD non-pert. required!
e Dedicated workshops '13,'14,'16; (g-2) theory initiative '17,’18,'19,'21
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__ Hadronic Contributions I: HVP

o Nature has solved QCD; use via the optical and Cauchy’s th. to get [1(—Q?)

2
K

I T(g?%) ~ o(ete” — hadrons)

J d*xe* (0 T{j#(x)% (0)} 10) = i(a?e"" — q*q*)(q?) « (0)

o Oversimplifying: precise measurements for e"e™ — hadrons or the R-ratio

- E T |

0 2t ‘ . ]

1o | G — s . 3

! 3 o z ]

= 01 — - =
) —] E

001 —] E ]

—] N =

0001 ] F ]

0.0001 F ]

—_— 2F 3

1e-05 C mm e'e - hadrons data -

04 06 08 1 12 14 16 18 F PP Tt ampsten 9

Vs (GeV] 1= BES 4

(@) The hadronic R-ratio E 1KEDR ]

E — pQCD (massless) ]

L L 1 Il Il 1 |

1 2 3 4 5

Figs in KNT'18/DHMZ'19 (left/right) & [cev]
s e
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__ Hadronic Contributions I; HVP

e Include over 27 channels with up to 6 mesons; dominated by p/w (FJ Fig.)

10 GeV]
00 GeV, o0 0.0 GeV, o0
9.5 GeV 3.1 GeV
3.1 GeV

20 GeV 2.0 GeV

1.0 GeV

contribution error?

o Data driven | Data+resonance profile | BHLS Model (107! units)
DHMZ19 : 6940(40) KNT19 : 6928(24) | FJ17 : 6881(41) | BDJI9 : 6871(30)

e Analytic constraints on aj; ¥ [77]|<1 cev, an " [37]|<1.8 cev (CHHKS)

e Also 7 — 7 7% data with isospin corrections [lattice might help]
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__ Hadronic Contributions I; HVP

e Devil is in the details! Interpolation, errors,... non-trivial below 1% precision!

DHMZ19 KNT19 Difference
Tt 507.85(0.83)(3.23)(0.55) 504.23(1.90) 362
46.21(0.40)(1.10)(0.86) 46.63(94) —0.42
13.68(0.03)(0.27)(0.14) 13.99(19) ~0.31
7 18.03(0.06)(0.48)(0.26) 18.15(74) —0.12
KK~ 23.08(0.20)(0.33)(0.21) 23.00(22) 0.08
KsKy 12.82(0.06)(0.18)(0.15) 13.04(19) —022
7%y 4.41(0.06)(0.04)(0.07) 458(10) —0.17
Sum of the above 626.08(0.95)(3.48)(1.47) 623.62(2.27) 2.46
[1.8,3.7) GeV (without c¢) 33.45(71) 34.45(56) ~1.00
1/, w(28) 7.76(12) 7.84(19) —0.08
[3.7, 00) GeV 17.15(31) 16.95(19) 020
Total @™ 1© 694.0(1.0)(3.5)(1.6)(0.1)y, (0.7 )ovsacn 692.8(2.4) 12

Tab. 5 from Phys.Rep. 887 (2020)

o Data driven | Data+resonance profile | BHLS Model (107! units)
DHMZ19 : 6940(40) KNTI19 : 6928(24) | 17 : 6881(41) | BDJI19 : 6871(30)

e Analytic constraints on aj; ¥ [77]|<1 cev, an " [37]|<1.8 cev (CHHKS)

e Also 75 — 77 data with isospin corrections [lattice might help]
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__ Hadronic Contributions I; HVP

e BaBar vs. KLOE discrepancy = exp. programme (CMD-3, BES-III, Belle II)

0.4 g 3 0
Seon a3 (06212508 GaV)= (8841 2132X 100 | 4o
- Giobal Yz pyy/d.08) = 1.0
03 — 1200 —— fitofal ' n dota; 360,04 5130
" 5
3 - Orectscanonty: 370772200 o
of 02 1000 =
G w0 A
= a 800w e L0 combination: 66.83£215 g
% 04 4 1
< 1 600 o - Bl (001 376712272 e
= )
r S
off M A ? H w % s e
{ 200
0.1 asocam et e
0
0.6 0.65 07 0.75 08 0.85 0.9 w0 35 30 35 30 35 0 3 a0 a5
s [GeV] al'™ (0.6 =Vs =09 GeV) x 10°

