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Muon g-2: the QED contribution
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EW contribution to g-2 muon

from Eduardo de Rafael
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Contributions from known particles: The Standard Model
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Present status of (g — 2),: experiment vs SM

After the Fermilab result
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After CERN but before Brookhaven

How good we know hadronic contributions?

History of muon anomaly measurements and predictions

a,=(g-2)/2 =Muon (magnetic) anomaly
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Farley Picasso

Bouchiat, Michel (61), de Rafael
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Kinoshita'85
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Short distance

Quark-hadron duality I
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Vector Meson Dominance

g4 Gasser Leutwyler coeff.
& VMD => predictions
® Short distance matching VMD



Quark-hadron duality R
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Light by light contribution
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Light by light contribution
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Melnikov-Vainshtein Limit © ~ ¢ > ¢3
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Melnikov-Vainshtein Limit
= (

e Contribution to two helicity amplitudes: m° and a;
exchange

 Model to correctly reproduce this s.d. limi

.I.
numerically important L}ﬂ‘l al<<

Contribution BPP HKS KN MV BP PdRV N/JN
O, n, n 85 £ 13 82.7+6.4 8312 114410 - 114 £ 13 99 4 16
7, K loops —19413 —4.5 £+ 8.1 — — — —-194+£19 —-19+13
m, K |. +subl. in Nc — — - 0+£10 — — —

axial vectors 2.50+1.0 1.7+ 1.7 - 22+ 5 - 10+ 10 22+ 5




Hlbl: status 2020

Contribution PdRV(09) N/JN(09) J(17) WP(20)
Glasgow consensus

70, n, n’-poles 114(13) 99(16)  95.45(12.40) 93.8(4.0)
7, K-loops/boxes —19(19) —19(13) —20(5) —16.4(2)
S-wave 7 rescattering —7(7) —7(2) —5.98(1.20) —8(1)
subtotal 88(24) 73(21) 69.5(13.4) 69.4(4.1)

scalars _

tensors 1.1(1)

axial vectors 7.55(2.71)

u, d, s-loops / short-distance 20(4)
c-loop 2.3 — 2.3(2) 3(1)
total 105(26) 116(39) 100.4(28.2) 92(19)

Collaboration with L. Cappiello O. Cata, D.Greynat, A. Iyer
arXiv:1912.02779 PRD



Hibl: status 2020
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{G. Isidori — Kaon Physics: the next step Kaon 2016, Birmingham, Sept 2016

» Lepton Flavor Universality

Example-11: neutral currents, u*u vs. e e

Access to 3™ gen. leptons
as in R(D) & R(D*)

...but a potential more promising effect could appear in
our beloved K — mvv decays....



G. Isidori — Kaon Physics: the next step Kaon 2016, Birmingham, Sept 2016

» SM. BSM. & Cnon-standard BSM”> in K — mvv

But what I find even more interesting, 1s the natural link with LFU effects in
B-physics, thanks to the presence of 3™ generation leptons in the final state

['(K—>nw)=T'(K—>mavyv,)+I'(K—>nvyv)+I'(K-—>znvv)

SM like few % possible O(1) deviation
deviation from SM
as in b—sup expected also 1n b—st1
Explicit (UV) models:

QL L

QQ ; current

» LQ (composite) mediators

Barbieri, GI, Pattori, Senia '16
' » 7', W' (composite) mediators
v

QL

L GI et al. - work in prog.



Anatomy of kaon decays and prospects for lepton flavour universality violation

_ GD, A.M. Iyer, F. Mahmoudi, S. Neshatpour
arxiv 2206.14748

® Motivated by B-anomalies we study LFUV Kaon decays

5C¢ = §CE = —5C,



https://arxiv.org/search/hep-ph?searchtype=author&query=Iyer%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Mahmoudi%2C+F
https://arxiv.org/search/hep-ph?searchtype=author&query=Neshatpour%2C+S
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Figure 1: BR(K* — 7tov) (left) and BR(KL — n°0v) (right) as a function of 6C¢ and 6C} = §C7.
The dotted grey line represents the lepton flavour universality scenario. In the left plot, the brown solid
(dotted) line corresponds to the measured central value (1o experimental uncertainty) by NA62 [15].
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LFUV In Kaons (K" — mptpr)

