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Rare Kaon Decays and Grossman-Nir Bound

3

M

<latexit sha1_base64="91j+o7ruLdWpe1GlWCilT6AMZcw=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKoR6LXrwIFWwttEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwtr6xuVXcLu3s7u0flA+P2kalmrIWVULpTkgME1yyluVWsE6iGYlDwR7C8fXMf3hi2nAl7+0kYUFMhpJHnBLrpHaPEoFv++WKV/XmwKvEz0kFcjT75a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URpdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0n7ourXqvW7WqVxlcdRhBM4hXPwoQ4NuIEmtIDCIzzDK7whhV7QO/pYtBZQPnMMf4A+fwDvIY65</latexit>

Extremely rare and precise process in SM. [Buras et al., 1503.02693] 

• Br~10-11 due to suppressions of 1loop, CKM and GIM 

• Unlike LHC physics, a few events are already significant!

~
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[H. Leutwyler, M. A. Shifman(’90)]saturates,e.g., when X is CP-even

• GN bound can be generalized to new physics case

[Y. Grossman and Y. Nir (‘97)]

• Br[KL] indirectly bounded by Br[K+]

BR[KL → π
0
νν̄]

BR[K+ → π
+
νν̄]

≤ 4.3
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Ratio of total widths 

+isospin breaking

Isospin relation(∆I=1/2)

spires-search://a%20leutwyler,%20h.
spires-search://a%20shifman,%20mikhail%20a.
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Can we violate GN bound?

4

• Thanks to GN bound, K+ measurements already constraints many models


• KOTO and KLEVER will have unprecedented precision fo KL decay


• Are there interesting possibilities where NP signature primarily appears in KL decay? 
(γγ+ missing channel)  ==How to violate GN bound?


• Many ideas hinted by 4 events at KOTO →4 events turned out be BG.   
But the ideas are relevant for the future data and KLEVER. 

Goal of Sec. 2.7 

• Summarize the existing possibilities 


• Examine other signatures of the GNV models 
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Two Categories

5

1. Violate GN bound  

in the fundamental level

2. Violation effectively appears 

due to experimental loopholes 

[need one light state]

BR(K
L

→ π
0(γγ) + inv) > 4.3BR(K

L
→ π

+ + inv)

• ΔI=3/2 dominance, one light dark state 


• At least two light dark states

M. Pospelov. Status and phenomenology of light bsm. talk Jan 20, 2019 

R. Ziegler, J. Zupan, R. Zwicky [2005.00451]  

S. Gori, G. Perez, KT [2005.05170],  

M. Hostert, K. Kaneta, M. Pospelov [2005.07102],  

W. Altmannshofer, B. V. Lehmann, S. Profumo [2006.05064]

 X. He et. al. [1804.07449, 2002.05467, 2005.02942]

• π0 gap (K+-> pi+ X difficult) 


• Lifetime gap


• Kinematic(Dalitz) loophole

Kitahara, Okui, Perez, Soreq, KT [1909.11111]

M. Fabbrichesi and E. Gabrielli [1911.03755]

Fuyuto, Hou, Kohda [1412.4397]

Marco’s talk for Dark Photon section [5/10]

spires-search://a%20ziegler,%20robert
spires-search://a%20zupan,%20jure
spires-search://a%20zwicky,%20roman
spires-search://a%20gori,%20stefania
spires-search://a%20perez,%20gilad


Fundamental violation
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ΔI=3/2 dominance
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• Usual kaon decays are known to be dominated by ΔI=1/2 process.  
One of the assumption to derive GN bound


• How about ΔI=3/2?


• SMEFT study [1804.07449]. All the quarks and neutrinos  
have to be present.   6 fermions-> dim 9 operators!


• NP should start from dim 9, and the corresponding scale ~GeV at most. Implausible. 
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From 2005.02942

In light of KOTO 4 events

• Replace 2 neutrinos with a new scalar singlet [dim 9→dim 7, the scale GeV→TeV]

X He, X Ma, J. Tandean, G. Valencia [2005.02942]

BR(K
L

→ π
0
X) < 47BR(K

L
→ π

+
X)

X is singlet 
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Two new light dark states
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OSMX1X2
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• Neutral particle (e.g., K0, B0) decays directly to dark sector.   

• Charged particle decays with extra SM particle (π+) →1/16π2 or forbidden. 

