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Many studies on “Physics Beyond Colliders” (PBC) in the last decade

This collective knowledge will give a significant impact 
on the optimization of the ILC facility design



Use of ILC infrastructure other than the Higgs Factory

Ideas related to PBC:
Session O: Fixed target / Dark sectors / Applications outside particle physics
Session S: ILC application (to physics, material science, etc.)

https://agenda.linearcollider.org/event/9211/program
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https://agenda.linearcollider.org/event/9211/program
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Circular collider Linear collider

Linear collider EXP and Beam dump EXP 
coexist naturally

IP
1010 e+ 1010 e-

~1010 e- ~1010 e-

(Beam dump)

FASER-like

Beams are not 
often dumped

(Beam dump)

(Beam dump)

IP

MATHUSLA-like

Beams are always dumped



Beam dumps at ILC
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Fig. from Kaoru Yokoya

Main beam dumpsTune-up dump
for e+

Tune-up dump
for e-

Photon beam dump

Consider the potential of these beam dump facilities.



Main beam dumps
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(From IP)

11 m (~30 X0)

1.8 m

filled with “Water”θ < ~0.5 mrad

(Base design) P. Satyamurthy, et.al., NIM A 679 (2012)
Being developed by N. Terunuma and Y. Morikawa

(To IP)



Luminosity
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μ-
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Water

(125 GeV,  N=~1014/s)

Muon Shield

E / Ebeam

A result for H2O target.

[Note]:

Using e- beam (e+ beam)

← e- (e+)

e+ (e-)

photon

d(Luminosity)
d log10(E/Ebeam) [fb�1/s]

<latexit sha1_base64="zz99enH7QjR8Hc5LwCzS0xV03Do=">AAACRHicbZBNaxQxHMYz9a2Ob1s9egluhe3B7Uy11F6kIAUPHiq4bWFmHDLZzDY0L0PyH3EJ8bt58QN48xN48aCIVzE7M4hvDwSePP+XhF/VCG4hST5GaxcuXrp8Zf1qfO36jZu3Rhu3j61uDWUzqoU2pxWxTHDFZsBBsNPGMCIrwU6q86er+slrZizX6iUsG1ZIslC85pRAiMpRthnntSHUzXNgb8BNnreSK205LLe8D6nQi9 KliceTw+3D0uVG4irs91sev8VxhvuxuvKv3IPUb/dX63ERb5ajcTJNOuF/TTqYMRp0VI4+5HNNW8kUUEGszdKkgcIRA5wK5uO8tawh9JwsWBasIpLZwnUQPL4fkjmutQlHAe7S3ycckdYuZRU6JYEz+3dtFf6vlrVQPy4cV00LTNH+oboVGDReEcVzbhgFsQyGUMPDXzE9I4EpBO5xB2G/E+7N3qPB7Ke/IBzvTNOH090XO+ODJwOOdXQX3UMTlKI9dICeoSM0QxS9Q5/QF/Q1eh99jr5F3/vWtWiYuYP+UPTjJzFmsVQ=</latexit>

For nucleon target, this values increase ~16 times.

Also, σ is enhanced ~64 times for coherent interactions.

Beam dump EXP is Luminosity frontier

1 year ~ 5000 hour operation
           ~ 2 x 107 s

N(events) =  (Luminosity) x (Cross section)
(Luminosity) = (# density of target) x (track length)



• Very forward muon beams are obtained by e± beams.

• Positron dump generates more high-energy muons.

• The flux are ~108 times greater than the cosmic-ray.  
(Neutron flux is ~1011 times greater than the cosmic)
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Muon beam

File = data_sum/electron_125000/2d_muon.out [t-track] in xyz mesh Date = 12:05 09-Apr-202

calculated by PHITS 3.25 plotted by ANGEL 4.5
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  emin  =   0.0000E+00 [MeV]
  emax  =   1.2500E+05 [MeV]
  ymin  =  -5.0000E+01 [cm]
  ymax  =   5.0000E+01 [cm]