Figs. from KNT19 (left) and Phys.Rep. 887 (2020) (right).
o Data driven | Data+resonance profile | BHLS Model (107! units)
DHMZ19 : 6940(40) KNT19 : 6928(24) | FJ17 : 6881(41) | BDJI9 : 6871(30)

e Analytic constraints on aj; ¥ [77]|<1 cev, an " [37]|<1.8 cev (CHHKS)

e Also 75 — 77 data with isospin corrections [lattice might help]
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__ Hadronic Contributions |: HVP

e Data driven | Data+resonance profile | BHLS Model (107" units)

DHMZ19 : 6940(40) KNT19: 6928(24) | F.J17:6881(41) | BDJ19 - 6871(30)

e In WP merging, DHMZ19+KNT19 (avoid models) + analytic constraints

ap PO = 6931(40) x 1071

e Finally, higher orders (HO) corrections need be included

KNT19+Kurz14 (107" units)
a; VPHO = —98.3(0.7) + 12.4(0.1)

VP — 6845(40) x 107 J
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__ Hadronic Contributions I: HVP

e Also lattice (euclidean) QCD getting close to precision needs [O(1%) now]
e Note at this level requires SIB and QED — state of the art

R-ratio —&—
BMWc'20 —
Mainz'19 —

FHM'19 —_—a

ETM'19 —_—

RBC'18 —_——
BMWc'17 —_—a—
DHMZ'19 -

KNT'19 o

CHHKS'19 -~ nonewiphysics
660 680 700 720 740

600 650 700 750

o Recent BMW20 result! Need more lattice Colls. there; Care with EWPO!

BMW20:7075(55) vs. DR:6931(28)exp(7)cp(28)8a8ar—k1oe[40]
e MUonE Coll: measure ﬁ(Q2) at low Q2 (Figs. from Marinkovic/Calame@Seattle'19)

I

& 73
S
= exp.
-t data
" N Lattice
T models + num. integration
. Q T
Qe
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__ Hadronic Contributions II: HLbL

e For low-energies, QCD non-perturbative
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__ Hadronic Contributions II: HLbL

o For low-energies, QCD non-perturbative

—>

e Direct connection to exp not possible

From 1 (HVP) Ny, — 9 (HLbL) MY;/%7 scalar functions
From 1 scale g* (HVP) — 6 {q?,s, t} (HLbL) scales — multiscale hard/soft
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__ Hadronic Contributions II: HLbL

e For low-energies, QCD non-perturbative

QL
7+ R(S.A,T)

e Direct connection to exp not possible

From 1 (HVP) Ny, — 9 (HLbL) MY;/%7 scalar functions

From 1 scale g* (HVP) — 6 {q?,s, t} (HLbL) scales — multiscale hard/soft
e First EdR'94, guidance(organization scheme) from EFTs: ChPT+large-Nc

Reduces all to the relevant v*vy* — R form factors — Syst. improvement?



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e For low-energies, QCD non-perturbative

—>

e Direct connection to exp not possible

From 1 (HVP) Ny, — 9 (HLbL) MY;/%7 scalar functions

From 1 scale g* (HVP) — 6 {q?,s, t} (HLbL) scales — multiscale hard/soft
e First EdR'94, guidance(organization scheme) from EFTs: ChPT+large-Nc

Reduces all to the relevant v*vy* — R form factors — Syst. improvement?

e Recently Disp. Rel for describing resonances

Dominant modes 7, 7,1’ (already known); resonances in 77 rescattering
Higher multiplicity assumed irrelveant unless resonant

