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The beauty of Kaons

CP violation
Direct or indirect

CKM parameters
Vida VUS7 B’ Y -

New physics sensitivity
Rare decays



SM Effective Theory (SMEFT)

Symmetry
SU(S)C X SU(Z)L X U(1)y

Fields
u, d7 G, s, b7 t7£>”€7g7 W727H

Poincaré invariance
Dim 6 operators

Loverr = LG+ 0000 + £ 57, ¢P0F) + 0(7%)
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Kaon mixing
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Kaon mass difference: A Mg

Computations
NNLO Brod/Gorbahn: 1108.2036
DQCD Buras/Gérard/Bardeen: 1401.1385
Bijnens/Gérard/Klein: PLB 257 (1991) 191-195
Lattice Bai/Christ/Izubuchi/Sachrajda: 1406.0916
Christ/Feng/Martinelli/Sachrajda: 1504.01170
Bai/Christ/Sachrajda: EPJ Web Conf. 175 (2018) 13017
Measurement
(AMyk)exp = 3.484(6) x 107 '° GeV PDG

SM prediction
(AMk)sm = 5.8(0.6)(2.3) x 107 '° GeV RBC-UKQCD: 2301.01387


https://arxiv.org/abs/1108.2036
https://arxiv.org/abs/1401.1385
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=j+Phys.Lett.B,257,191
https://arxiv.org/abs/1406.0916
https://arxiv.org/abs/1504.01170
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=j+EPJ+Web+Conf.,175,13017
https://pdglive.lbl.gov/DataBlock.action?node=S013D&home=MXXX020
https://arxiv.org/abs/2301.01387

JA/Bobeth/Buras/Kumar: 2009.07276

SMEFT bounds
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https://arxiv.org/abs/2009.07276
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https://arxiv.org/abs/2409.10305

Kaon mixing parameter:

Computations
NNLO

Long-distance

Measurement
lek|exp = 2.228(11) x 1073

SM prediction
lek|sm = 2.16(6)(8)(15) x 1072

EK

Brod/Gorbahn: 1108.2036
Brod/Kvedaraite/Polonsky: 2108.00017
Brod/Kvedaraite/Polonsky/Youssef: 2207.07669

Buras/Guadagnoli/lsidori: 1002.3612
RBC-UKQCD: 2004.09440

PDG

Brod/Gorbahn/Stamou: 1911.06822


https://arxiv.org/abs/1108.2036
https://arxiv.org/abs/2108.00017
https://arxiv.org/abs/2207.07669
https://arxiv.org/abs/1002.3612
https://arxiv.org/abs/2004.09440
https://arxiv.org/abs/1911.06822

JA/Bobeth/Buras/Straub: 1808.00466

K° — K°vs D° — D°
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https://arxiv.org/abs/1808.00466
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® AS=1



s — d: Penguin diagrams




g'/e

Isospin amplitudes
As=A(Ks— (mm)), 1=0,2
A/’LEA(KL% (7T7T)/) y I:0,2

Definition
e = L Aol Aes Aol
— V2 | Aos Ao,s Ao,s

CP violation
¢’: direct CP violation in K, — 77
€ : indirect CP violation in K, — 7



g'/e

Computations
NNLO Buras/Gambino/Haisch: hep-ph/9911250
Cerda-Sevilla/Gorbahn/Jager/Kokulu: 1611.08276
Cerda-Sevilla: Acta Phys. Polon. B49 (2018) 1087—1096
Long-distance Buras/Gérard: 1507.06326
Gisbert/Pich: 1712.06147
RBC-UKQCD: 1502.00263, 1505.07863

Measurement
(€'/€)exp = (16.6 £2.3) - 107* NA48: hep-ex/0208009

KTeV: hep-ex/0208007


https://arxiv.org/abs/hep-ph/9911250
https://arxiv.org/abs/1611.08276
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=j+Acta+Phys.Polon.B,49,1087
https://arxiv.org/abs/1507.06326
https://arxiv.org/abs/1712.06147
https://arxiv.org/abs/1502.00263
https://arxiv.org/abs/1505.07863
https://arxiv.org/abs/hep-ex/0208009
https://arxiv.org/abs/hep-ex/0208007

Theory predictions

Lattice RBC-UKQCD: 2004.09440
(21.7£8.4) x 107*

XPT Cirigliano/Gisbert/Pich: 1911.01359
(14 £5) x 1074

DQCD Buras/Gerard: 2101.00020
(5+t2)x107*


https://arxiv.org/abs/2004.09440
https://arxiv.org/abs/1911.01359
https://arxiv.org/abs/2101.00020

AI=1/2

Definition
R = Re(Ao)/Re(Ag)

Measurement e

Re(Ao)exp = 27.04(1) - 1078 GeV, Re(Az)exp = 1.210(2) - 1078 GeV

= R =22.35(4)

Theory prediction
Lattice: R = 19.9(2.3)(4.4) RBC-UKQCD: 2004.09440
DQCD: R = 16(2) Buras/Gerard/Bardeen: 1401.1385


https://arxiv.org/abs/2004.09440
https://arxiv.org/abs/1401.1385
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@ Rare decays



Rare decays

Semi-leptonic
K — mvv: Theoretically clean, Sensitivity to high scales
K — (m)¢¢: less clean, bounds on NP models