  part. = p1-group
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<latexit sha1_base64="jgfiuuxSmDxZYlTNMgkQFziu86Q=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhx2YK9QBvKZDppx04mYWYilNAncONCEbe+gm/izrdxmhbx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydW83rmjUrFI3OhpTL0QjwQLGMHaWM3yoFhybCcT+gvuEkqXb5VMjUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaMyhwSJWXZofO0IlxhiiIpHlCo8z9PpHiUKlp6JvOEOux+l2bm//VeokOLryUiTjRVJDFoiDhSEdo/ms0ZJISzacGMJHM3IrIGEtMtMmmkIVQy4QWUD1bQs39CqFdtt2Kfd50SnUbFsrDERzDKbhQhTpcQwNaQIDCPTzCk3VrPVjP1suiNWctZw7hh6zXT5ggj1k=</latexit>
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<latexit sha1_base64="d1brec5qrnUYkOZMLGRjXuH5GhQ=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJrdSuLLhx2YK9QBvKZDppx04mYWYilNIncONCEbe+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydWi3rmjUrFI3OhpTL0QjwQLGMHaWM3KoFhybCcV+gvuEkqXb+VUjUHxvT+MSBJSoQnHSvVcJ9beDEvNCKfzQj9RNMZkgke0Z1DgkCpvlh46RyfGGaIgkuYJjVL3+8QMh0pNQ990hliP1e/awvyv1kt0cOHNmIgTTQXJFgUJRzpCi1+jIZOUaD41gIlk5lZExlhiok02hTSEWiqUQbWyhJr7FUL7zHbL9nnTKdVtyJSHIziGU3ChCnW4hga0gACFe3iEJ+vWerCerZesNWctZw7hh6zXT5soj1s=</latexit>
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<latexit sha1_base64="1LPsnUxEdHJvgFU7Mw8MZivTqlQ=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgyJrdS6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UblXKFqmlQr9BXsGxfOP0t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqJRnULW/Qmgem3bJPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3PdkKQ=</latexit>
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<latexit sha1_base64="u2WGLHauzYnaPRDOIM1Jgca86u0=">AAAB6XicbZDLSsNAFIZPvNZ6q7oUZLAIbgxJq9S6seDGZRV7gTaUyXTSDp1cmJkIJfQN3LhQxK07H8edD+LeaVLE2w8DH/85h3PmdyPOpLKsd2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1M661bKiQLgxs1jqjj40HAPEaw0tb1UalXKFqmlQr9BXsGxfOP8t7Z5LVe7xXeuv2QxD4NFOFYyo5tRcpJsFCMcDrJd2NJI0xGeEA7GgPsU+kk6aUTdKCdPvJCoV+gUOp+n0iwL+XYd3Wnj9VQ/q5Nzf9qnVh5p07CgihWNCDZIi/mSIVo+m3UZ4ISxccaMBFM34rIEAtMlA4nn4ZQTYUyqBzPoGp/hdAsmXbZPLmyijUTMuVgF/bhEGyoQA0uoQ4NIODBHTzAozEy7o0n4zlrnTNmMzvwQ8bLJ3DVkKI=</latexit>
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<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>
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<latexit sha1_base64="2UKbwCia7f8XH7XJSeoIwoQgSFc=">AAAB9HicbZBLSwMxFIUzPmt9VV26CbaCq2GmKrW7ghuXFewDpkPJpJk2NMmMSaZYhvo33LhQxK0/xp3/xnQ6iK8DgY9z7iWXE8SMKu04H9bS8srq2npho7i5tb2zW9rbb6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjC/neWdCpKKRuNHTmPgcDQUNKUbaWH7lrnLvpT3JIZ/5/VLZsZ1M8C+4OZRBrma/9N4bRDjhRGjMkFKe68TaT5HUFDMyK/YSRWKEx2hIPIMCcaL8NDt6Bo+NM4BhJM0TGmbu940UcaWmPDCTHOmR+p3Nzf8yL9HhhZ9SESeaCLz4KEwY1BGcNwAHVBKs2dQAwpKaWyEeIYmwNj0VsxLqmeACamc51N2vEtpV2z21z6+r5Yad11EAh+AInAAX1EADXIEmaAEMbsEDeALP1sR6tF6s18XokpXvHIAfst4+AWQykjM=</latexit>
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<latexit sha1_base64="01xx2bGRriEv8ZvqERtakMZP7cw=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVWpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o3rDMoVx3Yyob/gLqBy8VbN1ByU3/vDiCQhFZpwrFTPdWLtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbpDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfo4NxLmYgTTQXJFwUJRzpC82+jIZOUaD41gIlk5lZExlhiok04pSyEeiaUQ+10AXX3K4T2ie1W7bNrp9KwIVcRDuAQjsGFGjTgCprQAgIB3MMjPFkT68F6tl7y1oK1mNmHH7JePwEEgI+S</latexit>
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<latexit sha1_base64="bdlBpeEoS/5paBAtr80q19VcIJs=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJWmpXFty4rGIv0IYymU7aoZNJmJkIJfQN3LhQxK2P4Ju4822cJkW8/TDw8Z9zOGd+P+ZMacf5sApLyyura8X10sbm1vZOeXevraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjmvd+6oVCwSt3oaUy/EI8ECRrA21o1bHZQrju1kQn/BXUDl4u00U3NQfu8PI5KEVGjCsVI914m1l2KpGeF0VuonisaYTPCI9gwKHFLlpdmlM3RknCEKImme0Chzv0+kOFRqGvqmM8R6rH7X5uZ/tV6ig3MvZSJONBUkXxQkHOkIzb+NhkxSovnUACaSmVsRGWOJiTbhlLIQ6plQDrWzBdTdrxDaJ7Z7alevnUrDhlxFOIBDOAYXatCAK2hCCwgEcA+P8GRNrAfr2XrJWwvWYmYffsh6/QQMFI+X</latexit>
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<latexit sha1_base64="tWkqD6riREOFwffSO6nGezCftgQ=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuApJq9SuLLhxWcXaQhvKZDpph04mYWYilNA3cONCEbc+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nwyosLa+srhXXSxubW9s75d29WxUlktA2iXgkuz5WlDNB25ppTruxpDj0Oe34k4t5vXNHpWKRuNHTmHohHgkWMIK1sa6rzqBccWwnE/oL7gIq52+1TK1B+b0/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jMocEiVl2aXztCRcYYoiKR5QqPM/T6R4lCpaeibzhDrsfpdm5v/1XqJDs68lIk40VSQfFGQcKQjNP82GjJJieZTA5hIZm5FZIwlJtqEU8pCaGRCOdRPFtBwv0K4rdpuzT69cipNG3IV4QAO4RhcqEMTLqEFbSAQwD08wpM1sR6sZ+slby1Yi5l9+CHr9RMGBY+T</latexit>
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<latexit sha1_base64="87DLpWR8huXok9IZ+nKZPCbvHmg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJF2pXFty4bMFeoA1lMp20YyeTMDMRSugTuHGhiFtfwTdx59s4TYp4+2Hg4z/ncM78fsyZ0o7zYRWWlldW14rrpY3Nre2d8u5eW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5Gpe79xRqVgkbvQ0pl6IR4IFjGBtrKYzKFcc28mE/oK7gMrl22mmxqD83h9GJAmp0IRjpXquE2svxVIzwums1E8UjTGZ4BHtGRQ4pMpLs0Nn6Mg4QxRE0jyhUeZ+n0hxqNQ09E1niPVY/a7Nzf9qvUQHF17KRJxoKki+KEg40hGa/xoNmaRE86kBTCQztyIyxhITbbIpZSHUMqEcqmcLqLlfIbRPbPfUPm86lboNuYpwAIdwDC5UoQ7X0IAWEKBwD4/wZN1aD9az9ZK3FqzFzD78kPX6CZUYj1c=</latexit>
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<latexit sha1_base64="qYCJKbr2n4H+QmoJb8xHc5Pe0vg=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJtdSuLLhx2YK9QBvKZDppx04mYWYilNIncONCEbe+gm/izrdxmhTx9sPAx3/O4Zz5/ZgzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ydWi3rmjUrFI3OhpTL0QjwQLGMHaWM3KoFhybCcV+gvuEkqXb+VUjUHxvT+MSBJSoQnHSvVcJ9beDEvNCKfzQj9RNMZkgke0Z1DgkCpvlh46RyfGGaIgkuYJjVL3+8QMh0pNQ990hliP1e/awvyv1kt0cOHNmIgTTQXJFgUJRzpCi1+jIZOUaD41gIlk5lZExlhiok02hTSEWiqUQfV8CTX3K4T2me2W7UrTKdVtyJSHIziGU3ChCnW4hga0gACFe3iEJ+vWerCerZesNWctZw7hh6zXT5ysj1w=</latexit>

z [m]
<latexit sha1_base64="7LH91rerL8I7+7obr1egw+Bwgio=">AAAB9HicbZBLSwMxFIUzPmt9VV26CbaCq2GmKrW7ghuXFewDpkPJpJk2NMmMSaZQh/o33LhQxK0/xp3/xnQ6iK8DgY9z7iWXE8SMKu04H9bS8srq2npho7i5tb2zW9rbb6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjC/neWdCpKKRuNHTmPgcDQUNKUbaWH7lrnLvpT3JIZ/5/VLZsZ1M8C+4OZRBrma/9N4bRDjhRGjMkFKe68TaT5HUFDMyK/YSRWKEx2hIPIMCcaL8NDt6Bo+NM4BhJM0TGmbu940UcaWmPDCTHOmR+p3Nzf8yL9HhhZ9SESeaCLz4KEwY1BGcNwAHVBKs2dQAwpKaWyEeIYmwNj0VsxLqmeACamc51N2vEtpV2z21z6+r5Yad11EAh+AInAAX1EADXIEmaAEMbsEDeALP1sR6tF6s18XokpXvHIAfst4+AWdQkjU=</latexit>
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<latexit sha1_base64="J0M5vjq2zssiTZoqFMhmEG+N0/c=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8FWEBftTFVqdwVBXFawD5iOJZOmbWgyMyQZtYz9KW5cKOLWX+LOf2M6HcTXgcDHOfeSy/FCRqWyrA8js7C4tLySXc2trW9sbpn57ZYMIoFJEwcsEB0PScKoT5qKKkY6oSCIe4y0vfHZLG/fECFp4F+pSUhcjoY+HVCMlLZ6Zv6cRXfQscuYF68rxbJ0e2bBKlmJ4F+wUyiAVI2e+d7tBzjixFeYISkd2wqVGyOhKGZkmutGkoQIj9GQOBp9xIl04+T0KdzXTh8OAqGfr2Dift+IEZdywj09yZEayd/ZzPwvcyI1OHVj6oeRIj6efzSIGFQBnPUA+1QQrNhEA8KC6lshHiGBsNJt5ZISaongHKrHKdTsrxJalZJ9VDq5rBTqh2kdWbAL9sABsEEV1MEFaIAmwOAWPIAn8GzcG4/Gi/E6H80Y6c4O+CHj7RMheZLz</latexit>

Muon
<latexit sha1_base64="rb1IFTyMfDqcaBsQjw6ws+1vxcc=">AAAB8nicbZDLSgMxFIYzXmu91cvOTbAIrsqMF2pXFlzoRqhgL9AOJZNm2tBMMiRnxDr0Mdy4UMStuPJJ3Ln0TZxOi3j7IfDxn3M4J78XCm7Att+tqemZ2bn5zEJ2cWl5ZTW3tl4zKtKUVakSSjc8YpjgklWBg2CNUDMSeILVvf7JqF6/YtpwJS9hEDI3IF3JfU4JJFazBewa4vNIyWE7l7cLdir8F5wJ5I9fbz5OXzbjSjv31uooGgVMAhXEmKZjh+DGRAOngg2zrciwkNA+6bJmgpIEzLhxevIQ7yROB/tKJ08CTt3vEzEJjBkEXtIZEOiZ37WR+V+tGYF/5MZchhEwSceL/EhgUHj0f9zhmlEQgwQI1Ty5FdMe0YRCklI2DaGUCo+heDCBkvMVQm2v4OwXDi/sfNlGY2XQFtpGu8hBRVRGZ6iCqogihW7RPXqwwLqzHq2nceuUNZnZQD9kPX8CPs2V8w==</latexit>

Beam : 125 GeV, 2.6 MW
<latexit sha1_base64="EOlHYQ23PcOlBXMP2esprKtvLp8="></latexit>
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<latexit sha1_base64="fpJ8+en0EDIxSU77VHk3XGWyKoI="></latexit>
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Main beam dump experiment
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11 m ~70 m ~50 m

