
Light new Physics in Kaons

Beyond the Flavor Anomalies Rome, 9.4.2025
Martin Bauer



Light new Physics in Kaons
• Kaons offer a clean laboratory for flavor-violating effects

2



Light new Physics in Kaons
• Kaons offer a clean laboratory for flavor-violating effects

• Kaon decays probe indirect effects from New Physics 
<latexit sha1_base64="EfF+/YGQg4mFT6DNxJNNB+YQYJc=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0VwFSaxpnVXdOOyBfuANpTJZNoOnUzCzEQooV/gSlAQt36SK//G6UNQ0QMXDufcy733hClnSiP0YRXW1jc2t4rb9s7u3v5B6fCorZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wcjP3O/dUKpaIOz1NaRDjkWBDRrA2UjMalMrIuar5XhVB5PgeqrqeIci7vKj40HXQAmWwQmNQeu9HCcliKjThWKmei1Id5FhqRjid2f1M0RSTCR7RnqECx1QF+eLQGTwzSgSHiTQlNFyo3ydyHCs1jUPTGWM9Vr+9ufiX18v0sBbkTKSZpoIsFw0zDnUC51/DiElKNJ8agolk5lZIxlhiok02tm1S+HoV/k/anuP6jt+slOvXqzyK4AScgnPggiqog1vQAC1AAAUP4Ak8WxPr0XqxXpetBWs1cwx+wHr7BLRqjUk=</latexit>

d
<latexit sha1_base64="bAD7LjvueBq9t/iWfq8VvtfGApY="></latexit>

H =
1

⇤2

X

`=e,µ,⌧

(s̄L�µdL)(⌫̄`,L�
µ⌫`,L) + h.c.

<latexit sha1_base64="+QNxOxiB79TIu93od1MCi08lUZ4=">AAACCnicdVC7SgNBFJ2NrxhfUUubwSBYyLIb1GgXtNDCQsHEQHYJs5ObZMjsg5m7YljSWvkpVoKC2PoHVv6NkxhBRQ8MHM45lzv3BIkUGh3n3cpNTc/MzuXnCwuLS8srxdW1uo5TxaHGYxmrRsA0SBFBDQVKaCQKWBhIuAr6xyP/6hqUFnF0iYME/JB1I9ERnKGRWkXqnZlwm3ldNKGQumWHejvUQ7jB7ATqw1ax5NiVw8ru3iH9TQ6oaztjlMgE563im9eOeRpChFwyrZuuk6CfMYWCSxgWvFRDwnifdaFpaMRC0H42vmRIt4zSpp1YmRchHavfJzIWaj0IA5MMGfb0b28k/uU1U+wc+JmIkhQh4p+LOqmkGNNRLbQtFHCUA0MYV8L8lfIeU4yjKa9QMC18nUr/J/Wy7e7b+xe7perRpI882SCbZJu4pEKq5JSckxrh5Jbck0fyZN1ZD9az9fIZzVmTmXXyA9brB/o7maU=</latexit>

⇤ & 120GeV
<latexit sha1_base64="GsM2wpBQgByalyilImhqnuoz7xg=">AAAB7nicdVBNS8NAEJ3Urxq/qh69LBbBU0hqW9tb0YvHCrYV2lA22027drMJuxuhlP4HT4KCePX/ePLfuG0jqOiDgcd7M8zMCxLOlHbdDyu3srq2vpHftLe2d3b3CvsHbRWnktAWiXksbwOsKGeCtjTTnN4mkuIo4LQTjC/nfueeSsVicaMnCfUjPBQsZARrI7V7AZZI9QtF16lX6pWzOnIddwFDSl65VvOQlylFyNDsF957g5ikERWacKxU13MT7U+x1IxwOrN7qaIJJmM8pF1DBY6o8qeLa2foxCgDFMbSlNBooX6fmOJIqUkUmM4I65H67c3Fv7xuqsOaP2UiSTUVZLkoTDnSMZq/jgZMUqL5xBBMJDO3IjLCEhNtArJtk8LXq+h/0i45XtWpXpeLjYssjzwcwTGcggfn0IAraEILCNzBAzzBs5VYj9aL9bpszVnZzCH8gPX2CRLHjzU=</latexit>

s̄ <latexit sha1_base64="ay0X9nG4jdlS6gN3pvvkgTCj1Cw=">AAAB63icjVDLSgNBEOyNr7i+oh69DAbBU9gViR6DXjxGNImQLGF20psMmZldZmaFEPIJngQF8eoXefJvnDwOKgoWNBRV3XR3xZngxgbBh1dYWl5ZXSuu+xubW9s7pd29pklzzbDBUpHqu5gaFFxhw3Ir8C7TSGUssBUPL6d+6x614am6taMMI0n7iiecUeukm47Ku6VyWAlmIH+TMixQ75beO72U5RKVZYIa0w6DzEZjqi1nAid+JzeYUTakfWw7qqhEE41np07IkVN6JEm1K2XJTP06MabSmJGMXaekdmB+elPxN6+d2+Q8GnOV5RYVmy9KckFsSqZ/kx7XyKwYOUKZ5u5WwgZUU2ZdOr7/vxSaJ5WwWqlen5ZrF4s8inAAh3AMIZxBDa6gDg1g0IcHeIJnT3qP3ov3Om8teIuZffgG7+0T6oiN9Q==</latexit>

⌫

<latexit sha1_base64="3pE4UOQCIxtftyrwolAVotAOW4I=">AAAB8HicjVBNS8NAEJ3Urxq/qh69LBbBU0lEqseiF48V7Ac0oWy2k3bpZhN2N0IJ/ROeBAXx6t/x5L9x+3FQUfDBwOO9GWbmRZng2njeh1NaWV1b3yhvulvbO7t7lf2Dtk5zxbDFUpGqbkQ1Ci6xZbgR2M0U0iQS2InG1zO/c49K81TemUmGYUKHksecUWOlbhBRRQKZ9ytVv+bNQf4mVVii2a+8B4OU5QlKwwTVuud7mQkLqgxnAqdukGvMKBvTIfYslTRBHRbze6fkxCoDEqfKljRkrn6dKGii9SSJbGdCzUj/9Gbib14vN/FlWHCZ5QYlWyyKc0FMSmbPkwFXyIyYWEKZ4vZWwkZUUWZsRK77vxTaZzW/XqvfnlcbV8s8ynAEx3AKPlxAA26gCS1gIOABnuDZUc6j8+K8LlpLznLmEL7BefsEPjeP2A==</latexit>