X1,2: SM singlet KL→XiXj  

K+→π+XiXj 

X1

X2

γ   

KL

X1

π0(γγ)
+ or

X2 X2

γ   

(a) (b)

M. Pospelov  [talk, Jan 2020], S. Gori, G. Perez, KT [2005.05170] M. Hostert, K. Kaneta, M. Pospelov [2005.07102]

KL → σχ
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χ → γγ
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Lχ ∏ χ

Λχ

FµνF̃ µν

y1HQ̄1sφ2/Λ
2 anor y2HQ̄2dφ2/Λ

2 +

(a)E.g. φ carries 1/2 strange (or 2nd generation) charge [φ: stable] [2005.05170]

Small breaking induces χ=Im[φ] decays to γγ

Other realization w/Higgs portal&MFV in [2005.07102] 

Signature from B decay? Also X decays to electrons?

KL→π0X1(X1)  

K+→π+X1(X1)

R. Ziegler, J. Zupan, R. Zwicky [2005.00451]

OSMX2 + λmXX1X
2

2 ,λ
0X2

1X
2

2
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OSM ⊃ gsds̄d, gddd̄d
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φ1φ1

φ1

KL π0
φ2

φ1

Mixing among neutral particles: KL, π0, and new scalar X2. 

X2
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mX2>mK but has to be light, since BR[KL→π0X1(X1)] ~(1/mX2)8. 

Signature is from gdd coupling? 

https://indico.cern.ch/event/783304/contributions/3497902/attachments/1916215/3168062/1_pospelovTenerife2019.pdf
spires-search://a%20gori,%20stefania
spires-search://a%20perez,%20gilad
spires-search://a%20tobioka,%20kohsaku
spires-search://a%20ziegler,%20robert
spires-search://a%20zupan,%20jure
spires-search://a%20zwicky,%20roman
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Two new light dark states -categorization

KL π0
φ2

φ1

X2

<latexit sha1_base64="zWG3tYpPRRvvi0PghFaYNA0x08o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvXisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdN/p1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq1d39UrjOo+jCCdwCufgwQU04Baa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/gRY2N</latexit>

X1

<latexit sha1_base64="gRIASStZaxTn5BcifWZdRSViwRA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHjp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfewY2M</latexit>

KL π0
φ2KL π0
φ2

φ1φ1

φ1

X2

<latexit sha1_base64="zWG3tYpPRRvvi0PghFaYNA0x08o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvXisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdN/p1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq1d39UrjOo+jCCdwCufgwQU04Baa0AIGQ3iGV3hzpPPivDsfi9aCk88cwx84nz/gRY2N</latexit>

X1

<latexit sha1_base64="gRIASStZaxTn5BcifWZdRSViwRA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHjp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfewY2M</latexit>

X1

<latexit sha1_base64="gRIASStZaxTn5BcifWZdRSViwRA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHjp9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfewY2M</latexit>

KL
<latexit sha1_base64="qBuXAge/n3cpO+BavNNppmKNpUk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbgRdVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOEmDqPXAhcM593LvPV7EmdK2/WkVFhaXlleKq6W19Y3NrfL2TkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vgy9dsPVCoWins9iagb4KFgPiNYG+nuun/TL1fsqp0BzRMnJxXI0eiXP3qDkMQBFZpwrFTXsSPtJlhqRjidlnqxohEmYzykXUMFDqhyk+zUKTowygD5oTQlNMrUnxMJDpSaBJ7pDLAeqb9eKv7ndWPtn7kJE1GsqSCzRX7MkQ5R+jcaMEmJ5hNDMJHM3IrICEtMtEmnlIVwnuLk++V50jqqOsfV2m2tUr/I4yjCHuzDIThwCnW4ggY0gcAQHuEZXixuPVmv1tustWDlM7vwC9b7FwkojcY=</latexit>

X1
<latexit sha1_base64="wLF/x0aAb1wf8rHrig8hUWYbu/o=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcduAO76tScHGiRuAWpQoHmwP7oDyOShFRowrFSPdeJtZdiqRnhdFbpJ4rGmEzwiPYMFTikykvzU2foyChDFETSlNAoV39OpDhUahr6pjPEeqz+epn4n9dLdHDhpUzEiaaCzBcFCUc6QtnfaMgkJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0n7pOae1uq39WrjqoijDAdwCMfgwjk04Aaa0AICI3iEZ3ixuPVkvVpv89aSVczswy9Y71/z+424</latexit>

X2
<latexit sha1_base64="0IzdhCd10XcKYrztvk/JC1GZ/Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKez2LqBvgsWA+I1gb6a43rA3LFbtqZ0DLxMlJBXK0huWPwSgkcUCFJhwr1XfsSLsJlpoRTuelQaxohMkUj2nfUIEDqtwkO3WOTowyQn4oTQmNMvXnRIIDpWaBZzoDrCfqr5eK/3n9WPsXbsJEFGsqyGKRH3OkQ5T+jUZMUqL5zBBMJDO3IjLBEhNt0illIVymaHy/vEw6tapzVq3f1ivNqzyOIhzBMZyCA+fQhBtoQRsIjOERnuHF4taT9Wq9LVoLVj5zCL9gvX8B9X+NuQ==</latexit>