μ

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

a
<latexit sha1_base64="W70o3gDRNlq2ua2FPb60YiM62OA=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCoziuhKC25ctmAv0A4lk55pYzOZIckIpfQJ3LhQxK2v4hu4821Mp11o6w+Bj/8/h5xzgkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt9O8+YhK81jem1GCfkT7koecUWOtGu0WS27ZzUSWwZtD6ebzPFO1W/zq9GKWRigNE1Trtucmxh9TZTgTOCl0Uo0JZUPax7ZFSSPU/jgbdEJOrNMjYazsk4Zk7u+OMY20HkWBrYyoGejFbGr+l7VTE175Yy6T1KBks4/CVBATk+nWpMcVMiNGFihT3M5K2IAqyoy9TcEewVtceRkaZ2XvvHxRc0uVa5gpD0dwDKfgwSVU4A6qUAcGCE/wAq/Og/PsvDnvs9KcM+85hD9yPn4Au+aPGA==</latexit>

µ
<latexit sha1_base64="tLLSGts4/L+ga5ylJjQ6xRVSLjY=">AAAB6nicbVC7SgNBFL0bXzE+ErWwsBkMglXYVUQLkYCNZUTzgGQJs5PZZMjM7DIzK4Qln2BjoYitf+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQKsKWeSVg0znDZiRbEIOK0H/euxX3+gSrNI3ptBTH2Bu5KFjGBjpbuWSNqFoltyJ0CLxJuRYnl/NMpffnxX2oXPViciiaDSEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcSCaj+dnDpER1bpoDBStqRBE/X3RIqF1gMR2E6BTU/Pe2PxP6+ZmPDCT5mME0MlmS4KE45MhMZ/ow5TlBg+sAQTxeytiPSwwsTYdHI2BG/+5UVSOyl5p6WzW5vGFUyRhQM4hGPw4BzKcAMVqAKBLjzCM7w43HlyXp23aWvGmc3swR847z/ax5Hr</latexit>

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>S

<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

a
<latexit sha1_base64="W70o3gDRNlq2ua2FPb60YiM62OA=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCoziuhKC25ctmAv0A4lk55pYzOZIckIpfQJ3LhQxK2v4hu4821Mp11o6w+Bj/8/h5xzgkRwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt9O8+YhK81jem1GCfkT7koecUWOtGu0WS27ZzUSWwZtD6ebzPFO1W/zq9GKWRigNE1Trtucmxh9TZTgTOCl0Uo0JZUPax7ZFSSPU/jgbdEJOrNMjYazsk4Zk7u+OMY20HkWBrYyoGejFbGr+l7VTE175Yy6T1KBks4/CVBATk+nWpMcVMiNGFihT3M5K2IAqyoy9TcEewVtceRkaZ2XvvHxRc0uVa5gpD0dwDKfgwSVU4A6qUAcGCE/wAq/Og/PsvDnvs9KcM+85hD9yPn4Au+aPGA==</latexit>
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⇤
<latexit sha1_base64="ymJfpb+ZsJFEtLAcqoewNcS3L+U="></latexit>

Case:

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

µ
<latexit sha1_base64="tLLSGts4/L+ga5ylJjQ6xRVSLjY=">AAAB6nicbVC7SgNBFL0bXzE+ErWwsBkMglXYVUQLkYCNZUTzgGQJs5PZZMjM7DIzK4Qln2BjoYitf+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQKsKWeSVg0znDZiRbEIOK0H/euxX3+gSrNI3ptBTH2Bu5KFjGBjpbuWSNqFoltyJ0CLxJuRYnl/NMpffnxX2oXPViciiaDSEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcSCaj+dnDpER1bpoDBStqRBE/X3RIqF1gMR2E6BTU/Pe2PxP6+ZmPDCT5mME0MlmS4KE45MhMZ/ow5TlBg+sAQTxeytiPSwwsTYdHI2BG/+5UVSOyl5p6WzW5vGFUyRhQM4hGPw4BzKcAMVqAKBLjzCM7w43HlyXp23aWvGmc3swR847z/ax5Hr</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

Lead
<latexit sha1_base64="gQMJwa6Svk2TLlL3epUsmyviiew=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZ8ULtyoIbFy5asBdoh5LJZNrQJDMkGaEMXbp140IRtz6AO5/Dnc+gD+Fcinj7IfDxn3M4J78TMKq0ab4ZuZnZufmF/GJhaXllda24vtFSfigxaWKf+bLjIEUYFaSpqWakE0iCuMNI2xmdJfX2FZGK+uJSjwNiczQQ1KMY6cS6IMjtF0tm2UwF/4I1hdLp8/v19kvjo94vvvZcH4ecCI0ZUqprmYG2IyQ1xYxMCr1QkQDhERqQbowCcaLsKL11Andjx4WeL+MnNEzd7xMR4kqNuRN3cqSH6nctMf+rdUPtndgRFUGoicDZIi9kUPsw+Th0qSRYs3EMCEsa3wrxEEmEdRxPIQ2hmgpmUDmaQtX6CqF1ULYOy8cNs1TbB5nyYAvsgD1ggQqogXNQB02AwRDcgDtwb3Dj1ngwHrPWnDGd2QQ/ZDx9Agypkwg=</latexit>

Concrete
<latexit sha1_base64="awlMyf8S6LnKgjtGvPcuGa7zhfk=">AAAB73icbZDLSsNAFIYnXmu9VV0KMlgEF1ISL9SuLHTjsgV7gTaUyfSkHTqZxJmJUEKXvoAbF4q4denO53DnM+hDmCZFvP0w8PGfczhnfifgTGnTfDNmZufmFxYzS9nlldW19dzGZkP5oaRQpz73ZcshCjgTUNdMc2gFEojncGg6w8qk3rwCqZgvLvQoANsjfcFcRomOrVbFF1SChm4ubxbMRPgvWFPInz2/X++81D6q3dxrp+fT0AOhKSdKtS0z0HZEpGaUwzjbCRUEhA5JH9oxCuKBsqPk3jHei50edn0ZP6Fx4n6fiIin1Mhz4k6P6IH6XZuY/9XaoXZP7YiJINQgaLrIDTnWPp58HveYBKr5KAZCJYtvxXRAJKE6jiibhFBKhFMoHk+hZH2F0DgsWEeFk5qZLx+gVBm0jXbRPrJQEZXROaqiOqKIoxt0h+6NS+PWeDAe09YZYzqzhX7IePoES6SU7Q==</latexit>

Water
<latexit sha1_base64="dmSHeBD3QnCH0MHGMXXwlHKoCKg=">AAAB7HicbZDLSsNAFIZPvNZ6q7oUZLAILqQkXqhdWXDjsgXTFtpQJtNJO3QyCTMToYQuXbtxoYhb9+58Dnc+gz6EaVLE2w8DH/85h3Pmd0POlDbNN2Nmdm5+YTG3lF9eWV1bL2xsNlQQSUJtEvBAtlysKGeC2pppTluhpNh3OW26w/NJvXlFpWKBuNSjkDo+7gvmMYJ1YtlNrKnsFopmyUyF/oI1heLZ8/v1zkv9o9YtvHZ6AYl8KjThWKm2ZYbaibHUjHA6znciRUNMhrhP2wkK7FPlxOmxY7SXOD3kBTJ5QqPU/T4RY1+pke8mnT7WA/W7NjH/q7Uj7Z06MRNhpKkg2SIv4kgHaPJz1GOSEs1HCWAiWXIrIgMsMUkiUPk0hEoqlEH5eAoV6yuExmHJOiqd1M1i9QAy5WAbdmEfLChDFS6gBjYQYHADd3BvCOPWeDAes9YZYzqzBT9kPH0CCROTnw==</latexit>

