
“New” searches for Flavored Axions  

Diego Redigolo 



“New” Targets & “New” Experiments

“New”               =         old but with a twist 

Enlarging purposes 

of Flavor Experiments 

Deviating from 

vanilla axion scenario

=



“vanilla” axion  
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fa
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<latexit sha1_base64="VLi4ukmE0f81xAT/izN0Rpo4vbs="></latexit>

✓QCD = h a
fa

i ' 0
<latexit sha1_base64="4VMdc+XkcZxl0spcD+sVcwY288I="></latexit>

⌦h2 ' 0.2

✓
fa

1012 GeV

◆1.18

✓2

<latexit sha1_base64="P5zTA//ZAmTBFlk2BwK/1pCJFFk="></latexit>

ma ' ⇤2
QCD/fa

<latexit sha1_base64="L25CO0iVakVuMkneyzapyyrxD5o="></latexit>

ga�� =
↵em

2⇡fa

✓
E

N
� 1.92

◆

<latexit sha1_base64="9o5v6M8z6rgbZPc0kTk5DBplqNc="></latexit>

solves SM issues gives exp. target

More/other issues? More targets?



��-� ��-� ��-� ��-� ��-� ��-� ��-� ���
��-��

��-��

��-��

��-��

��-��

��-��

��-��

�����	��
����������������

�� [��]

|�
��

�
|[
�
��

-
� ]

�� [���]

�� / ����

���	
����-��
����

�
�
+��

��

QCD axion parameter space

Heaviest possible axion mass  
set by the cooling of astro objects

• axion flux from supernova 1987A  

• white dwarf cooling

�
gNN N̄�µ�5N + geeē�

µ�5e
�
@µa

<latexit sha1_base64="uIGnh5/AlV1LWa9BQ23bqgV/GKI="></latexit>



Photon coupling gives further/future  
experimental handles 

ga��
aE ·B
fa

<latexit sha1_base64="IASgL6pAwJWnJ36minV2YALKdlI="></latexit>

Heaviest possible axion mass  
set by the cooling of astro objects

• axion flux from supernova 1987A  

• white dwarf cooling

�
gNN N̄�µ�5N + geeē�

µ�5e
�
@µa

<latexit sha1_base64="uIGnh5/AlV1LWa9BQ23bqgV/GKI="></latexit>

QCD axion parameter space
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X

i

@µa

2fa
f̄iC

A
fi�5fi +

X

i 6=j

@µa

2fa
f̄i�

µ(CV
fifj + CA

fifj�5)fj
<latexit sha1_base64="HO+nciF4oC/Z0I1/TrHQYJePHP4="></latexit>

Feng-Murayama-Moroi-Shnapka  1998

[CA,Mf ] 6= 0
<latexit sha1_base64="pxucPGwxRkeEx6UuLJZJFD7ECeI=">AAACEnicbVDLSgNBEJz1GeNr1aOXwSB4CGFjxMctmosXIYJ5QLKG2UlvMmR2dp2ZDYSQv/DoVT/Cm3j1B/wGf8LZJIgxFjQUVd10d3kRZ0o7zqe1sLi0vLKaWkuvb2xubds7u1UVxpJChYY8lHWPKOBMQEUzzaEeSSCBx6Hm9UqJX+uDVCwUd3oQgRuQjmA+o0QbqWXbjdL9ZRbftHy3KeABOy074+ScMfA8yU9JBk1RbtlfzXZI4wCEppwo1cg7kXaHRGpGOYzSzVhBRGiPdKBhqCABKHc4vnyED43Sxn4oTQmNx+rviSEJlBoEnukMiO6qv14i/uc1Yu2fu0MmoliDoJNFfsyxDnESA24zCVTzgSGESmZuxbRLJKHahDWzxfOCrDKPdaE9So/TuUhw+pPFPKke5/KFXOH2JFO8muaUQvvoAB2hPDpDRXSNyqiCKOqjJ/SMXqxH69V6s94nrQvWdGYPzcD6+AaNwZy4</latexit>

[CV
f ,Mf ] 6= 0

<latexit sha1_base64="DbGsNUjw8GEQjq+7TiRi9lqUqb4=">AAACFHicbVDJSgNBEO1xjXGL8eilMQgeQpgx4nIL5uJFiGAWSMahp1OTNOnpGbt7xBDyGx696kd4E6/e/QZ/ws6CGOODgsd7VVTV82POlLbtT2thcWl5ZTW1ll7f2NzazuxkaypKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vlUd+/R6kYpG40f0Y3JB0BAsYJdpIXibbLN/WvCCPr7zAbQm4w7aXydkFeww8T5wpyaEpKl7mq9WOaBKC0JQTpZqOHWt3QKRmlMMw3UoUxIT2SAeahgoSgnIH49uH+MAobRxE0pTQeKz+nhiQUKl+6JvOkOiu+uuNxP+8ZqKDM3fARJxoEHSyKEg41hEeBYHbTALVvG8IoZKZWzHtEkmoNnHNbPH9MK/MY11oD9PjdM5HOPnJYp7UjgpOsVC8Ps6VLqY5pdAe2keHyEGnqIQuUQVVEUUP6Ak9oxfr0Xq13qz3SeuCNZ3ZRTOwPr4BRUKdpg==</latexit>

Flavor Violating Vector (FVV) current

Flavor Violating Axial (FVA) current

Flavored Axions

Given a set of PQ charges:  

CV,A
ij =

1

2N

⇣
V †
RXRVR ± V †

LXLVL

⌘

ij
<latexit sha1_base64="CrmmuGu7T5bBy0xyBUj9fi/SXhg="></latexit>

XL, XR
<latexit sha1_base64="tq85cCM89nd4ApWphA6iismbId0=">AAACCHicbVDLSsNAFJ34rPVVdelmsAguSkms+NgV3bhwUcW2gTaEyWTSDp1MwsxEKKE/4NKtfoQ7cetf+A3+hJM0iLUeuHA4517uvceLGZXKND+NhcWl5ZXV0lp5fWNza7uys9uRUSIwaeOIRcL2kCSMctJWVDFix4Kg0GOk642uMr/7QISkEb9X45g4IRpwGlCMlJZs272pQdu9cytVs27mgPPEKkgVFGi5la++H+EkJFxhhqTsWWasnBQJRTEjk3I/kSRGeIQGpKcpRyGRTprfO4GHWvFhEAldXMFc/T2RolDKcejpzhCpofzrZeJ/Xi9RwbmTUh4ninA8XRQkDKoIZs9DnwqCFRtrgrCg+laIh0ggrHREM1s8L6xJ/diQ+JNyns5FhtOfLOZJ57huNeqN25Nq87LIqQT2wQE4AhY4A01wDVqgDTBg4Ak8gxfj0Xg13oz3aeuCUczsgRkYH9+rmpmn</latexit>

A theory of flavor is needed 

to get VL, VR

<latexit sha1_base64="zzoI9TbVADjW/mcnoEzSRPiiKuA=">AAACCHicbVDLSsNAFJ34rPVVdelmsAguSkms+NgV3bhwUcWmhTaEyWTSDp1JwsxEKKE/4NKtfoQ7cetf+A3+hJM0iLUeuHA4517uvceLGZXKND+NhcWl5ZXV0lp5fWNza7uys2vLKBGYtHHEItH1kCSMhqStqGKkGwuCuMdIxxtdZX7ngQhJo/BejWPicDQIaUAxUlrq2u5NDdrunVupmnUzB5wnVkGqoEDLrXz1/QgnnIQKMyRlzzJj5aRIKIoZmZT7iSQxwiM0ID1NQ8SJdNL83gk81IoPg0joChXM1d8TKeJSjrmnOzlSQ/nXy8T/vF6ignMnpWGcKBLi6aIgYVBFMHse+lQQrNhYE4QF1bdCPEQCYaUjmtniebwm9WND4k/KeToXGU5/spgn9nHdatQbtyfV5mWRUwnsgwNwBCxwBprgGrRAG2DAwBN4Bi/Go/FqvBnv09YFo5jZAzMwPr4BpRSZow==</latexit>

controls the astro bounds new opportunities here?

Calibbi-Goertz-Redigolo-Ziegler-Zupan  ‘16

Ema-Hamaguchi-Moroi-Nakayama  ‘16



FV in the quark sector FV in the lepton sector 

Plan

Future improvements…

Experimental status 

Axiflavon vs Axion

µ ! ea
<latexit sha1_base64="BBGatOKs7M4GwZV0DfT4hq/8b4E=">AAACCnicbVDLSgNBEJz1GeMr6tHLYBA8SNgY8XELevEYwTwwG8LsbG8yZGZ2mZkVQsgfePSqH+FNvPoTfoM/4WyyiDEWNBTV3XRX+TFn2rjup7OwuLS8sppby69vbG5tF3Z2GzpKFIU6jXikWj7RwJmEumGGQytWQITPoekPrtN+8wGUZpG8M8MYOoL0JAsZJcZK955IPBNhwKRbKLoldwI8T8oZKaIMtW7hywsimgiQhnKidbvsxqYzIsowymGc9xINMaED0oO2pZII0J3R5OMxPrRKgMNI2ZIGT9TfGyMitB4K304KYvr6by8V/+u1ExNedEZMxokBSaeHwoRjazK1jwOmgBo+tIRQxeyvmPaJItTYkGau+L441tZYH4JxfpLOZYqznyzmSeOkVK6UKrenxepVllMO7aMDdITK6BxV0Q2qoTqiSKIn9IxenEfn1Xlz3qejC062s4dm4Hx8A+E7muY=</latexit>

K ! ⇡a
<latexit sha1_base64="4VonKV0OS54gblEN71kK3Yjrpo8=">AAACCnicbVDLSsNAFJ3UV62vqks3g0VwISW14mNXdCO4qWAf2IQymUzaoTOTMDMRSugfuHSrH+FO3PoTfoM/4SQNYq0HLhzOvZd7z/EiRpW27U+rsLC4tLxSXC2trW9sbpW3d9oqjCUmLRyyUHY9pAijgrQ01Yx0I0kQ9xjpeKOrtN95IFLRUNzpcURcjgaCBhQjbaT7G0eH0IkoRP1yxa7aGeA8qeWkAnI0++Uvxw9xzInQmCGlejU70m6CpKaYkUnJiRWJEB6hAekZKhAnyk2yjyfwwCg+DEJpSmiYqb83EsSVGnPPTHKkh+pvLxX/6/ViHZy7CRVRrInA00NBzKCxmdqHPpUEazY2BGFJza8QD5FEWJuQZq54Hj9SxtiQ+JNSls5FitOfLOZJ+7haq1frtyeVxmWeUxHsgX1wCGrgDDTANWiCFsBAgCfwDF6sR+vVerPep6MFK9/ZBTOwPr4Bpxaaww==</latexit>

LFV Axions

MEGII-fwd concept

Future improvements…

Experimental status 



ma ⌧ �m|exp
<latexit sha1_base64="FRGp3tOE+laYULQ8BtTWI6gHNyI=">AAACI3icbVC7SgNBFJ31GeMramkzGgQLCRsVH11QC0sFkwjZsMxObpIhM7vLzF0xLFv7JZa2+hF2YmPhF/gTTmIQox4YOJxzLnfuCWIpDLrumzMxOTU9M5uby88vLC4tF1ZWayZKNIcqj2SkrwNmQIoQqihQwnWsgalAQj3onQ78+g1oI6LwCvsxNBXrhKItOEMr+YUN5TNPSuqdgURGlWfD6Kcewi2mcBtnmV8ouiV3CPqXlEekSEa48AsfXiviiYIQuWTGNMpujM2UaRRcQpb3EgMx4z3WgYalIVNgmunwlIxuWaVF25G2L0Q6VH9OpEwZ01eBTSqGXfPbG4j/eY0E20fNVIRxghDyr0XtRFKM6KAX2hIaOMq+JYxrYf9KeZdpxtG2N7YlCNSOsYd1oZXlh+0cD3Dw3cVfUtstlfdKe5f7xcrJqKccWSebZJuUySGpkHNyQaqEkzvyQB7Jk3PvPDsvzutXdMIZzayRMTjvnwRZpag=</latexit>

Disclaimer

We focus on axions directly related to SM issues: 

c⌧a � Ldetector
<latexit sha1_base64="uJkOQBVJ+4Jhy28Z1INAbOo2MR4=">AAACIHicbVDLSsNAFJ34tr6qLgUZLIILKYkVHzvRjQsXClYLTQmTyW07dPJg5kYsITu/xKVb/Qh34lJ/wZ9wWoOo9cDA4Zx7uXOOn0ih0bbfrLHxicmp6ZnZ0tz8wuJSeXnlSsep4lDnsYxVw2capIigjgIlNBIFLPQlXPu9k4F/fQNKizi6xH4CrZB1ItEWnKGRvPI6d5GlHnM7HXrmZS7CLWYBIHCMVZ575YpdtYego8QpSIUUOPfKH24Q8zSECLlkWjcdO8FWxhQKLiEvuamGhPEe60DT0IiFoFvZMEdON40S0HaszIuQDtWfGxkLte6HvpkMGXb1X28g/uc1U2wftDIRJSlCxL8OtVNJMaaDUmgglAks+4YwroT5K+VdphhHU92vK74fbmsTrAtBXhq2czjA3ncXo+Rqp+rUqrWL3crRcdHTDFkjG2SLOGSfHJFTck7qhJM78kAeyZN1bz1bL9br1+iYVeyskl+w3j8B0XSkhQ==</latexit>

✓QCD = h a
fa

i ' 0
<latexit sha1_base64="4VMdc+XkcZxl0spcD+sVcwY288I="></latexit>

⌦h2 ' 0.2

✓
fa

1012 GeV

◆1.18

✓2

<latexit sha1_base64="P5zTA//ZAmTBFlk2BwK/1pCJFFk="></latexit>

We focus on long-lived signal 

We focus on very light masses

PROMPT/DISPLACED ALPs are possible? vs1

fa
@µaJ

µ
SM

<latexit sha1_base64="zCeIbrB9ZJiQ+/KXVa8hzUv6/rk="></latexit>

1

g2?f
2
a

J2
SM

<latexit sha1_base64="DI+OB4SUQv3bgJLgmTlndyPWQ8o="></latexit>

to be explored…



K ! ⇡X

<latexit sha1_base64="EVPf0sGmu1SIRQLSSvZNPZOs+vo=">AAACC3icbVDLSsNAFJ34rPVVdelmsAgupCRSUHdFN4KbCvYBSSiTyaQdOo8wMxFK6Ce4dKsf4U7c+hF+gz/htM3Cth64cDj3Xu49J0oZ1cZ1v52V1bX1jc3SVnl7Z3dvv3Jw2NYyU5i0sGRSdSOkCaOCtAw1jHRTRRCPGOlEw9tJv/NElKZSPJpRSkKO+oImFCNjJf8eBkbCIKWw26tU3Zo7BVwmXkGqoECzV/kJYokzToTBDGnte25qwhwpQzEj43KQaZIiPER94lsqECc6zKcvj+GpVWKYSGVLGDhV/27kiGs94pGd5MgM9GJvIv7X8zOTXIU5FWlmiMCzQ0nGoLU58Q9jqgg2bGQJworaXyEeIIWwsSnNXYkifq6tsQGJx2WbjreYxTJpX9S8eu36oV5t3BQ5lcAxOAFnwAOXoAHuQBO0AAYSvIBX8OY8O+/Oh/M5G11xip0jMAfn6xfdw5q5</latexit>