Multiscale need modelling M4/£7 (Q%, Q, ¢°,0), N4/ £7 (Q%, Q%, Q%,0)

e Let's see the current status!
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__ Hadronic Contributions II: HLbL

e For low-energies, QCD non-perturbative

e

e Direct connection to exp not possible

From 1 (HVP) Ny, — 9 (HLbL) MY;/%7 scalar functions
From 1 scale g* (HVP) — 6 {q?,s, t} (HLbL) scales — multiscale hard/soft

R(S.A.T); OPE,

e First EdR'94, guidance(organization scheme) from EFTs: ChPT+large-Nc

Reduces all to the relevant v*vy* — R form factors — Syst. improvement?

e Recently Disp. Rel for describing resonances

Dominant modes 7, 7,1’ (already known); resonances in 77 rescattering
Higher multiplicity assumed irrelveant unless resonant

Multiscale need modelling M4/£7 (Q%, Q, ¢°,0), N4/ £7 (Q%, Q%, Q%,0)

e Let's see the current status!
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Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/

ay, = 63.0(2.4)pr'18, 63.6(2.7)ca’17, 62.6(1.3)DSE-Gieken’'19, 61.4(2.1)DSE-Mex'19,62.3(2.3)Latt



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, =16.3(1.4)ca17, 15.8(1.1)DsE-Gieken’'19, 14.7(1.9)DsE-Mex'19




Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, =14.5(1.9)ca7, 13.3(0.8)pSE Gieken’19, 13.6(0.8)DSE-Mex’19
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__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, P> = 93.8(4.0)wp
e 7 v'and KK box contributions (no rescattering); 77 under study (DVdH)

azmﬁ"box = —15.9(2)pr'17, —15.7(4)DSE-Gieken'10

KK-box
a, = — 0.5vMD, —0.7DSE-Giefen’19
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__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, P> = 93.8(4.0)wp
e 7 v'and KK box contributions (no rescattering); 77 under study (DVdH)

azmﬁ"box = —15.9(2)pr'17, —15.7(4)DSE-Gieken'10

KK-box
a, = — 0.5vMD, —0.7DSE-Giefen’19

e Scalar mm v [KK X] [~ fo(500); agreement with res. estimates]
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Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, P> = 93.8(4.0)wp
e 7 v'and KK box contributions (no rescattering); 77 under study (DVdH)

azmﬁ—box = —15.9(2)pr17, —15.7(4)DSE-Gicken' 10

KK-box
a, = — 0.5vMD, —0.7DSE-Giefen’19

e Scalar mm v [KK X] [~ fo(500); agreement with res. estimates]

azﬂ;ﬂ'—LHC _ 78(1)



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, P> = 93.8(4.0)wp
e 7 v'and KK box contributions (no rescattering); 77 under study (DVdH)

azmﬁ—box = —15.9(2)pr17, —15.7(4)DSE-Gicken' 10
KK-box _
a, = — 0.5vMD, —0.7DSE-Giefen’19
e Scalar mm v [KK X] [~ fo(500); agreement with res. estimates]
azﬂ;ﬂ'—LHC _ 78(1)
e Heavier S (¢ mw) DR X — res. estimates

a, = —{3.1(1.8),0.9(2)}pvar, —{2.2(733), 1.0(75 %) fknrr1s



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Pseudoscalar-pole contributions v/
a, P> = 93.8(4.0)wp
e 7 v'and KK box contributions (no rescattering); 77 under study (DVdH)

azmﬁ"box = —15.9(2)pr'17, —15.7(4)DSE-Gieken'10

KK-box
a, = — 0.5vMD, —0.7DSE-Giefen’19

Scalar m v [KK X] [~ fo(500); agreement with res. estimates]
azﬂ;ﬂ'—LHC _ 78(1)

Heavier S (€ mm) DR X — res. estimates
a, = —{3.1(1.8),0.9(2) }pvam, —{2.2(133), 1.0(73%) tinrro1s
e Tensor (D-wave) (m7 DR not ready but feasible) all are resonance estimates

a) = 0.9(0.1)pvari7
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Theoretical calculation Ill: Hadronic part
— Hadronic Contributions II: HLbL

e Axials (would-be 37,727, 47) from DR X; res. estimates (work required!)