µ
<latexit sha1_base64="mz5mCKsPkHuIoyru+0j85gDMoQ8=">AAAB6nicbZDLSsNAFIZPvNRab1WXLhwtggstiRdqdwU3LivaC7ShTKaTduhkEmYmQgl9BDcuFHHrE7nzPXwAp0kRbz8MfPznHM6Z34s4U9q23625+YXF3FJ+ubCyura+UdzcaqowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG11O6607KhULxa0eR9QN8EAwnxGsjXXTDeJesWSX7VToLzgzKNVyTf6xu3dc7xXfuv2QxAEVmnCsVMexI+0mWGpGOJ0UurGiESYjPKAdgwIHVLlJeuoEHRinj/xQmic0St3vEwkOlBoHnukMsB6q37Wp+V+tE2v/wk2YiGJNBckW+TFHOkTTf6M+k5RoPjaAiWTmVkSGWGKiTTqFNIRqKpRB5WwGVecrhOZJ2Tktn1+bNI4gUx52YB8OwYEK1OAK6tAAAgO4h0d4srj1YD1bL1nrnDWb2YYfsl4/AdRBkLw=</latexit>

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

e+
<latexit sha1_base64="AXUQ69itOUgaOmjZ/EnvKp0uFXo=">AAAB8HicbZDLSsNAFIYn9VbrrerSzWARBKEkVqndaMGNywq2VdpYJtOTduhMEmYmQgl9CjcuFHHra/gG7nwbp0kRbz8MfPznHM6Z34s4U9q2P6zc3PzC4lJ+ubCyura+UdzcaqkwlhSaNOShvPaIAs4CaGqmOVxHEojwOLS90fm03r4DqVgYXOlxBK4gg4D5jBJtrJukKwWGye1Br1iyy3Yq/BecGZTO3iqpGr3ie7cf0lhAoCknSnUcO9JuQqRmlMOk0I0VRISOyAA6BgMiQLlJevAE7xmnj/1QmhdonLrfJxIilBoLz3QKoofqd21q/lfrxNo/cRMWRLGGgGaL/JhjHeLp73GfSaCajw0QKpm5FdMhkYRqk1EhDaGWCmdQPZpBzfkKoXVYdirl40u7VD9FmfJoB+2ifeSgKqqjC9RATUSRQPfoET1Z0nqwnq2XrDVnzWa20Q9Zr5+LPpLY</latexit>

e�
<latexit sha1_base64="qS1DFb4z/YfZjUOS0Zcrhs7mSrw=">AAAB8HicbZDLSsNAFIYn9VbrrerSzWAR3FgSq9RutODGZQXbKm0sk+lJO3QmCTMToYQ+hRsXirj1NXwDd76N06SItx8GPv5zDufM70WcKW3bH1Zubn5hcSm/XFhZXVvfKG5utVQYSwpNGvJQXntEAWcBNDXTHK4jCUR4HNre6Hxab9+BVCwMrvQ4AleQQcB8Rok21k3SlQLD5PagVyzZZTsV/gvODEpnb5VUjV7xvdsPaSwg0JQTpTqOHWk3IVIzymFS6MYKIkJHZAAdgwERoNwkPXiC94zTx34ozQs0Tt3vEwkRSo2FZzoF0UP1uzY1/6t1Yu2fuAkLolhDQLNFfsyxDvH097jPJFDNxwYIlczciumQSEK1yaiQhlBLhTOoHs2g5nyF0DosO5Xy8aVdqp+iTHm0g3bRPnJQFdXRBWqgJqJIoHv0iJ4saT1Yz9ZL1pqzZjPb6Ies10+ORpLa</latexit>

10-2 10-1 100
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10-2

mS [GeV]

gµ
<latexit sha1_base64="iP+4Ips/mEK95are6h0gMjdqrsU=">AAAB7nicbZBLSwMxFIXv+Kz1VXXpJloEV2XGB7UbKXTjsoJ9QDuUTJppQ5OZIckoZejCtSsXulDErb/Hnf/GdKaIrwOBj3Pv5d4cL+JMadv+sObmFxaXlnMr+dW19Y3NwtZ2U4WxJLRBQh7KtocV5SygDc00p+1IUiw8TlveqDatt66pVCwMrvQ4oq7Ag4D5jGBtrNagl3RFPOkVinbJToX+gjODYnXvht/VHm7rvcJ7tx+SWNBAE46V6jh2pN0ES80Ip5N8N1Y0wmSEB7RjMMCCKjdJz52gA+P0kR9K8wKNUvf7RIKFUmPhmU6B9VD9rk3N/2qdWPtnbsKCKNY0INkiP+ZIh2j6d9RnkhLNxwYwkczcisgQS0y0SSifhlBJhTIon8yg4nyF0DwqOcel00uTxjlkysEu7MMhOFCGKlxAHRpAYAT38ATPVmQ9Wi/Wa9Y6Z81mduCHrLdPGDyTcw==</latexit>

Orsay

E137

(g-2)μ

(g-2)μ-favored

NA64μ

ILC-250 (1 year)

ILC-250 (20 years)

BABAR

ILC is sensistive to small coupling 
region due to its large Luminosity

10

K.Asai, S.Iwamoto, YS, D.Ueda. 2105.13768



Scalar

How about  general cases with quark coupling?
(e.g., Dark scalar mixing with the Higgs) A bench mark of PBC study

G. Lanfranchi et.al., 1901.09966

Meson decay is dominant.
→ ILC beam dumps generate lots of mesons

(See HNL results)

ILC study does not exist yet

11

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

µ
<latexit sha1_base64="tLLSGts4/L+ga5ylJjQ6xRVSLjY=">AAAB6nicbVC7SgNBFL0bXzE+ErWwsBkMglXYVUQLkYCNZUTzgGQJs5PZZMjM7DIzK4Qln2BjoYitf+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQKsKWeSVg0znDZiRbEIOK0H/euxX3+gSrNI3ptBTH2Bu5KFjGBjpbuWSNqFoltyJ0CLxJuRYnl/NMpffnxX2oXPViciiaDSEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcSCaj+dnDpER1bpoDBStqRBE/X3RIqF1gMR2E6BTU/Pe2PxP6+ZmPDCT5mME0MlmS4KE45MhMZ/ow5TlBg+sAQTxeytiPSwwsTYdHI2BG/+5UVSOyl5p6WzW5vGFUyRhQM4hGPw4BzKcAMVqAKBLjzCM7w43HlyXp23aWvGmc3swR847z/ax5Hr</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

Lead
<latexit sha1_base64="gQMJwa6Svk2TLlL3epUsmyviiew=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZ8ULtyoIbFy5asBdoh5LJZNrQJDMkGaEMXbp140IRtz6AO5/Dnc+gD+Fcinj7IfDxn3M4J78TMKq0ab4ZuZnZufmF/GJhaXllda24vtFSfigxaWKf+bLjIEUYFaSpqWakE0iCuMNI2xmdJfX2FZGK+uJSjwNiczQQ1KMY6cS6IMjtF0tm2UwF/4I1hdLp8/v19kvjo94vvvZcH4ecCI0ZUqprmYG2IyQ1xYxMCr1QkQDhERqQbowCcaLsKL11Andjx4WeL+MnNEzd7xMR4kqNuRN3cqSH6nctMf+rdUPtndgRFUGoicDZIi9kUPsw+Th0qSRYs3EMCEsa3wrxEEmEdRxPIQ2hmgpmUDmaQtX6CqF1ULYOy8cNs1TbB5nyYAvsgD1ggQqogXNQB02AwRDcgDtwb3Dj1ngwHrPWnDGd2QQ/ZDx9Agypkwg=</latexit>

Concrete
<latexit sha1_base64="awlMyf8S6LnKgjtGvPcuGa7zhfk=">AAAB73icbZDLSsNAFIYnXmu9VV0KMlgEF1ISL9SuLHTjsgV7gTaUyfSkHTqZxJmJUEKXvoAbF4q4denO53DnM+hDmCZFvP0w8PGfczhnfifgTGnTfDNmZufmFxYzS9nlldW19dzGZkP5oaRQpz73ZcshCjgTUNdMc2gFEojncGg6w8qk3rwCqZgvLvQoANsjfcFcRomOrVbFF1SChm4ubxbMRPgvWFPInz2/X++81D6q3dxrp+fT0AOhKSdKtS0z0HZEpGaUwzjbCRUEhA5JH9oxCuKBsqPk3jHei50edn0ZP6Fx4n6fiIin1Mhz4k6P6IH6XZuY/9XaoXZP7YiJINQgaLrIDTnWPp58HveYBKr5KAZCJYtvxXRAJKE6jiibhFBKhFMoHk+hZH2F0DgsWEeFk5qZLx+gVBm0jXbRPrJQEZXROaqiOqKIoxt0h+6NS+PWeDAe09YZYzqzhX7IePoES6SU7Q==</latexit>

