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FNAL final measurement
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FNAL final measurement and Standard Model update
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FNAL final measurement and Standard Model update
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HVP: two competing methods

@ unitarity -+ causality
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and correct for ISR, virtual correction,
efficiencies, backgrounds, ...

@ dispersion integral
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€ ~*
/

g X
+

@

2

@ generate gauge configurations

@ euclidean correlator (Q? = —s)
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and correct for iso-spin breaking,

@ dispersion integral
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HVP: two competing methods
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HVP: two competing methods

= multiple experiments (WP20 average): = first complete result from BMW ~~ 2020,

‘SND06, CMD—2, BaBar, KLOE, BESIII ‘ but not included in WP20 average

= \WP25: many additional results from 8
independent collaborations

— all consistently below lattice

»since 2024: CMD-3 —> average consistent with afLXP,

We20' —e—i but also some tensions between groups
SNDO0G (93.8%) ———
CMD-21 (88.6%) —— i T T T T T T
BaBar 1 (99.9%) RBC/UKQCD-24+18 e
KLOE{ (97.2%) -
BESIII{ (72.8%) = Mainz/CLS-24 t:g:'
SND201 (80.3%) —
CMD-31 (98.9%) [E—— ) BMW-20 p—o— \;
71 (100%) b Qﬁx ‘ ) ‘ ) ‘ ‘ ‘ ‘ i A
— - - - - - 700 70 720 730 70 70
101 % (a1 — a20) 1010 gHVPLO
= ongoing efforts: re-analyses, MC, ... = ongoing efforts: comparisons, 1B, LD, ...
& 7
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s BSM dead?
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https://arxiv.org/abs/2104.03691
https://arxiv.org/abs/2507.09289

s BSM dead?

BSM papers 2021 vs 2025

P. Athron et al. [2104.03691]
Aau ~ 25 x 10_10, Naga1 ~ 100

P. Athron et al. [2507.09289]
Aau ~ 4 x 10_10, Nogos ~ 30
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s BSM dead?

BSM papers 2021 vs 2025

P. Athron et al. [2104.03691]

P. Athron et al. [2507.09289] . N 3Aa, 415

_—Y
Aau ~ 25 X 10_10, Nypa1 ~ 100 Aau ~ 4 x 10_10, Nopas ~ 30 yr 10-10
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s BSM dead?

BSM papers 2021 vs 2025

P. Athron et al. [2104.03691]

P. Athron et al. [2507.09289] . N 3Aa,
Aau ~ 25 X 10_10, Nogo1 ~ 100

S +15
Aau ~ 4 x 10_10, Nopas ~ 30 yr 10-10

Open questions:
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s BSM dead?
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BSM papers 2021 vs 2025
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—10 —10 yr 50 T 15
Aau ~ 25 x 10 5 N2021 ~ 100 Aau ~ 4 x 10 y N2025 ~ 30 yr 10
. SNDO6 ————m
Open questions: VO R sy
BaBar == —"
; . KLOE e
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s BSM dead?

BSM papers 2021 vs 2025

P. Athron et al. [2104.03691]

P. Athron et al. [2507.09289] N N  3Aq,
Aau ~ 25 x 10_10, Naga1 ~ 100

— +15
Aau ~ 4 x 10_10, Nogos ~ 30 yr 10-10

Open questions:

m tensions between data and lattice!

= missing systematic or BSM?

m improved precision in HVP (?)

~~ re-emergence of Aa, ~ 10710 77

m connection to general BSM

origin of EWSB, Dark Matter
hierarchies and flavour structure, ... Leptons
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s BSM dead?

BSM papers 2021 vs 2025

P. Athron et al. [2104.03691]

P. Athron et al. [2507.09289] N  3Aq,
:> +
Aay, ~ 25 x 10710, Nogoy ~ 100

Aay, ~ 4 x 10719 Nygo5 ~ 30 yr 1010

Open questions:

m tensions between data and lattice!

= missing systematic or BSM?

m improved precision in HVP (?) isn't dead,

~~ re-emergence of Aa, ~ 10710 77 il just

m connection to general BSM smells funny.

origin of EWSB, Dark Matter,
hierarchies and flavour structure, ...