X1
<latexit sha1_base64="wLF/x0aAb1wf8rHrig8hUWYbu/o=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcduAO76tScHGiRuAWpQoHmwP7oDyOShFRowrFSPdeJtZdiqRnhdFbpJ4rGmEzwiPYMFTikykvzU2foyChDFETSlNAoV39OpDhUahr6pjPEeqz+epn4n9dLdHDhpUzEiaaCzBcFCUc6QtnfaMgkJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0n7pOae1uq39WrjqoijDAdwCMfgwjk04Aaa0AICI3iEZ3ixuPVkvVpv89aSVczswy9Y71/z+424</latexit>

π
0

<latexit sha1_base64="r6WRV3ogzg/z9C17zFJKQGRjtwk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0+HErevFYwbSFNpbNdtMu3WzC7kYoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/JgzpW370yotLa+srpXXKxubW9s71d29tooSSahLIh7Jro8V5UxQVzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN5PZjdm8PqjW7budAi8QpSA0KtAbVj/4wIklIhSYcK9Vz7Fh7KZaaEU5nlX6iaIzJBI9oz1CBQ6q8ND92ho6MMkRBJE0JjXL150SKQ6WmoW86Q6zH6q+Xif95vUQHF17KRJxoKsh8UZBwpCOUfY6GTFKi+dQQTCQztyIyxhITbfKp5CFcZjj7fnmRtE/qzmm9cduoNa+KOMpwAIdwDA6cQxNuoAUuEGDwCM/wYgnryXq13uatJauY2YdfsN6/AIy4jqc=</latexit> KL
<latexit sha1_base64="qBuXAge/n3cpO+BavNNppmKNpUk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbgRdVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOEmDqPXAhcM593LvPV7EmdK2/WkVFhaXlleKq6W19Y3NrfL2TkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vgy9dsPVCoWins9iagb4KFgPiNYG+nuun/TL1fsqp0BzRMnJxXI0eiXP3qDkMQBFZpwrFTXsSPtJlhqRjidlnqxohEmYzykXUMFDqhyk+zUKTowygD5oTQlNMrUnxMJDpSaBJ7pDLAeqb9eKv7ndWPtn7kJE1GsqSCzRX7MkQ5R+jcaMEmJ5hNDMJHM3IrICEtMtEmnlIVwnuLk++V50jqqOsfV2m2tUr/I4yjCHuzDIThwCnW4ggY0gcAQHuEZXixuPVmv1tustWDlM7vwC9b7FwkojcY=</latexit>

X1
<latexit sha1_base64="wLF/x0aAb1wf8rHrig8hUWYbu/o=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcduAO76tScHGiRuAWpQoHmwP7oDyOShFRowrFSPdeJtZdiqRnhdFbpJ4rGmEzwiPYMFTikykvzU2foyChDFETSlNAoV39OpDhUahr6pjPEeqz+epn4n9dLdHDhpUzEiaaCzBcFCUc6QtnfaMgkJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0n7pOae1uq39WrjqoijDAdwCMfgwjk04Aaa0AICI3iEZ3ixuPVkvVpv89aSVczswy9Y71/z+424</latexit>

π, η, η
0

<latexit sha1_base64="UKJDfg56rY3Wvit9Bh2+Y7YwVBc=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCympFh+7ohuXFewDmlgm05t26GQSZiZCDcVfceNCEbf+hzv/xiQNotYD93I4517mznFDzpS2rE+jMDe/sLhUXC6trK6tb5ibWy0VRJJCkwY8kB2XKOBMQFMzzaETSiC+y6Htji5Tv30HUrFA3OhxCI5PBoJ5jBKdSD1zxw7ZoQ2aZO3WDiXzoWeWrYqVAc+Sak7KKEejZ37Y/YBGPghNOVGqW7VC7cREakY5TEp2pCAkdEQG0E2oID4oJ86un+D9ROljL5BJCY0z9edGTHylxr6bTPpED9VfLxX/87qR9s6cmIkw0iDo9CEv4lgHOI0C95kEqvk4IYRKltyK6ZBIQnUSWCkL4TzFyfeXZ0nrqFI9rtSua+X6RR5HEe2iPXSAqugU1dEVaqAmougePaJn9GI8GE/Gq/E2HS0Y+c42+gXj/Qs8kpU7</latexit>