⌫̄
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• Kaons offer a clean laboratory for flavor-violating effects

• Kaon decays probe indirect effects from New Physics 

• For light new states, Kaon decays are sensitive to scales 10 
orders of magnitude higher 

<latexit sha1_base64="DT78wCBwoXoIdvjM253FzRibpzg=">AAACBHicdVDLSgNBEJz1GeNr1ZteBoPgQcKuaB63oBePCiYGsjHMTnrj4OyDmV4xLAFPfoonQUG8+hOe/BsnMYIGLWgoqrrp7vITKTQ6zoc1NT0zOzefW8gvLi2vrNpr6w0dp4pDnccyVk2faZAigjoKlNBMFLDQl3DhXx8P/YsbUFrE0Tn2E2iHrBeJQHCGRurYm4HXQ2OH1HUuq9Tb8xBuMTuHxqBjF5xiuVo+OKzSSVKhbtEZoUDGOO3Y71435mkIEXLJtG65ToLtjCkUXMIg76UaEsavWQ9ahkYsBN3ORj8M6I5RujSIlakI6Uj9OZGxUOt+6JvOkOGVnvSG4l9eK8Wg0s5ElKQIEf9aFKSSYkyHgdCuUMBR9g1hXAlzK+VXTDGOJrZ83qTw/Sr9nzT2i26pWDo7KNSOxnnkyBbZJrvEJWVSIyfklNQJJ3fkgTyRZ+veerRerNev1ilrPLNBfsF6+wT+OJeE</latexit>

f & 109 TeV

<latexit sha1_base64="LTrk4+ls85Y3+CJHdpsX/yql3yY="></latexit>

L =
1

f
@µa s̄�

µd

<latexit sha1_base64="EfF+/YGQg4mFT6DNxJNNB+YQYJc=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0VwFSaxpnVXdOOyBfuANpTJZNoOnUzCzEQooV/gSlAQt36SK//G6UNQ0QMXDufcy733hClnSiP0YRXW1jc2t4rb9s7u3v5B6fCorZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wcjP3O/dUKpaIOz1NaRDjkWBDRrA2UjMalMrIuar5XhVB5PgeqrqeIci7vKj40HXQAmWwQmNQeu9HCcliKjThWKmei1Id5FhqRjid2f1M0RSTCR7RnqECx1QF+eLQGTwzSgSHiTQlNFyo3ydyHCs1jUPTGWM9Vr+9ufiX18v0sBbkTKSZpoIsFw0zDnUC51/DiElKNJ8agolk5lZIxlhiok02tm1S+HoV/k/anuP6jt+slOvXqzyK4AScgnPggiqog1vQAC1AAAUP4Ak8WxPr0XqxXpetBWs1cwx+wHr7BLRqjUk=</latexit>

d
<latexit sha1_base64="bAD7LjvueBq9t/iWfq8VvtfGApY="></latexit>

H =
1

⇤2

X

`=e,µ,⌧

(s̄L�µdL)(⌫̄`,L�
µ⌫`,L) + h.c.

<latexit sha1_base64="+QNxOxiB79TIu93od1MCi08lUZ4=">AAACCnicdVC7SgNBFJ2NrxhfUUubwSBYyLIb1GgXtNDCQsHEQHYJs5ObZMjsg5m7YljSWvkpVoKC2PoHVv6NkxhBRQ8MHM45lzv3BIkUGh3n3cpNTc/MzuXnCwuLS8srxdW1uo5TxaHGYxmrRsA0SBFBDQVKaCQKWBhIuAr6xyP/6hqUFnF0iYME/JB1I9ERnKGRWkXqnZlwm3ldNKGQumWHejvUQ7jB7ATqw1ax5NiVw8ru3iH9TQ6oaztjlMgE563im9eOeRpChFwyrZuuk6CfMYWCSxgWvFRDwnifdaFpaMRC0H42vmRIt4zSpp1YmRchHavfJzIWaj0IA5MMGfb0b28k/uU1U+wc+JmIkhQh4p+LOqmkGNNRLbQtFHCUA0MYV8L8lfIeU4yjKa9QMC18nUr/J/Wy7e7b+xe7perRpI882SCbZJu4pEKq5JSckxrh5Jbck0fyZN1ZD9az9fIZzVmTmXXyA9brB/o7maU=</latexit>

⇤ & 120GeV
<latexit sha1_base64="GsM2wpBQgByalyilImhqnuoz7xg=">AAAB7nicdVBNS8NAEJ3Urxq/qh69LBbBU0hqW9tb0YvHCrYV2lA22027drMJuxuhlP4HT4KCePX/ePLfuG0jqOiDgcd7M8zMCxLOlHbdDyu3srq2vpHftLe2d3b3CvsHbRWnktAWiXksbwOsKGeCtjTTnN4mkuIo4LQTjC/nfueeSsVicaMnCfUjPBQsZARrI7V7AZZI9QtF16lX6pWzOnIddwFDSl65VvOQlylFyNDsF957g5ikERWacKxU13MT7U+x1IxwOrN7qaIJJmM8pF1DBY6o8qeLa2foxCgDFMbSlNBooX6fmOJIqUkUmM4I65H67c3Fv7xuqsOaP2UiSTUVZLkoTDnSMZq/jgZMUqL5xBBMJDO3IjLCEhNtArJtk8LXq+h/0i45XtWpXpeLjYssjzwcwTGcggfn0IAraEILCNzBAzzBs5VYj9aL9bpszVnZzCH8gPX2CRLHjzU=</latexit>

s̄ <latexit sha1_base64="ay0X9nG4jdlS6gN3pvvkgTCj1Cw=">AAAB63icjVDLSgNBEOyNr7i+oh69DAbBU9gViR6DXjxGNImQLGF20psMmZldZmaFEPIJngQF8eoXefJvnDwOKgoWNBRV3XR3xZngxgbBh1dYWl5ZXSuu+xubW9s7pd29pklzzbDBUpHqu5gaFFxhw3Ir8C7TSGUssBUPL6d+6x614am6taMMI0n7iiecUeukm47Ku6VyWAlmIH+TMixQ75beO72U5RKVZYIa0w6DzEZjqi1nAid+JzeYUTakfWw7qqhEE41np07IkVN6JEm1K2XJTP06MabSmJGMXaekdmB+elPxN6+d2+Q8GnOV5RYVmy9KckFsSqZ/kx7XyKwYOUKZ5u5WwgZUU2ZdOr7/vxSaJ5WwWqlen5ZrF4s8inAAh3AMIZxBDa6gDg1g0IcHeIJnT3qP3ov3Om8teIuZffgG7+0T6oiN9Q==</latexit>