Frank Zappa
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Complementary observables
m muon mass and chiral enhancement
m Dipole observables
mH— pup
m Neutrino masses and Dark matter

Specific BSM scenarios
m 2HDM and Supersymmetry
m Leptoquarks and Vector-like leptons
m Light-dark sectors, HVP problem
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Complementary observables
m muon mass and chiral enhancement
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The role of chirality flips

_ a,.e —
Leg D —myu Yrg + ﬁwLwaR Fu + h.c.
~— my,

dim-4 mass term

dim-5 dipole term

connection: both break chiral symmetry ¢z — ¢"“)» and EW gauge-invariance
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The role of chirality flips

_ a,.e —
Leg D —myu Yrg + ﬁTﬂLwaR Fu + h.c.
~— my,

dim-4 mass term

dim-5 dipole term

connection: both break chiral symmetry ¢z — ¢"“)» and EW gauge-invariance

»(B)SM »(B)SM ,(B)SM
X X X
fr KL Bk KL MR pr
(B)SM o : other couplings
Aa, ~ my,X|v X 11 p-flip param.| x o
= Mgsm
ECNISCHE Muon g — 2 and the status of BSM FY——
gﬁ"gstnRgS,}m Kilian f/\&hlifg . BI\TLtSeminar, 30.07.2026 4/19 b oo



The role of chirality flips

without chiral enhancement with chiral enhancement

chirality flip only from y,, x v°M new chiral symm. breaking: v(®)°M x ¢; 5
2 B)SM CLCR
lez/ R Aay, ~my, x ol X CLR X ————
Aay, ~my X m, X m w w LR 2 6m2 M2
hiral enh Ry = ¥ cur
O(107?) forc ~ 1, M ~ 100 GeV = Gl S A, S =1
e.g. Dark Photon, Z’, ALPs, ... e.g. 2HDM: Ry ~ 7%, LQ: Ry ~ :2_;'

other couplings
1672 M2qp,

Aa, ~ myx [vEM o pAflip param.| x
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Chiral enhancement vs collider constraints

2
CLCR ’”/’ WP25 1

X ——— — M > |Rycrcplz x 250 GeV
1672 M2 R |Bxcrenl

Aa, = R,

20 Mass Exclusion Limits from Aa, vs Collider Reach Model Points
10° T T T T
VLL: L& E MSSM
@ Ap =01, Ap =401 & tanf =30
A ® M\r=0.1, Ay =+05 ® tanf =70
A ALr=01 Ap=+2 S, LQ (top-only)
Mg =03, Ap = —0.1 * A2, =006
A =03, Ap = =05 ® 3%, =01
g =03, Ao = —2 A N2 =05
flavour aligned 2HDM rad. m,, (class-II)
® (X CG=+40 Arr =05, Qr=0
® G x(o=+80 ® A\r=05 Qp=1
O G xCu=—80 Arr =07, Qr =0
O G % (u=—160 ALr=07 Qr=1

1 L 1
10
101 102 10°
LN
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Complementary observables

m Dipole observables
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Dipole observables and flavour violation

= general dipole term £ D Ci; ;0" Yr;F,,  ~ diocImCy, By o< |Cyyf?

EDM ~ 10~ %Y ¢ - cm

BR(u = o) ~ 1070 7 clean signal for BSM!

SM: tiny CP and flavour violation {
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Dipole observables and flavour violation

= general dipole term £ D Ci; ;0" Yr;F,,  ~ diocImCy, By o< |Cyyf?

- 40 . .
SM: tiny CP and flavour violation {EE{Z _)1:7) Nemcf;o = clean signal for BSM!

Aay, \ (tanb, 19 Aay, \2 015 2 i
I ™ (10—9)( 2000 )1'9 X107 Te-em, - Buosey ~ (10—9) (3 X 10—5> 3.1 10

naive scaling 0;; < m;/m,
& i/ i/ large i-CPV still possible, LFV already strongly constrained

d,| $107%"e - cm

= either specific flavour/CP structure or Aa,, ~ 0

flavour anarchy 0;; ~ 1 small Aa. , ~ often no "dipole dominance”
Aa, < 10~ 14 — independent bounds from p — ey, © — 3e and p — e
\ J
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Complementary observables

mH — pup
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Muon-Higgs coupling

Collpo" ur®|F, = Aa, o< Cp v
SMEFT: dim-6 { ' | |7 e
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Muon-Higgs coupling