Roberta Volpe @ Pheno 2020

2017 data

Status of 

at low mass the bound is comparable to 

E787+E949

BR(K+ ! ⇡+a) < 7.3 · 10�11
<latexit sha1_base64="qiC67xyMoU7OX+3iI2tg4wKRUqE="></latexit>

at high masses 

1 order of magnitude improvement 

w.r.t the previous bound 

NA62 results based on ⇠ 2⇥ 1012K+

<latexit sha1_base64="b2hkFUkmtZZ031GfYWYhvxgYKp4=">AAACGXicbVDLSsNAFJ3UV62vqAsXbgaLICglKQV1V3QjuKlgH9CkZTKZtENnkjAzEUrIl7h0qx/hTty68hv8CadtFrb1wMDhnHs5c48XMyqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJKBGYNHHEItHxkCSMhqSpqGKkEwuCuMdI2xvdTvz2ExGSRuGjGsfE5WgQ0oBipLTUN48cSTmsOopyIm2rl9rVDN73zvtm2apYU8BlYuekDHI0+uaP40c44SRUmCEpu7YVKzdFQlHMSFZyEklihEdoQLqahkjnuen0gAyeasWHQST0CxWcqn83UsSlHHNPT3KkhnLRm4j/ed1EBVduSsM4USTEs6AgYVBFcNIG9KkgWLGxJggLqv8K8RAJhJXubC7F8/iF1IcNiZ+VdDv2YhfLpFWt2LXK9UOtXL/JeyqCY3ACzoANLkEd3IEGaAIMMvACXsGb8Wy8Gx/G52y0YOQ7h2AOxtcv5aefbg==</latexit>

KL ! ⇡0X

<latexit sha1_base64="tYtBVecx0DGhfXPScj/P45utkpM=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwISWRgroruhF0UcE+oEnLZHLTDp1JwsxEKKX/4NKtfoQ7cesv+A3+hNM2C9t64MLhnHu59x4/4Uxp2/62ciura+sb+c3C1vbO7l5x/6Ch4lRSqNOYx7LlEwWcRVDXTHNoJRKI8Dk0/cHNxG8+gVQsjh71MAFPkF7EQkaJNlLnrnvv6hi7CevYuNUtluyyPQVeJk5GSihDrVv8cYOYpgIiTTlRqu3YifZGRGpGOYwLbqogIXRAetA2NCIClDeaXj3GJ0YJcBhLU5HGU/XvxIgIpYbCN52C6L5a9Cbif1471eGlN2JRkmqI6GxRmHJsHp1EgAMmgWo+NIRQycytmPaJJFSboOa2+L44U+axPgTjgknHWcximTTOy06lfPVQKVWvs5zy6Agdo1PkoAtURbeohuqIIole0Ct6s56td+vD+py15qxs5hDNwfr6BSCZm/A=</latexit>

are typically not competitive

Grossmann-Nir bound

experimental challenges

KOTO data on



K ! ⇡X

<latexit sha1_base64="EVPf0sGmu1SIRQLSSvZNPZOs+vo=">AAACC3icbVDLSsNAFJ34rPVVdelmsAgupCRSUHdFN4KbCvYBSSiTyaQdOo8wMxFK6Ce4dKsf4U7c+hF+gz/htM3Cth64cDj3Xu49J0oZ1cZ1v52V1bX1jc3SVnl7Z3dvv3Jw2NYyU5i0sGRSdSOkCaOCtAw1jHRTRRCPGOlEw9tJv/NElKZSPJpRSkKO+oImFCNjJf8eBkbCIKWw26tU3Zo7BVwmXkGqoECzV/kJYokzToTBDGnte25qwhwpQzEj43KQaZIiPER94lsqECc6zKcvj+GpVWKYSGVLGDhV/27kiGs94pGd5MgM9GJvIv7X8zOTXIU5FWlmiMCzQ0nGoLU58Q9jqgg2bGQJworaXyEeIIWwsSnNXYkifq6tsQGJx2WbjreYxTJpX9S8eu36oV5t3BQ5lcAxOAFnwAOXoAHuQBO0AAYSvIBX8OY8O+/Oh/M5G11xip0jMAfn6xfdw5q5</latexit>

Status of 

Roberta Volpe @ Pheno 

2017 data

Roberta Volpe @ Pheno 2020

BR(K+ ! ⇡+a) . 8.8⇥ 10�10

<latexit sha1_base64="AWdYHUBIqeDkB18tmtnCuuaW8po="></latexit>

The gap for  ma ' m⇡0

<latexit sha1_base64="T3TlNiwkYMDmHe9LLPCDNvJFxnU=">AAACFXicbVDLSsNAFJ34rPVV7dLNYBFcSEmkoO6KblxWsA9oYphMb9uhM0mcmQgh9DtcutWPcCduXfsN/oTTNgvbeuDC4Zx7ufeeIOZMadv+tlZW19Y3Ngtbxe2d3b390sFhS0WJpNCkEY9kJyAKOAuhqZnm0IklEBFwaAejm4nffgKpWBTe6zQGT5BByPqMEm0kv1QWPnEVE/CIhZ+5MXuwx36pYlftKfAycXJSQTkafunH7UU0ERBqyolSXceOtZcRqRnlMC66iYKY0BEZQNfQkAhQXjY9foxPjNLD/UiaCjWeqn8nMiKUSkVgOgXRQ7XoTcT/vG6i+5dexsI40RDS2aJ+wrGO8CQJ3GMSqOapIYRKZm7FdEgkodrkNbclCMSZMo8NoTcumnScxSyWSeu86tSqV3e1Sv06z6mAjtAxOkUOukB1dIsaqIkoStELekVv1rP1bn1Yn7PWFSufKaM5WF+/50SfEg==</latexit>

can be covered already! 

ma ' m⇡0

<latexit sha1_base64="T3TlNiwkYMDmHe9LLPCDNvJFxnU=">AAACFXicbVDLSsNAFJ34rPVV7dLNYBFcSEmkoO6KblxWsA9oYphMb9uhM0mcmQgh9DtcutWPcCduXfsN/oTTNgvbeuDC4Zx7ufeeIOZMadv+tlZW19Y3Ngtbxe2d3b390sFhS0WJpNCkEY9kJyAKOAuhqZnm0IklEBFwaAejm4nffgKpWBTe6zQGT5BByPqMEm0kv1QWPnEVE/CIhZ+5MXuwx36pYlftKfAycXJSQTkafunH7UU0ERBqyolSXceOtZcRqRnlMC66iYKY0BEZQNfQkAhQXjY9foxPjNLD/UiaCjWeqn8nMiKUSkVgOgXRQ7XoTcT/vG6i+5dexsI40RDS2aJ+wrGO8CQJ3GMSqOapIYRKZm7FdEgkodrkNbclCMSZMo8NoTcumnScxSyWSeu86tSqV3e1Sv06z6mAjtAxOkUOukB1dIsaqIkoStELekVv1rP1bn1Yn7PWFSufKaM5WF+/50SfEg==</latexit>

ma ' m⇡0

<latexit sha1_base64="T3TlNiwkYMDmHe9LLPCDNvJFxnU=">AAACFXicbVDLSsNAFJ34rPVV7dLNYBFcSEmkoO6KblxWsA9oYphMb9uhM0mcmQgh9DtcutWPcCduXfsN/oTTNgvbeuDC4Zx7ufeeIOZMadv+tlZW19Y3Ngtbxe2d3b390sFhS0WJpNCkEY9kJyAKOAuhqZnm0IklEBFwaAejm4nffgKpWBTe6zQGT5BByPqMEm0kv1QWPnEVE/CIhZ+5MXuwx36pYlftKfAycXJSQTkafunH7UU0ERBqyolSXceOtZcRqRnlMC66iYKY0BEZQNfQkAhQXjY9foxPjNLD/UiaCjWeqn8nMiKUSkVgOgXRQ7XoTcT/vG6i+5dexsI40RDS2aJ+wrGO8CQJ3GMSqOapIYRKZm7FdEgkodrkNbclCMSZMo8NoTcumnScxSyWSeu86tSqV3e1Sv06z6mAjtAxOkUOukB1dIsaqIkoStELekVv1rP1bn1Yn7PWFSufKaM5WF+/50SfEg==</latexit>

Is there a GAP at ?
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K+ ! ⇡+a
<latexit sha1_base64="RKPSOQOG5LaHlniUynerRBmuxd4=">AAACDnicbVDLSsNAFJ34rPVVdelmsAhCpSRWfOyKbgQ3FewDmrRMJpN26EwSZiZCCf0Hl271I9yJW3/Bb/AnnKRBrPXAhcM593LvPW7EqFSm+WksLC4tr6wW1orrG5tb26Wd3ZYMY4FJE4csFB0XScJoQJqKKkY6kSCIu4y03dF16rcfiJA0DO7VOCIOR4OA+hQjpaXeba9iqxDaEe1VIOqXymbVzADniZWTMsjR6Je+bC/EMSeBwgxJ2bXMSDkJEopiRiZFO5YkQniEBqSraYA4kU6SXT2Bh1rxoB8KXYGCmfp7IkFcyjF3dSdHaij/eqn4n9eNlX/hJDSIYkUCPF3kxwzqR9MIoEcFwYqNNUFYUH0rxEMkEFY6qJktrsuPpX5sSLxJMUvnMsXZTxbzpHVStWrV2t1puX6V51QA++AAHAELnIM6uAEN0AQYCPAEnsGL8Wi8Gm/G+7R1wchn9sAMjI9vA5qb/Q==</latexit>

gives a peak at  m2
miss = 0

<latexit sha1_base64="KXYJgBZelj4JhC4jqWSJtAMnbyo=">AAACFXicbVDJSgNBEO1xjXGL5uhlMAgeJEwScTkIQS8eI5gFkhh6OjVJk+6ZobtGDMN8h0ev+hHexKtnv8GfsLMgxvig4PFeFVX13FBwjY7zaS0sLi2vrKbW0usbm1vbmZ3dmg4ixaDKAhGohks1CO5DFTkKaIQKqHQF1N3B1civ34PSPPBvcRhCW9Kezz3OKBqpk8nKTtxCeMBYcq2T5K544XQyOSfvjGHPk8KU5MgUlU7mq9UNWCTBRyao1s2CE2I7pgo5E5CkW5GGkLIB7UHTUJ9K0O14fHxiHxila3uBMuWjPVZ/T8RUaj2UrumUFPv6rzcS//OaEXpn7Zj7YYTgs8kiLxI2BvYoCbvLFTAUQ0MoU9zcarM+VZShyWtmi+vKI20e60M3SY/TOR/h5CeLeVIr5gulfOnmOFe+nOaUIntknxySAjklZXJNKqRKGBmSJ/JMXqxH69V6s94nrQvWdCZLZmB9fAN1K5+E</latexit>

for 

where

ma ⌧ �mmiss
<latexit sha1_base64="rTBJzxmHZH+nqfXUooU0whQpGMM=">AAACHnicbVDLSgNBEJyNrxhfUY96GAyCBwkbFR83UQ8eIxgjZMMyO+kkQ2Z2l5leMSx78Us8etWP8CZe9Rv8CScxiBoLGoqqbrq7glgKg6777uQmJqemZ/Kzhbn5hcWl4vLKlYkSzaHGIxnp64AZkCKEGgqUcB1rYCqQUA96pwO/fgPaiCi8xH4MTcU6oWgLztBKfnFd+cyT0jsDiYwqP/UQbjFVwpgs84slt+wOQcdJZURKZISqX/zwWhFPFITIJTOmUXFjbKZMo+ASsoKXGIgZ77EONCwNmQLTTIdfZHTTKi3ajrStEOlQ/TmRMmVMXwW2UzHsmr/eQPzPayTYPmymIowThJB/LWonkmJEB5HQltDAUfYtYVwLeyvlXaYZRxvcry1BoLaNfawLrawwTOdogP3vLMbJ1U65slvevdgrHZ+McsqTNbJBtkiFHJBjck6qpEY4uSMP5JE8OffOs/PivH615pzRzCr5BeftEyu/o6g=</latexit>

⇠ 30 MeV
<latexit sha1_base64="VSdNvkiAOkhsfP6d925OyFCSbu8=">AAACFHicbVDJSgNBEO2JW4xbjEcvjUHwIGFixOUW9OJFiGAWSELo6VSSJt0zQ3eNJAz5DY9e9SO8iVfvfoM/YWdBjPFBweO9KqrqeaEUBl3300ksLa+sriXXUxubW9s76d1MxQSR5lDmgQx0zWMGpPChjAIl1EINTHkSql7/euxXH0AbEfj3OAyhqVjXFx3BGVqplc40jFC04DYQBhjTW6iMWumsm3MnoIskPyNZMkOplf5qtAMeKfCRS2ZMPe+G2IyZRsEljFKNyEDIeJ91oW6pzxSYZjy5fUQPrdKmnUDb8pFO1N8TMVPGDJVnOxXDnvnrjcX/vHqEnYtmLPwwQvD5dFEnkhQDOg6CtoUGjnJoCeNa2Fsp7zHNONq45rZ4njo29rEetEepSTqXY5z9ZLFIKie5fCFXuDvNFq9mOSXJPjkgRyRPzkmR3JASKRNOBuSJPJMX59F5dd6c92lrwpnN7JE5OB/fVnGeTQ==</latexit>

m2
miss = (PK � P⇡)

2

<latexit sha1_base64="HzePIFqVgOSSXvdCyda6+jKAmOQ=">AAACH3icbVDLSgNBEJz1GeMr6lGExSBE0LAbAnoRgl4ELxFMIuSxzE46ZsjM7jLTK4YlJ7/Eo1f9CG/iNd/gTzh5HDSxoKGo6qa7y48E1+g4Q2thcWl5ZTW1ll7f2NzazuzsVnUYKwYVFopQ3ftUg+ABVJCjgPtIAZW+gJrfuxr5tUdQmofBHfYjaEr6EPAOZxSN5GUOpNdAeMJEcq0HrcJFruzdnJa9RsSPWwUvk3Xyzhj2PHGnJEumKHuZ70Y7ZLGEAJmgWtddJ8JmQhVyJmCQbsQaIsp69AHqhgZUgm4m4zcG9pFR2nYnVKYCtMfq74mESq370jedkmJXz3oj8T+vHmPnvJnwIIoRAjZZ1ImFjaE9ysRucwUMRd8QyhQ3t9qsSxVlaJL7s8X35Yk2j3WhPUibdNzZLOZJtZB3i/nibTFbupzmlCL75JDkiEvOSIlckzKpEEaeySt5I+/Wi/VhfVpfk9YFazqzR/7AGv4AnhqifA==</latexit>