⌫

<latexit sha1_base64="3pE4UOQCIxtftyrwolAVotAOW4I=">AAAB8HicjVBNS8NAEJ3Urxq/qh69LBbBU0lEqseiF48V7Ac0oWy2k3bpZhN2N0IJ/ROeBAXx6t/x5L9x+3FQUfDBwOO9GWbmRZng2njeh1NaWV1b3yhvulvbO7t7lf2Dtk5zxbDFUpGqbkQ1Ci6xZbgR2M0U0iQS2InG1zO/c49K81TemUmGYUKHksecUWOlbhBRRQKZ9ytVv+bNQf4mVVii2a+8B4OU5QlKwwTVuud7mQkLqgxnAqdukGvMKBvTIfYslTRBHRbze6fkxCoDEqfKljRkrn6dKGii9SSJbGdCzUj/9Gbib14vN/FlWHCZ5QYlWyyKc0FMSmbPkwFXyIyYWEKZ4vZWwkZUUWZsRK77vxTaZzW/XqvfnlcbV8s8ynAEx3AKPlxAA26gCS1gIOABnuDZUc6j8+K8LlpLznLmEL7BefsEPjeP2A==</latexit>

⌫̄

<latexit sha1_base64="GsM2wpBQgByalyilImhqnuoz7xg=">AAAB7nicdVBNS8NAEJ3Urxq/qh69LBbBU0hqW9tb0YvHCrYV2lA22027drMJuxuhlP4HT4KCePX/ePLfuG0jqOiDgcd7M8zMCxLOlHbdDyu3srq2vpHftLe2d3b3CvsHbRWnktAWiXksbwOsKGeCtjTTnN4mkuIo4LQTjC/nfueeSsVicaMnCfUjPBQsZARrI7V7AZZI9QtF16lX6pWzOnIddwFDSl65VvOQlylFyNDsF957g5ikERWacKxU13MT7U+x1IxwOrN7qaIJJmM8pF1DBY6o8qeLa2foxCgDFMbSlNBooX6fmOJIqUkUmM4I65H67c3Fv7xuqsOaP2UiSTUVZLkoTDnSMZq/jgZMUqL5xBBMJDO3IjLCEhNtArJtk8LXq+h/0i45XtWpXpeLjYssjzwcwTGcggfn0IAraEILCNzBAzzBs5VYj9aL9bpszVnZzCH8gPX2CRLHjzU=</latexit>

s̄

<latexit sha1_base64="EfF+/YGQg4mFT6DNxJNNB+YQYJc=">AAAB6XicdVDLSsNAFJ3UV42vqks3g0VwFSaxpnVXdOOyBfuANpTJZNoOnUzCzEQooV/gSlAQt36SK//G6UNQ0QMXDufcy733hClnSiP0YRXW1jc2t4rb9s7u3v5B6fCorZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wcjP3O/dUKpaIOz1NaRDjkWBDRrA2UjMalMrIuar5XhVB5PgeqrqeIci7vKj40HXQAmWwQmNQeu9HCcliKjThWKmei1Id5FhqRjid2f1M0RSTCR7RnqECx1QF+eLQGTwzSgSHiTQlNFyo3ydyHCs1jUPTGWM9Vr+9ufiX18v0sBbkTKSZpoIsFw0zDnUC51/DiElKNJ8agolk5lZIxlhiok02tm1S+HoV/k/anuP6jt+slOvXqzyK4AScgnPggiqog1vQAC1AAAUP4Ak8WxPr0XqxXpetBWs1cwx+wHr7BLRqjUk=</latexit>

d
<latexit sha1_base64="lbkVdZUD7wesVL4WlDDeL3kolpM=">AAAB6XicjVDLSgNBEOyNr7i+oh69DAbBU9gVSTwGvXhMwDwgWcLspDcZMju7zMwKYckXeBIUxKuf5Mm/cfI4qChY0FBUddPdFaaCa+N5H05hbX1jc6u47e7s7u0flA6P2jrJFMMWS0SiuiHVKLjEluFGYDdVSONQYCec3Mz9zj0qzRN5Z6YpBjEdSR5xRo2VmnRQKvsVbwHyNynDCo1B6b0/TFgWozRMUK17vpeaIKfKcCZw5vYzjSllEzrCnqWSxqiDfHHojJxZZUiiRNmShizUrxM5jbWexqHtjKkZ65/eXPzN62UmugpyLtPMoGTLRVEmiEnI/Gsy5AqZEVNLKFPc3krYmCrKjM3Gdf+XQvui4lcr1eZluX69yqMIJ3AK5+BDDepwCw1oAQOEB3iCZ2fiPDovzuuyteCsZo7hG5y3T04xjQM=</latexit>

a
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Experimental status - charged Kaons

• NA62 observed the ‘golden’ channel                              
<latexit sha1_base64="ysFdl379r0RGoN3O3PluIUq18wk=">AAACAHicdVDLSsNAFJ34rPEVFdy4GSyCIIREah+7ohvBTQX7gCaWyXTSDp1MwsxEKLEbP8WVoCBu/Q1X/o3Th6BFDwxzOOde7r0nSBiVynE+jYXFpeWV1dyaub6xubVt7ew2ZJwKTOo4ZrFoBUgSRjmpK6oYaSWCoChgpBkMLsZ+844ISWN+o4YJ8SPU4zSkGCktdaz9q9sTT8XQS6gmPPUCJPTXsfKOXaqUCmcVOE/K0LWdCfJghlrH+vC6MU4jwhVmSMq26yTKz5BQFDMyMr1UkgThAeqRtqYcRUT62WT/ETzSSheGsdCPKzhRf3ZkKJJyGAW6MkKqL+e9sfiX105VWPYzypNUEY6ng8KUQX3wOAzYpYJgxYaaICyo3hXiPhIIKx2ZaeoUvk+F/5PGqe0W7eJ1IV89n+WRAwfgEBwDF5RAFVyCGqgDDO7BI3gGL8aD8WS8Gm/T0gVj1rMHfsF4/wJghZYc</latexit>

K+ ! ⇡+⌫⌫̄

• Expected uncertainty ~ 15% with the full data set (until 2026)

NA62: https://arxiv.org/abs/2412.12015

• SHiP > HIKE
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Experimental status - neutral Kaons
<latexit sha1_base64="N1+TvXUSpllrOjGJM/yP8jBnqQQ="></latexit>