Collpo" ur®|F, = Aa, o< Cp v
SMEFT: dim-6 { ' | |7 e
(,,Y/Lq) [gLﬂRq)] (I)T(I) > Amu X (,Y/Lqﬂ)g, Ayll ox 3 X CVH(])UQ

Coefficients connected via chirality flips! Cho =k X Cyy
P P\x‘“ R R U
i : : : S
X 1y P : XN yix /Sy

MR I IR X Y I IR L
Z z

g, momureor
= NUCLEAR AN
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Muon-Higgs coupling

Collpo" ur®|F, = Aa, o< Cp v
SMEFT: dim-6 { ' | |7 e
(,,Y/Lq) [gLﬂRq)] (I)T(I) > Amu X (,Y/Lqﬂ)g, Ayll ox 3 X CVH(])UQ

Coefficients connected via chirality flips! Cuo = K X Oy
O @ a0 LI
; oo oo
X 'Y . 1 1 XNYiX /Y

R U I pr X Y I IR ‘\/ I
z
. Z
Kk ~ 1672 ~
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Muon-Higgs coupling

[ lro™ pr®| F,
SMEFT: dim-6

wo = Aa, o< O
Cuo[lopr®|T® = Amy,oc Cuov®, Ay, o3 x Cpan?

Coefficients connected via chirality flips!

o P;V‘ P ot P

a9
Y

: : : XNYIX Y
R U I ur X Y 1, IR ‘\/ B
Z
. Z
Kk ~ 1672 ~

Cvll(h =K X CHA’

= tree-models: x ~ O(100), Ay, ~ 100%
Yu oy _ I8l (A,
ny'V' 7928 \ 109 =loop-models: x ~ O(1), Ay, ~ 1%
= needs future colliders (HL-LHC, FCC-ee, ...)
II;E?E\ZE:RL%%’E Muon g — 2 and the status of BSM
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Muon-Higgs coupling

d, (1072 e-cm] =0, ¢.=0
4 T

~ p(H = pp) = 1.21 £0.35

Aay, x 10°

Y = *yiM
-1 Yu ~ +nyM
for - g
Y, ﬂ Aa, = tree-models: x ~ O(100), Ay, ~ 100%
nyM 7928 \ 109 =loop-models: x ~ O(1), Ay, ~ 1%
= needs future colliders (HL-LHC, FCC-ee,
QEEE{RE?E Muon g — 2 and the status of BSM
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Complementary observables

m Neutrino masses and Dark matter
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IN0O masses

Neutrinos are have tiny masses m, < O(eV)! ... why?

— interaction with v, <> interaction with muon
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Neutrino masses

Neutrinos are have tiny masses m, < O(eV)! ... why?
— interaction with v, <> interaction with muon
Cov e %5 1 5 Cuy 77— v Cuuvz Cunv
SMEFT LD i (05 0*)(®Ter) + ﬁ (o pp®F,, my o =i, Aa, x j\ﬁ
_ 1 TeV Cpn B
= Aau~109x<Ay>x<C*W-1o 8)
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Neutrino masses

Neutrinos are have tiny masses m, < O(eV)! ... why?
— interaction with v, <> interaction with muon
Cov e %5 1 5 Cuy 77— v Cuuvz Cunv
SMEFT LD i (05 0*)(®Ter) + ﬁ (o pp®F,, my o =i, Aa, x j\ﬁ
_ 1 TeV Cpn B
= Aau~109x<Ay>x<C*W-1o 8)

mass suppression A, ~ 1012 TeV = Aaq, =0

Two options for small m,,: o 9 .
suppressed L-violation, A, ~ TeV = Aa, ~ 107" possible
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Neutrino masses

Neutrinos are have tiny masses m, < O(eV)! ... why?
== interaction with v, <> interaction with muon

Cov [ Ze s\ (% Cuy 57— v Cuuvz Cu~rV
SMEFT LD i (05 0*)(®Ter) + ﬁ (o pp®F,, my o =i, Aa, x j\ﬁ

1 TeV »
— Mg, ~1077x ( Ae ) X (;* : -108>

mass suppression A, ~ 1012 TeV = Aaq, =0

Two options for small m,,: o 9 .
suppressed L-violation, A, ~ TeV = Aa, ~ 107" possible

@ . (®) A N
T n- Cpy Yy Ma
E.g. type ll: m, ~ PA Aa, ~ . = L~ —
g- typ v v H v K HL o I 1 ML PR Co 1672
y y \‘

. some models with TeV-scale origin (scotogenic, Zee, LQs, VLFs, ...) are constrained!
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DM exists! Lbut whatisit m =102 .. 107 eV?