11

Prospects of K ! ⇡X

<latexit sha1_base64="EVPf0sGmu1SIRQLSSvZNPZOs+vo=">AAACC3icbVDLSsNAFJ34rPVVdelmsAgupCRSUHdFN4KbCvYBSSiTyaQdOo8wMxFK6Ce4dKsf4U7c+hF+gz/htM3Cth64cDj3Xu49J0oZ1cZ1v52V1bX1jc3SVnl7Z3dvv3Jw2NYyU5i0sGRSdSOkCaOCtAw1jHRTRRCPGOlEw9tJv/NElKZSPJpRSkKO+oImFCNjJf8eBkbCIKWw26tU3Zo7BVwmXkGqoECzV/kJYokzToTBDGnte25qwhwpQzEj43KQaZIiPER94lsqECc6zKcvj+GpVWKYSGVLGDhV/27kiGs94pGd5MgM9GJvIv7X8zOTXIU5FWlmiMCzQ0nGoLU58Q9jqgg2bGQJworaXyEeIIWwsSnNXYkifq6tsQGJx2WbjreYxTJpX9S8eu36oV5t3BQ5lcAxOAFnwAOXoAHuQBO0AAYSvIBX8OY8O+/Oh/M5G11xip0jMAfn6xfdw5q5</latexit>

NA62 will collect  
~10 times more data!  

enlarging region 1 to low missing mass will give a factor of ~2 more signal events



K

<latexit sha1_base64="sm5GSoz6SagCCMg0n90uuD+zJ98=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBNRb0IvgJQHzgGQJs5PeZMjM7DIzK4QlJ49e9SO8iVe/xG/wJ5wkezCJBQ1FVTfdXUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUVNHiaLQoBGPVDsgGjiT0DDMcGjHCogIOLSC0d3Ubz2B0iySj2Ycgy/IQLKQUWKsVH/oFUtu2Z0BrxIvIyWUodYr/nT7EU0ESEM50brjubHxU6IMoxwmhW6iISZ0RAbQsVQSAdpPZ4dO8JlV+jiMlC1p8Ez9O5ESofVYBLZTEDPUy95U/M/rJCa89lMm48SApPNFYcKxifD0a9xnCqjhY0sIVczeiumQKEKNzWZhSxCIC20fG0J/UrDpeMtZrJLmZdmrlG/qlVL1Nsspj07QKTpHHrpCVXSPaqiBKAL0gl7Rm/PsvDsfzue8NedkM8doAc7XLzwrlyk=</latexit>

a

<latexit sha1_base64="TMepPUpUUyGLBy5Zo/vaLQC9Ln4=">AAACAXicdVDJSgNBEO1xjXGLevTSGAQPMswkMcst6MVjAmaBJISenpqkSffM0N0jhJCTR6/6Ed7Eq1/iN/gTdhbBiD4oeLxXRVU9L+ZMacf5sNbWNza3tlM76d29/YPDzNFxU0WJpNCgEY9k2yMKOAuhoZnm0I4lEOFxaHmjm5nfugepWBTe6XEMPUEGIQsYJdpIddLPZB07n8uXckXs2MUrJ18oG5KvuIWSi13bmSOLlqj1M59dP6KJgFBTTpTquE6sexMiNaMcpuluoiAmdEQG0DE0JAJUbzI/dIrPjeLjIJKmQo3n6s+JCRFKjYVnOgXRQ/Xbm4l/eZ1EB+XehIVxoiGki0VBwrGO8Oxr7DMJVPOxIYRKZm7FdEgkodpks7LF88SlMo8NwZ+mTTrfEeD/STNnuwW7Ui9kq9fLnFLoFJ2hC+SiEqqiW1RDDUQRoEf0hJ6tB+vFerXeFq1r1nLmBK3Aev8C0eKXiQ==</latexit>

⇡

<latexit sha1_base64="XKgkGP8xUwEOyDs1TRW3ev9GXXU=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgHoLevEY0TwgWcLs7GwyZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdoA15UzShmGG03aiKBYBp61geDvxW09UaRbLRzNKqC9wX7KIEWys9NBNWK9UdivuFGiZeDkpQ456r/TTDWOSCioN4Vjrjucmxs+wMoxwOi52U00TTIa4TzuWSiyo9rPpqWN0apUQRbGyJQ2aqn8nMiy0HonAdgpsBnrRm4j/eZ3URFd+xmSSGirJbFGUcmRiNPkbhUxRYvjIEkwUs7ciMsAKE2PTmdsSBOJc28cGNBwXbTreYhbLpHlR8aqV6/tquXaT51SAYziBM/DgEmpwB3VoAIE+vMArvDnPzrvz4XzOWlecfOYI5uB8/QIA75gn</latexit>

Depending on the couplings of  the axion to the SM

�(K ! ⇡a)

<latexit sha1_base64="/0xrFtczJ/FBWHBN5vFOiLrxfAo=">AAACFHicbVDLSgNBEJyNrxhfazx6GQxCBAm7ElBvQQ8KXiKYB2SX0Ds7SYbM7C4zs2II+Q2PXvUjvIlX736DP+HkcTCJBQ1FVTfdXUHCmdKO821lVlbX1jeym7mt7Z3dPXs/X1dxKgmtkZjHshmAopxFtKaZ5rSZSAoi4LQR9K/HfuORSsXi6EEPEuoL6EaswwhoI7XtvHcDQkDxztMx9hKG4aRtF5ySMwFeJu6MFNAM1bb944UxSQWNNOGgVMt1Eu0PQWpGOB3lvFTRBEgfurRlaASCKn84uX2Ej40S4k4sTUUaT9S/E0MQSg1EYDoF6J5a9Mbif14r1Z0Lf8iiJNU0ItNFnZRj8+c4CBwySYnmA0OASGZuxaQHEog2cc1tCQJxqsxjPRqOciYddzGLZVI/K7nl0uV9uVC5muWURYfoCBWRi85RBd2iKqohgp7QC3pFb9az9W59WJ/T1ow1mzlAc7C+fgF9/52p</latexit>

changes dramatically changes dramatically 

Axiflavon vs Axion

↵s

8⇡

Na

fa
GG̃

<latexit sha1_base64="VLi4ukmE0f81xAT/izN0Rpo4vbs="></latexit> ⇡0, ⌘ . . .
<latexit sha1_base64="1td+KkXhvbmadvAF4xaGJEohPM8=">AAACFHicbVDJTgJBFOzBDXFDPHrpSEw8EDKIcbkRvXjERJaEGUlP84AOPUu63xgJ4Tc8etWP8Ga8evcb/Al7gBgRK+mkUvUq73V5kRQabfvTSi0tr6yupdczG5tb2zvZ3Vxdh7HiUOOhDFXTYxqkCKCGAiU0IwXM9yQ0vMFV4jfuQWkRBrc4jMD1WS8QXcEZGqmdzTmRuLML1AFkTidETWk7m7eL9gR0kZRmJE9mqLazXybJYx8C5JJp3SrZEbojplBwCeOME2uIGB+wHrQMDZgP2h1Nbh/TQ6N0aDdU5gVIJ+rvxIj5Wg99z0z6DPv6r5eI/3mtGLvn7kgEUYwQ8OmibiwphjQpgnaEAo5yaAjjSphbKe8zxTiauua2eJ5f0OZjfeiMM5N2LhKc/nSxSOrHxVK5WL45yVcuZz2lyT45IEekRM5IhVyTKqkRTh7IE3kmL9aj9Wq9We/T0ZQ1y+yROVgf36Oand8=</latexit>

a

<latexit sha1_base64="TMepPUpUUyGLBy5Zo/vaLQC9Ln4=">AAACAXicdVDJSgNBEO1xjXGLevTSGAQPMswkMcst6MVjAmaBJISenpqkSffM0N0jhJCTR6/6Ed7Eq1/iN/gTdhbBiD4oeLxXRVU9L+ZMacf5sNbWNza3tlM76d29/YPDzNFxU0WJpNCgEY9k2yMKOAuhoZnm0I4lEOFxaHmjm5nfugepWBTe6XEMPUEGIQsYJdpIddLPZB07n8uXckXs2MUrJ18oG5KvuIWSi13bmSOLlqj1M59dP6KJgFBTTpTquE6sexMiNaMcpuluoiAmdEQG0DE0JAJUbzI/dIrPjeLjIJKmQo3n6s+JCRFKjYVnOgXRQ/Xbm4l/eZ1EB+XehIVxoiGki0VBwrGO8Oxr7DMJVPOxIYRKZm7FdEgkodpks7LF88SlMo8NwZ+mTTrfEeD/STNnuwW7Ui9kq9fLnFLoFJ2hC+SiEqqiW1RDDUQRoEf0hJ6tB+vFerXeFq1r1nLmBK3Aev8C0eKXiQ==</latexit>

K+
<latexit sha1_base64="H3gbqNq7RfoRXjXuHXG01ZkXWLE=">AAACA3icbVDLSgMxFM3UV62vqks3wSIISpla8bEruhHcVLQPaMeSyWTa0CQzJBmhDF26dKsf4U7c+iF+gz9hZjqItR64cDjnXu69xw0ZVdq2P63c3PzC4lJ+ubCyura+Udzcaqogkpg0cMAC2XaRIowK0tBUM9IOJUHcZaTlDi8Tv/VApKKBuNOjkDgc9QX1KUbaSLfX9we9Ysku2yngLKlkpAQy1HvFr64X4IgToTFDSnUqdqidGElNMSPjQjdSJER4iPqkY6hAnCgnTk8dwz2jeNAPpCmhYar+nogRV2rEXdPJkR6ov14i/ud1Iu2fOTEVYaSJwJNFfsSgDmDyN/SoJFizkSEIS2puhXiAJMLapDO1xXX5oTKPDYg3LqTpnCc4+cliljSPypVquXpzXKpdZDnlwQ7YBfugAk5BDVyBOmgADPrgCTyDF+vRerXerPdJa87KZrbBFKyPb3kXl/E=</latexit>

⇡+
<latexit sha1_base64="o1kcA17IZU4DBSCUyuIOybWqg0o=">AAACBXicbVDLSsNAFJ3UV62vqks3g0UQlJJa8bErunFZwbSFNpbJZNIOnZmEmYlQQtcu3epHuBO3foff4E84SYNY64ELh3Pu5d57vIhRpW370yosLC4trxRXS2vrG5tb5e2dlgpjiYmDQxbKjocUYVQQR1PNSCeSBHGPkbY3uk799gORiobiTo8j4nI0EDSgGGkjOb2I3h/1yxW7ameA86SWkwrI0eyXv3p+iGNOhMYMKdWt2ZF2EyQ1xYxMSr1YkQjhERqQrqECcaLcJDt2Ag+M4sMglKaEhpn6eyJBXKkx90wnR3qo/nqp+J/XjXVw4SZURLEmAk8XBTGDOoTp59CnkmDNxoYgLKm5FeIhkghrk8/MFs/jx8o8NiT+pJSlc5ni7CeLedI6qdbq1frtaaVxledUBHtgHxyCGjgHDXADmsABGFDwBJ7Bi/VovVpv1vu0tWDlM7tgBtbHNz+3mO8=</latexit>

⇠<latexit sha1_base64="3ttevKJ9mRzlf/HEJ246MgZn1JI=">AAACBXicbVDLSsNAFJ3UV62vqks3g0VwISWx4mNXdOOygmkLbSiTyaQdOjMJMxOhhK5dutWPcCdu/Q6/wZ9wkgax1gMXDufcy733+DGjStv2p1VaWl5ZXSuvVzY2t7Z3qrt7bRUlEhMXRyySXR8pwqggrqaakW4sCeI+Ix1/fJP5nQciFY3EvZ7ExONoKGhIMdJGcvuKcjio1uy6nQMuEqcgNVCgNah+9YMIJ5wIjRlSqufYsfZSJDXFjEwr/USRGOExGpKeoQJxorw0P3YKj4wSwDCSpoSGufp7IkVcqQn3TSdHeqT+epn4n9dLdHjppVTEiSYCzxaFCYM6gtnnMKCSYM0mhiAsqbkV4hGSCGuTz9wW3+cnyjw2IsG0kqdzleH8J4tF0j6tO4164+6s1rwuciqDA3AIjoEDLkAT3IIWcAEGFDyBZ/BiPVqv1pv1PmstWcXMPpiD9fENSxqY9g==</latexit>

20% ·
✓
f⇡
fa

◆2

<latexit sha1_base64="VgAU/LxOtG539SlmQ1cG7JIaVmc="></latexit>

,KL

<latexit sha1_base64="ZHv3BAhfezghImnLjkhDguCgI+g=">AAACBnicbVDLSsNAFJ3UV62vqks3wSK4KCWRgroruhF0UcE+oA1lMrlpx85MwsxEKKF7l271I9yJW3/Db/AnnLZZ2NYDFw7n3Mu99/gxo0o7zreVW1ldW9/Ibxa2tnd294r7B00VJZJAg0Qskm0fK2BUQENTzaAdS8DcZ9Dyh9cTv/UEUtFIPOhRDB7HfUFDSrA2UrNbLt/27nrFklNxprCXiZuREspQ7xV/ukFEEg5CE4aV6rhOrL0US00Jg3GhmyiIMRniPnQMFZiD8tLptWP7xCiBHUbSlND2VP07kWKu1Ij7ppNjPVCL3kT8z+skOrzwUiriRIMgs0Vhwmwd2ZPX7YBKIJqNDMFEUnOrTQZYYqJNQHNbfJ+XlXlsAMG4YNJxF7NYJs2zilutXN5XS7WrLKc8OkLH6BS56BzV0A2qowYi6BG9oFf0Zj1b79aH9TlrzVnZzCGag/X1Cy+VmLo=</latexit>

,⇡0

<latexit sha1_base64="UoOwwnUSLDOFXwQDsxAuFwXqbhI=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hLArAfUW9OIxgnlAdgmzs5NkyMzsMjMrhCU/4NGrfoQ38epf+A3+hJNkDyaxoKGo6qa7K0w408Z1v5219Y3Nre3CTnF3b//gsHR03NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1N/fYTVZrF8tGMExoIPJCszwg2Vur4lYqfsJ7bK5XdqjsDWiVeTsqQo9Er/fhRTFJBpSEca9313MQEGVaGEU4nRT/VNMFkhAe0a6nEguogm907QedWiVA/VrakQTP170SGhdZjEdpOgc1QL3tT8T+vm5r+dZAxmaSGSjJf1E85MjGaPo8ipigxfGwJJorZWxEZYoWJsREtbAlDUdH2sSGNJkWbjrecxSppXVa9WvXmoVau3+Y5FeAUzuACPLiCOtxDA5pAgMMLvMKb8+y8Ox/O57x1zclnTmABztcvym6ZnA==</latexit>

Vanilla axion

fa & 5 · 104 GeV
<latexit sha1_base64="gAoeQxXDIzzZwM3rgTfhaeA0anU="></latexit>

ma . 0.1 KeV

<latexit sha1_base64="00fta8mtV//fkHyJrV0YLyDZovc=">AAACG3icbVDLSgNBEJz1GeMr6km8DAbBg4RdCegx6EXwEsE8IAlhdtJJhszsLjO9YlgWv8SjV/0Ib+LVg9/gTzh5HExiQUNR1U13lx9JYdB1v52l5ZXVtfXMRnZza3tnN7e3XzVhrDlUeChDXfeZASkCqKBACfVIA1O+hJo/uB75tQfQRoTBPQ4jaCnWC0RXcIZWaucOVZs1JRhjhHILXhPhERN6C9W0ncu7BXcMuki8KcmTKcrt3E+zE/JYQYBcMmManhthK2EaBZeQZpuxgYjxAetBw9KAKTCtZPxCSk+s0qHdUNsKkI7VvxMJU8YMlW87FcO+mfdG4n9eI8buZSsRQRQjBHyyqBtLiiEd5UE7QgNHObSEcS3srZT3mWYcbWozW3xfnRn7WB86adam481nsUiq5wWvWCjeFfOlq2lOGXJEjskp8cgFKZEbUiYVwskTeSGv5M15dt6dD+dz0rrkTGcOyAycr18746FR</latexit>