Br(KL ! ⇡0⌫⌫̄) < 2.2⇥ 10�9• KOTO at J-PARC

KOTO: https://arxiv.org/abs/2411.11237

• Expected upper limit at 10-10   in 2030

• KOTO II plans to reach the SM prediction and measure 
charged lepton decays

6



New Physics - axions

• Axions and axion-like particles (ALPs) appear in any BSM 
scenario in which an approximate global symmetry is 
spontaneously broken

• Axions are phases 

• Axion couplings are derivative couplings

• The axion mass breaks the shift symmetry
<latexit sha1_base64="qq5xOmOJEu57mvBjPR4852+Vspg=">AAAB/3icdVDLSsNAFJ3UV42vqLhyM1gEVyUptY+FUHTjsoJ9QFPDZDpph84kYWYilJCFn+JKUBC3focr/8bpQ9CiBy4czrmXe+/xY0alsu1PI7eyura+kd80t7Z3dves/YO2jBKBSQtHLBJdH0nCaEhaiipGurEgiPuMdPzx1dTv3BMhaRTeqklM+hwNQxpQjJSWPOuIe+jCDQTCqcuTu1KWBh7KPKtgF6v1avm8DpdJDTpFe4YCWKDpWR/uIMIJJ6HCDEnZc+xY9VMkFMWMZKabSBIjPEZD0tM0RJzIfjo7P4OnWhnAIBK6QgVn6s+JFHEpJ9zXnRypkVz2puJfXi9RQa2f0jBOFAnxfFGQMKgiOM0CDqggWLGJJggLqm+FeIR0FkonZpo6he9X4f+kXSo6lWLlplxoXC7yyINjcALOgAOqoAGuQRO0AAYpeATP4MV4MJ6MV+Nt3pozFjOH4BeM9y+nf5ZY</latexit>

ma =
µ2

fa

7



New Physics - axions

• NA62 provides model-independent constraints

https://arxiv.org/abs/2201.07805
8



New Physics - axions

For flavor-violating couplings in the UV these translate to 
very strong constraints

https://arxiv.org/abs/2201.07805

Here, CVds =1

9



New Physics - axions

But axions have flavor violating couplings even if the UV 
theory is flavor diagonal : EW loops

https://arxiv.org/abs/2201.07805

<latexit sha1_base64="Dlfh0jKYhKZuTbp6o9tejGQUCYc=">AAAB8nicdVDJSgNBEK1xjeMW9eilMQiewkyIWQ5C0IsniWAWTIbQ0+lJmvT0DN09QhjyF54EBfHq33jyb+wsggZ9UPB4r4qqen7MmdKO82mtrK6tb2xmtuztnd29/ezBYVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uhq6rceqFQsEnd6HFMvxAPBAkawNtL9Ta9wQXppqzXpZXNOvlwtF8+raJlUkJt3ZsjBAvVe9qPbj0gSUqEJx0p1XCfWXoqlZoTTid1NFI0xGeEB7RgqcEiVl84unqBTo/RREElTQqOZ+nMixaFS49A3nSHWQ7XsTcW/vE6ig4qXMhEnmgoyXxQkHOkITd9HfSYp0XxsCCaSmVsRGWKJiTYh2bZJ4ftV9D9pFvJuKV+6LeZql4s8MnAMJ3AGLpShBtdQhwYQEPAIz/BiaevJerXe5q0r1mLmCH7Bev8CGjeQ9w==</latexit>

N2 = cWW

10

<latexit sha1_base64="Ck2YZSfoFIdaruNiaFgU2ACV008="></latexit>

L =
@µa

2fa
CA

FF  ̄�
µ�5 + cBB

↵1

8⇡fa
aBµ⌫B̃

µ⌫ + cWW
↵2

8⇡fa
aWA

µ⌫W̃
µ⌫,A + cGG

↵s

8⇡fa
aGa

µ⌫G̃
µ⌫,a



New Physics - axions

https://arxiv.org/abs/2102.13112

But axions have flavor violating couplings even if the UV 
theory is flavor diagonal : QCD

<latexit sha1_base64="ilIqDH+bueK9Pnp0t6xbFx//oDg=">AAAB8nicdVDLSgNBEOyNr7i+oh69DAbB07LRmMdBCHqIJ4lgYjBZwuxkkgyZnV1mZoWw5C88CQri1b/x5N84eQgatKChqOqmu8uPOFPadT+t1NLyyupaet3e2Nza3sns7jVUGEtC6yTkoWz6WFHOBK1rpjltRpLiwOf0zh9eTvy7ByoVC8WtHkXUC3BfsB4jWBvp/rpzek46SbU67mSyrlMsF/NnZbRISijnuFNkYY5aJ/PR7oYkDqjQhGOlWjk30l6CpWaE07HdjhWNMBniPm0ZKnBAlZdMLx6jI6N0US+UpoRGU/XnRIIDpUaBbzoDrAdq0ZuIf3mtWPdKXsJEFGsqyGxRL+ZIh2jyPuoySYnmI0MwkczcisgAS0y0Ccm2TQrfr6L/SePEyRWcwk0+W7mY55GGAziEY8hBESpwBTWoAwEBj/AML5a2nqxX623WmrLmM/vwC9b7F+rkkNg=</latexit>

N3 = cGG

For KL decays the CP conserving part is suppressed

11



New Physics - axions

NLO corrections have been calculated 

https://arxiv.org/abs/2308.16903slide from Claudia Cornella, Capri 24

12
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New Physics - axions

Three potential contributions to the amplitude

<latexit sha1_base64="q98eWZjLNGPzaEFJ6GFM1WtccCM=">AAACB3icdVDLSgMxFM3UVx1foy5FCBahIgwzUvtYCFU3gpsK9gGdoWTStA3NPEgyQhm6cuWnuBIUxK3f4Mq/MdNW0KIHAodz7iX3HC9iVEjL+tQyC4tLyyvZVX1tfWNzy9jeaYgw5pjUcchC3vKQIIwGpC6pZKQVcYJ8j5GmN7xM/eYd4YKGwa0cRcT1UT+gPYqRVFLH2Hd8JAcYseR8nL+GjgyhE1F4DBE8gmcdI2eZpUqpcFqB86QMbdOaIAdmqHWMD6cb4tgngcQMCdG2rUi6CeKSYkbGuhMLEiE8RH3SVjRAPhFuMokxhodK6cJeyNULJJyoPzcS5Asx8j01mR4t5r1U/Mtrx7JXdhMaRLEkAZ5+1IsZVGHTTmCXcoIlGymCMKfqVogHiCMsVXO6rlr4jgr/J40T0y6axZtCrnox6yML9sAByAMblEAVXIEaqAMM7sEjeAYv2oP2pL1qb9PRjDbb2QW/oL1/ATd6l2o=</latexit>