X2
<latexit sha1_base64="0IzdhCd10XcKYrztvk/JC1GZ/Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKez2LqBvgsWA+I1gb6a43rA3LFbtqZ0DLxMlJBXK0huWPwSgkcUCFJhwr1XfsSLsJlpoRTuelQaxohMkUj2nfUIEDqtwkO3WOTowyQn4oTQmNMvXnRIIDpWaBZzoDrCfqr5eK/3n9WPsXbsJEFGsqyGKRH3OkQ5T+jUZMUqL5zBBMJDO3IjLBEhNt0illIVymaHy/vEw6tapzVq3f1ivNqzyOIhzBMZyCA+fQhBtoQRsIjOERnuHF4taT9Wq9LVoLVj5zCL9gvX8B9X+NuQ==</latexit>

X1
<latexit sha1_base64="wLF/x0aAb1wf8rHrig8hUWYbu/o=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcduAO76tScHGiRuAWpQoHmwP7oDyOShFRowrFSPdeJtZdiqRnhdFbpJ4rGmEzwiPYMFTikykvzU2foyChDFETSlNAoV39OpDhUahr6pjPEeqz+epn4n9dLdHDhpUzEiaaCzBcFCUc6QtnfaMgkJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0n7pOae1uq39WrjqoijDAdwCMfgwjk04Aaa0AICI3iEZ3ixuPVkvVpv89aSVczswy9Y71/z+424</latexit>

π
0

<latexit sha1_base64="r6WRV3ogzg/z9C17zFJKQGRjtwk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0+HErevFYwbSFNpbNdtMu3WzC7kYoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/JgzpW370yotLa+srpXXKxubW9s71d29tooSSahLIh7Jro8V5UxQVzPNaTeWFIc+px1/cp35nQcqFYvEnZ7G1AvxSLCAEayN5PZjdm8PqjW7budAi8QpSA0KtAbVj/4wIklIhSYcK9Vz7Fh7KZaaEU5nlX6iaIzJBI9oz1CBQ6q8ND92ho6MMkRBJE0JjXL150SKQ6WmoW86Q6zH6q+Xif95vUQHF17KRJxoKsh8UZBwpCOUfY6GTFKi+dQQTCQztyIyxhITbfKp5CFcZjj7fnmRtE/qzmm9cduoNa+KOMpwAIdwDA6cQxNuoAUuEGDwCM/wYgnryXq13uatJauY2YdfsN6/AIy4jqc=</latexit>

KL
<latexit sha1_base64="qBuXAge/n3cpO+BavNNppmKNpUk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbgRdVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOEmDqPXAhcM593LvPV7EmdK2/WkVFhaXlleKq6W19Y3NrfL2TkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vgy9dsPVCoWins9iagb4KFgPiNYG+nuun/TL1fsqp0BzRMnJxXI0eiXP3qDkMQBFZpwrFTXsSPtJlhqRjidlnqxohEmYzykXUMFDqhyk+zUKTowygD5oTQlNMrUnxMJDpSaBJ7pDLAeqb9eKv7ndWPtn7kJE1GsqSCzRX7MkQ5R+jcaMEmJ5hNDMJHM3IrICEtMtEmnlIVwnuLk++V50jqqOsfV2m2tUr/I4yjCHuzDIThwCnW4ggY0gcAQHuEZXixuPVmv1tustWDlM7vwC9b7FwkojcY=</latexit>

X2
<latexit sha1_base64="0IzdhCd10XcKYrztvk/JC1GZ/Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKez2LqBvgsWA+I1gb6a43rA3LFbtqZ0DLxMlJBXK0huWPwSgkcUCFJhwr1XfsSLsJlpoRTuelQaxohMkUj2nfUIEDqtwkO3WOTowyQn4oTQmNMvXnRIIDpWaBZzoDrCfqr5eK/3n9WPsXbsJEFGsqyGKRH3OkQ5T+jUZMUqL5zBBMJDO3IjLBEhNt0illIVymaHy/vEw6tapzVq3f1ivNqzyOIhzBMZyCA+fQhBtoQRsIjOERnuHF4taT9Wq9LVoLVj5zCL9gvX8B9X+NuQ==</latexit>

X2
<latexit sha1_base64="0IzdhCd10XcKYrztvk/JC1GZ/Jg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqqXorevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKez2LqBvgsWA+I1gb6a43rA3LFbtqZ0DLxMlJBXK0huWPwSgkcUCFJhwr1XfsSLsJlpoRTuelQaxohMkUj2nfUIEDqtwkO3WOTowyQn4oTQmNMvXnRIIDpWaBZzoDrCfqr5eK/3n9WPsXbsJEFGsqyGKRH3OkQ5T+jUZMUqL5zBBMJDO3IjLBEhNt0illIVymaHy/vEw6tapzVq3f1ivNqzyOIhzBMZyCA+fQhBtoQRsIjOERnuHF4taT9Wq9LVoLVj5zCL9gvX8B9X+NuQ==</latexit>