BR(K+ ! ⇡+a) < 7.3 · 10�11
<latexit sha1_base64="qiC67xyMoU7OX+3iI2tg4wKRUqE="></latexit>

E787+E949

ma ' ⇤2
QCD/fa

<latexit sha1_base64="dVMjOpn7NgqByb81/2Zp9+8c/t0="></latexit>

ma ' ⇤2
QCD/fa

<latexit sha1_base64="dVMjOpn7NgqByb81/2Zp9+8c/t0="></latexit>

superseded by supernova bound

LSN
a . 2 · 1052 erg

s
<latexit sha1_base64="1pcYHHuxry6DFOfhAyLt4IJ5w3s="></latexit> Raffelt bound  ‘90

fa & 108 GeV

<latexit sha1_base64="dKh4AZ6kVeStMAM7uisIdrpEGCQ=">AAACHHicbVDLSgMxFM34rPVVdaebYBFcSJmRgl0WXeiygm2Fdhwy6Z02mMwMyR2xDAW/xKVb/Qh34lbwG/wJ09qFrwOBwznncnNPmEph0HXfnZnZufmFxcJScXlldW29tLHZMkmmOTR5IhN9GTIDUsTQRIESLlMNTIUS2uH1ydhv34A2IokvcJiCr1g/FpHgDK0UlLajgHX7aAOKeu5VrYtwizk9hdYoKJXdijsB/Uu8KSmTKRpB6aPbS3imIEYumTEdz03Rz5lGwSWMit3MQMr4NetDx9KYKTB+PrlhRPes0qNRou2LkU7U7xM5U8YMVWiTiuHA/PbG4n9eJ8Oo5uciTjOEmH8tijJJMaHjQmhPaOAoh5YwroX9K+UDphlHW9uPLWGoDow9bAC9UdG24/3u4i9pHVa8aqV6Xi3Xj6c9FcgO2SX7xCNHpE7OSIM0CSd35IE8kifn3nl2XpzXr+iMM53ZIj/gvH0ChKKhbg==</latexit>

ma . 0.054 eV

<latexit sha1_base64="oc2z0z0f25IyuqTwlGRTSExx/6g=">AAACHXicbVDLSgNBEJz1GeMr6jGXwSB4kLArK3oMevEYwTwgCWF20kmGzOwuM71iWHLwSzx61Y/wJl7Fb/AnnDwOJrGgoajqprsriKUw6Lrfzsrq2vrGZmYru72zu7efOzismijRHCo8kpGuB8yAFCFUUKCEeqyBqUBCLRjcjP3aA2gjovAehzG0FOuFois4Qyu1c3nVZk0JxhihqFt0L/wmwiOmFKqjdq5glQnoMvFmpEBmKLdzP81OxBMFIXLJjGl4boytlGkUXMIo20wMxIwPWA8aloZMgWmlkydG9MQqHdqNtK0Q6UT9O5EyZcxQBbZTMeybRW8s/uc1EuxetVIRxglCyKeLuomkGNFxIrQjNHCUQ0sY18LeSnmfacbR5ja3JQjUmbGP9aEzytp0vMUslkn1vOj5Rf/OL5SuZzllSJ4ck1PikUtSIrekTCqEkyfyQl7Jm/PsvDsfzue0dcWZzRyROThfv/UNoaI=</latexit>

ma ' ⇤2
QCD/fa

<latexit sha1_base64="dVMjOpn7NgqByb81/2Zp9+8c/t0="></latexit>



K

<latexit sha1_base64="sm5GSoz6SagCCMg0n90uuD+zJ98=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBNRb0IvgJQHzgGQJs5PeZMjM7DIzK4QlJ49e9SO8iVe/xG/wJ5wkezCJBQ1FVTfdXUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUVNHiaLQoBGPVDsgGjiT0DDMcGjHCogIOLSC0d3Ubz2B0iySj2Ycgy/IQLKQUWKsVH/oFUtu2Z0BrxIvIyWUodYr/nT7EU0ESEM50brjubHxU6IMoxwmhW6iISZ0RAbQsVQSAdpPZ4dO8JlV+jiMlC1p8Ez9O5ESofVYBLZTEDPUy95U/M/rJCa89lMm48SApPNFYcKxifD0a9xnCqjhY0sIVczeiumQKEKNzWZhSxCIC20fG0J/UrDpeMtZrJLmZdmrlG/qlVL1Nsspj07QKTpHHrpCVXSPaqiBKAL0gl7Rm/PsvDsfzue8NedkM8doAc7XLzwrlyk=</latexit>

a

<latexit sha1_base64="TMepPUpUUyGLBy5Zo/vaLQC9Ln4=">AAACAXicdVDJSgNBEO1xjXGLevTSGAQPMswkMcst6MVjAmaBJISenpqkSffM0N0jhJCTR6/6Ed7Eq1/iN/gTdhbBiD4oeLxXRVU9L+ZMacf5sNbWNza3tlM76d29/YPDzNFxU0WJpNCgEY9k2yMKOAuhoZnm0I4lEOFxaHmjm5nfugepWBTe6XEMPUEGIQsYJdpIddLPZB07n8uXckXs2MUrJ18oG5KvuIWSi13bmSOLlqj1M59dP6KJgFBTTpTquE6sexMiNaMcpuluoiAmdEQG0DE0JAJUbzI/dIrPjeLjIJKmQo3n6s+JCRFKjYVnOgXRQ/Xbm4l/eZ1EB+XehIVxoiGki0VBwrGO8Oxr7DMJVPOxIYRKZm7FdEgkodpks7LF88SlMo8NwZ+mTTrfEeD/STNnuwW7Ui9kq9fLnFLoFJ2hC+SiEqqiW1RDDUQRoEf0hJ6tB+vFerXeFq1r1nLmBK3Aev8C0eKXiQ==</latexit>

⇡

<latexit sha1_base64="XKgkGP8xUwEOyDs1TRW3ev9GXXU=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgHoLevEY0TwgWcLs7GwyZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdoA15UzShmGG03aiKBYBp61geDvxW09UaRbLRzNKqC9wX7KIEWys9NBNWK9UdivuFGiZeDkpQ456r/TTDWOSCioN4Vjrjucmxs+wMoxwOi52U00TTIa4TzuWSiyo9rPpqWN0apUQRbGyJQ2aqn8nMiy0HonAdgpsBnrRm4j/eZ3URFd+xmSSGirJbFGUcmRiNPkbhUxRYvjIEkwUs7ciMsAKE2PTmdsSBOJc28cGNBwXbTreYhbLpHlR8aqV6/tquXaT51SAYziBM/DgEmpwB3VoAIE+vMArvDnPzrvz4XzOWlecfOYI5uB8/QIA75gn</latexit>

Depending on the couplings of  the axion to the SM

�(K ! ⇡a)

<latexit sha1_base64="/0xrFtczJ/FBWHBN5vFOiLrxfAo=">AAACFHicbVDLSgNBEJyNrxhfazx6GQxCBAm7ElBvQQ8KXiKYB2SX0Ds7SYbM7C4zs2II+Q2PXvUjvIlX736DP+HkcTCJBQ1FVTfdXUHCmdKO821lVlbX1jeym7mt7Z3dPXs/X1dxKgmtkZjHshmAopxFtKaZ5rSZSAoi4LQR9K/HfuORSsXi6EEPEuoL6EaswwhoI7XtvHcDQkDxztMx9hKG4aRtF5ySMwFeJu6MFNAM1bb944UxSQWNNOGgVMt1Eu0PQWpGOB3lvFTRBEgfurRlaASCKn84uX2Ej40S4k4sTUUaT9S/E0MQSg1EYDoF6J5a9Mbif14r1Z0Lf8iiJNU0ItNFnZRj8+c4CBwySYnmA0OASGZuxaQHEog2cc1tCQJxqsxjPRqOciYddzGLZVI/K7nl0uV9uVC5muWURYfoCBWRi85RBd2iKqohgp7QC3pFb9az9W59WJ/T1ow1mzlAc7C+fgF9/52p</latexit>

changes dramatically changes dramatically 

Axiflavon vs Axion

fa & 7.5 · 1010 GeV
<latexit sha1_base64="P5KNjfXc6GlFHd2gGn6oPM/zEBk="></latexit>

ma ' ⇤2
QCD/fa

<latexit sha1_base64="dVMjOpn7NgqByb81/2Zp9+8c/t0="></latexit>

K+
<latexit sha1_base64="H3gbqNq7RfoRXjXuHXG01ZkXWLE=">AAACA3icbVDLSgMxFM3UV62vqks3wSIISpla8bEruhHcVLQPaMeSyWTa0CQzJBmhDF26dKsf4U7c+iF+gz9hZjqItR64cDjnXu69xw0ZVdq2P63c3PzC4lJ+ubCyura+Udzcaqogkpg0cMAC2XaRIowK0tBUM9IOJUHcZaTlDi8Tv/VApKKBuNOjkDgc9QX1KUbaSLfX9we9Ysku2yngLKlkpAQy1HvFr64X4IgToTFDSnUqdqidGElNMSPjQjdSJER4iPqkY6hAnCgnTk8dwz2jeNAPpCmhYar+nogRV2rEXdPJkR6ov14i/ud1Iu2fOTEVYaSJwJNFfsSgDmDyN/SoJFizkSEIS2puhXiAJMLapDO1xXX5oTKPDYg3LqTpnCc4+cliljSPypVquXpzXKpdZDnlwQ7YBfugAk5BDVyBOmgADPrgCTyDF+vRerXerPdJa87KZrbBFKyPb3kXl/E=</latexit>

⇡+
<latexit sha1_base64="o1kcA17IZU4DBSCUyuIOybWqg0o=">AAACBXicbVDLSsNAFJ3UV62vqks3g0UQlJJa8bErunFZwbSFNpbJZNIOnZmEmYlQQtcu3epHuBO3foff4E84SYNY64ELh3Pu5d57vIhRpW370yosLC4trxRXS2vrG5tb5e2dlgpjiYmDQxbKjocUYVQQR1PNSCeSBHGPkbY3uk799gORiobiTo8j4nI0EDSgGGkjOb2I3h/1yxW7ameA86SWkwrI0eyXv3p+iGNOhMYMKdWt2ZF2EyQ1xYxMSr1YkQjhERqQrqECcaLcJDt2Ag+M4sMglKaEhpn6eyJBXKkx90wnR3qo/nqp+J/XjXVw4SZURLEmAk8XBTGDOoTp59CnkmDNxoYgLKm5FeIhkghrk8/MFs/jx8o8NiT+pJSlc5ni7CeLedI6qdbq1frtaaVxledUBHtgHxyCGjgHDXADmsABGFDwBJ7Bi/VovVpv1vu0tWDlM7tgBtbHNz+3mO8=</latexit>

,KL

<latexit sha1_base64="ZHv3BAhfezghImnLjkhDguCgI+g=">AAACBnicbVDLSsNAFJ3UV62vqks3wSK4KCWRgroruhF0UcE+oA1lMrlpx85MwsxEKKF7l271I9yJW3/Db/AnnLZZ2NYDFw7n3Mu99/gxo0o7zreVW1ldW9/Ibxa2tnd294r7B00VJZJAg0Qskm0fK2BUQENTzaAdS8DcZ9Dyh9cTv/UEUtFIPOhRDB7HfUFDSrA2UrNbLt/27nrFklNxprCXiZuREspQ7xV/ukFEEg5CE4aV6rhOrL0US00Jg3GhmyiIMRniPnQMFZiD8tLptWP7xCiBHUbSlND2VP07kWKu1Ij7ppNjPVCL3kT8z+skOrzwUiriRIMgs0Vhwmwd2ZPX7YBKIJqNDMFEUnOrTQZYYqJNQHNbfJ+XlXlsAMG4YNJxF7NYJs2zilutXN5XS7WrLKc8OkLH6BS56BzV0A2qowYi6BG9oFf0Zj1b79aH9TlrzVnZzCGag/X1Cy+VmLo=</latexit>

,⇡0

<latexit sha1_base64="UoOwwnUSLDOFXwQDsxAuFwXqbhI=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hLArAfUW9OIxgnlAdgmzs5NkyMzsMjMrhCU/4NGrfoQ38epf+A3+hJNkDyaxoKGo6qa7K0w408Z1v5219Y3Nre3CTnF3b//gsHR03NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1N/fYTVZrF8tGMExoIPJCszwg2Vur4lYqfsJ7bK5XdqjsDWiVeTsqQo9Er/fhRTFJBpSEca9313MQEGVaGEU4nRT/VNMFkhAe0a6nEguogm907QedWiVA/VrakQTP170SGhdZjEdpOgc1QL3tT8T+vm5r+dZAxmaSGSjJf1E85MjGaPo8ipigxfGwJJorZWxEZYoWJsREtbAlDUdH2sSGNJkWbjrecxSppXVa9WvXmoVau3+Y5FeAUzuACPLiCOtxDA5pAgMMLvMKb8+y8Ox/O57x1zclnTmABztcvym6ZnA==</latexit>