A(K ! ⇡ + a) = direct flavor 
violation 

<latexit sha1_base64="s5i2VudxV5KuEQ1x0vj0fuVFW3k=">AAAB6XicdVDLSsNAFL3xWeOr6tLNYBEEISRS+9gV3bhswT6gDWUynbRDJ5MwMxFK6Be4EhTErZ/kyr9x+hC06IELh3Pu5d57goQzpV3301pb39jc2s7t2Lt7+weH+aPjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8e3Mbz9QqVgs7vUkoX6Eh4KFjGBtpMZlP19wnXK1XLyuolVSQZ7jzlGAJer9/EdvEJM0okITjpXqem6i/QxLzQinU7uXKppgMsZD2jVU4IgqP5sfOkXnRhmgMJamhEZz9edEhiOlJlFgOiOsR2rVm4l/ed1UhxU/YyJJNRVksShMOdIxmn2NBkxSovnEEEwkM7ciMsISE22ysW2Twver6H/SunK8klNqFAu1m2UeOTiFM7gAD8pQgzuoQxMIUHiEZ3ixxtaT9Wq9LVrXrOXMCfyC9f4FqNmNRA==</latexit>

+
<latexit sha1_base64="txxpuJrPF0quWpyQuiTCxi+Pi3Y=">AAAB8nicdVDLSgMxFM3UVx1fVZdugkWomyEz1mndFbtxWcE+sK0lk6ZtaCYzJBmhDP0LV4KCuPVvXPk3pg9BRQ9cOJxzL/feE8ScKY3Qh5VZWV1b38hu2lvbO7t7uf2DhooSSWidRDySrQArypmgdc00p61YUhwGnDaDcXXmN++pVCwSN3oS026Ih4INGMHaSLeF6l2jl/bV9LSXyyPnoux7JQSR43uo5HqGIO/8rOhD10Fz5MEStV7uvdOPSBJSoQnHSrVdFOtuiqVmhNOp3UkUjTEZ4yFtGypwSFU3nV88hSdG6cNBJE0JDefq94kUh0pNwsB0hliP1G9vJv7ltRM9KHdTJuJEU0EWiwYJhzqCs/dhn0lKNJ8Ygolk5lZIRlhiok1Itm1S+HoV/k8anuP6jn9dzFcul3lkwRE4BgXgghKogCtQA3VAgAAP4Ak8W9p6tF6s10VrxlrOHIIfsN4+AbnfkLU=</latexit>

(CV
ds)

EW loops <latexit sha1_base64="s5i2VudxV5KuEQ1x0vj0fuVFW3k=">AAAB6XicdVDLSsNAFL3xWeOr6tLNYBEEISRS+9gV3bhswT6gDWUynbRDJ5MwMxFK6Be4EhTErZ/kyr9x+hC06IELh3Pu5d57goQzpV3301pb39jc2s7t2Lt7+weH+aPjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8e3Mbz9QqVgs7vUkoX6Eh4KFjGBtpMZlP19wnXK1XLyuolVSQZ7jzlGAJer9/EdvEJM0okITjpXqem6i/QxLzQinU7uXKppgMsZD2jVU4IgqP5sfOkXnRhmgMJamhEZz9edEhiOlJlFgOiOsR2rVm4l/ed1UhxU/YyJJNRVksShMOdIxmn2NBkxSovnEEEwkM7ciMsISE22ysW2Twver6H/SunK8klNqFAu1m2UeOTiFM7gAD8pQgzuoQxMIUHiEZ3ixxtaT9Wq9LVrXrOXMCfyC9f4FqNmNRA==</latexit>

+
QCD

<latexit sha1_base64="dCp49pOCWgbsdULrc7PCK9Do648=">AAAB/HicdVDLSgMxFM3UVx1fY126CRahgpQZqX3sqm5cVrAPaGvJpGkbmnmQ3BHLUD/FlaAgbv0RV/6NmbaCih643MM595Kb44aCK7DtDyO1tLyyupZeNzc2t7Z3rN1MQwWRpKxOAxHIlksUE9xndeAgWCuUjHiuYE13fJH4zVsmFQ/8a5iErOuRoc8HnBLQUs/K5Ggvbjanx1h3gOnN2VHPytr5UqlSLpawnbdnSMhpoeI42FkoWbRArWe9d/oBjTzmAxVEqbZjh9CNiQROBZuanUixkNAxGbK2pj7xmOrGs9un+FArfTwIpC4f8Ez9vhETT6mJ5+pJj8BI/fYS8S+vHcGg3I25H0bAfDp/aBAJDAFOgsB9LhkFMdGEUMn1rZiOiCQUdFymqVP4+ir+nzRO8k4xX7wqZKvnizzSaB8doBxyUAlV0SWqoTqi6A49oCf0bNwbj8aL8TofTRmLnT30A8bbJ76blAA=</latexit>

(cWW , cAtt)
<latexit sha1_base64="ZhhrfXz35uulwga9TXmdQe25I94=">AAAB8HicdVDLSgMxFM34rOOr6tJNsAh1MySDnXZZdFGXFewD2qFk0kwbmnmQZIQy9CdcCQri1t9x5d+YPgQVPXDhcM693HtPkAquNEIf1tr6xubWdmHH3t3bPzgsHh23VZJJylo0EYnsBkQxwWPW0lwL1k0lI1EgWCeYXM/9zj2TiifxnZ6mzI/IKOYhp0QbqVumg7zRmF0MiiXkYLdWrbgQOV4FubhmCMK4gjyIHbRACazQHBTf+8OEZhGLNRVEqR5GqfZzIjWngs3sfqZYSuiEjFjP0JhETPn54t4ZPDfKEIaJNBVruFC/T+QkUmoaBaYzInqsfntz8S+vl+mw5uc8TjPNYrpcFGYC6gTOn4dDLhnVYmoIoZKbWyEdE0moNhHZtknh61X4P2m7DvYc7/ayVL9a5VEAp+AMlAEGVVAHN6AJWoACAR7AE3i2pPVovVivy9Y1azVzAn7AevsEDBKPug==</latexit>