Water
<latexit sha1_base64="dmSHeBD3QnCH0MHGMXXwlHKoCKg=">AAAB7HicbZDLSsNAFIZPvNZ6q7oUZLAILqQkXqhdWXDjsgXTFtpQJtNJO3QyCTMToYQuXbtxoYhb9+58Dnc+gz6EaVLE2w8DH/85h3Pmd0POlDbNN2Nmdm5+YTG3lF9eWV1bL2xsNlQQSUJtEvBAtlysKGeC2pppTluhpNh3OW26w/NJvXlFpWKBuNSjkDo+7gvmMYJ1YtlNrKnsFopmyUyF/oI1heLZ8/v1zkv9o9YtvHZ6AYl8KjThWKm2ZYbaibHUjHA6znciRUNMhrhP2wkK7FPlxOmxY7SXOD3kBTJ5QqPU/T4RY1+pke8mnT7WA/W7NjH/q7Uj7Z06MRNhpKkg2SIv4kgHaPJz1GOSEs1HCWAiWXIrIgMsMUkiUPk0hEoqlEH5eAoV6yuExmHJOiqd1M1i9QAy5WAbdmEfLChDFS6gBjYQYHADd3BvCOPWeDAes9YZYzqzBT9kPH0CCROTnw==</latexit>

µ
<latexit sha1_base64="mz5mCKsPkHuIoyru+0j85gDMoQ8=">AAAB6nicbZDLSsNAFIZPvNRab1WXLhwtggstiRdqdwU3LivaC7ShTKaTduhkEmYmQgl9BDcuFHHrE7nzPXwAp0kRbz8MfPznHM6Z34s4U9q23625+YXF3FJ+ubCyura+UdzcaqowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG11O6607KhULxa0eR9QN8EAwnxGsjXXTDeJesWSX7VToLzgzKNVyTf6xu3dc7xXfuv2QxAEVmnCsVMexI+0mWGpGOJ0UurGiESYjPKAdgwIHVLlJeuoEHRinj/xQmic0St3vEwkOlBoHnukMsB6q37Wp+V+tE2v/wk2YiGJNBckW+TFHOkTTf6M+k5RoPjaAiWTmVkSGWGKiTTqFNIRqKpRB5WwGVecrhOZJ2Tktn1+bNI4gUx52YB8OwYEK1OAK6tAAAgO4h0d4srj1YD1bL1nrnDWb2YYfsl4/AdRBkLw=</latexit>

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

S
<latexit sha1_base64="h5yq53RRFM89pQ76PBrihKujjdU=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJXEIrrSghuXLdoLtKFMpift2MkkzEyEEvoEblwo4tZX8Q3c+TZO0y609YeBj/8/hznn+DFnSjvOt5VbWV1b38hvFra2d3b3ivsHTRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPbqZ56xGlYpG41+MYvZAMBAsYJdpY9bteseSUnUz2MrhzKF1/VjLVesWvbj+iSYhCU06U6rhOrL2USM0ox0mhmyiMCR2RAXYMChKi8tJs0Il9Ypy+HUTSPKHtzP3dkZJQqXHom8qQ6KFazKbmf1kn0cGllzIRJxoFnX0UJNzWkT3d2u4ziVTzsQFCJTOz2nRIJKHa3KZgjuAurrwMzbOyWymf151S9QpmysMRHMMpuHABVbiFGjSAAsITvMCr9WA9W2/W+6w0Z817DuGPrI8fpq6PCg==</latexit>

e+
<latexit sha1_base64="AXUQ69itOUgaOmjZ/EnvKp0uFXo=">AAAB8HicbZDLSsNAFIYn9VbrrerSzWARBKEkVqndaMGNywq2VdpYJtOTduhMEmYmQgl9CjcuFHHra/gG7nwbp0kRbz8MfPznHM6Z34s4U9q2P6zc3PzC4lJ+ubCyura+UdzcaqkwlhSaNOShvPaIAs4CaGqmOVxHEojwOLS90fm03r4DqVgYXOlxBK4gg4D5jBJtrJukKwWGye1Br1iyy3Yq/BecGZTO3iqpGr3ie7cf0lhAoCknSnUcO9JuQqRmlMOk0I0VRISOyAA6BgMiQLlJevAE7xmnj/1QmhdonLrfJxIilBoLz3QKoofqd21q/lfrxNo/cRMWRLGGgGaL/JhjHeLp73GfSaCajw0QKpm5FdMhkYRqk1EhDaGWCmdQPZpBzfkKoXVYdirl40u7VD9FmfJoB+2ifeSgKqqjC9RATUSRQPfoET1Z0nqwnq2XrDVnzWa20Q9Zr5+LPpLY</latexit>

e�
<latexit sha1_base64="qS1DFb4z/YfZjUOS0Zcrhs7mSrw=">AAAB8HicbZDLSsNAFIYn9VbrrerSzWAR3FgSq9RutODGZQXbKm0sk+lJO3QmCTMToYQ+hRsXirj1NXwDd76N06SItx8GPv5zDufM70WcKW3bH1Zubn5hcSm/XFhZXVvfKG5utVQYSwpNGvJQXntEAWcBNDXTHK4jCUR4HNre6Hxab9+BVCwMrvQ4AleQQcB8Rok21k3SlQLD5PagVyzZZTsV/gvODEpnb5VUjV7xvdsPaSwg0JQTpTqOHWk3IVIzymFS6MYKIkJHZAAdgwERoNwkPXiC94zTx34ozQs0Tt3vEwkRSo2FZzoF0UP1uzY1/6t1Yu2fuAkLolhDQLNFfsyxDvH097jPJFDNxwYIlczciumQSEK1yaiQhlBLhTOoHs2g5nyF0DosO5Xy8aVdqp+iTHm0g3bRPnJQFdXRBWqgJqJIoHv0iJ4saT1Yz9ZL1pqzZjPb6Ies10+ORpLa</latexit>



Pseudo-Scalar

• An order of magnitude better sensitivity 
than other beam dump experiments.

• Robustness of SN1987 result is still under 
debated.  [Nitsan Bar, Kfir Blum, Guido D’Amico, 1907.05020]

✓ It can be confirmed directly.

YS, D.Ueda 2009.13790
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<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

Lead
<latexit sha1_base64="gQMJwa6Svk2TLlL3epUsmyviiew=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZ8ULtyoIbFy5asBdoh5LJZNrQJDMkGaEMXbp140IRtz6AO5/Dnc+gD+Fcinj7IfDxn3M4J78TMKq0ab4ZuZnZufmF/GJhaXllda24vtFSfigxaWKf+bLjIEUYFaSpqWakE0iCuMNI2xmdJfX2FZGK+uJSjwNiczQQ1KMY6cS6IMjtF0tm2UwF/4I1hdLp8/v19kvjo94vvvZcH4ecCI0ZUqprmYG2IyQ1xYxMCr1QkQDhERqQbowCcaLsKL11Andjx4WeL+MnNEzd7xMR4kqNuRN3cqSH6nctMf+rdUPtndgRFUGoicDZIi9kUPsw+Th0qSRYs3EMCEsa3wrxEEmEdRxPIQ2hmgpmUDmaQtX6CqF1ULYOy8cNs1TbB5nyYAvsgD1ggQqogXNQB02AwRDcgDtwb3Dj1ngwHrPWnDGd2QQ/ZDx9Agypkwg=</latexit>

Concrete
<latexit sha1_base64="awlMyf8S6LnKgjtGvPcuGa7zhfk=">AAAB73icbZDLSsNAFIYnXmu9VV0KMlgEF1ISL9SuLHTjsgV7gTaUyfSkHTqZxJmJUEKXvoAbF4q4denO53DnM+hDmCZFvP0w8PGfczhnfifgTGnTfDNmZufmFxYzS9nlldW19dzGZkP5oaRQpz73ZcshCjgTUNdMc2gFEojncGg6w8qk3rwCqZgvLvQoANsjfcFcRomOrVbFF1SChm4ubxbMRPgvWFPInz2/X++81D6q3dxrp+fT0AOhKSdKtS0z0HZEpGaUwzjbCRUEhA5JH9oxCuKBsqPk3jHei50edn0ZP6Fx4n6fiIin1Mhz4k6P6IH6XZuY/9XaoXZP7YiJINQgaLrIDTnWPp58HveYBKr5KAZCJYtvxXRAJKE6jiibhFBKhFMoHk+hZH2F0DgsWEeFk5qZLx+gVBm0jXbRPrJQEZXROaqiOqKIoxt0h+6NS+PWeDAe09YZYzqzhX7IePoES6SU7Q==</latexit>