aﬁ :6-4(2-0)PVdH’147 7.6(2.7)}:;]’177 O.S(t%i)RXqu,
(22.5 + 40.6)1o01,LR , 28(2)H01,cCAGT
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Theoretical calculation Ill: Hadronic part

__ Hadronic Contributions II: HLbL

e Axials (would-be 37,727, 47) from DR X; res. estimates (work required!)

aﬁ :6-4(2-0)PVdH’147 7.6(2.7)}:;]’177 O.S(t%i)RXqu,
(22.5 + 40.6)1o01,LR , 28(2)H01,cCAGT

e Short distances: (Qf > Q3) DR X; models. (QF,3>>A3cp) v Q-loop (B'19)

aiD = 13(6)L;Regge + 4.6T;QLoop; (14 + 23)Ho1;

Non-trivial matching (again, devil is in the details)!



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part
— Hadronic Contributions II: HLbL

e Axials (would-be 37,727, 47) from DR X; res. estimates (work required!)

aﬁ =6.4(2.0)pvan14, 7.6(2.7)ry17, 0~8(t%)'.51)RXT’19?
(22.5 + 40.6)1o01,LR , 28(2)H01,cCAGT

e Short distances: (Qf > Q3) DR X; models. (QF,3>>A3cp) v Q-loop (B'19)
aiD = 13(6)L;Regge + 4-6T;QLoop7 (14 - 23)Hol;

Non-trivial matching (again, devil is in the details)!

e Estimate (so far) in WP

aES_poles _ 938(40)7 aZW+KK—b0x - _ 164(2), aTr7r;S - _ 8(1),

o

ai” — _1(3), af} = 6(6), a§D+CE = 15(10) + 3(1)



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part
— Hadronic Contributions II: HLbL

e Axials (would-be 37,727, 47) from DR X; res. estimates (work required!)

aﬁ =6.4(2.0)pvan14, 7.6(2.7)ry17, 0~8(t%)'.51)RXT’19?
(22.5 + 40.6)1o01,LR , 28(2)H01,cCAGT

e Short distances: (Qf > Q3) DR X; models. (QF,3>>A3cp) v Q-loop (B'19)
aiD = 13(6)L;Regge + 4-6T;QLoop7 (14 - 23)Hol;

Non-trivial matching (again, devil is in the details)!

e Estimate (so far) in WP

ay Pt =02(19) x 1071



Current progress in the muon g — 2
Theoretical calculation Ill: Hadronic part
— Hadronic Contributions II: HLbL

e Axials (would-be 37,727, 47) from DR X; res. estimates (work required!)

aﬁ =6.4(2.0)pvan14, 7.6(2.7)ry17, 0~8(t%)'.51)RXT’19?
(22.5 + 40.6)1o01,LR , 28(2)H01,cCAGT

e Short distances: (Qf > Q3) DR X; models. (QF,3>>A3cp) v Q-loop (B'19)
aiD = 13(6)L;Regge + 4-6T;QLoop7 (14 - 23)Hol;
Non-trivial matching (again, devil is in the details)!

e Estimate (so far) in WP

HLDL — 92(19) x 107

au

—Updates since WP

7 with KK rescattering effects & new heavy S: a7™°*5 = —9(1) DHS'20
SD (+axials) K'20(+MRS'20); SD and matching LP'20

Improve pQCD Q-loop and extend to lowest possible @

Remarkable lattice improvements!

ZILbL — 79(30)(18)RBC—UKQCD? 107(15)1\Iainz

L e e o o
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Summary
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Summary

_ Theoretical Summary

e Controlled QED and EW (error irrelevant)
a"P =116584718.93(30) x 107, aVV =153.6(1.0) x 10~

o Hadronic are the bottleneck; devil in details; lattice progressing; (10~
units)

an VPO — 6931(40)pr vs 7075(55)Mwz20  an " = 92(19)uk vs 107(15)Mains

"
o Discrepancy persists, and more data to come soon! (107" units)

a,* = 116592061(41) a," = 116591810(43) a,," ™ = —251(59) (40)
e Let's see what nature has prepared for us

e Currently the theoretical a, estimate is all about hadronic physics. Exciting
times ahead!
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