(cGG)

https://arxiv.org/abs/2201.07805
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Measurements of neutral and charged Kaon decays can 
determine the UV structure of the theory

https://arxiv.org/abs/2110.10698
14
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For B mesons 

direct flavor 
violation 

<latexit sha1_base64="s5i2VudxV5KuEQ1x0vj0fuVFW3k=">AAAB6XicdVDLSsNAFL3xWeOr6tLNYBEEISRS+9gV3bhswT6gDWUynbRDJ5MwMxFK6Be4EhTErZ/kyr9x+hC06IELh3Pu5d57goQzpV3301pb39jc2s7t2Lt7+weH+aPjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8e3Mbz9QqVgs7vUkoX6Eh4KFjGBtpMZlP19wnXK1XLyuolVSQZ7jzlGAJer9/EdvEJM0okITjpXqem6i/QxLzQinU7uXKppgMsZD2jVU4IgqP5sfOkXnRhmgMJamhEZz9edEhiOlJlFgOiOsR2rVm4l/ed1UhxU/YyJJNRVksShMOdIxmn2NBkxSovnEEEwkM7ciMsISE22ysW2Twver6H/SunK8klNqFAu1m2UeOTiFM7gAD8pQgzuoQxMIUHiEZ3ixxtaT9Wq9LVrXrOXMCfyC9f4FqNmNRA==</latexit>

+ EW loops
<latexit sha1_base64="dCp49pOCWgbsdULrc7PCK9Do648=">AAAB/HicdVDLSgMxFM3UVx1fY126CRahgpQZqX3sqm5cVrAPaGvJpGkbmnmQ3BHLUD/FlaAgbv0RV/6NmbaCih643MM595Kb44aCK7DtDyO1tLyyupZeNzc2t7Z3rN1MQwWRpKxOAxHIlksUE9xndeAgWCuUjHiuYE13fJH4zVsmFQ/8a5iErOuRoc8HnBLQUs/K5Ggvbjanx1h3gOnN2VHPytr5UqlSLpawnbdnSMhpoeI42FkoWbRArWe9d/oBjTzmAxVEqbZjh9CNiQROBZuanUixkNAxGbK2pj7xmOrGs9un+FArfTwIpC4f8Ez9vhETT6mJ5+pJj8BI/fYS8S+vHcGg3I25H0bAfDp/aBAJDAFOgsB9LhkFMdGEUMn1rZiOiCQUdFymqVP4+ir+nzRO8k4xX7wqZKvnizzSaB8doBxyUAlV0SWqoTqi6A49oCf0bNwbj8aL8TofTRmLnT30A8bbJ76blAA=</latexit>

(cWW , cAtt)
<latexit sha1_base64="s5i2VudxV5KuEQ1x0vj0fuVFW3k=">AAAB6XicdVDLSsNAFL3xWeOr6tLNYBEEISRS+9gV3bhswT6gDWUynbRDJ5MwMxFK6Be4EhTErZ/kyr9x+hC06IELh3Pu5d57goQzpV3301pb39jc2s7t2Lt7+weH+aPjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8e3Mbz9QqVgs7vUkoX6Eh4KFjGBtpMZlP19wnXK1XLyuolVSQZ7jzlGAJer9/EdvEJM0okITjpXqem6i/QxLzQinU7uXKppgMsZD2jVU4IgqP5sfOkXnRhmgMJamhEZz9edEhiOlJlFgOiOsR2rVm4l/ed1UhxU/YyJJNRVksShMOdIxmn2NBkxSovnEEEwkM7ciMsISE22ysW2Twver6H/SunK8klNqFAu1m2UeOTiFM7gAD8pQgzuoQxMIUHiEZ3ixxtaT9Wq9LVrXrOXMCfyC9f4FqNmNRA==</latexit>

+
<latexit sha1_base64="QmFM14B+3cOhpJVQvaMd+7zLGL0=">AAAB6XicdVDLSgNBEOz1GddX1KOXwSB4CrtRk9wMevGYgHlAsoTZSW8yZPbBzKwQQr7Ak6AgXv0kT/6Nk2QFFS1oKKq66e7yE8GVdpwPa2V1bX1jM7dlb+/s7u3nDw5bKk4lwyaLRSw7PlUoeIRNzbXATiKRhr7Atj++mfvte5SKx9GdniTohXQY8YAzqo3UuOrnC07RWYA4xep51XVKhrjlcuXSJW5mFSBDvZ9/7w1iloYYaSaoUl3XSbQ3pVJzJnBm91KFCWVjOsSuoRENUXnTxaEzcmqUAQliaSrSZKF+n5jSUKlJ6JvOkOqR+u3Nxb+8bqqDqjflUZJqjNhyUZAKomMy/5oMuESmxcQQyiQ3txI2opIybbKxbZPC16vkf9IqmVyK5cZFoXad5ZGDYziBM3ChAjW4hTo0gQHCAzzBszW2Hq0X63XZumJlM0fwA9bbJ1r1jQ4=</latexit>

?

QCD resonances contribute via B → K*π0, B → K* η′, B → 
K*ηc, etc. and require a consistent embedding of axions 
using the framework of QCD factorization for non-leptonic 
B decay

<latexit sha1_base64="7mkZYs34qRHhWzC29Qzw0T9iJ2Y=">AAACCXicdVDLSgMxFM3UV62vUZcuDBahVSgzUvtYCLVuBDcV7APaWjJppg3NPEgyQhlm6cpPcSUoiFs/wZV/Y6atoEUPBA7n3EvuOZbPqJCG8aklFhaXlleSq6m19Y3NLX17pyG8gGNSxx7zeMtCgjDqkrqkkpGWzwlyLEaa1ugi9pt3hAvquTdy7JOugwYutSlGUkk9fb/jIDnEiIXnUaYKO9KDV7dh5igbwWOUhWc9PW3kiuVi/rQM50kJmjljgjSYodbTPzp9DwcOcSVmSIi2afiyGyIuKWYkSnUCQXyER2hA2oq6yCGiG06CRPBQKX1oe1w9V8KJ+nMjRI4QY8dSk/HZYt6Lxb+8diDtUjekrh9I4uLpR3bAoIobtwL7lBMs2VgRhDlVt0I8RBxhqbpLpVQL31Hh/6RxkjMLucJ1Pl2pzvpIgj1wADLABEVQAZegBuoAg3vwCJ7Bi/agPWmv2tt0NKHNdnbBL2jvX4STmBw=</latexit>