— thermal production ()py o< ﬁ <+ interaction with muon
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DM exists! ..but whatisit m =10"2" ... 107 &V?
— thermal production ()py o< ﬁ <+ interaction with muon
single-field models: , ALP, ,DP/Z’, ...
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DM exists! ..but whatisit m =10"2" ... 107 &V?
— thermal production ()py o< ﬁ <+ interaction with muon
single-field models: , ALP, ,DP/Z’, ...
. . n3 n Qo 1
two-field models: (ov) VL Aa,, e 2

I

u

TECHNISCHE Muon g — 2 and the status of BSM
gglEvs%RESp:TAT Kilian Mhling = BNL Seminar, 30.07.2026 9/19

. s,
AP paRTICLE PHYSICS



DM exists! but whatisit m = 1072 ... 107 eV?
— thermal production ()py o< ﬁ <+ interaction with muon
Model R: Ag = 3.5
single-field models: , ALP, ,DP/Z', ... S
e
. n3 n Qo 1 Jso e
two-field models: (ov) VL Aa,, e 2
\F\O
(ﬁ)U _________ ,U.A 200 3 \.s:‘\»\ \
¥ o3 A
oo 150 \
P " = \\ N
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DM exists! but whatisit m =10"2" ... 107 eV?
— thermal production ()py o< ﬁ <+ interaction with muon
Model R: A = 3.5
single-field models: , ALP, ,DP/Z', ... S
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Specific BSM scenarios
m 2HDM and Supersymmetry
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Two-Higgs-Doublet Model

SM + second scalar doublet @,
motivation: p-parameter, strong CP/ PQ, baryogenesis,
EW phase transitions/ GW, L g—2, ..

= 3 heavy states H, A, H* with y,, & (;m,,

© one-loop
Aqtt o S JHL S=H
B 8w w2 M2 -1 S=A4
© two-loop
2,72 2,52
AaQ[,T ~ Iig 777,7_777,” AaQ@,t ~ _ClCu g 777,me
# 8r2 w v2M3Z’ # 62 m v2M3

1259 KR
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2HDM: allowed and excluded regions

Mo=30GeV, Cu=C=0

WP20
o

MA ~ 0(10 GeV), Cl ~ 0(10)

= previously: Aa

< constraints 7/Z decay, theory, B-physics
= only possible in type-X / FA2HDM

100 150 200 250 300 350
Mn = [\41.11 [GC‘V]

@ TECHNISCHE Muon g — 2 and the status of BSM
Kilia

DNESEN T n Mohling = BNL Seminar, 30.07.2026 11/19




2HDM: allowed and excluded regions

Mo=30GeV, Cu=C=0

WP20

= previously: A,

MA ~ 0(10 GeV), Cl ~ 0(10)
< constraints 7/Z decay, theory, B-physics
= only possible in type-X / FA2HDM

=new LHC exclusion limits (2022)

3
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"""" X1/7-

L., 0

_Ssay Vr

%/H+ <X1/
P Gl

= Mpy=+ z 340 GeV, (‘\[4 ~ ]\[Hi)
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Mn = [\41.11 [GC‘V]
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. allowed and excluded regions

My = My = Mp+ = 1000 GeV

@
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Muon g — 2 and the status of BSM

o

= previously: Aq)/"?
My ~ O(10 GeV), ¢ ~ O(10)
< constraints 7/Z decay, theory,

= only possible in type-X / FA2HDM

=new LHC exclusion limits (2022)

p
T7/H <
_/'" /VT
e X1/v-
/H+ N
P Tt

— A\]”- 2 340 GeV, (\/\ ~ 4\/// )

=now: complementary bounds from Aq//"*?