(KT — 7nteTe)

SD LD TR Gro -
« A{f —rty* 4{;V+(z)ul(p_)(*y“k“ + 7,0 o (p2)
| K ﬂ C GD,Ecker,Isidori,Portoles
- Vi(z) = ay + bz 4+ V™ (2)

CL_|_ and b_|_ Short distance

it — g% = —V2Re [V;aVi(Ch — C)]
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Historical progression Current situation

Channel ay by Reference Channel a by Reference
—0.587 £ 0.010 —0.655 =4 0.044 E 32)] —
c 05870010+ =0.655=0.0 860 132 ee  —0.561+£0.009 —0.694+0.040 comb. [42]

ee —0.578 £0.016 —0.779 £0.066 NA48/2 [33
L —0.5754+0.039 —0.813+£0.145 NA48/2 [34 [ —0.592 £ 0.015 —0.699 £ 0.058 NA62 [16]

Ly s &\ - B B
L op s 1ML (oot emed -t 17 S .o

Measurement of the rare decay K™ — n utu~
at the NA62 experiment

Newly published: arXiv:2209.05076

Table 1: Summary of the estimation of vector form factors for K+ — nT¢¢4. The left panel gives the
historical progression and the right panel gives the current status.

Michal Koval

michal.koval@cern.ch
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Figure 2: Region consistent with the estimation of the LFUV variable in KT — w1 £¢ decays.



G. D'Ambrosio Theory of Kaon Physics

K; — 7’eTe™ : summary

Br(K; — n’ete™) < 2.8-107'” at 90% CL KTeV

CP conserving NA48

1)

Br(K; — wete™)< 3.1071"2

K ¢

V-A® V-A = (n'eT e |(5d)v_a(€e)y_a|K L) violates CP



Isidori Mescia, Smith
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or KTeV bound for muon mode
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[ J
Observable SM prediction Exp results Ref. | Experimental Err. Projections arx l V 2 20 6 1 474 8
o

BR(K* — mtvv) (7.86 £ 0.61) x 1071 | (10.6732 +£0.9) x 1071 [15] | 10%(@2025) 5%(CERN; long-term) [58]
BR(K? — 7wv) (2.68 £0.30) x 107! | < 3.0 x 107? @90% CL [17] | 20%(CERN; long-term t58]) 15% (KOTO [61])
LFUV(a}" — a%) 0 —0.031 £ 0.017 l16,’42] +0.007 (assuming +0.005 for each mode)
BR(K — + 6.827079) x 107°

(K = pp) (+) ( 0:29) (6.84 +0.11) x 10~° 43] experimental uncertainty kept to current value
BR(K = pu) (=) | (8.04%558) x 107
BR(Ks — pp) (5.15 4 1.50) x 10712 | < 2.1(2.4) x 10722 @90(95)% CL  [44] | <8 x 10~'2 @95% CL (CERN; long-term [51])
BR(K, — n%e)(+) | (3.467953) x 107 ——

(KL J(+) | (346 050) < 28 x 107 @90% CL [56]
BR(K — mlee)(—) | (1.55704%) x 101 _ ,

' observation (CERN; long-term [58]‘)

BR(K — 7up)(+) | (1.387937) x 10~ 100%

(K = mpp)(+) | ( 0.25) < 38 x 10-11 @90% CL 57] (we assume o error)
BR(KL — 7pup)(—) | (0.94732) x 10-11 |
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Figure 7: The bounds from individual observables. The right panel is the zoomed version of the left
panel. The coloured regions correspond to 68% CL when there is a measurement and the dashed ones
to upper limits at 90% CL. K; — ufi has been shown for both signs of the long-distance contribution.
For K;, — nVee and K1, — m°ui, constructive interference between direct and indirect CP-violating
contributions has been assumed.



Cristina Lazzeroni, ECFA mtg 2022

Kaon Global Fit 4G i

For example, recent paper with global fits to set of kaon measurements
Deviation of Wilson coefficients from SM, for NP scenarios with only left-
handed quark currents.

Of = (57, Prd) e v*(1 — v5) vi)

[arXiv:2206.14748] [arXiv:2206.14748]
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