Water
<latexit sha1_base64="dmSHeBD3QnCH0MHGMXXwlHKoCKg=">AAAB7HicbZDLSsNAFIZPvNZ6q7oUZLAILqQkXqhdWXDjsgXTFtpQJtNJO3QyCTMToYQuXbtxoYhb9+58Dnc+gz6EaVLE2w8DH/85h3Pmd0POlDbNN2Nmdm5+YTG3lF9eWV1bL2xsNlQQSUJtEvBAtlysKGeC2pppTluhpNh3OW26w/NJvXlFpWKBuNSjkDo+7gvmMYJ1YtlNrKnsFopmyUyF/oI1heLZ8/v1zkv9o9YtvHZ6AYl8KjThWKm2ZYbaibHUjHA6znciRUNMhrhP2wkK7FPlxOmxY7SXOD3kBTJ5QqPU/T4RY1+pke8mnT7WA/W7NjH/q7Uj7Z06MRNhpKkg2SIv4kgHaPJz1GOSEs1HCWAiWXIrIgMsMUkiUPk0hEoqlEH5eAoV6yuExmHJOiqd1M1i9QAy5WAbdmEfLChDFS6gBjYQYHADd3BvCOPWeDAes9YZYzqzBT9kPH0CCROTnw==</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit> a

<latexit sha1_base64="xjM063YsPY78GMPyBEkdrLbaiLc=">AAAB+HicbZDLSsNAFIYn9VbrrerSzWARXJXEC7UbLbhx2YK9QBvKZHrSDp1JwsxEqKFP4Fb37sStr+BTuPVJnCZFrPrDwMd/zuGc+b2IM6Vt+8PKLS2vrK7l1wsbm1vbO8XdvZYKY0mhSUMeyo5HFHAWQFMzzaETSSDC49D2xtezevsOpGJhcKsnEbiCDAPmM0q0sRqkXyzZZTsV/gvOHEpX76ep6v3iZ28Q0lhAoCknSnUdO9JuQqRmlMO00IsVRISOyRC6BgMiQLlJeugUHxlngP1QmhdonLo/JxIilJoIz3QKokfqd21m/lfrxtq/cBMWRLGGgGaL/JhjHeLZr/GASaCaTwwQKpm5FdMRkYRqk83CFk9MC2ko1VQ4g8rZHKrOdyitk7JzWj5v2KXaJcqURwfoEB0jB1VQDd2gOmoiigA9oEf0ZN1bz9aL9Zq15qz5zD5akPX2BUoHlk4=</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>
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<latexit sha1_base64="NVrXKagjtxIYNxdO8XKglRgRDN0="></latexit>

Axion-like particles (ALPs)
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Pseudo-Scalar

e
<latexit sha1_base64="NIv/hW5HWe7U/hVFpQ0m9xhNBew=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJIrrSghuXFewF2lAm05N26EwSZiZCCX0INy4Ucet7+AbufBunaRfa+sPAx/+fw5xzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGt9O89YhK8zh6MOMEfUkHEQ85o8ZarayrJMFJr1xxq24usgzeHCo3n+e56r3yV7cfs1RiZJigWnc8NzF+RpXhTOCk1E01JpSN6AA7FiMqUftZPu6EnFinT8JY2RcZkru/OzIqtR7LwFZKaoZ6MZua/2Wd1IRXfsajJDUYsdlHYSqIicl0d9LnCpkRYwuUKW5nJWxIFWXGXqhkj+AtrrwMzbOqd169uHcrtWuYqQhHcAyn4MEl1OAO6tAABiN4ghd4dRLn2Xlz3melBWfecwh/5Hz8AC3lkas=</latexit>

Lead
<latexit sha1_base64="gQMJwa6Svk2TLlL3epUsmyviiew=">AAAB63icbZDLSgMxFIYz9VbrrepSkGARXEiZ8ULtyoIbFy5asBdoh5LJZNrQJDMkGaEMXbp140IRtz6AO5/Dnc+gD+Fcinj7IfDxn3M4J78TMKq0ab4ZuZnZufmF/GJhaXllda24vtFSfigxaWKf+bLjIEUYFaSpqWakE0iCuMNI2xmdJfX2FZGK+uJSjwNiczQQ1KMY6cS6IMjtF0tm2UwF/4I1hdLp8/v19kvjo94vvvZcH4ecCI0ZUqprmYG2IyQ1xYxMCr1QkQDhERqQbowCcaLsKL11Andjx4WeL+MnNEzd7xMR4kqNuRN3cqSH6nctMf+rdUPtndgRFUGoicDZIi9kUPsw+Th0qSRYs3EMCEsa3wrxEEmEdRxPIQ2hmgpmUDmaQtX6CqF1ULYOy8cNs1TbB5nyYAvsgD1ggQqogXNQB02AwRDcgDtwb3Dj1ngwHrPWnDGd2QQ/ZDx9Agypkwg=</latexit>

Concrete
<latexit sha1_base64="awlMyf8S6LnKgjtGvPcuGa7zhfk=">AAAB73icbZDLSsNAFIYnXmu9VV0KMlgEF1ISL9SuLHTjsgV7gTaUyfSkHTqZxJmJUEKXvoAbF4q4denO53DnM+hDmCZFvP0w8PGfczhnfifgTGnTfDNmZufmFxYzS9nlldW19dzGZkP5oaRQpz73ZcshCjgTUNdMc2gFEojncGg6w8qk3rwCqZgvLvQoANsjfcFcRomOrVbFF1SChm4ubxbMRPgvWFPInz2/X++81D6q3dxrp+fT0AOhKSdKtS0z0HZEpGaUwzjbCRUEhA5JH9oxCuKBsqPk3jHei50edn0ZP6Fx4n6fiIin1Mhz4k6P6IH6XZuY/9XaoXZP7YiJINQgaLrIDTnWPp58HveYBKr5KAZCJYtvxXRAJKE6jiibhFBKhFMoHk+hZH2F0DgsWEeFk5qZLx+gVBm0jXbRPrJQEZXROaqiOqKIoxt0h+6NS+PWeDAe09YZYzqzhX7IePoES6SU7Q==</latexit>

Water
<latexit sha1_base64="dmSHeBD3QnCH0MHGMXXwlHKoCKg=">AAAB7HicbZDLSsNAFIZPvNZ6q7oUZLAILqQkXqhdWXDjsgXTFtpQJtNJO3QyCTMToYQuXbtxoYhb9+58Dnc+gz6EaVLE2w8DH/85h3Pmd0POlDbNN2Nmdm5+YTG3lF9eWV1bL2xsNlQQSUJtEvBAtlysKGeC2pppTluhpNh3OW26w/NJvXlFpWKBuNSjkDo+7gvmMYJ1YtlNrKnsFopmyUyF/oI1heLZ8/v1zkv9o9YtvHZ6AYl8KjThWKm2ZYbaibHUjHA6znciRUNMhrhP2wkK7FPlxOmxY7SXOD3kBTJ5QqPU/T4RY1+pke8mnT7WA/W7NjH/q7Uj7Z06MRNhpKkg2SIv4kgHaPJz1GOSEs1HCWAiWXIrIgMsMUkiUPk0hEoqlEH5eAoV6yuExmHJOiqd1M1i9QAy5WAbdmEfLChDFS6gBjYQYHADd3BvCOPWeDAes9YZYzqzBT9kPH0CCROTnw==</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit> a