X

i 6=j

@µa

2fa
f̄i�

µ(CV
fifj + CA

fifj�5)fj

<latexit sha1_base64="AU5eWINetOUNFIVZG7b4KjLtdjM="></latexit>

BR(K+ ! ⇡+a) ' 268

✓
5 · 104CV

fa

◆2

<latexit sha1_base64="6dU3121uZTdXCX7MBqywzXu8b24="></latexit>

ma . 76µeV

<latexit sha1_base64="607qwNtaVsvZVgOSwwAAHsHvuQI=">AAACHnicbVDLSgNBEJyNrxhfUY96GAyCBwm7EnzcRC8eI5goZJdldtIxQ2Z2l5leMSy5+CUevepHeBOv+g3+hJOYgyYWNBRV3XR3RakUBl330ynMzM7NLxQXS0vLK6tr5fWNpkkyzaHBE5nom4gZkCKGBgqUcJNqYCqScB31zof+9R1oI5L4CvspBIrdxqIjOEMrheVtFTJfgjFGKHp06O/7KvMR7jGH5iAsV9yqOwKdJt6YVMgY9bD85bcTnimIkUtmTMtzUwxyplFwCYOSnxlIGe+xW2hZGjMFJshHXwzorlXatJNoWzHSkfp7ImfKmL6KbKdi2DWT3lD8z2tl2DkOchGnGULMfxZ1MkkxocNIaFto4Cj7ljCuhb2V8i7TjKMN7s+WKFL7xj7WhfagZNPxJrOYJs2DqlernlzWKqdn45yKZIvskD3ikSNySi5InTQIJw/kiTyTF+fReXXenPef1oIzntkkf+B8fAP1paLN</latexit>

stronger than the supernova bound for 

LSN
a . 2 · 1052 erg

s
<latexit sha1_base64="1pcYHHuxry6DFOfhAyLt4IJ5w3s="></latexit> Raffelt bound  ‘90

fa & 108 GeV

<latexit sha1_base64="dKh4AZ6kVeStMAM7uisIdrpEGCQ=">AAACHHicbVDLSgMxFM34rPVVdaebYBFcSJmRgl0WXeiygm2Fdhwy6Z02mMwMyR2xDAW/xKVb/Qh34lbwG/wJ09qFrwOBwznncnNPmEph0HXfnZnZufmFxcJScXlldW29tLHZMkmmOTR5IhN9GTIDUsTQRIESLlMNTIUS2uH1ydhv34A2IokvcJiCr1g/FpHgDK0UlLajgHX7aAOKeu5VrYtwizk9hdYoKJXdijsB/Uu8KSmTKRpB6aPbS3imIEYumTEdz03Rz5lGwSWMit3MQMr4NetDx9KYKTB+PrlhRPes0qNRou2LkU7U7xM5U8YMVWiTiuHA/PbG4n9eJ8Oo5uciTjOEmH8tijJJMaHjQmhPaOAoh5YwroX9K+UDphlHW9uPLWGoDow9bAC9UdG24/3u4i9pHVa8aqV6Xi3Xj6c9FcgO2SX7xCNHpE7OSIM0CSd35IE8kifn3nl2XpzXr+iMM53ZIj/gvH0ChKKhbg==</latexit>

ma . 0.054 eV

<latexit sha1_base64="oc2z0z0f25IyuqTwlGRTSExx/6g=">AAACHXicbVDLSgNBEJz1GeMr6jGXwSB4kLArK3oMevEYwTwgCWF20kmGzOwuM71iWHLwSzx61Y/wJl7Fb/AnnDwOJrGgoajqprsriKUw6Lrfzsrq2vrGZmYru72zu7efOzismijRHCo8kpGuB8yAFCFUUKCEeqyBqUBCLRjcjP3aA2gjovAehzG0FOuFois4Qyu1c3nVZk0JxhihqFt0L/wmwiOmFKqjdq5glQnoMvFmpEBmKLdzP81OxBMFIXLJjGl4boytlGkUXMIo20wMxIwPWA8aloZMgWmlkydG9MQqHdqNtK0Q6UT9O5EyZcxQBbZTMeybRW8s/uc1EuxetVIRxglCyKeLuomkGNFxIrQjNHCUQ0sY18LeSnmfacbR5ja3JQjUmbGP9aEzytp0vMUslkn1vOj5Rf/OL5SuZzllSJ4ck1PikUtSIrekTCqEkyfyQl7Jm/PsvDsfzue0dcWZzRyROThfv/UNoaI=</latexit>

ma ' ⇤2
QCD/fa

<latexit sha1_base64="dVMjOpn7NgqByb81/2Zp9+8c/t0="></latexit>

CV ⇠ 1

<latexit sha1_base64="lx9MG58glKU2G5922/ZncLsuGys=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBNRbMBePEcxDkiXMznaSITOzy8ysEJZ8gUev+hHexKtf4Tf4E06SPZjEgoaiqpvuriDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKmjRFFo0IhHqh0QDZxJaBhmOLRjBUQEHFrBqDb1W0+gNIvkgxnH4AsykKzPKDFWeqz1ml3NBPZ6xZJbdmfAq8TLSAllqPeKP90wookAaSgnWnc8NzZ+SpRhlMOk0E00xISOyAA6lkoiQPvp7OAJPrNKiPuRsiUNnql/J1IitB6LwHYKYoZ62ZuK/3mdxPSv/ZTJODEg6XxRP+HYRHj6PQ6ZAmr42BJCFbO3YjokilBjM1rYEgTiQtvHhhBOCjYdbzmLVdK8LHuV8s19pVS9zXLKoxN0is6Rh65QFd2hOmogigR6Qa/ozXl23p0P53PemnOymWO0AOfrF7IPmhw=</latexit>

Axiflavon

Calibbi-Goertz-Redigolo-Ziegler-Zupan  ‘16

Ema-Hamaguchi-Moroi-Nakayama  ‘16



Summary

Flavor Violating Vector (FVV) current

• Max axion mass set by 

flavor bounds

• Lower bound depends on the 

texture of the PQ charges  
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Summary

Flavor Violating Vector (FVV) current

• Max axion mass set by 

flavor bounds

• Lower bound depends on the 

texture of the PQ charges  

• U(1)PQ
<latexit sha1_base64="6rfh8mKruQaKqElPw1+IvC3wYxI=">AAACEnicbVDJSgNBEO1xjXEb9ehlMAgRJMwYcbkFvXhMwCyQhNDTqSRNeha6a4JhmL/w6FU/wpt49Qf8Bn/CniSIMT4oeLxXRVU9NxRcoW1/GkvLK6tr65mN7ObW9s6uubdfU0EkGVRZIALZcKkCwX2oIkcBjVAC9VwBdXd4m/r1EUjFA/8exyG0Pdr3eY8zilrqmGY175x04hbCA8blSpJ0zJxdsCewFokzIzkyQ7ljfrW6AYs88JEJqlTTsUNsx1QiZwKSbCtSEFI2pH1oaupTD1Q7nlyeWMda6Vq9QOry0Zqovydi6ik19lzd6VEcqL9eKv7nNSPsXbVj7ocRgs+mi3qRsDCw0hisLpfAUIw1oUxyfavFBlRShjqsuS2u650q/dgAukl2ks51ioufLBZJ7azgFAvFynmudDPLKUMOyRHJE4dckhK5I2VSJYyMyBN5Ji/Go/FqvBnv09YlYzZzQOZgfHwDLbWduA==</latexit>

= U(1)FN
<latexit sha1_base64="xbneT4xirL+urvQl8L7F3ii61IE=">AAACE3icbVDJSgNBEO2JW4xbokcvg0GIIGHGiMtBCAriSSKYBZIQejqVpEnPQneNGob5DI9e9SO8iVc/wG/wJ+wsiDE+KHi8V0VVPScQXKFlfRqJufmFxaXkcmpldW19I53ZrCg/lAzKzBe+rDlUgeAelJGjgFoggbqOgKrTvxj61TuQivveLQ4CaLq06/EOZxS11Epnzso5e68VNRAeMLq8juNWOmvlrRHMWWJPSJZMUGqlvxptn4UueMgEVapuWwE2IyqRMwFxqhEqCCjr0y7UNfWoC6oZjU6PzV2ttM2OL3V5aI7U3xMRdZUauI7udCn21F9vKP7n1UPsnDQj7gUhgsfGizqhMNE3hzmYbS6BoRhoQpnk+laT9aikDHVaU1scx91X+rEetOPUKJ3TIY5+spgllYO8XcgXbg6zxfNJTkmyTXZIjtjkmBTJFSmRMmHknjyRZ/JiPBqvxpvxPm5NGJOZLTIF4+MbpAud8g==</latexit>
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Summary

Flavor Violating Vector (FVV) current

• Max axion mass set by 

flavor bounds

• Lower bound depends on the 

texture of the PQ charges  
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Summary

Flavor Violating Vector (FVV) current

• Max axion mass set by 

flavor bounds

• Lower bound depends on the 

texture of the PQ charges  

U(1)PQ � U(2)FN
<latexit sha1_base64="Xd/p5Y237diqCQ9vzonvCieZ1fQ="></latexit>

•
Linster-Ziegler 2018
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Experimental status beyond K ! ⇡X

<latexit sha1_base64="EVPf0sGmu1SIRQLSSvZNPZOs+vo=">AAACC3icbVDLSsNAFJ34rPVVdelmsAgupCRSUHdFN4KbCvYBSSiTyaQdOo8wMxFK6Ce4dKsf4U7c+hF+gz/htM3Cth64cDj3Xu49J0oZ1cZ1v52V1bX1jc3SVnl7Z3dvv3Jw2NYyU5i0sGRSdSOkCaOCtAw1jHRTRRCPGOlEw9tJv/NElKZSPJpRSkKO+oImFCNjJf8eBkbCIKWw26tU3Zo7BVwmXkGqoECzV/kJYokzToTBDGnte25qwhwpQzEj43KQaZIiPER94lsqECc6zKcvj+GpVWKYSGVLGDhV/27kiGs94pGd5MgM9GJvIv7X8zOTXIU5FWlmiMCzQ0nGoLU58Q9jqgg2bGQJworaXyEeIIWwsSnNXYkifq6tsQGJx2WbjreYxTJpX9S8eu36oV5t3BQ5lcAxOAFnwAOXoAHuQBO0AAYSvIBX8OY8O+/Oh/M5G11xip0jMAfn6xfdw5q5</latexit>

Camalich-Pospelov-Vuong-Ziegler-Zupan 

depending on the flavor transition different mesonic decay channels should be explored! 



Future improvements

K+ ! ⇡+a
<latexit sha1_base64="RKPSOQOG5LaHlniUynerRBmuxd4=">AAACDnicbVDLSsNAFJ34rPVVdelmsAhCpSRWfOyKbgQ3FewDmrRMJpN26EwSZiZCCf0Hl271I9yJW3/Bb/AnnKRBrPXAhcM593LvPW7EqFSm+WksLC4tr6wW1orrG5tb26Wd3ZYMY4FJE4csFB0XScJoQJqKKkY6kSCIu4y03dF16rcfiJA0DO7VOCIOR4OA+hQjpaXeba9iqxDaEe1VIOqXymbVzADniZWTMsjR6Je+bC/EMSeBwgxJ2bXMSDkJEopiRiZFO5YkQniEBqSraYA4kU6SXT2Bh1rxoB8KXYGCmfp7IkFcyjF3dSdHaij/eqn4n9eNlX/hJDSIYkUCPF3kxwzqR9MIoEcFwYqNNUFYUH0rxEMkEFY6qJktrsuPpX5sSLxJMUvnMsXZTxbzpHVStWrV2t1puX6V51QA++AAHAELnIM6uAEN0AQYCPAEnsGL8Wi8Gm/G+7R1wchn9sAMjI9vA5qb/Q==</latexit>

probes Flavor Violating Vector (FVV) current

3 body

hK+(p0)|s̄�µ�5d|⇡+(p)i = 0
<latexit sha1_base64="peS8zRCxIsxHm38mlVJU8Pwb1Sc="></latexit>

because QCD preserves parity!

qµhK+(p0)|s̄�µd|⇡+(p)i = (m2
K �m2

⇡)f+(0)
<latexit sha1_base64="8oIkrpKoV3/ORkk7J+NiVBp/MO8="></latexit>

K+ ! ⇡+⇡0a
<latexit sha1_base64="WONRMaQU64yTaDLODY0PAl8oQCo=">AAACFXicbVDLSsNAFJ3UV62vaJduBosgKCWx4mNXdCO4qWAf0MQymUzaoZMHMxMhhH6HS7f6Ee7ErWu/wZ9wkgax1gMzHM65l3vvcSJGhTSMT620sLi0vFJeraytb2xu6ds7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xleZ330gXNAwuJNJRGwfDQPqUYykkgZ69eb+0JIhtCKqiPoMiAZ6zagbOeA8MQtSAwVaA/3LckMc+ySQmCEh+qYRSTtFXFLMyKRixYJECI/RkPQVDZBPhJ3my0/gvlJc6IVcvUDCXP3dkSJfiMR3VKWP5Ej89TLxP68fS+/cTmkQxZIEeDrIixlU12ZJQJdygiVLFEGYU7UrxCPEEZYqr5kpjuMfCXXYiLiTSp7ORYbTnyzmSee4bjbqjduTWvOyyKkMdsEeOAAmOANNcA1aoA0wSMATeAYv2qP2qr1p79PSklb0VMEMtI9vK1eeIw==</latexit>

probes Flavor Violating Axial (FVA) current

present bound given by E787 with  ⇠ 108K+

<latexit sha1_base64="KivbP++8QyBGWCmdT2SOSOEY+Dc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoMgKGFXAsZb0IvgJYJ5QLIJs7O9yZCZ3XVmVggh3+DRq36EN/HqN/gN/oSTZA8msaChqOqmu8uLOVPatr+tzMrq2vpGdjO3tb2zu5ffP6irKJEUajTikWx6RAFnIdQ00xyasQQiPA4Nb3Az8RtPIBWLwgc9jMEVpBeygFGijeS2FRPYsTtlfNc56+YLdtGeAi8TJyUFlKLazf+0/YgmAkJNOVGq5dixdkdEakY5jHPtREFM6ID0oGVoSAQodzQ9eoxPjOLjIJKmQo2n6t+JERFKDYVnOgXRfbXoTcT/vFaig7I7YmGcaAjpbFGQcKwjPEkA+0wC1XxoCKGSmVsx7RNJqDY5zW3xPHGuzGN98Mc5k46zmMUyqV8UnVLx6r5UqFynOWXRETpGp8hBl6iCblEV1RBFj+gFvaI369l6tz6sz1lrxkpnDtEcrK9fi5abBg==</latexit>

Designing a search at NA62
work in progress with Prisco LoChiatto



Main player:

Irreducible SM background: µ+ ! e+⌫e⌫̄µ

<latexit sha1_base64="4aK1LBpjIcfLDi1oYYItSaFT5B8=">AAACIHicbVDLSsNAFJ3UV62vqEtBgkUQlJJIQZdFNy4r2Ac0NUwmt+3QmUmYmQgldOeXuHSrH+FOXOov+BNO2yxs9cIwh3Pu5d5zwoRRpV330yosLa+srhXXSxubW9s79u5eU8WpJNAgMYtlO8QKGBXQ0FQzaCcSMA8ZtMLh9URvPYBUNBZ3epRAl+O+oD1KsDZUYB/6PL0/9XXsgPlEGoAfYpkZNA6MFNhlt+JOy/kLvByUUV71wP72o5ikHIQmDCvV8dxEdzMsNSUMxiU/VZBgMsR96BgoMAfVzaY+xs6xYSKnF0vzhHam7O+JDHOlRjw0nRzrgVrUJuR/WifVvctuRkWSahBktqiXMsfYnoTiRFQC0WxkACaSmlsdMsASE22im9sShvxMGWMDiMYlk463mMVf0DyveNVK9bZarl3lORXRATpCJ8hDF6iGblAdNRBBj+gZvaBX68l6s96tj1lrwcpn9tFcWV8/mcyjqA==</latexit>