X1
<latexit sha1_base64="wLF/x0aAb1wf8rHrig8hUWYbu/o=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcduAO76tScHGiRuAWpQoHmwP7oDyOShFRowrFSPdeJtZdiqRnhdFbpJ4rGmEzwiPYMFTikykvzU2foyChDFETSlNAoV39OpDhUahr6pjPEeqz+epn4n9dLdHDhpUzEiaaCzBcFCUc6QtnfaMgkJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0n7pOae1uq39WrjqoijDAdwCMfgwjk04Aaa0AICI3iEZ3ixuPVkvVpv89aSVczswy9Y71/z+424</latexit>

γ
<latexit sha1_base64="q/GnrdDSQVGLbrabXrBbYNEZT30=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWULvZJKMmZldZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lg5jRWiThDxUnQA05UzSpmGG006kKIiA03YwuU799gNVmoXyzkwj6gsYSTZkBIyVWr0RCAH9csWtuhnwIvFyUkE5Gv3yR28QklhQaQgHrbueGxk/AWUY4XRW6sWaRkAmMKJdSyUIqv0ku3aGj6wywMNQ2ZIGZ+rPiQSE1lMR2E4BZqz/eqn4n9eNzfDCT5iMYkMlmS8axhybEKev4wFTlBg+tQSIYvZWTMaggBgbUCkL4TLF2ffLi6R1UvVOq7XbWqV+lcdRRAfoEB0jD52jOrpBDdREBN2jR/SMXpzQeXJenbd5a8HJZ/bRLzjvX6AFj00=</latexit>

X1
<latexit sha1_base64="wLF/x0aAb1wf8rHrig8hUWYbu/o=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcduAO76tScHGiRuAWpQoHmwP7oDyOShFRowrFSPdeJtZdiqRnhdFbpJ4rGmEzwiPYMFTikykvzU2foyChDFETSlNAoV39OpDhUahr6pjPEeqz+epn4n9dLdHDhpUzEiaaCzBcFCUc6QtnfaMgkJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0n7pOae1uq39WrjqoijDAdwCMfgwjk04Aaa0AICI3iEZ3ixuPVkvVpv89aSVczswy9Y71/z+424</latexit>

γ
<latexit sha1_base64="q/GnrdDSQVGLbrabXrBbYNEZT30=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWULvZJKMmZldZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lg5jRWiThDxUnQA05UzSpmGG006kKIiA03YwuU799gNVmoXyzkwj6gsYSTZkBIyVWr0RCAH9csWtuhnwIvFyUkE5Gv3yR28QklhQaQgHrbueGxk/AWUY4XRW6sWaRkAmMKJdSyUIqv0ku3aGj6wywMNQ2ZIGZ+rPiQSE1lMR2E4BZqz/eqn4n9eNzfDCT5iMYkMlmS8axhybEKev4wFTlBg+tQSIYvZWTMaggBgbUCkL4TLF2ffLi6R1UvVOq7XbWqV+lcdRRAfoEB0jD52jOrpBDdREBN2jR/SMXpzQeXJenbd5a8HJZ/bRLzjvX6AFj00=</latexit>

γ
<latexit sha1_base64="q/GnrdDSQVGLbrabXrBbYNEZT30=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWULvZJKMmZldZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lg5jRWiThDxUnQA05UzSpmGG006kKIiA03YwuU799gNVmoXyzkwj6gsYSTZkBIyVWr0RCAH9csWtuhnwIvFyUkE5Gv3yR28QklhQaQgHrbueGxk/AWUY4XRW6sWaRkAmMKJdSyUIqv0ku3aGj6wywMNQ2ZIGZ+rPiQSE1lMR2E4BZqz/eqn4n9eNzfDCT5iMYkMlmS8axhybEKev4wFTlBg+tQSIYvZWTMaggBgbUCkL4TLF2ffLi6R1UvVOq7XbWqV+lcdRRAfoEB0jD52jOrpBDdREBN2jR/SMXpzQeXJenbd5a8HJZ/bRLzjvX6AFj00=</latexit>

γ
<latexit sha1_base64="q/GnrdDSQVGLbrabXrBbYNEZT30=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexq8HELevEYwTwgWULvZJKMmZldZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lg5jRWiThDxUnQA05UzSpmGG006kKIiA03YwuU799gNVmoXyzkwj6gsYSTZkBIyVWr0RCAH9csWtuhnwIvFyUkE5Gv3yR28QklhQaQgHrbueGxk/AWUY4XRW6sWaRkAmMKJdSyUIqv0ku3aGj6wywMNQ2ZIGZ+rPiQSE1lMR2E4BZqz/eqn4n9eNzfDCT5iMYkMlmS8axhybEKev4wFTlBg+tQSIYvZWTMaggBgbUCkL4TLF2ffLi6R1UvVOq7XbWqV+lcdRRAfoEB0jD52jOrpBDdREBN2jR/SMXpzQeXJenbd5a8HJZ/bRLzjvX6AFj00=</latexit>