<latexit sha1_base64="xjM063YsPY78GMPyBEkdrLbaiLc=">AAAB+HicbZDLSsNAFIYn9VbrrerSzWARXJXEC7UbLbhx2YK9QBvKZHrSDp1JwsxEqKFP4Fb37sStr+BTuPVJnCZFrPrDwMd/zuGc+b2IM6Vt+8PKLS2vrK7l1wsbm1vbO8XdvZYKY0mhSUMeyo5HFHAWQFMzzaETSSDC49D2xtezevsOpGJhcKsnEbiCDAPmM0q0sRqkXyzZZTsV/gvOHEpX76ep6v3iZ28Q0lhAoCknSnUdO9JuQqRmlMO00IsVRISOyRC6BgMiQLlJeugUHxlngP1QmhdonLo/JxIilJoIz3QKokfqd21m/lfrxtq/cBMWRLGGgGaL/JhjHeLZr/GASaCaTwwQKpm5FdMRkYRqk83CFk9MC2ko1VQ4g8rZHKrOdyitk7JzWj5v2KXaJcqURwfoEB0jB1VQDd2gOmoiigA9oEf0ZN1bz9aL9Zq15qz5zD5akPX2BUoHlk4=</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>

�
<latexit sha1_base64="UMLrRJRz2J/4WhcRSjknK/XO0y8=">AAAB7XicbVC7SgNBFJ2NrxgfiVpY2AwGwSrsKqKFSMDGMoJ5QLKEu5PZZMzM7DIzK4Ql/2BjoYitH+Cf2PkBtvkGJ49CEw9cOJxzL/feE8ScaeO6X05maXlldS27ntvY3NrOF3Z2azpKFKFVEvFINQLQlDNJq4YZThuxoiACTutB/3rs1x+o0iySd2YQU19AV7KQETBWqrW6IAS0C0W35E6AF4k3I8Xy/miUv/z4rrQLn61ORBJBpSEctG56bmz8FJRhhNNhrpVoGgPpQ5c2LZUgqPbTybVDfGSVDg4jZUsaPFF/T6QgtB6IwHYKMD09743F/7xmYsILP2UyTgyVZLooTDg2ER6/jjtMUWL4wBIgitlbMemBAmJsQDkbgjf/8iKpnZS809LZrU3jCk2RRQfoEB0jD52jMrpBFVRFBN2jR/SMXpzIeXJenbdpa8aZzeyhP3DefwAEY5Mq</latexit>
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<latexit sha1_base64="NVrXKagjtxIYNxdO8XKglRgRDN0="></latexit>

Axion-like particles (ALPs)

YS, D.Ueda 2009.13790
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• Complementaly with other proposals.

PBC study
G. Lanfranchi et.al., 1901.09966
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Vector

Dark photon, A’

A’

50-70m 50m
✴ Shower and annihilation effects are improved 

from the first study of ILC beam dump
[S.Kanemura, T.Moroi, T.Tanabe, 1507.02809]

From Takeo Moroi

K.Asai, S.Iwamoto, YS, D.Ueda. 2105.13768

• Equivalent sensitivity to SHiP

e+
<latexit sha1_base64="AXUQ69itOUgaOmjZ/EnvKp0uFXo=">AAAB8HicbZDLSsNAFIYn9VbrrerSzWARBKEkVqndaMGNywq2VdpYJtOTduhMEmYmQgl9CjcuFHHra/gG7nwbp0kRbz8MfPznHM6Z34s4U9q2P6zc3PzC4lJ+ubCyura+UdzcaqkwlhSaNOShvPaIAs4CaGqmOVxHEojwOLS90fm03r4DqVgYXOlxBK4gg4D5jBJtrJukKwWGye1Br1iyy3Yq/BecGZTO3iqpGr3ie7cf0lhAoCknSnUcO9JuQqRmlMOk0I0VRISOyAA6BgMiQLlJevAE7xmnj/1QmhdonLrfJxIilBoLz3QKoofqd21q/lfrxNo/cRMWRLGGgGaL/JhjHeLp73GfSaCajw0QKpm5FdMhkYRqk1EhDaGWCmdQPZpBzfkKoXVYdirl40u7VD9FmfJoB+2ifeSgKqqjC9RATUSRQPfoET1Z0nqwnq2XrDVnzWa20Q9Zr5+LPpLY</latexit>

e�
<latexit sha1_base64="qS1DFb4z/YfZjUOS0Zcrhs7mSrw=">AAAB8HicbZDLSsNAFIYn9VbrrerSzWAR3FgSq9RutODGZQXbKm0sk+lJO3QmCTMToYQ+hRsXirj1NXwDd76N06SItx8GPv5zDufM70WcKW3bH1Zubn5hcSm/XFhZXVvfKG5utVQYSwpNGvJQXntEAWcBNDXTHK4jCUR4HNre6Hxab9+BVCwMrvQ4AleQQcB8Rok21k3SlQLD5PagVyzZZTsV/gvODEpnb5VUjV7xvdsPaSwg0JQTpTqOHWk3IVIzymFS6MYKIkJHZAAdgwERoNwkPXiC94zTx34ozQs0Tt3vEwkRSo2FZzoF0UP1uzY1/6t1Yu2fuAkLolhDQLNFfsyxDvH097jPJFDNxwYIlczciumQSEK1yaiQhlBLhTOoHs2g5nyF0DosO5Xy8aVdqp+iTHm0g3bRPnJQFdXRBWqgJqJIoHv0iJ4saT1Yz9ZL1pqzZjPb6Ies10+ORpLa</latexit>

A’
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ILC Beam dumps generate lots of Mesons and tau-lepton
dN
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<latexit sha1_base64="/jp8Rs6jglqtxt0DFiOe4qh/YUg=">AAACA3icbZBNS8MwHMZTX+d8q3rTS3ATvGxr52TuNvDiSSa4F+jqSNNsC0vTkqTCGAMvfhUvHhTx6pfw5rcx64r49kDgx/N/SfJ4EaNSWdaHsbC4tLyymlnLrm9sbm2bO7stGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXuj81m9fUuEpCG/VuOIuAEacNqnGClt9cz9vH9Z8uM8dOwS5Zj6hKsCyd8U8m7PzFlFKxH8C3YKOZCq0TPfu36I40CvwAxJ6dhWpNwJEopiRqbZbixJhPAIDYijkaOASHeS/GEKj7Tjw34o9OEKJu73iQkKpBwHnu4MkBrK37WZ+V/NiVX/zJ1QHsWKcDy/qB8zqEI4CwT6VBCs2FgDwoLqt0I8RAJhpWPLJiHUEsE5VCsp1OyvEFrlon1SPL0q5+qVNI4MOACH4BjYoArq4AI0QBNgcAcewBN4Nu6NR+PFeJ23LhjpzB74IePtE+dSliM=</latexit>

⇡±
<latexit sha1_base64="bq7CjuFktpzJdXqPL3W9dmYKiRM=">AAAB8HicbVDLSgMxFM34rOOr6tJNsAiuSqa2tl2IBTcuK9iHdGrJpGkbmsyEJCOUoV/hxoUi4s4f8D/ciH/jdKaIigcuHM65l3vv8SRn2iD0aS0sLi2vrGbW7PWNza3t7M5uUwehIrRBAh6otoc15cynDcMMp22pKBYepy1vfD7zW7dUaRb4V2YiaVfgoc8GjGATS9euZDeRK8W0l82hfLVSKhaqEOVRghkplBE6gc5cyZ292afy5cOu97Lvbj8goaC+IRxr3XGQNN0IK8MIp1PbDTWVmIzxkHZi6mNBdTdKDp7Cw1jpw0Gg4vINTNSfExEWWk+EF3cKbEb6rzcT//M6oRlUuhHzZWioT9JFg5BDE8DZ97DPFCWGT2KCiWLxrZCMsMLExBnZaQgJYErKxTmpOt8hNAt55zhfukS5WgGkyIB9cACOgAPKoAYuQB00AAEC3IEH8Ggp6956sp7T1gVrPrMHfsF6/QLs/ZSA</latexit>

K
<latexit sha1_base64="ePQBSEG9XgANhaKrUPzUxAPCtwI=">AAAB6HicbZDLSgMxFIYz9VbrrerSTbAIroaMvUy7suBGcNOCvUA7lEyaaWMzF5KMUEqfwI0LRerSt/A13Pk2ZjpdVPGHwMd/zuGc/G7EmVQIfRuZjc2t7Z3sbm5v/+DwKH980pZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3KT1DuPVEgWBvdqGlHHx6OAeYxgpa3m3SBfQCYqVyu2DZFZKtYqdlUDQuVizYKWhkSF689FovfGIP/VH4Yk9mmgCMdS9iwUKWeGhWKE03muH0saYTLBI9rTGGCfSme2PHQOL7QzhF4o9AsUXLrrEzPsSzn1Xd3pYzWWf2uJ+V+tFyuv6sxYEMWKBiRd5MUcqhAmv4ZDJihRfKoBE8H0rZCMscBE6WxyyxBqS8EU7NIK1kJoX5lW0Sw3UaFeAqmy4Aycg0tgARvUwS1ogBYggIIn8AJejQfj2XgzFmlrxljNnIJfMj5+AH5lkjs=</latexit>