µ+ ! e+a�

<latexit sha1_base64="SSEhq6Fi/PM4yKy9U+79s0B9rGg=">AAACFnicbVDJSgNBEO1xjXGLy81LYxCESJiRgB6DXjxGMAtkklDTqSRNumeG7h4hhvyHR6/6Ed7Eq1e/wZ+wsxxM4oOCx3tVVNULYsG1cd1vZ2V1bX1jM7WV3t7Z3dvPHBxWdJQohmUWiUjVAtAoeIhlw43AWqwQZCCwGvRvx371EZXmUfhgBjE2JHRD3uEMjJVamWNfJs2cbyKKzRwFvwtSQiuTdfPuBHSZeDOSJTOUWpkfvx2xRGJomACt654bm8YQlOFM4CjtJxpjYH3oYt3SECTqxnBy/YieWaVNO5GyFRo6Uf9ODEFqPZCB7ZRgenrRG4v/efXEdK4bQx7GicGQTRd1EkHts+MoaJsrZEYMLAGmuL2Vsh4oYMYGNrclCOSFto/1sD1K23S8xSyWSeUy7xXyhftCtngzyylFTsgpOSceuSJFckdKpEwYeSIv5JW8Oc/Ou/PhfE5bV5zZzBGZg/P1C3c0nrw=</latexit>

or

or µ+ ! e+⌫e⌫̄µ�

<latexit sha1_base64="gQ1GWwsSRTnCsUkTvtfhEonF2gE=">AAACJnicbVBNS8NAEN34bf2qevQSrIKglEQKeix68ahgW6GJYbKdtou7m7C7EUroH/CXePSqP8KbiDfv/gm3bQ5aHVj28d4MM+/FKWfaeN6HMzM7N7+wuLRcWlldW98ob241dZIpig2a8ETdxKCRM4kNwwzHm1QhiJhjK747H+mte1SaJfLaDFIMBfQk6zIKxlJReS8Q2e1hYBIX7SezCIMYVG7RMLJS0AMhICpXvKo3Lvcv8AtQIUVdRuWvoJPQTKA0lIPWbd9LTZiDMoxyHJaCTGMK9A562LZQgkAd5mM3Q3ffMh23myj7pHHH7M+JHITWAxHbTgGmr6e1Efmf1s5M9zTMmUwzg5JOFnUz7lrzo2jcDlNIDR9YAFQxe6tL+6CAGhvgry1xLI60NdbHzrBk0/Gns/gLmsdVv1atXdUq9bMipyWyQ3bJAfHJCamTC3JJGoSSB/JEnsmL8+i8Om/O+6R1xilmtsmvcj6/AZg2pkM=</latexit>

µ+ ! e+a

<latexit sha1_base64="0o2dBeRx1eArn3W9h3lednhhOpg=">AAACDXicbVDLSsNAFJ3UV62vqks3g0UQKiWRgi6LblxWsA9o0zKZ3LRDZ5I4MxFK6De4dKsf4U7c+g1+gz/htM3Cth64cDjnXu69x4s5U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqookRQaNOKRbHtEAWchNDTTHNqxBCI8Di1vdDv1W08gFYvCBz2OwRVkELKAUaKN5HZF0it3dYShVyb9Ysmu2DPgVeJkpIQy1PvFn64f0URAqCknSnUcO9ZuSqRmlMOk0E0UxISOyAA6hoZEgHLT2dETfGYUHweRNBVqPFP/TqREKDUWnukURA/VsjcV//M6iQ6u3ZSFcaIhpPNFQcKx+XKaAPaZBKr52BBCJTO3YjokklBtclrY4nniQpnHhuBPCiYdZzmLVdK8rDjVSvW+WqrdZDnl0Qk6RefIQVeohu5QHTUQRY/oBb2iN+vZerc+rM95a87KZo7RAqyvX8tfm8Y=</latexit>

BR ⇠ 100%

<latexit sha1_base64="qeKN3tnB+Vn1lncUwmtUL9nHEK8=">AAACFXicbVDLSgNBEJz1GeMrmqOXwRDwIGFXAnoUvXiMYh6QDWF20jGDM7vLTK+4LPkOj171I7yJV89+gz/hJNmDJhY0FFXddHcFsRQGXffLWVpeWV1bL2wUN7e2d3ZLe/stEyWaQ5NHMtKdgBmQIoQmCpTQiTUwFUhoB/eXE7/9ANqIKLzFNIaeYnehGArO0Er9UtlHeMTs4mbsG6Go57p+tV+quDV3CrpIvJxUSI5Gv/TtDyKeKAiRS2ZM13Nj7GVMo+ASxkU/MRAzfs/uoGtpyBSYXjY9fkyrVhnQYaRthUin6u+JjCljUhXYTsVwZOa9ifif101weNbLRBgnCCGfLRomkmJEJ0nQgdDAUaaWMK6FvZXyEdOMo83rz5YgUMfGPjaCwbho0/Hms1gkrZOaV6/Vr+uV84s8pwI5IIfkiHjklJyTK9IgTcJJSp7JC3l1npw35935mLUuOflMmfyB8/kDngmeQg==</latexit>

background 

suppressed as much 


as the signal!

Status of  µ+ ! e+a

<latexit sha1_base64="bKw3DujqxePhD8KuHT+Sl/Ccnok=">AAACDnicbVDLSsNAFJ3UV62vqks3g0UQKiWRgrorunFZwT6gSctkctMOnUnCzEQoof/g0q1+hDtx6y/4Df6E08fCth64cDjnXu69x084U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqo4lRQaNOaxbPtEAWcRNDTTHNqJBCJ8Di1/eDfxW08gFYujRz1KwBOkH7GQUaKN1HVF2i27OsbQLRPcK5bsij0FXiXOnJTQHPVe8ccNYpoKiDTlRKmOYyfay4jUjHIYF9xUQULokPShY2hEBCgvm149xmdGCXAYS1ORxlP170RGhFIj4ZtOQfRALXsT8T+vk+rw2stYlKQaIjpbFKYcmzcnEeCASaCajwwhVDJzK6YDIgnVJqiFLb4vLpR5bADBuGDScZazWCXNy4pTrdw8VEu123lOeXSCTtE5ctAVqqF7VEcNRJFEL+gVvVnP1rv1YX3OWnPWfOYYLcD6+gUqMpv1</latexit>



Main player:

Irreducible SM background: µ+ ! e+⌫e⌫̄µ

<latexit sha1_base64="4aK1LBpjIcfLDi1oYYItSaFT5B8=">AAACIHicbVDLSsNAFJ3UV62vqEtBgkUQlJJIQZdFNy4r2Ac0NUwmt+3QmUmYmQgldOeXuHSrH+FOXOov+BNO2yxs9cIwh3Pu5d5zwoRRpV330yosLa+srhXXSxubW9s79u5eU8WpJNAgMYtlO8QKGBXQ0FQzaCcSMA8ZtMLh9URvPYBUNBZ3epRAl+O+oD1KsDZUYB/6PL0/9XXsgPlEGoAfYpkZNA6MFNhlt+JOy/kLvByUUV71wP72o5ikHIQmDCvV8dxEdzMsNSUMxiU/VZBgMsR96BgoMAfVzaY+xs6xYSKnF0vzhHam7O+JDHOlRjw0nRzrgVrUJuR/WifVvctuRkWSahBktqiXMsfYnoTiRFQC0WxkACaSmlsdMsASE22im9sShvxMGWMDiMYlk463mMVf0DyveNVK9bZarl3lORXRATpCJ8hDF6iGblAdNRBBj+gZvaBX68l6s96tj1lrwcpn9tFcWV8/mcyjqA==</latexit>

µ+ ! e+a�

<latexit sha1_base64="SSEhq6Fi/PM4yKy9U+79s0B9rGg=">AAACFnicbVDJSgNBEO1xjXGLy81LYxCESJiRgB6DXjxGMAtkklDTqSRNumeG7h4hhvyHR6/6Ed7Eq1e/wZ+wsxxM4oOCx3tVVNULYsG1cd1vZ2V1bX1jM7WV3t7Z3dvPHBxWdJQohmUWiUjVAtAoeIhlw43AWqwQZCCwGvRvx371EZXmUfhgBjE2JHRD3uEMjJVamWNfJs2cbyKKzRwFvwtSQiuTdfPuBHSZeDOSJTOUWpkfvx2xRGJomACt654bm8YQlOFM4CjtJxpjYH3oYt3SECTqxnBy/YieWaVNO5GyFRo6Uf9ODEFqPZCB7ZRgenrRG4v/efXEdK4bQx7GicGQTRd1EkHts+MoaJsrZEYMLAGmuL2Vsh4oYMYGNrclCOSFto/1sD1K23S8xSyWSeUy7xXyhftCtngzyylFTsgpOSceuSJFckdKpEwYeSIv5JW8Oc/Ou/PhfE5bV5zZzBGZg/P1C3c0nrw=</latexit>

or

or µ+ ! e+⌫e⌫̄µ�

<latexit sha1_base64="gQ1GWwsSRTnCsUkTvtfhEonF2gE=">AAACJnicbVBNS8NAEN34bf2qevQSrIKglEQKeix68ahgW6GJYbKdtou7m7C7EUroH/CXePSqP8KbiDfv/gm3bQ5aHVj28d4MM+/FKWfaeN6HMzM7N7+wuLRcWlldW98ob241dZIpig2a8ETdxKCRM4kNwwzHm1QhiJhjK747H+mte1SaJfLaDFIMBfQk6zIKxlJReS8Q2e1hYBIX7SezCIMYVG7RMLJS0AMhICpXvKo3Lvcv8AtQIUVdRuWvoJPQTKA0lIPWbd9LTZiDMoxyHJaCTGMK9A562LZQgkAd5mM3Q3ffMh23myj7pHHH7M+JHITWAxHbTgGmr6e1Efmf1s5M9zTMmUwzg5JOFnUz7lrzo2jcDlNIDR9YAFQxe6tL+6CAGhvgry1xLI60NdbHzrBk0/Gns/gLmsdVv1atXdUq9bMipyWyQ3bJAfHJCamTC3JJGoSSB/JEnsmL8+i8Om/O+6R1xilmtsmvcj6/AZg2pkM=</latexit>

µ+ ! e+a

<latexit sha1_base64="0o2dBeRx1eArn3W9h3lednhhOpg=">AAACDXicbVDLSsNAFJ3UV62vqks3g0UQKiWRgi6LblxWsA9o0zKZ3LRDZ5I4MxFK6De4dKsf4U7c+g1+gz/htM3Cth64cDjnXu69x4s5U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqookRQaNOKRbHtEAWchNDTTHNqxBCI8Di1vdDv1W08gFYvCBz2OwRVkELKAUaKN5HZF0it3dYShVyb9Ysmu2DPgVeJkpIQy1PvFn64f0URAqCknSnUcO9ZuSqRmlMOk0E0UxISOyAA6hoZEgHLT2dETfGYUHweRNBVqPFP/TqREKDUWnukURA/VsjcV//M6iQ6u3ZSFcaIhpPNFQcKx+XKaAPaZBKr52BBCJTO3YjokklBtclrY4nniQpnHhuBPCiYdZzmLVdK8rDjVSvW+WqrdZDnl0Qk6RefIQVeohu5QHTUQRY/oBb2iN+vZerc+rM95a87KZo7RAqyvX8tfm8Y=</latexit>

BR ⇠ 100%

<latexit sha1_base64="qeKN3tnB+Vn1lncUwmtUL9nHEK8=">AAACFXicbVDLSgNBEJz1GeMrmqOXwRDwIGFXAnoUvXiMYh6QDWF20jGDM7vLTK+4LPkOj171I7yJV89+gz/hJNmDJhY0FFXddHcFsRQGXffLWVpeWV1bL2wUN7e2d3ZLe/stEyWaQ5NHMtKdgBmQIoQmCpTQiTUwFUhoB/eXE7/9ANqIKLzFNIaeYnehGArO0Er9UtlHeMTs4mbsG6Go57p+tV+quDV3CrpIvJxUSI5Gv/TtDyKeKAiRS2ZM13Nj7GVMo+ASxkU/MRAzfs/uoGtpyBSYXjY9fkyrVhnQYaRthUin6u+JjCljUhXYTsVwZOa9ifif101weNbLRBgnCCGfLRomkmJEJ0nQgdDAUaaWMK6FvZXyEdOMo83rz5YgUMfGPjaCwbho0/Hms1gkrZOaV6/Vr+uV84s8pwI5IIfkiHjklJyTK9IgTcJJSp7JC3l1npw35935mLUuOflMmfyB8/kDngmeQg==</latexit>

background 

suppressed as much 


as the signal!

Hunting for a positron line on the top of the Michel spectrum @ muon factories

t ⇠ #µ0s

<latexit sha1_base64="1yDBIrPlxkzcfsfbv0BodgIkDYc=">AAACDnicbVDLSsNAFJ34rPVVdelmMIgupCRS0GXRjcsK9gFNLJPJpB06k4SZG6GE/oNLt/oR7sStv+A3+BNO2yxs64ELh3Pu5d57glRwDY7zba2srq1vbJa2yts7u3v7lYPDlk4yRVmTJiJRnYBoJnjMmsBBsE6qGJGBYO1geDvx209MaZ7EDzBKmS9JP+YRpwSM9Aie5hJ7NvZkdqZ7FdupOlPgZeIWxEYFGr3KjxcmNJMsBiqI1l3XScHPiQJOBRuXvUyzlNAh6bOuoTGRTPv59OoxPjVKiKNEmYoBT9W/EzmRWo9kYDolgYFe9Cbif143g+jaz3mcZsBiOlsUZQJDgicR4JArRkGMDCFUcXMrpgOiCAUT1NyWIJAX2jw2YOG4bNJxF7NYJq3Lqlur1u5rdv2myKmEjtEJOkcuukJ1dIcaqIkoUugFvaI369l6tz6sz1nrilXMHKE5WF+/U1CcCw==</latexit>

TRIUMF:  
Jodidio’s

PSI: MEGII+ Mu3eTRIUMF:  
Twist

soon ⇠ (108 � 109)/s

<latexit sha1_base64="MW5JGogrX3qTPnh0TrDZxWJHa3k=">AAACJnicbVDLSiNBFK12fMZXHJduCqOgoLFbAjo7cTYuIxgVkhiqKzemsB5N1W2Z0PQPzJfM0q1+hLtB3Ln3J6wkvfB1oIrDOfdy7z1xIoXDMHwOJn5MTk3PzM6V5hcWl5bLKz/PnUkthwY30tjLmDmQQkMDBUq4TCwwFUu4iG9+D/2LW7BOGH2GgwTail1r0ROcoZc65Y0Wwh/MnDE6bzmh6FYUXh3u+u/X9l7h5Z1yJayGI9CvJCpIhRSod8qvra7hqQKNXDLnmlGYYDtjFgWXkJdaqYOE8Rt2DU1PNVPg2tnompxueqVLe8b6p5GO1PcdGVPODVTsKxXDvvvsDcXvvGaKvcN2JnSSImg+HtRLJUVDh9HQrrDAUQ48YdwKvyvlfWYZRx/ghylxrHacP6wP3bzk04k+Z/GVnO9Xo1q1dlqrHB0XOc2SNbJOtkhEDsgROSF10iCc/CV35J48BP+Cx+B/8DQunQiKnlXyAcHLG9SNpS0=</latexit>

1986 ⇠ 107/year(s)