KL
<latexit sha1_base64="qBuXAge/n3cpO+BavNNppmKNpUk=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRafOyKbgRdVLQPaEOZTCft0MkkzEyEEvoJblwo4tYvcuffOEmDqPXAhcM593LvPV7EmdK2/WkVFhaXlleKq6W19Y3NrfL2TkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vgy9dsPVCoWins9iagb4KFgPiNYG+nuun/TL1fsqp0BzRMnJxXI0eiXP3qDkMQBFZpwrFTXsSPtJlhqRjidlnqxohEmYzykXUMFDqhyk+zUKTowygD5oTQlNMrUnxMJDpSaBJ7pDLAeqb9eKv7ndWPtn7kJE1GsqSCzRX7MkQ5R+jcaMEmJ5hNDMJHM3IrICEtMtEmnlIVwnuLk++V50jqqOsfV2m2tUr/I4yjCHuzDIThwCnW4ggY0gcAQHuEZXixuPVmv1tustWDlM7vwC9b7FwkojcY=</latexit>

S2
<latexit sha1_base64="JTtL0z2+khcmzBrp/Hg6eaH51Ps=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiS1+NgV3bis1D6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJA2i1gMXDufcy733eBFnStv2p1VYWV1b3yhulra2d3b3yvsHHRXGktA2CXkoex5WlDNB25ppTnuRpDjwOO1605vU7z5QqVgo7vUsom6Ax4L5jGBtpFZrWBuWK3bVzoCWiZOTCuRoDssfg1FI4oAKTThWqu/YkXYTLDUjnM5Lg1jRCJMpHtO+oQIHVLlJduocnRhlhPxQmhIaZerPiQQHSs0Cz3QGWE/UXy8V//P6sfYv3YSJKNZUkMUiP+ZIhyj9G42YpETzmSGYSGZuRWSCJSbapFPKQrhKcf798jLp1KrOWbV+V680rvM4inAEx3AKDlxAA26hCW0gMIZHeIYXi1tP1qv1tmgtWPnMIfyC9f4F7eGNtA==</latexit>

S1
<latexit sha1_base64="5wOuLIjeIP3GhKc4vYBOkOdy7vQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0VL0VvXis1H5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btIgan0w8Hhvhpl5XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BR4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Cb1uw9UKhaKez2LqBvgsWA+I1gbqdUaOsNyxa7aGdAycXJSgRzNYfljMApJHFChCcdK9R070m6CpWaE03lpECsaYTLFY9o3VOCAKjfJTp2jE6OMkB9KU0KjTP05keBAqVngmc4A64n666Xif14/1v6lmzARxZoKsljkxxzpEKV/oxGTlGg+MwQTycytiEywxESbdEpZCFcp6t8vL5POWdU5r9buapXGdR5HEY7gGE7BgQtowC00oQ0ExvAIz/BicevJerXeFq0FK585hF+w3r8A7F2Nsw==</latexit>

A) π0
production B) dipole portal C) π0

impostor

[S. Gori, G. Perez, KT]M. Hostert, K. Kaneta, M. Pospelov [2005.07102] R. Ziegler, J. Zupan, R. Zwicky [2005.00451]

D) Mixing, single X1 E) Mixing ,double X1

Signature based categories A B C D E ΔI=3/2

• γγ is from π0?  
[important for reconstruction]

✓ ✓ ✓ ✓

• Is missing energy from multiple 
particles?

✓ ✓ ✓ ✓

Another category? 

Prediction?

spires-search://a%20gori,%20stefania
spires-search://a%20perez,%20gilad
spires-search://a%20tobioka,%20kohsaku
spires-search://a%20ziegler,%20robert
spires-search://a%20zupan,%20jure
spires-search://a%20zwicky,%20roman
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Lifetime and mass loopholes for K→πX

11
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(1) mX~mπ0 loophole 

Large K+→π+π0 BG 
Fuyuto, Hou, Kohda [1412.4397]

Two experimental loopholes

(2) Finite lifetime of X 

     Exploit detector size.
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Teppei Kitahara: Nagoya University, Searches for Hidden Sectors at Kaon and Hyperon Factories, January 22, 2021, online talk

Sec 2.7  Grossman-Nir violaFng models
/9

[TK, Okui, Perez, Soreq, Tobioka ’20; Liu, McGinnis, Wagner, Wang ’20; Liao, Wang, Yao, Zhang ’20]