A(B ! K(⇤) + a) =
<latexit sha1_base64="eGJW4WcmZZEByxPNm8FC+UuYCw8=">AAAB8HicdVDLSgMxFM3UVx1fVZdugkWomyHTOn3sit24rGAf0A4lk6ZtaCYzJBmhDP0JV4KCuPV3XPk3pg9BRQ9cOJxzL/feE8ScKY3Qh5XZ2Nza3snu2nv7B4dHueOTtooSSWiLRDyS3QArypmgLc00p91YUhwGnHaCaWPhd+6pVCwSd3oWUz/EY8FGjGBtpG6hMUgDNb8c5PLIqVXcWtWDyPG8UrlSNAR5qFRD0HXQEnmwRnOQe+8PI5KEVGjCsVI9F8XaT7HUjHA6t/uJojEmUzymPUMFDqny0+W9c3hhlCEcRdKU0HCpfp9IcajULAxMZ4j1RP32FuJfXi/Ro6qfMhEnmgqyWjRKONQRXDwPh0xSovnMEEwkM7dCMsESE20ism2Twter8H/SLjpu2SnfXuXr1+s8suAMnIMCcEEF1MENaIIWIICDB/AEni1pPVov1uuqNWOtZ07BD1hvn2qCj/k=</latexit>

(Cbs)
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Other search channels:

• the three body decay                    probes                                      
<latexit sha1_base64="z9uwaXJLgmo5OaIWVnNh7bQzZRk=">AAAB+XicdVDLSsNAFL2prxofjbp0M1gEVyEV7WNXdCO4qWAf0IQymU7aoZMHMxOhhH6JK0FB3Poprvwbp2kFLXrgwuGce7n3Hj/hTCrH+TQKa+sbm1vFbXNnd2+/ZB0cdmScCkLbJOax6PlYUs4i2lZMcdpLBMWhz2nXn1zP/e4DFZLF0b2aJtQL8ShiASNYaWlglW6Rq2LkJiwvPLDKjl1r1C4uG2iV1FHFdnKUYYnWwPpwhzFJQxopwrGU/YqTKC/DQjHC6cx0U0kTTCZ4RPuaRjik0svyw2foVCtDFMRCV6RQrv6cyHAo5TT0dWeI1ViuenPxL6+fqqDuZSxKUkUjslgUpBzpV+cpoCETlCg+1QQTwfStiIyxwETprExTp/D9KvqfdM7tStWu3l2Um1fLPIpwDCdwBhWoQRNuoAVtIJDCIzzDi5EZT8ar8bZoLRjLmSP4BeP9C14Fkqs=</latexit>

K ! ⇡⇡a
<latexit sha1_base64="pLhXHewz9dcWPC73PPBuID391aE=">AAAB8HicdVDJSgNBEK2JWxy3qEcvjUHwNMxIzHKL5uIxglkgGUNPT0/SpGehu0cIQ37Ck6AgXv0dT/6NnUXQoA8KHu9VUVXPSziTyrY/jdza+sbmVn7b3Nnd2z8oHB61ZZwKQlsk5rHoelhSziLaUkxx2k0ExaHHaccbN2Z+54EKyeLoTk0S6oZ4GLGAEay01G3cXw0yX04HhaJtVWqV0mUNrZIqcix7jiIs0RwUPvp+TNKQRopwLGXPsRPlZlgoRjidmv1U0gSTMR7SnqYRDql0s/m9U3SmFR8FsdAVKTRXf05kOJRyEnq6M8RqJFe9mfiX10tVUHUzFiWpohFZLApSjlSMZs8jnwlKFJ9ogolg+lZERlhgonREpqlT+H4V/U/aF5ZTtsq3pWL9eplHHk7gFM7BgQrU4Qaa0AICHB7hGV4MYTwZr8bbojVnLGeO4ReM9y8bD5Bv</latexit>

CA
ds

https://arxiv.org/abs/hep-ex/0308061

• axion decays                                     

https://arxiv.org/abs/2110.10698

https://arxiv.org/abs/2411.04170
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Kaons at LHCb

17

• KS decays:                                                          
https://arxiv.org/abs/2001.10354

• semi-leptonic KS decays:                                                          

https://arxiv.org/pdf/1808.03477

uncertainty Δas ~ 15% (NA48) to 2% (LHCb, q2 dependence)

• lepton violation, e.g.                                                          

• KL - KS   interference: 

CP asymmetries                                                       

https://arxiv.org/pdf/2503.22256



New Physics - hidden photons

https://arxiv.org/abs/2011.12973

A new spin-1 boson 

interacts with the SM either though direct couplings or via 
kinetic mixing

<latexit sha1_base64="m6jtVzG/952sP1pvY3MQiLmNVU4=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFchURqH7uiIC4r2Ac0MUymk3boZBJmJkIJXbnxV9y4UMSt3+DOv3H6Ai164MLhnHu5954gYVQq2/4ylpZXVtfWcxv5za3tnV1zb78p41Rg0sAxi0U7QJIwyklDUcVIOxEERQEjrWBwOfZb90RIGvNbNUyIF6EepyHFSGnJN49ckkjKYg6v/MyNUpeno/bdnPlmwbbK1XLxvAoXSQU6lj1BAcxQ981PtxvjNCJcYYak7Dh2orwMCUUxI6O8m0qSIDxAPdLRlKOISC+bvDGCJ1rpwjAWuriCE/XnRIYiKYdRoDsjpPpy0RuLf3mdVIUVL6M8SRXheLooTBlUMRxnArtUEKzYUBOEBdW3QtxHAmGlk8vrEOafwv9J88xySlbpplioXcziyIFDcAxOgQPKoAauQR00AAYP4Am8gFfj0Xg23oz3aeuSMZs5AL9gfHwD0sWaDQ==</latexit>

✏Fµ⌫X
µ⌫
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https://arxiv.org/abs/2011.12973

Flavor changing couplings via Z-kinetic mixing inherit the SM 
GIM suppression and are very small

19
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https://arxiv.org/abs/2011.12973

Gauge anomaly cancellation and constraints from the CKM 
matrix force the couplings to be flavor diagonal

What about direct couplings to SM fermions? Maybe a global 
SM symmetry is gauged

20
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https://arxiv.org/abs/2308.05215

How about the QCD contribution

Vanishes for xqA=0 and xdV=xsV:

21
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direct flavor 
violation 

<latexit sha1_base64="s5i2VudxV5KuEQ1x0vj0fuVFW3k=">AAAB6XicdVDLSsNAFL3xWeOr6tLNYBEEISRS+9gV3bhswT6gDWUynbRDJ5MwMxFK6Be4EhTErZ/kyr9x+hC06IELh3Pu5d57goQzpV3301pb39jc2s7t2Lt7+weH+aPjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8e3Mbz9QqVgs7vUkoX6Eh4KFjGBtpMZlP19wnXK1XLyuolVSQZ7jzlGAJer9/EdvEJM0okITjpXqem6i/QxLzQinU7uXKppgMsZD2jVU4IgqP5sfOkXnRhmgMJamhEZz9edEhiOlJlFgOiOsR2rVm4l/ed1UhxU/YyJJNRVksShMOdIxmn2NBkxSovnEEEwkM7ciMsISE22ysW2Twver6H/SunK8klNqFAu1m2UeOTiFM7gAD8pQgzuoQxMIUHiEZ3ixxtaT9Wq9LVrXrOXMCfyC9f4FqNmNRA==</latexit>