<latexit sha1_base64="w8r36Vc89tUSW+MNoDuHSt2eOy8=">AAACHnicbVDLSgNBEJyNrxhfqx71MBgEBYm7Eky8iV48KhgTSGKYnXSSITO7y0yvGJZc/BKPXvUjvIlX/QZ/wknMwVdBQ1HVTXdXEEth0PPenczU9MzsXHY+t7C4tLzirq5dmSjRHCo8kpGuBcyAFCFUUKCEWqyBqUBCNeifjvzqDWgjovASBzE0FeuGoiM4Qyu13E3/qHzYMEJR37su7TcQbjEdANM7ZnfYcvNewRuD/iX+hOTJBOct96PRjniiIEQumTF134uxmTKNgksY5hqJgZjxPutC3dKQKTDNdPzFkG5bpU07kbYVIh2r3ydSpowZqMB2KoY989sbif959QQ75WYqwjhBCPnXok4iKUZ0FAltCw0c5cASxrWwt1LeY5pxtMH92BIEas/Yx3rQHuZsOv7vLP6Sq4OCXywUL4r545NJTlmyQbbIDvFJiRyTM3JOKoSTO/JAHsmTc+88Oy/O61drxpnMrJMfcN4+AaHcoWg=</latexit>

2014 ⇠ 108/year

<latexit sha1_base64="eDVPN38XuyNQyjUmjbAKwMvChLE=">AAACG3icbVDLSgNBEJz1GeMr6km8DAbBg8TdENCj6MVjBPOAZA2zk04yOLO7zPSKYQl+iUev+hHexKsHv8GfcJLsQaMFDUVVN91dQSyFQdf9dObmFxaXlnMr+dW19Y3NwtZ23USJ5lDjkYx0M2AGpAihhgIlNGMNTAUSGsHtxdhv3IE2IgqvcRiDr1g/FD3BGVqpU9gtu16lbYSinntzetxGuMd0CEyPOoWiW3InoH+Jl5EiyVDtFL7a3YgnCkLkkhnT8twY/ZRpFFzCKN9ODMSM37I+tCwNmQLjp5MXRvTAKl3ai7StEOlE/TmRMmXMUAW2UzEcmFlvLP7ntRLsnfqpCOMEIeTTRb1EUozoOA/aFRo4yqEljGthb6V8wDTjaFP7tSUI1JGxjw2gO8rbdLzZLP6SernkVUqVq0rx7DzLKUf2yD45JB45IWfkklRJjXDyQJ7IM3lxHp1X5815n7bOOdnMDvkF5+MbwK2gdg==</latexit>

Status of  µ+ ! e+a

<latexit sha1_base64="bKw3DujqxePhD8KuHT+Sl/Ccnok=">AAACDnicbVDLSsNAFJ3UV62vqks3g0UQKiWRgrorunFZwT6gSctkctMOnUnCzEQoof/g0q1+hDtx6y/4Df6E08fCth64cDjnXu69x084U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqo4lRQaNOaxbPtEAWcRNDTTHNqJBCJ8Di1/eDfxW08gFYujRz1KwBOkH7GQUaKN1HVF2i27OsbQLRPcK5bsij0FXiXOnJTQHPVe8ccNYpoKiDTlRKmOYyfay4jUjHIYF9xUQULokPShY2hEBCgvm149xmdGCXAYS1ORxlP170RGhFIj4ZtOQfRALXsT8T+vk+rw2stYlKQaIjpbFKYcmzcnEeCASaCajwwhVDJzK6YDIgnVJqiFLb4vLpR5bADBuGDScZazWCXNy4pTrdw8VEu123lOeXSCTtE5ctAVqqF7VEcNRJFEL+gVvVnP1rv1YX3OWnPWfOYYLcD6+gUqMpv1</latexit>



extra handle on the background
The muon are highly polarized 

⇡+ ! µ+⌫µ

<latexit sha1_base64="HWtpWNw0gIndwSZFLlAIRe6jzh0=">AAACF3icbZBLS8NAEMc39VXrKyqevASLICglkYIei148VrAPaGLYbDbt0t1N2IdQQj+IR6/6IbyJV49+Br+E2zYH2zow8OM/M8zMP8ookcp1v63Syura+kZ5s7K1vbO7Z+8ftGWqBcItlNJUdCMoMSUctxRRFHczgSGLKO5Ew9tJvfOEhSQpf1CjDAcM9jlJCILKSKF95Gfk8dxXqeMzbYDr0EBoV92aOw1nGbwCqqCIZmj/+HGKNMNcIQql7HlupoIcCkUQxeOKryXOIBrCPu4Z5JBhGeTT88fOqVFiJ0mFSa6cqfp3IodMyhGLTCeDaiAXaxPxv1pPq+Q6yAnPtMIczRYlmjrm24kXTkwERoqODEAkiLnVQQMoIFLGsbktUcQupHlsgONxxbjjLXqxDO3Lmlev1e/r1cZN4VMZHIMTcAY8cAUa4A40QQsgkIMX8ArerGfr3fqwPmetJauYOQRzYX39Au9sn5I=</latexit>

• They are produced by pion @ rest

• Strong magnetic field parallel to the beam to suppress spin-orbit in muonium

Using polarization to suppress the background?

⌫µ

<latexit sha1_base64="xE0LggpY3bq3I9J7IeAXmzQIdtY=">AAACB3icbVDLSsNAFJ34rPVVdelmsAgupCRS0GXRjcsK9gFNKJPJTTt0ZhJmJkIJ/QCXbvUj3IlbP8Nv8CectlnY1gMXDufcy733hCln2rjut7O2vrG5tV3aKe/u7R8cVo6O2zrJFIUWTXiiuiHRwJmElmGGQzdVQETIoROO7qZ+5wmUZol8NOMUAkEGksWMEmOlji+zvi+yfqXq1twZ8CrxClJFBZr9yo8fJTQTIA3lROue56YmyIkyjHKYlP1MQ0roiAygZ6kkAnSQz86d4HOrRDhOlC1p8Ez9O5ETofVYhLZTEDPUy95U/M/rZSa+CXIm08yApPNFccaxSfD0dxwxBdTwsSWEKmZvxXRIFKHGJrSwJQzFpbaPDSGalG063nIWq6R9VfPqtfpDvdq4LXIqoVN0hi6Qh65RA92jJmohikboBb2iN+fZeXc+nM9565pTzJygBThfv0U5mfE=</latexit>

µ+

<latexit sha1_base64="JmbRi5YdDYRRdMaZYOmSPsZMn94=">AAACBXicbVBNSwMxEM36WetX1aOXYBEEpexKQY9FLx4ruG2hXUs2O21Dk+ySZIWy9OzRq/4Ib+LV3+Fv8E+YtnuwrQ8GHu/NMDMvTDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0HGqKPg05rFqhUQDZxJ8wwyHVqKAiJBDMxzeTvzmEyjNYvlgRgkEgvQl6zFKjJX8jkgfz7ulsltxp8DLxMtJGeWod0s/nSimqQBpKCdatz03MUFGlGGUw7jYSTUkhA5JH9qWSiJAB9n02DE+tUqEe7GyJQ2eqn8nMiK0HonQdgpiBnrRm4j/ee3U9K6DjMkkNSDpbFEv5djEePI5jpgCavjIEkIVs7diOiCKUGPzmdsShuJC28cGEI2LNh1vMYtl0riseNVK9b5art3kORXQMTpBZ8hDV6iG7lAd+Ygihl7QK3pznp1358P5nLWuOPnMEZqD8/ULN8mYyA==</latexit>

polarization purity 

augmented with a cut 

on the t.o.f.  

Iodidio et al. @ TRIUMF 1988



the forward direction

xe =
2Ee

mµ

<latexit sha1_base64="9kTTq+g87CacIfWr/FVFP2sRsn4=">AAACGHicbZDLSsNAFIYnXmu9RQU3boJFcCElKQXdCEURXFawF2hKmExP2qEzSZiZiCXmRVy61YdwJ27d+Qy+hNM2C9v6w8DPf87hnPn8mFGpbPvbWFpeWV1bL2wUN7e2d3bNvf2mjBJBoEEiFom2jyUwGkJDUcWgHQvA3GfQ8ofX43rrAYSkUXivRjF0Oe6HNKAEKx155uGjB5duIDBJKzceZCn3XJ5knlmyy/ZE1qJxclNCueqe+eP2IpJwCBVhWMqOY8eqm2KhKGGQFd1EQozJEPeho22IOchuOrk/s0500rOCSOgXKmuS/p1IMZdyxH3dybEayPnaOPyv1klUcNFNaRgnCkIyXRQkzFKRNYZh9agAothIG0wE1bdaZIA1DKWRzWzxfX4m9ccG0MuKmo4zz2LRNCtlp1qu3lVLtaucUwEdoWN0ihx0jmroFtVRAxH0hF7QK3ozno1348P4nLYuGfnMAZqR8fULlE2ggg==</latexit>

the bkd goes to zero 

in the “forward”direction 

(the direction opposite 

to the muon polarization)

 

µ+

<latexit sha1_base64="JmbRi5YdDYRRdMaZYOmSPsZMn94=">AAACBXicbVBNSwMxEM36WetX1aOXYBEEpexKQY9FLx4ruG2hXUs2O21Dk+ySZIWy9OzRq/4Ib+LV3+Fv8E+YtnuwrQ8GHu/NMDMvTDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0HGqKPg05rFqhUQDZxJ8wwyHVqKAiJBDMxzeTvzmEyjNYvlgRgkEgvQl6zFKjJX8jkgfz7ulsltxp8DLxMtJGeWod0s/nSimqQBpKCdatz03MUFGlGGUw7jYSTUkhA5JH9qWSiJAB9n02DE+tUqEe7GyJQ2eqn8nMiK0HonQdgpiBnrRm4j/ee3U9K6DjMkkNSDpbFEv5djEePI5jpgCavjIEkIVs7diOiCKUGPzmdsShuJC28cGEI2LNh1vMYtl0riseNVK9b5art3kORXQMTpBZ8hDV6iG7lAd+Ygihl7QK3pznp1358P5nLWuOPnMEZqD8/ULN8mYyA==</latexit>

�✓ = 10�3

<latexit sha1_base64="vQxpSTuntNFb62hJWE99q5xKa1g=">AAACFnicbVDJSgNBEO2JW4xbXG5eBoPgQcOMBvQiBPXgMYJZIDOGnk4ladKz0F0jxGH+w6NX/Qhv4tWr3+BP2FkOJvFBweO9KqrqeZHgCi3r28gsLC4tr2RXc2vrG5tb+e2dmgpjyaDKQhHKhkcVCB5AFTkKaEQSqO8JqHv966FffwSpeBjc4yAC16fdgHc4o6ilVn7PuQGB1MEeIL20rYfk5Cxt5QtW0RrBnCf2hBTIBJVW/sdphyz2IUAmqFJN24rQTahEzgSkOSdWEFHWp11oahpQH5SbjK5PzUOttM1OKHUFaI7UvxMJ9ZUa+J7u9Cn21Kw3FP/zmjF2LtyEB1GMELDxok4sTAzNYRRmm0tgKAaaUCa5vtVkPSopQx3Y1BbP84+VfqwH7TSn07Fns5gntdOiXSqW7kqF8tUkpyzZJwfkiNjknJTJLamQKmHkibyQV/JmPBvvxofxOW7NGJOZXTIF4+sXojie1A==</latexit>

angular res.


in the massless case



bkd suppression in data
TWIST et al. @ TRIUMF 2014

background suppression in TWIST data where  the muons are typically polarized at ⇠ 90%

<latexit sha1_base64="UodoPkwL50OD6Qv9b31f/7F4Mqk=">AAACCXicbVDLSsNAFL2pr1pfVZduBkvBhZRECuqu6MZlBfuQJpTJZNIOnUnCzEQooV/g0q1+hDtx61f4Df6E0zYL23rgwuGce7n3Hj/hTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3iVBLaIjGPZdfHinIW0ZZmmtNuIikWPqcdf3Q79TtPVCoWRw96nFBP4EHEQkawNtKjq5hA17Zb7Zcrds2eAa0SJycVyNHsl3/cICapoJEmHCvVc+xEexmWmhFOJyU3VTTBZIQHtGdohAVVXjY7eIKqRglQGEtTkUYz9e9EhoVSY+GbToH1UC17U/E/r5fq8MrLWJSkmkZkvihMOdIxmn6PAiYp0XxsCCaSmVsRGWKJiTYZLWzxfXGuzGNDGkxKJh1nOYtV0r6oOfVa/b5eadzkORXhBE7hDBy4hAbcQRNaQEDAC7zCm/VsvVsf1ue8tWDlM8ewAOvrF0rTmdg=</latexit>

forward 

suppression

backward 

enhancement



The signal angular distribution depends on the chiral structure of the couplings

signal from LFV axions
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The signal angular distribution depends on the chiral structure of the couplings

signal from LFV axions
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L.H axion 

behaves like the bkd.

The Jodidio et al. exp. 

still gives the best bound 

as long as the axion has 

a R.H coupling to the SM

TWIST has the best limit on 

purely L.H axions!



MEGII-forward

Can we achieve a Jodidio’s setup @ MEGII?

MEGII has an extra calorimeter used to calibrate the instrument for µ ! e�

<latexit sha1_base64="Vrr0tzWaXghVvocUKd3uXROjxnk=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBPQY9OIxgnlAdg2zs73JkJnZZWZWCCH/4NGrfoQ38eov+A3+hJNkDyaxoKGo6qa7K0w508Z1v53C2vrG5lZxu7Szu7d/UD48aukkUxSaNOGJ6oREA2cSmoYZDp1UAREhh3Y4vJ367SdQmiXywYxSCATpSxYzSoyVHn2R+SbB4PeJEKRXrrhVdwa8SrycVFCORq/840cJzQRIQznRuuu5qQnGRBlGOUxKfqYhJXRI+tC1VBIBOhjPrp7gM6tEOE6ULWnwTP07MSZC65EIbacgZqCXvan4n9fNTHwdjJlMMwOSzhfFGcf20WkEOGIKqOEjSwhVzN6K6YAoQo0NamFLGIoLbR8bQDQp2XS85SxWSeuy6tWqtftapX6T51REJ+gUnSMPXaE6ukMN1EQUKfSCXtGb8+y8Ox/O57y14OQzx2gBztcvdB2cvA==</latexit>

1.5 m from the target 

ECAL 10 cm of diameter

thanks to Angela Papa and Giovanni Signorelli 

muon stopping point

Solenoid lens to increase the signal acceptance! 

ae↵ ⇠ Fageo

<latexit sha1_base64="ng39mWgKU8G9f7dUtBu9prLUXsk=">AAACJXicbVDLSsNAFJ34rPVVdelmsAgupCRSUHdFQVxWsCq0oUymN+3gTBJmbsQS8gF+iUu3+hHuRHDlB/gTTtsgvg4MHM45lzv3BIkUBl33zZmanpmdmy8tlBeXlldWK2vrFyZONYcWj2WsrwJmQIoIWihQwlWigalAwmVwfTzyL29AGxFH5zhMwFesH4lQcIZW6laqrJt1EG4xgzDM844Rip7QL7EPcZ7blFtzx6B/iVeQKinQ7FY+Or2Ypwoi5JIZ0/bcBP2MaRRcQl7upAYSxq9ZH9qWRkyB8bPxMTndtkqPhrG2L0I6Vr9PZEwZM1SBTSqGA/PbG4n/ee0UwwM/E1GSIkR8sihMJcWYjpqhPaGBoxxawrgW9q+UD5hmHG1/P7YEgdo19rAB9PKybcf73cVfcrFX8+q1w7N6tXFU9FQim2SL7BCP7JMGOSVN0iKc3JEH8kienHvn2XlxXifRKaeY2SA/4Lx/AhJTppw=</latexit>



