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Motivations for K->mll K— — 7T:l+l_ KS — 7T0l+l_
K->mll phenomenology

Large N QCD: the dream '70s '80s '90s 't Hooff, Witten, Coleman
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Ideas, Successes, some undelivered messages K —ar: Al=rule €

K->mll phenomenology and large N

conclusions



The kaon community requests to European Strategy for Particle Physics 2026:
e protect and amplify the European kaon-physics programme, explori Kaon physics input document

opportunities for
— KT — ntvp EU strat
— Kgs1 — pp~ decay and interference, strategy group
e enable European contributions for KOTO II for K; — #vi and Lazzeron
K; — 7%*¢~, spanning both analysis and hardware development,
e maintain the European leadership on theory computations for kaon physics
(phenomenology, dispersion theory, effective theory and lattice QCD, includ-
ing high-performance computing).
J
The contribution "Kaon Physics: A Cornerstone for Future Discoveries” has been drafted by:
M. Bordone, A. Ceccucci, A. Dery, M. Gorbahn, E. Goudzovski, M. Hoferichter, A. Juttner, C. Lazzeroni,
Z. Ligeti, D. Martinez, F. Mahmoudi, R. Marchevski, M. Moulson, G. Ruggiero.
Year Main object
1 Beam line survey
2 Construction of the rest of the detector
3-6  Phase I: Physics run for mainly K; — v Moulson
7 Single event sensitivity will reach 8.5 x 10! for the K; — 7w search

8 Detector upgrade

9-12 Phase II: Physics run mainly for_ Ky — 7r0€"‘€‘ with an optimized setup
13 End of Phase 11




Long Distance enhancement
KT - l_l_l_ KS R 7T0l_|_l_ Gilman Wise 1980
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FIG. 1. Diagram contributing to C;. The black box
represents W exchange plus all strong-interaction cor-

rections.
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General consideration on the form factor

Lorentz and gauge invariance tell us on the structure of the amplitude and ff

The integral at very short distances QCD quark loop



Pragmahc decision for O(pé) ff

GD,Ecker,Isidori,Portoles 98
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K — my": Experimental situation

exp. mode number of events a4 by
BNL-E865 | KT — meTe 10 300 —0.587(10) | —0.655(44)
NA482 | KT — mreTe” 7253 —0.578(16) | —0.779(66)
NA482 | K= = nrutpu~ 3120 —0.575(39) | —0.813(145)
NA62 Kt —s7atutu 27679 —0.575(13) | —0.722(43)
E. Cortina Gil et al. [NA62 Collaboration], JHEP 11, 011 (2022)

exp. mode number of events
NA48/1 Kg — mlete™ 7 as = —1.29(3.15) bs = +17.8(10.6)
or
NA48/1 | Ks — ot~ 6 as = +1.28(3.16) bs = —17.6(10.6)

G. D’Ambrosio, D. Greynat, MK, JHEP 02, 049 (2019)

e Neither the sign of ag nor the sign of as/bg are fixed by data



Why interesting K; — w111~

Ky e
€ X ~ G(CLS -+ bsz)
X e form factor

BR™ (K, — m%e) = 3.4610 35 (1.5519 %) x 107"
BR*™ (K — m%up) = 1.38%05% (0.941535) x 107"

BR™P(K; — nlee) <28 x 107" at 90% CL.
BR™P(K — nup) <38 x 107" at 90% CL.
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KOTO II , european strategy group

Cient‘a’5| + m1x|a’S"2 + Ce ) 0_12

las| = 1.20 & 0.20.

C* C*,

int mix YY

{=e | (4.62+024)(w?, +w?))
(1.09 £ 0.05) (w2, + 2.32uw2),)

|
=

Buchalla et al 03, Isidori et al 06

Nazila et al 22, Knecht GD 24 , Hoferichter et al.24

(11.3+£0.3)wyy | 145+05 | =
(2.63 £ 0.06)wry | 3.36 £0.20 | 5.2+ 1.6

wra7v = Im (Myra7v) /Im A



LARGE N QCD 't Hooft, Witten, Coleman
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Large N => correct expansion parameter? Geometric interpretation of this expansion: planar diagrams

Question in Large N: The leading order term in N of your amplitude

r ar 1 :Successes: i

t Hooft model QCD2 ~Exactly solved - ., . :
:Zweigs rule (suppression of gluon exchange decays),

0 op
Gross Neveu model 4 LSSB+ mass Gap 1 VMD, computability.. :

IR




Witten ‘79 Large N QCD

Section 3

 Meson are free, stable, non-interacting, the
number of states infinite

* Meson decay amplitudes O(1/VN)

e One meson exchange leading (see two point @ ‘
function with J bilinear)

J(@J(—q)) = 2

Qn Qn n

(W) = ) X X

\
g

g —m,

e J(@I(-9)) ~ logq’

ig. 21. ) represented as a sum of one-meson poles.

qa*



K — 27

Weak Currents Factorize at Large Nc

0@ @ -0-Q

® Large sub
O(Nc) O(1)

® Failing understanding Al = 1/2 rule

® Lattice



Ko — w171 : determination of the form factor

[ @2 (n()|T (@) Casm O} K (1) = 0153 [o(k +p)" = (1 = r2)e”

k* = Mz | =M, g=k—p, z=¢ /My, r.=M,/Mg,
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Flgure 1: Potential diagrams contributing at leading order in large N, (all at the order (INV,)?/(
The dots represent the effective AS = 1 operators.
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Large Nc results for Ks— x'l7i

GD Knecht, Neshatpou

: Wi’i’(p)
K= (k)
™ Br(Kg— n'ete”)|m..>165 Mev = 2.9(1.0) - 1077 | Fem e =800 107

NA48/1 BI‘(KS — 7'(' e 6—)‘mee>165 MeV — (3 O+1 o T 0.2) . 10_9

iLarge Nc predictions =>Wilson coefficients +hadr. parameters}

TH
Br(Kg — m°u*tp~) =1.3(0.4) - 10~



GD Knecht, Neshatpour ‘24
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Interesting TH CP violating and CP conserving

Ksp |

Crucial to study
K* 1 17
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Figure 5: BSM parameter space for Wilson coefficients in scenarios with LF'U violation
where the NP effects for electrons are different from the those for muons and taus [1&, 19].
Left: Impact on allowed parameter space from measurements of the golden channels
K — mvv from NA62 and KOTO II with the expected final precision. Right: Impact on
the parameter space by the inclusion in the fits of a measurement of the K; — nlete”
branching ratio with 25% precision.