Kilian Méhling

BNL Seminar, 30.07.2026
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Supersymmetry

MR = My+50 GeV, My = 1200 GeV, tang = 40
many realisations — (N/R/C)MSSM, mGMSB, SUGRA, ... (51’:74..".,‘
motivation: , String theory/ QG, GUTs, DM, recstng
-~ [ pmbD
Coleman — Mandula, ... =

Aa. ~ 5 x 10-10 1 TeV \ *tan 3 ’ g -
" Msysy 40 TTooo 1500 2000 2500

mp p=M;+25 GeV, My = 250 GeV, tang = 40

I (Bi)—scénarlo

I M LHC relcas(‘rng
| momop|

LHC bounds = either Msysy = TeV or small AMsysy

o —

e.g. Higgsino DM e.g. Bino DM

Mo (GeV)

Aa, <1071° tan 8 < O(1) -

600 800 1000 1200 1400 1600 1800
v [GeV]
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Specific BSM scenarios

m Leptoquarks and Vector-like leptons
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Leptoquarks

new scalar/ vectors coupling to lepton + quark
motivation: GUTs, flavour structure, 5-physics and Aa,,
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Leptoquarks

new scalar/ vectors coupling to lepton + quark

motivation: GUTs, flavour structure, 5-physics and Aa,,

= chiral enhancement: Sy ~ (3,1,%), Ry ~ (3,2,1), U{' ~ (3,1, 2)

LD - [/\L qi by + A @HR} S1 = Aay < ALARY.
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Leptoquarks

new scalar/ vectors coupling to lepton + quark
- . . Y
motivation: GUTs, flavour structure, 5-physics and Aa,, /
: ) a 1 7 0 2
= chiral enhancement: S ~ (3,1, 3), R2 ~ (3,2,%), Uy ~ (3,1,3) q q
£o =\ aeE | S = | Aa X A
_ - ’ 1 I
charm-only, S; top-only, S; L
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Vector-like leptons

new fermions (with Dirac mass) coupling to lepton + Higgs

motivation: (extra dimensions), GUT, flavour structure, DM
asymptotic safety, 1 — 0 and Aa,, ...

TECHNISCHE Muon g — 2 and the status of BSM ek, msTUTE OF
B o
g.';"g"sEnRgsdm Kilian Méhling = BNL Seminar, 30.07.2026 14/19 I Dot owvacs



Vector-like leptons
® ¥

new fermions (with Dirac mass) coupling to lepton + Higgs :
motivation: (extra dimensions), GUT, flavour structure, DM i ,JJJ-CI)
asymptotic safety, H — uu and Aa,,, ... b : -
ymp y 0 " L
= chiral enhancement: at least 2 VLL with Yukawa coupling X };L X
ED*[/\LEE+/\[,>ZMR+5\ZE]@ = Aay < ALARA . : !
CRi L E lr;
14/ 19 Bk
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Vector-like leptons

new fermions (with Dirac mass) coupling to lepton + Higgs 2 "

motivation: (extra dimensions), GUT, flavour structure, DM , ,JJJ-CI)
asymptotic safety, 1 — 0 and Aa,, ...

= chiral enhancement: at least 2 VLL with Yukawa coupling X h X

ﬁa—[ALEE+AHEuR+EE]q> — A, x A ArA \

= strong correlation with H — up

3
2 2 E - -
[ (- B of
yM 910-? = 4}
X
s Op mmm -
<
-1
_2F
-3E N N N .
LS E LsoE Lo E® LeN® LsoE"
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Vector-like leptons

new fermions (with Dirac mass) coupling to lepton + Higgs qf 7
motivation: (extra dimensions), GUT, flavour structure, DM ““ ,JJIJ-CI)
asymptotic safety, 1 — 0 and Aa,, ... b > > »
= chiral enhancement: at least 2 VLL with Yukawa coupling >$‘ h '2<
ED—[/\LEE+A[,,ZNR+5\ZE]<I> — Aay, oc AL AR\ 5

= strong correlation with H — up + CPV

3
2 2 2 E - -
Yu ~<1_ Aay, ) +< dy, e cm] ) 2F
sM| = -9 —22 >
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Vector-like leptons

new fermions (with Dirac mass) coupling to lepton + Higgs q? "
motivation: (extra dimensions), GUT, flavour structure, DM i ,JJ)-CI)
asymptotic safety, H — uu and Aa,,, ... b : -
ymp y 1 u T
= chiral enhancement: at least 2 VLL with Yukawa coupling X };L X
ED*[/\LEE+/\[,>ZMR+5\ZE]@ = Aay, < A AR\ . : !
E lL]
= strong correlation with H — up + CPV
Yu ? ~ (1 Aay, 2 + dy [ecm] ? El
ysM| 0109 20 x 10-22 S
ER'.S
X
5
~0.50.0 0.5 1.0 1.5 2.0 2.5
Aa,, x 10°
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Vector-like leptons