MEGII-forward projections

We take the analytical expression for the background

We smear it with the experimental momentum resolution 

Btruth

<latexit sha1_base64="RH+haXhc5/ewlfhGCQzJEdWDU0s=">AAACEnicbVDLSgNBEJz1GeNr1aOXxSB4kLArAfUW4sVjBPOAJITZ2d5kyOyDmd5gWPYvPHrVj/AmXv0Bv8GfcJLswSQWNBRV3XR3ubHgCm3721hb39jc2i7sFHf39g8OzaPjpooSyaDBIhHJtksVCB5CAzkKaMcSaOAKaLmju6nfGoNUPAofcRJDL6CDkPucUdRS3zRr/bSL8IQpygSHWdY3S3bZnsFaJU5OSiRHvW/+dL2IJQGEyARVquPYMfZSKpEzAVmxmyiIKRvRAXQ0DWkAqpfOLs+sc614lh9JXSFaM/XvREoDpSaBqzsDikO17E3F/7xOgv5NL+VhnCCEbL7IT4SFkTWNwfK4BIZiogllkutbLTakkjLUYS1scd3gUunHhuBlRZ2Os5zFKmlelZ1K+fahUqrW8pwK5JSckQvikGtSJfekThqEkTF5Ia/kzXg23o0P43PeumbkMydkAcbXL8GFno4=</latexit>

Breco

<latexit sha1_base64="K18nDdJDt8QyG44ke+zY5LAMoOE=">AAACEXicbVDLSgNBEJz1GeMjqx69DAbBg4RdCai3EC8eI5gHJCHMTjrJkNkHM71iWPYrPHrVj/AmXv0Cv8GfcJLswSQWNBRV3XR3eZEUGh3n21pb39jc2s7t5Hf39g8K9uFRQ4ex4lDnoQxVy2MapAigjgIltCIFzPckNL3x7dRvPoLSIgwecBJB12fDQAwEZ2iknl2o9pIOwhMmCniYpj276JScGegqcTNSJBlqPfun0w957EOAXDKt264TYTdhCgWXkOY7sYaI8TEbQtvQgPmgu8ns8JSeGaVPB6EyFSCdqX8nEuZrPfE90+kzHOllbyr+57VjHFx3ExFEMULA54sGsaQY0mkKtC/MuygnhjCuhLmV8hFTjKPJamGL5/kX2jw2gn6aN+m4y1msksZlyS2Xbu7LxUo1yylHTsgpOScuuSIVckdqpE44ickLeSVv1rP1bn1Yn/PWNSubOSYLsL5+AbBTnfY=</latexit>

�x

<latexit sha1_base64="gA9DEWBrbXviPr8GVPZ7tzG04cE=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEYwTwgWcLsbG8yZGZ2mZkVw5If8OhVP8KbePUv/AZ/wkmyB5NY0FBUddPdFSScaeO6387K6tr6xmZhq7i9s7u3Xzo4bOo4VRQaNOaxagdEA2cSGoYZDu1EAREBh1YwvJ34rUdQmsXywYwS8AXpSxYxSoyV2t0QuCH4qVcquxV3CrxMvJyUUY56r/TTDWOaCpCGcqJ1x3MT42dEGUY5jIvdVENC6JD0oWOpJAK0n03vHeNTq4Q4ipUtafBU/TuREaH1SAS2UxAz0IveRPzP66QmuvIzJpPUgKSzRVHKsYnx5HkcMgXU8JElhCpmb8V0QBShxkY0tyUIxLm2jw0gHBdtOt5iFsukeVHxqpXr+2q5dpPnVEDH6ASdIQ9dohq6Q3XUQBRx9IJe0Zvz7Lw7H87nrHXFyWeO0Bycr1+lFZoi</latexit>

We compute the sensitivity after cutting around x = 1± �x

<latexit sha1_base64="Mj/YawRv1ecr1h8WNhSgIx8Kmow=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwISWRgroQim5cVrAPaGKZTG7aoTNJmJlIS+g/uHSrH+FO3PoLfoM/4fSxsK0HLhzOuZd77/ETzpS27W8rt7K6tr6R3yxsbe/s7hX3DxoqTiWFOo15LFs+UcBZBHXNNIdWIoEIn0PT79+O/eYTSMXi6EEPE/AE6UYsZJRoIz0Orh03EW4AXBM86BRLdtmeAC8TZ0ZKaIZap/jjBjFNBUSacqJU27ET7WVEakY5jApuqiAhtE+60DY0IgKUl02uHuETowQ4jKWpSOOJ+nciI0KpofBNpyC6pxa9sfif1051eOllLEpSDRGdLgpTjnWMxxHggEmgmg8NIVQycyumPSIJ1SaouS2+L86UeawHwahg0nEWs1gmjfOyUylf3VdK1ZtZTnl0hI7RKXLQBaqiO1RDdUSRRC/oFb1Zz9a79WF9Tltz1mzmEM3B+voFBcKcfQ==</latexit>



Future of µ+ ! e+a

<latexit sha1_base64="bKw3DujqxePhD8KuHT+Sl/Ccnok=">AAACDnicbVDLSsNAFJ3UV62vqks3g0UQKiWRgrorunFZwT6gSctkctMOnUnCzEQoof/g0q1+hDtx6y/4Df6E08fCth64cDjnXu69x084U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqo4lRQaNOaxbPtEAWcRNDTTHNqJBCJ8Di1/eDfxW08gFYujRz1KwBOkH7GQUaKN1HVF2i27OsbQLRPcK5bsij0FXiXOnJTQHPVe8ccNYpoKiDTlRKmOYyfay4jUjHIYF9xUQULokPShY2hEBCgvm149xmdGCXAYS1ORxlP170RGhFIj4ZtOQfRALXsT8T+vk+rw2stYlKQaIjpbFKYcmzcnEeCASaCajwwhVDJzK6YDIgnVJqiFLb4vLpR5bADBuGDScZazWCXNy4pTrdw8VEu123lOeXSCTtE5ctAVqqF7VEcNRJFEL+gVvVnP1rv1YX3OWnPWfOYYLcD6+gUqMpv1</latexit>
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Our projection of MEGII-fwd is competitive with the one of Mu3e and deserves 

further studies given the timescale of the 2 experiments!

on going discussion with Angela Papa…

Ground based LFV experiments 

can beat astrophysical limits



Experimental status of LFV

Bounds on LFV tau decays can be improved by optimizing the analysis:

• Optimizing the reconstruction of the tau rest frame

• Using polarization information work in progress with Aleks Smolkovic and  J. Zupan



LFV axions-I

Are there well-motivated axions with lepton-flavour-violating couplings? 

DFSZ-axion (2 Higgs doublet model+1 singlet)

the Yukawas are generically not diagonal in the mass basis!



LFV axions-II

Are there well-motivated axions with lepton-flavour-violating couplings? 

LFV Axiflavon

If K+ ! ⇡+a
<latexit sha1_base64="RKPSOQOG5LaHlniUynerRBmuxd4=">AAACDnicbVDLSsNAFJ34rPVVdelmsAhCpSRWfOyKbgQ3FewDmrRMJpN26EwSZiZCCf0Hl271I9yJW3/Bb/AnnKRBrPXAhcM593LvPW7EqFSm+WksLC4tr6wW1orrG5tb26Wd3ZYMY4FJE4csFB0XScJoQJqKKkY6kSCIu4y03dF16rcfiJA0DO7VOCIOR4OA+hQjpaXeba9iqxDaEe1VIOqXymbVzADniZWTMsjR6Je+bC/EMSeBwgxJ2bXMSDkJEopiRiZFO5YkQniEBqSraYA4kU6SXT2Bh1rxoB8KXYGCmfp7IkFcyjF3dSdHaij/eqn4n9eNlX/hJDSIYkUCPF3kxwzqR9MIoEcFwYqNNUFYUH0rxEMkEFY6qJktrsuPpX5sSLxJMUvnMsXZTxbzpHVStWrV2t1puX6V51QA++AAHAELnIM6uAEN0AQYCPAEnsGL8Wi8Gm/G+7R1wchn9sAMjI9vA5qb/Q==</latexit> is suppressed by a U(2) flavor symmetry  

can become the dominant discovery channel!µ+ ! e+a

<latexit sha1_base64="bKw3DujqxePhD8KuHT+Sl/Ccnok=">AAACDnicbVDLSsNAFJ3UV62vqks3g0UQKiWRgrorunFZwT6gSctkctMOnUnCzEQoof/g0q1+hDtx6y/4Df6E08fCth64cDjnXu69x084U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqo4lRQaNOaxbPtEAWcRNDTTHNqJBCJ8Di1/eDfxW08gFYujRz1KwBOkH7GQUaKN1HVF2i27OsbQLRPcK5bsij0FXiXOnJTQHPVe8ccNYpoKiDTlRKmOYyfay4jUjHIYF9xUQULokPShY2hEBCgvm149xmdGCXAYS1ORxlP170RGhFIj4ZtOQfRALXsT8T+vk+rw2stYlKQaIjpbFKYcmzcnEeCASaCajwwhVDJzK6YDIgnVJqiFLb4vLpR5bADBuGDScZazWCXNy4pTrdw8VEu123lOeXSCTtE5ctAVqqF7VEcNRJFEL+gVvVnP1rv1YX3OWnPWfOYYLcD6+gUqMpv1</latexit>



LFV axions-III

Are there well-motivated axions with lepton-flavour-violating couplings? 

Majoron

its an axion-like particle getting its coupling to the SM through a sterile loop

since it is automatically photophobic and it can be DM 
it is a natural candidate to explain the Xenon-anomaly! 



LFV axions-III

Are there well-motivated axions with lepton-flavour-violating couplings? 

Majoron

its an axion-like particle getting its coupling to the SM through a sterile loop

since it is automatically photophobic and it can be DM 
it is a natural candidate to explain the Xenon-anomaly! 

signal at µ+ ! e+a

<latexit sha1_base64="bKw3DujqxePhD8KuHT+Sl/Ccnok=">AAACDnicbVDLSsNAFJ3UV62vqks3g0UQKiWRgrorunFZwT6gSctkctMOnUnCzEQoof/g0q1+hDtx6y/4Df6E08fCth64cDjnXu69x084U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqo4lRQaNOaxbPtEAWcRNDTTHNqJBCJ8Di1/eDfxW08gFYujRz1KwBOkH7GQUaKN1HVF2i27OsbQLRPcK5bsij0FXiXOnJTQHPVe8ccNYpoKiDTlRKmOYyfay4jUjHIYF9xUQULokPShY2hEBCgvm149xmdGCXAYS1ORxlP170RGhFIj4ZtOQfRALXsT8T+vk+rw2stYlKQaIjpbFKYcmzcnEeCASaCajwwhVDJzK6YDIgnVJqiFLb4vLpR5bADBuGDScZazWCXNy4pTrdw8VEu123lOeXSCTtE5ctAVqqF7VEcNRJFEL+gVvVnP1rv1YX3OWnPWfOYYLcD6+gUqMpv1</latexit>

expected



Future improvements

Can we do better in µ+ ! e+a�

<latexit sha1_base64="SSEhq6Fi/PM4yKy9U+79s0B9rGg=">AAACFnicbVDJSgNBEO1xjXGLy81LYxCESJiRgB6DXjxGMAtkklDTqSRNumeG7h4hhvyHR6/6Ed7Eq1e/wZ+wsxxM4oOCx3tVVNULYsG1cd1vZ2V1bX1jM7WV3t7Z3dvPHBxWdJQohmUWiUjVAtAoeIhlw43AWqwQZCCwGvRvx371EZXmUfhgBjE2JHRD3uEMjJVamWNfJs2cbyKKzRwFvwtSQiuTdfPuBHSZeDOSJTOUWpkfvx2xRGJomACt654bm8YQlOFM4CjtJxpjYH3oYt3SECTqxnBy/YieWaVNO5GyFRo6Uf9ODEFqPZCB7ZRgenrRG4v/efXEdK4bQx7GicGQTRd1EkHts+MoaJsrZEYMLAGmuL2Vsh4oYMYGNrclCOSFto/1sD1K23S8xSyWSeUy7xXyhftCtngzyylFTsgpOSceuSJFckdKpEwYeSIv5JW8Oc/Ou/PhfE5bV5zZzBGZg/P1C3c0nrw=</latexit>

?

This observable is less sensitive to the chirality of the axion coupling

CRISTAL BOX

⇠ 8⇥ 1011µ+

<latexit sha1_base64="E0hjJsSnGupxviDvw4q6BdYel8Y=">AAACG3icbVDLSsNAFJ3UV62vqCtxM1gEQSmJFKy7ohuXFewDmrRMJpN26EwSZiZCCcEvcelWP8KduHXhN/gTTtssbOuBgcM593LmHi9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JJRIjBp4ohFouMhSRgNSVNRxUgnFgRxj5G2N7qd+O1HIiSNwgc1jonL0SCkAcVIaalvHjmSclhzFOVEQtvqpbadOTzpnffNslWxpoDLxM5JGeRo9M0fx49wwkmoMENSdm0rVm6KhKKYkazkJJLECI/QgHQ1DZFOdNPpCRk81YoPg0joFyo4Vf9upIhLOeaenuRIDeWiNxH/87qJCmpuSsM4USTEs6AgYVBFcNIH9KkgWLGxJggLqv8K8RAJhJVubS7F8/iF1IcNiZ+VdDv2YhfLpHVZsauV6/tquX6T91QEx+AEnAEbXIE6uAMN0AQYPIEX8ArejGfj3fgwPmejBSPfOQRzML5+AdAKoHo=</latexit>

E�,e > 38 MeV

<latexit sha1_base64="huHDU5r/jKLvcW/91aDnBBdxUVU=">AAACHHicbVDLSgNBEJz1GeMr6k0vg0HwEMKuBowXCYrgRVAwUUhCmJ10kiEzu8tMrxiWBb/Eo1f9CG/iVfAb/AknMQc1FjQUVd10d/mRFAZd98OZmp6ZnZvPLGQXl5ZXVnNr6zUTxppDlYcy1Dc+MyBFAFUUKOEm0sCUL+Ha758M/etb0EaEwRUOImgq1g1ER3CGVmrlNk9bSaPLlGIFSI/2yw2EO0zoOdTSVi7vFt0R6CTxxiRPxrho5T4b7ZDHCgLkkhlT99wImwnTKLiENNuIDUSM91kX6pYGTIFpJqMfUrpjlTbthNpWgHSk/pxImDJmoHzbqRj2zF9vKP7n1WPslJuJCKIYIeDfizqxpBjSYSC0LTRwlANLGNfC3kp5j2nG0cb2a4vvq4Kxj/WgnWZtOt7fLCZJba/olYqHl6V85XicU4ZskW2ySzxyQCrkjFyQKuHknjySJ/LsPDgvzqvz9t065YxnNsgvOO9fmM2hfw==</latexit>

MEGII can dramatically improve on this reach if it can trigger on this! 

trigger design on the basis of CRISTAL BOX: Can we reduce the rate to 200 Hz? 

work in progress with Itay Bloch



Summary

Flavored axions are well motivated “new” targets
which can be hunted in a plethora of new exp. searches

IN THE QUARK SECTOR

IN THE LEPTON SECTOR