7

New particle  (CP even) decays into  (or ) with finite lifetimeX γγ e
+
e

−

,  is rejected 

in the NA62 detector

K
+

→ π
+
X X→γγ  seems long-lived in the KOTO detectorX

L = 150 m, E = 37 GeV

K
+

π
+

γ

γ

K
L

π
0

→ 2γ

X
X

L = 3 m, E ~ 1.5 GeV

Effective violation of GN bound “lifetime gap”

GN violation from Finite Lifetime 
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Teppei Kitahara: Nagoya University, Searches for Hidden Sectors at Kaon and Hyperon Factories, January 22, 2021, online talk

Sec 2.7  Grossman-Nir violaFng models
/9

P = exp(−
L

γβτX

) = exp(−
L

(EX /mX)βτX

) ≃ exp(−
LmX

pXτX

)

8

Probability that X does not decay in the detector volume a aaaaaaaaaaaaaaaaaaaaaaaaa     

= efficiency factor that X looks missing neutrinos
(Energy scale)2

≫ m2
X

KOTO

NA62
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mX = 10 MeV
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Effective violation of GN bound “lifetime gap”

Efficiency difference 

=  

Effective violation of 

the GN bound
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<Assuming 3 KOTO signals>

GN violation from Finite Lifetime 
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GN violation around Kinematic Distribution
M. Fabbrichesi and E. Gabrielli [1911.03755]

Marco’s talk for Dark Photon section [5/10]

7

contact interaction  

vs.  

long distance

���� ��

0.0 0.1 0.2 0.3 0.4

0.0

0.1

0.2

0.3

0.4

Dalitz Plot: ΓK SM

0.2

0.4

0.6

0.8

1.0

1.2

���� ��

��� ��� ��� ��� ������

���

���

���

���

��

� �

������ ����� Γ�

0.0025

0.0050

0.0075

0.0100

0.0125

0.0150

0.0175

0.0200

0.0225

<latexit sha1_base64="LlaQp7Kwj34Bi+DBXVG3K5fT8Cc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6RPjNY=</latexit>

K

<latexit sha1_base64="79SFD8iqgUaq1UdQjYfuhhwoZho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSB43U</latexit>

π

<latexit sha1_base64="LlaQp7Kwj34Bi+DBXVG3K5fT8Cc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6RPjNY=</latexit>

K

<latexit sha1_base64="79SFD8iqgUaq1UdQjYfuhhwoZho=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSB43U</latexit>

π

<latexit sha1_base64="u1IZDjlOVncko65i90KaKBhRyMU=">AAAB+3icbVDLSgMxFM34rONrrEs3wSK4KjOC6EasuhHcVLAP6Iwlk6ZtaJIJSUYsQ3/FTReKuPUb3LsR/8b0sdDWAxcO59zLvffEklFtfP/bWVhcWl5Zza256xubW9veTr6qk1RhUsEJS1Q9RpowKkjFUMNIXSqCeMxILe5djfzaA1GaJuLO9CWJOOoI2qYYGSs1vfwNDE0CQ0nhxX0oFeWk6RX8oj8GnCfBlBTOP9wzOfxyy03vM2wlOOVEGMyQ1o3AlybKkDIUMzJww1QTiXAPdUjDUoE40VE2vn0AD6zSgu1E2RIGjtXfExniWvd5bDs5Ml09643E/7xGatqnUUaFTA0ReLKonTJovx0FAVtUEWxY3xKEFbW3QtxFCmFj43JtCMHsy/OkelQMjov+rV8oXYIJcmAP7INDEIATUALXoAwqAINH8ASewYszcIbOq/M2aV1wpjO74A+c9x8akpbX</latexit>

<latexit sha1_base64="+fe0nsj+J7SY1UZogV5tELdL2WM=">AAACC3icbZBLS8NAFIUnPmt8RV26GVoEoVASQXQjFt0IbirYBzRpmUwn7dDJJMxMlBK6d+OvcO/GhSJuxb0b8d84abvQ1gMDH+fey517/JhRqWz725ibX1hcWs6tmKtr6xub1tZ2TUaJwKSKIxaJho8kYZSTqqKKkUYsCAp9Rup+/zyr12+IkDTi12oQEy9EXU4DipHSVtvKX7aKrqDdnkJCRLfQjWmrCKHLE+j6SGTQtgp2yR4JzoIzgcLph3kSP3yZlbb16XYinISEK8yQlE3HjpWXIqEoZmRouokkMcJ91CVNjRyFRHrp6JYh3NNOBwaR0I8rOHJ/T6QolHIQ+rozRKonp2uZ+V+tmajg2EspjxNFOB4vChIGVQSzYGCHCoIVG2hAWFD9V4h7SCCsdHymDsGZPnkWagcl57BkX9mF8hkYKwd2QR7sAwccgTK4ABVQBRjcgUfwDF6Me+PJeDXexq1zxmRmB/yR8f4DogSdJg==</latexit>