new fermions (with Dirac mass) coupling to lepton + Higgs q? "
motivation: (extra dimensions), GUT, flavour structure, DM i ,JJJ-CI)
asymptotic safety, H — uu and Aa,,, ... b : -
ymp | Yy L (1/, em T I3 ZLJ'
= chiral enhancement: at least 2 VLL with Yukawa coupling X };L X
ED*[/\LEE+/\[,>ZMR+5\ZE]@ = Aay, < A AR\ . : !
€Ri L E lrj
= strong correlation with H — up + CPV . R’
yu2~(1_ By )2+<dﬂecm] i T 4
sM| Q1079 20 x 10-22 3 ;
yu = . ',
X
=2
=

— "opposite sign” case excluded by Aa)'"?
-4

= Aa, complementary with future measurements of d,,
-0.50.0 05 1.0 1.5 2.0 2.5

Aa,, x 10°
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Specific BSM scenarios

m Light-dark sectors, HVP problem
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Axion-like Particles

pseudo-scalar, shift-invariant (effective) couplings

motivation: , DM, cosmology, string theory
like WIMP but different, ...
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Axion-like Particles

pseudo-scalar, shift-invariant (effective) couplings

motivation: , DM, cosmology, string theory
like WIMP but different,

= ALP: dim-5 coupling to gluen ~» photon and muon

L D

('AH ~
Y F F;Ll/ .“,“ — VA5 a
fa in 5. (B "y )
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Axion-like Particles

pseudo-scalar, shift-invariant (effective) couplings

motivation: , DM, cosmology, string theory
like WIMP but different, ...

= ALP: dim-5 coupling to gluen ~» photon and muon

Cryy

X uy o /’/1 — V.5
£ > e aF,, F 5 (I m)dva
fa n fa
two competing contributions (similar to 2HDM):
2 2
com
@ one - loop Aa, ~ -2 &
a 1672 f2
eff 2
CunCon o M
L Y
@ "two” — loop Aay ~ -+ ——F
272 4Am f2
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Axion-like Particles: constraints

FIPs 2022

p

g 2

2 2
(7

Haloscopes
(future)
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[Eur.Phys.J.C 83 (2023) 12, 1122] (FIPs 2022) mg [eV]
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Axion-like Particles: constraints
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Axion-like Particles: constraints

me = 0.4 GeV, A=1TeV
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Dark Photon and 7’

broken U(1)x ~ light gauge-boson + coupling to muon

motivation: , cosmology, DM mediator,
HVP problem (7?), ...
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Dark Photon and 7’

broken U(1)x ~ light gauge-boson + coupling to muon

motivation: , cosmology, DM mediator,
HVP problem (7?), ...

= Z': kinetic mixing and gauge coupling to muon

LS 5 FLFPY =g (@ w2,
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Dark Photon and 7’

broken U(1)x ~- light gauge-boson + coupling to muon

motivation: , cosmology, DM mediator,
HVP problem (?), ...

= Z': kinetic mixing and gauge coupling to muon

Lo %FLVF“”—gz'(ﬁv”u)ZL

@ U(1)p-r,L.~L,-.- " couplings to e*: .

~ 2 o —10
Aa, ~ e x 5= $10

My [GeV]
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Dark Photon and 7’

broken U(1)x ~ light gauge-boson + coupling to muon

motivation: , cosmology, DM mediator,
HVP problem (?7), ...

= Z': kinetic mixing and gauge coupling to muon

Lo F P =0z (W ),
@ U(1)p-r,L.~L,-.- ~ couplings to e*: 5 w*é
Aay, ~ €2 x el Q=1 .——------------""'Sx10"“
(2) U(1),._. with My ~ O(10 Mev) S
Aa,, =~ 921 My <9 5 109

1972 2
1272 M7, ~ My [GeV]
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BSM solutions to the HVP problem?

o dOhad _ Nhad — Nig
ds  e(s)L(s)

@ BSM effect in eTe™ — had @ BSM effect in Ium|n05|ty
e ST e S ]

........... e} X

X 7 !