CKM parameters
K — wov: Vig, Vit Via, B
< CP violation

Sensitivity to NP
Correlations amongst each other and AMj, &’/e and ex



Kt — wtovand K, — w°0v

Computations
NNLO

Isospin breaking
Non-perturbative effects

Measurement
B(Kt — 17 v0)ep = (9.6713) x 107
B(K, — 700 ) < 2.2 X 107°

SM prediction
B(KT — ntvi)sm = (7.7 £ 0.6) x 10~
B(K, — m™vi)sy = (2.6 £0.3) x 107"

Buras/Gorbahn/Haisch/Nierste: hep-ph/0508165
Buras/Gorbahn/Haisch/Nierste: hep-ph/0603079
Gorbahn/Haisch: hep-ph/0411071

Mescia/Smith: 0705.2025

Isidori/Mescia/Smith: hep-ph/0503107

NA62: 2607.16413

KOTO: 2411.11237

Brod/Gorbahn/Stamou: 2105.02868


https://arxiv.org/abs/hep-ph/0508165
https://arxiv.org/abs/hep-ph/0603079
https://arxiv.org/abs/hep-ph/0411071
https://arxiv.org/abs/0705.2025
https://arxiv.org/abs/hep-ph/0503107
https://arxiv.org/abs/2607.16413
https://arxiv.org/abs/2411.11237
https://arxiv.org/abs/2105.02868

No NP in €k

JA/Buras/Kumar: 2302.00013
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https://arxiv.org/abs/2302.00013

Correlation to B physics Allwicher/Bordone: 2607.24494
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https://arxiv.org/abs/2607.24494

q? distribution for K — 7oV

Theory prediction

dl (K—nov) dl'(K~>7r71/)i|
dq2 v b dqz s

Experiment
Experimentally accessible

NP

vector vs scalar

Li/Ma/Schmidt: 1912.10433
Deppisch/Fridell/Harz: 2009.04494


https://arxiv.org/abs/1912.10433
https://arxiv.org/abs/2009.04494

K*: Scalar vs Vector

JA/Buras/Kumar: 2203.09524

Kt — mtvi x 1010
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https://arxiv.org/abs/2203.09524

K, : Scalar vs Vector JA/Buras/Kumar: 2203.09524
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https://arxiv.org/abs/2203.09524

Ks — ptp—, K. — mwlete  and K, — wutpu~

Computations
NNLO Gorbahn/Haisch: hep-ph/0605203
Long—distance contributions Isidori/Unterdorfer: hep-ph/0311084

D’Ambrosio/Kitahara: 1707.06999

Mescia/Smith/Trine: hep-ph/0606081
D’Ambrosio/Greynat/Knecht: 1812.00735, 1906.03046

Experimental bounds

B(Ks — pp™ )aey < 2.1 x 1071 LHCb: 2001.10354
B(K, — m°ete™ kv < 28 x 10~ KTeV: hep-ex/0309072
B(K. — 7°ut ™ )krey < 38 X 107" KTeV: hep-ex/0001006

SM prediction

B(Ks — /JJJr'u* )SM - (5.2 + 1.5) % 10712 Isidori/Unterdorfer: hep-ph/0311084
D’Ambrosio/Kitahara: 1707.06999

B(KL — 7r°e+e_)gM = 35441332(1 56J_r%32) X 10_11 Mescia/Smith/Trine: hep-ph/0606081
B(K. — 7t p~ )sm = 1.417528(0.951%2%) x 10~


https://arxiv.org/abs/hep-ph/0605203
https://arxiv.org/abs/hep-ph/0311084
https://arxiv.org/abs/1707.06999
https://arxiv.org/abs/hep-ph/0606081
https://arxiv.org/abs/1812.00735
https://arxiv.org/abs/1906.03046
https://arxiv.org/abs/2001.10354
https://arxiv.org/abs/hep-ex/0309072
https://arxiv.org/abs/hep-ex/0001006
https://arxiv.org/abs/hep-ph/0311084
https://arxiv.org/abs/1707.06999
https://arxiv.org/abs/hep-ph/0606081

Z, mOdEI Blanke/Buras/Lazzeroni/Swallow: 2607.19055

><10T10

— A¥(z)=-1.00
~—— ni(z)=0.00
— n¥(z)=0.30
— M(Z)=125
KTeV constraint
- @ SM
10 12

RO_ — B(KL*}‘II’OUV)
vy — BSM(K, —7mOTv)


https://arxiv.org/abs/2607.19055

KS % H+M_ from data Dery/Ghosh/Grossman/Schacht: 2104.06427

Assumptions
CPV in mixing negligible

CPV only in A(Ks — 1™ )o—o
Extract B(Ks — pt ™ )e=o
B(Ks = p* 1™ )e=o ~ B(KL — pp™)

CKM parameters
| Vis Vig sin (B + Bs)| up to 1%


https://arxiv.org/abs/2104.06427

Acp(K — ptp™)

i Projection, SM
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© 95% C.L.

Dery: 2504.12386


https://arxiv.org/abs/2504.12386

Proposals for upcoming experiments

LHCb Implications
B(Ks — u ™ )iacy < (2.7 £(3.0)) x 107"

KOTO-II KOTO II: 2501.14827

measure B(K, — n°viz)

KOFFEE Cesarotti/Homiller: 2608.27558

Kaon Observables at Future Fermilab Experimental Extensions


https://arxiv.org/abs/2501.14827
https://arxiv.org/abs/2608.27558
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Summary

Kaon physics
LGP, CKM, NP

Correlations
AS = 1,2, rare decays

Future prospects
NA62, LHCb, KOTO-II, KOFFEE,...
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