<latexit sha1_base64="W6+dIb1cbbWzSEoOmzjF6u6hvF8=">AAACC3icbZDLSsNAFIYn9VbrLSq4cTO0CK5KIoguS90IumjBXqCJYTKdtEMnkzAzUUro3o2PohsXirjUF3Dnxmdx0nahrT8MfPznHM6c348ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlD86yeuuGCEkjfqWGMXFD1OM0oBgpbXlm8cK7dATt9RUSIrqFTkyvLQgdnkDHRyIDzyxZZWssOA/2FEqVvfo3fai+1zzz0+lGOAkJV5ghKTu2FSs3RUJRzMio4CSSxAgPUI90NHIUEumm41tG8EA7XRhEQj+u4Nj9PZGiUMph6OvOEKm+nK1l5n+1TqKCUzelPE4U4XiyKEgYVBHMgoFdKghWbKgBYUH1XyHuI4Gw0vEVdAj27Mnz0Dwq28dlq67TqIKJ8mAfFMEhsMEJqIBzUAMNgMEdeATP4MW4N56MV+Nt0pozpjO74I+Mjx9gpp2t</latexit>

Light mediator changes missing mass distribution  

Make K+ bound less stringent 
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<latexit sha1_base64="Il85p8IE4mdcQgMxw/S0mpGFTUU=">AAACBnicbVDLSgMxFM34rPU16tIHwSIIQpkRRJdFN4KbFuwDOmPJpJk2NJMMSUYpQ1ci+CtuXChil36DO7/BnzB9LLT1wIXDOfdy7z1BzKjSjvNlzczOzS8sZpayyyura+v2xmZFiURiUsaCCVkLkCKMclLWVDNSiyVBUcBINehcDPzqLZGKCn6tuzHxI9TiNKQYaSM17N2rmyPoSdpqaySluINeTI1S8gIkYalh55y8MwScJu6Y5Ao7/dL3w16/2LA/vabASUS4xgwpVXedWPspkppiRnpZL1EkRriDWqRuKEcRUX46fKMHD4zShKGQpriGQ/X3RIoipbpRYDojpNtq0huI/3n1RIdnfkp5nGjC8WhRmDCoBRxkAptUEqxZ1xCEJTW3QtxGEmFtksuaENzJl6dJ5TjvnuSdkknjHIyQAdtgHxwCF5yCArgERVAGGNyDJ/ACXq1H69l6s95HrTPWeGYL/IH18QM4wJti</latexit>

<latexit sha1_base64="2JnbvxaTYqWN0FgwfWadEPhQvBo=">AAACB3icbVDLSsNAFJ3UV62vqEulDBbBVUkE0WXRjaCLBuwDmhgm00k7dDIJMxOlhO504a+4caFIt/6CO7/Bn3D6WGjrgQuHc+7l3nuChFGpLOvLyC0sLi2v5FcLa+sbm1vm9k5dxqnApIZjFotmgCRhlJOaooqRZiIIigJGGkHvYuQ37oiQNOY3qp8QL0IdTkOKkdKSbxav/GvoCtrpKiREfA/dhN5a0IFugAR0fLNkla0x4Dyxp6RU2R8634/FYdU3P912jNOIcIUZkrJlW4nyMiQUxYwMCm4qSYJwD3VIS1OOIiK9bPzHAB5qpQ3DWOjiCo7V3xMZiqTsR4HujJDqyllvJP7ntVIVnnkZ5UmqCMeTRWHKoIrhKBTYpoJgxfqaICyovhXiLhIIKx1dQYdgz748T+rHZfukbDk6jXMwQR7sgQNwBGxwCirgElRBDWDwAJ7BK3gznowX490YTlpzxnRmF/yB8fED1gObsw==</latexit>

KL → π
0QQ̄
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How to test?

"What we would learn, if the experiments do not find anything?”

“What would be a good target branching ratio for each signatures (such that null result is still 

interesting)?”

Difficult to answer these questions because we need to see signal in KL decay to set a scale.   

Maybe appropriate questions for GN violating models.  

“What information from KL analysis will be useful?”

“How do we test the models in other signatures?”

What happen if two photons are not from pi0? 

For 3-body case, other kinematic distributions like massible invisible, long-distance contribution.   

(2-body=single invisible is already tested. )

B decay (assuming MFV)?X decay to e+e-?

Effective violation:　K+→π+ inv.  Fill pi0 gap. Simply more precise measurements will be useful. 

Fundamental violation: ”No sign in K+→π+ inv” is an important criteria.  

Then other signature?

Beam dump?

KS physics?

B→K X1 X2 →K γ γ +inv



Backup
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