et Sen et Sem
=—> mostly excluded = DP/Z’' ~ 1 GeV can work for WP20
[Di Luzio, Masiero, Paradisi, Passera '22; (even KLOE/Ba Bar), but not CM D2/3
Coyle, Wagner '23] [Darmé, di Cortana, Nardi '22]
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Conclusion

m Fermilab exp. finished + updated SM value! = Aq, = (3.84+6.3) x 10719

~ 5o discrepancy ~~ now consistent with SM (but: Data vs Lattice, theory uncertainty)

Model R: A = 3.5

m Models with small Aa, — again viable

e.g. (CM/MR)SSM, Z-2HDM, see-saw models, “ R
two-field DM, anarchic flavour/CP violation, ... - pe

M, [GeV

e.g. vector-like leptons, lepto-quarks, ALPs, Z’, ...

S0 200 10 200 250 30

M, [GeV]
Ry =121+0.35 ML, = M1+50 GeV, M = 1200 GeV, tang = 40

m Complementary observables

e - cm|
~

strong correlations with: m,, H — pu, p — ey, EDM o Y
o
Outlook: . :
m improvements in computational methods, experiments, R R
cosmological obs. — more complete picture of BSM

m Aa,, will remain useful to understand BSM in the future e
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Backup

TECHNISCHE Muon g — 2 and the status of BSM ey, INSTITUTE OF
1/4 Saak NUCLEAR AND
ggIEVSEDRESr:TAT Kilian Méhling = BNL Seminar, 30.07.2026 / £

PARTICLE PHYSICS.




Details on BSM effect in HVP

= energy scan: SND, CMD-2, CMD-3 = /s~ 0.1...1GeV
= radiative return: BaBar (/s ~ 10.6 GeV), KLOE (y/s ~ 1 GeV), BES Il (1/s ~ 3.8 GeV)

1 e !
P10 = [ K)o+ A ) = Adf(e) 5%

2s(s — M%,)e + s?€?

@ Z' coupling to e and ¢ AcBM(5) = o5M(5) G BT, €= ge(gu — ga)/€*
VA VA 4

iy

requires Mz ~ few x 0.1 GeV and |e| =~ 0.01
constraints: m2, —m2, < (gu — 94)> = |gu — 94| $0.06...0.1 LEP: g. <107%...1072
caveats: resonant feature ~ either My ~m,,, or 'z # 0 (~» DM)

NP

. — ~ TppX €
@ ISR measurements:  0rr = 0pp X Nrryse/Nupyse/ X = A0rn & Orp o

caveats: some experiments calibrate to Bhabha scattering instead / measure o, directly

= in general very specific (highly coincidental) scenarios required...
= old energy scan experiments (SND/ CMD2) unaffected (i.e. must be wrong for this to work.)
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MSSM: maximum Aaq,,

900 LI B B e e |
N y General MSSM :
800 [ X SUSY, Max ] T
W 10 pa, 0 for tanB=40 s
[ . 1 | 50— o
700 x = .. ... g 15
g s N 15 w—
(‘2‘ 600 L \ ] ot 20 5
I Mo N ] ' asasny <
S r 1 x 25 T
AT " | <20 12 0 3§
A - — - - - - - - = = -: 3 i 20 e %
-\ 4€ \ = I %s 40 €
" \ - = g0 S
AT e B
L. \‘ e | — —— 1—‘_‘—‘-—‘4 — —j— <}
500 1000 1500 2000 2500 3000 3500
m_+ [GeV]
X5
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o 7.3} ' ' ' ]
@ —
aZ‘VP = ﬁ/ dsK(s) Im{II(s)} ©
So ~
M% [ Im{II [ = P25 |
Atthad = 7Z/ dsim{2 ()} 72 =
m ok, CE-S > | !
Shift in ohag increases both. But K(s) is S 7af a
more strongly peaked at low energies 5
= I DD (KNT)
— tension in A« slightly increases, S DD (DHMZ)

: 7.0f i
but the overall EWPO fit becomes © DD (KNT/CMD3) WP20
better. . .

@ lattice (Mainz) %
also: small decrease of My, 6.9k lattice (BMW(c)
A[” *n 0.0270 0.0275 0.0280

AJ[‘Z‘ ~ Aapag <0

®) (;
iy — Chy Ay (Mz)
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