+ EW loops <latexit sha1_base64="s5i2VudxV5KuEQ1x0vj0fuVFW3k=">AAAB6XicdVDLSsNAFL3xWeOr6tLNYBEEISRS+9gV3bhswT6gDWUynbRDJ5MwMxFK6Be4EhTErZ/kyr9x+hC06IELh3Pu5d57goQzpV3301pb39jc2s7t2Lt7+weH+aPjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8e3Mbz9QqVgs7vUkoX6Eh4KFjGBtpMZlP19wnXK1XLyuolVSQZ7jzlGAJer9/EdvEJM0okITjpXqem6i/QxLzQinU7uXKppgMsZD2jVU4IgqP5sfOkXnRhmgMJamhEZz9edEhiOlJlFgOiOsR2rVm4l/ed1UhxU/YyJJNRVksShMOdIxmn2NBkxSovnEEEwkM7ciMsISE22ysW2Twver6H/SunK8klNqFAu1m2UeOTiFM7gAD8pQgzuoQxMIUHiEZ3ixxtaT9Wq9LVrXrOXMCfyC9f4FqNmNRA==</latexit>

+ QCD
<latexit sha1_base64="yQRGP4Gb/ffEusILJfPGcy9nw6o=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahIgwzUvtYCFU3gpsK9gGdoWTSTBuaeZBkhDIU3Pgrblwo4tafcOffmGkraNEDgcM595J7jhsxKqRpfmqZhcWl5ZXsam5tfWNzS9/eaYow5pg0cMhC3naRIIwGpCGpZKQdcYJ8l5GWO7xM/dYd4YKGwa0cRcTxUT+gHsVIKqmr79k+kgOMWHI+LlxDW4bQjig8bh+ddfW8aZSr5eJpFc6TCrQMc4I8mKHe1T/sXohjnwQSMyRExzIj6SSIS4oZGefsWJAI4SHqk46iAfKJcJJJhjE8VEoPeiFXL5Bwov7cSJAvxMh31WR6sZj3UvEvrxNLr+IkNIhiSQI8/ciLGVRJ00Jgj3KCJRspgjCn6laIB4gjLFVtOVXCd1L4P2meGFbJKN0U87WLWR1ZsA8OQAFYoAxq4ArUQQNgcA8ewTN40R60J+1Ve5uOZrTZzi74Be39C4KsltM=</latexit>

A(K ! ⇡ +X) = (heavily 
suppressed)(~0) (~0)

Broken gauge symmetries with SM matter content

• Currents aren’t conserved


• Two Higgs doublet models with additional fermions        

Extended models

https://arxiv.org/abs/1707.01503

https://arxiv.org/pdf/1609.09072

22

New Physics - hidden photons



https://arxiv.org/abs/2011.1297323

New Physics - hidden photons



Conclusions

Rare kaon decays are an excellent tool to search for 
new physics - both heavy and light

Different Kaon decays can pin down the UV structure 
and potentially identify the global symmetry 

Flavor-violating transitions are strongly suppressed for 
(minimal) hidden photon models, but can be large for axions 

24



History 
In 1961, an experiment in Dubna to looked for the decay

KL 

25

597 events, no signal



History 
In 1964 the search was repeated with 40 times the statistics

<latexit sha1_base64="RH0E2dqg//H9KB9Hzk4r9SEGeMQ=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUpHVGpepCKHUj6KKCfUCnLZk0bUMzD5I7Yhn6GW78FTcuFHHbnX9j+lho64WEwzn3cu85TiC4AtP8NmILi0vLK/HVxNr6xuZWcnunrPxQUlaivvBl1SGKCe6xEnAQrBpIRlxHsIrTux7plUcmFfe9B+gHrO6SjsfbnBLQVDN5bAN7gqggB+nb5p0NPrYD3jgafZnDKyt7aQN3mcKW2YgypwPcTKbMrDkuPA+sKUihaRWbyaHd8mnoMg+oIErVLDOAekQkcCrYIGGHigWE9kiH1TT0iN5Wj8bGBvhAMy3c9qV+HuAx+3siIq5SfdfRnS6BrprVRuR/Wi2E9kU94l4QAvPoZFE7FFj7H6WEW1wyCqKvAaGS61sx7RJJKOgsEzoEa9byPCifZK1cNnd/lsoXpnHE0R7aR2lkoXOURzeoiEqIomf0it7Rh/FivBmfxtekNWZMZ3bRnzKGP4AZnic=</latexit>

Br(KL ! ⇡+⇡�) = 1.9⇥ 10�3 <latexit sha1_base64="PaZrbq0bp9rALZxVtrC+l6IbLWI=">AAACCXicbVA7T8MwGHTKq5RXgJHFokJiqhKECmMFC2OR6ENqospxndaqY1u2g6iiriz8FRYGEGLlH7Dxb3DTDNBykqXT3ffyRZJRbTzv2ymtrK6tb5Q3K1vbO7t77v5BW4tUYdLCggnVjZAmjHLSMtQw0pWKoCRipBONr2d+554oTQW/MxNJwgQNOY0pRsZKfRcG+YwsYimZBoYmRMO658EASanEA/T7btWreTngMvELUgUFmn33KxgInCaEG8yQ1j3fkybMkDIUMzKtBKkmEuExGpKepRzZlWGWXzGFJ1YZwFgo+7iBufq7I0OJ1pMkspUJMiO96M3E/7xeauLLMKNcpoZwPF8UpwwaAWexwAFVBBs2sQRhRe2tEI+QQtjY8Co2BH/xy8ukfVbz67X67Xm1cVXEUQZH4BicAh9cgAa4AU3QAhg8gmfwCt6cJ+fFeXc+5qUlp+g5BH/gfP4ArDiZrA==</latexit>⇥600 ⇡ 1
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History 
Late 1950s, early 60s: Is CP symmetry a good symmetry of 
nature ?

One way of testing that assumption was looking for Kaon decays: 

2 states can be easily distinguished via lifetime measurements

If CP is violated the can decay into KL 
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