D
<latexit sha1_base64="+dAH0wAKlpuhiSe9wa4cQRqqL1A=">AAAB6HicbVDLSsNAFJ3UV42vqks3g0VwVZKqtFmIBV24bME+oA1lMp20YyeTMDMRSugXuHGhiFv9CP/Djfg3TpMiVTxw4XDOvdx7jxcxKpVlfRm5peWV1bX8urmxubW9U9jda8kwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG1/O/PYdEZKG/EZNIuIGaMipTzFSWmpc9QtFq2SlgAvEcap21YH2XClevJvn0dunWe8XPnqDEMcB4QozJGXXtiLlJkgoihmZmr1YkgjhMRqSrqYcBUS6SXroFB5pZQD9UOjiCqbq4kSCAikngac7A6RG8q83E//zurHyq25CeRQrwnG2yI8ZVCGcfQ0HVBCs2EQThAXVt0I8QgJhpbMx0xCcFDAjldM5ceyfEFrlkn1SOmtYxVoZZMiDA3AIjoENKqAGrkEdNAEGBNyDR/Bk3BoPxrPxkrXmjPnMPvgF4/UbWuCQqA==</latexit>

Ds
<latexit sha1_base64="g1+25JjIHzEtRDKu1ViQQS/6u6U=">AAAB6nicbVDLSsNAFJ1UrbW+qi7dDBbBVUhin7uCLly2aB/QhjKZTtqhkwczE6GEfoILXVTEreC/uHQn/ozTpIiKBy4czrmXe+9xQkaFNIwPLbO2vpHdzG3lt3d29/YLB4cdEUQckzYOWMB7DhKEUZ+0JZWM9EJOkOcw0nWmF0u/e0u4oIF/I2chsT009qlLMZJKur4cimGhaOiVWtm0LGjoRgJFKvWSWa5Bc6UUG9nW59vi/rU5LLwPRgGOPOJLzJAQfdMIpR0jLilmZJ4fRIKECE/RmPQV9ZFHhB0np87hqVJG0A24Kl/CRP05ESNPiJnnqE4PyYn46y3F/7x+JN2aHVM/jCTxcbrIjRiUAVz+DUeUEyzZTBGEOVW3QjxBHGGp0sknIdQTwJRUSytSN79D6Fi6ea6XWyoNC6TIgWNwAs6ACaqgAa5AE7QBBmNwBxbgUWPag/akPaetGW01cwR+QXv5AhmbknQ=</latexit>

B
<latexit sha1_base64="6BVS2aX3wRve6ax5sEfT9Hv1Jmw=">AAAB6HicbVDLSgMxFM3UVx1fVZdugkVwNSSt49iFWHTjsgXbCu1QMmmmjc08SDJCKf0CNy4Ucasf4X+4Ef/G6bSIigcuHM65l3vv8WLBlUbo08gtLC4tr+RXzbX1jc2twvZOU0WJpKxBIxHJa48oJnjIGpprwa5jyUjgCdbyhhdTv3XLpOJReKVHMXMD0g+5zynRqVQ/7xaKyLKdMsIYIgsjbFfsKSnZznEZYgtlKJ69mafx64dZ6xbeO72IJgELNRVEqTZGsXbHRGpOBZuYnUSxmNAh6bN2SkMSMOWOs0Mn8CBVetCPZFqhhpn6c2JMAqVGgZd2BkQP1F9vKv7ntRPtn7hjHsaJZiGdLfITAXUEp1/DHpeMajFKCaGSp7dCOiCSUJ1mY2YhVDLAGXGO5qSCv0Nolixctuw6KlZLYIY82AP74BBg4IAquAQ10AAUMHAHHsCjcWPcG0/G86w1Z8xndsEvGC9fcxyQuA==</latexit>

Bs
<latexit sha1_base64="bWjXYoiywomyxmXseKlbEJDtYI8=">AAAB6nicbVBNS8NAEN1UrbV+VT16WSyCp5C01dpb0YvHFu0HtKFstpt26WYTdjdCCf0JHvRQEa+C/8WjN/HPuE2KqPhg4PHeDDPz3JBRqSzrw8isrK5l13Mb+c2t7Z3dwt5+WwaRwKSFAxaIroskYZSTlqKKkW4oCPJdRjru5HLhd26JkDTgN2oaEsdHI049ipHS0vXFQA4KRcssl6tWrQwTYlfOUmJVK9A2rQTFerb5+Ta/f20MCu/9YYAjn3CFGZKyZ1uhcmIkFMWMzPL9SJIQ4QkakZ6mHPlEOnFy6gwea2UIvUDo4gom6s+JGPlSTn1Xd/pIjeVfbyH+5/Ui5Z07MeVhpAjH6SIvYlAFcPE3HFJBsGJTTRAWVN8K8RgJhJVOJ5+EUEsAU6J/Xyr2dwjtkmmXzdOmTqMEUuTAITgCJ8AGVVAHV6ABWgCDEbgDc/BoMOPBeDKe09aMsZw5AL9gvHwBLemSgg==</latexit>

Ebeam = 125GeV
<latexit sha1_base64="vN/e/z9tVS3ceiUN0OvShxig6lQ=">AAACBHicbVBLSwMxGMzWV62vWo+9hBbBg5Td2lJ7EAoqeqxgH9AuSzZN29Bkd0myQll68OJP0YsHRTzqL/DkzX9jui3iayAwmfmGLxk3YFQq0/wwEguLS8srydXU2vrG5lZ6O9OUfigwaWCf+aLtIkkY9UhDUcVIOxAEcZeRljs6nvqtKyIk9b1LNQ6IzdHAo32KkdKSk86eOlFXcOjqzOTIKpa7+/H9jDQnTjpvFswY8C+x5iRfS769ZE5uc3Un/d7t+TjkxFOYISk7lhkoO0JCUczIJNUNJQkQHqEB6WjqIU6kHcWfmMBdrfRg3xf6eArG6vdEhLiUY+7qSY7UUP72puJ/XidU/UM7ol4QKuLh2aJ+yKDy4bQR2KOCYMXGmiAsqH4rxEMkEFa6t1RcQjUGnJFKaU6q1lcJzWLBOiiUL3QbJTBDEmRBDuwBC1RADZyDOmgADK7BHXgAj8aNcW88Gc+z0YQxz+yAHzBePwEVYppr</latexit>

u (= Ek/Ebeam)
<latexit sha1_base64="/qG94/l7vq07lE9QJNmrWbuaJ90=">AAAB/3icbZBLSwMxFIUz9VXra3zgxk2wCHVTZ7RSuxAKUnBZwT6gLUMmzbShycyQZIQyVvCvuHGhiFv/hjv/jelMEV8HAh/n3Esuxw0ZlcqyPozM3PzC4lJ2Obeyura+YW5uNWUQCUwaOGCBaLtIEkZ90lBUMdIOBUHcZaTlji6meeuGCEkD/1qNQ9LjaOBTj2KktOWYuxG8K5zXnNFRzYm7gkNXL08OHTNvFa1E8C/YM8hXd7xEdcd87/YDHHHiK8yQlB3bClUvRkJRzMgk140kCREeoQHpaPQRJ7IXJ/dP4IF2+tALhH6+gon7fSNGXMoxd/UkR2oof2dT87+sEynvrBdTP4wU8XH6kRcxqAI4LQP2qSBYsbEGhAXVt0I8RAJhpSvLJSVUEsEUyqUZVOyvEprHRfukeHql2yiBVFmwB/ZBAdigDKrgEtRBA2BwCx7AE3g27o1H48V4TUczxmxnG/yQ8fYJHaKYLw==</latexit>

⌧
<latexit sha1_base64="tojmF38dufcJQI9vco9q/AuKhYc=">AAAB63icbVDLSsNAFJ3UV42vqks3g0VwFSZtbZqFWHDjsoJ9QBvKZDpph04ezEyEUvoLblwo4k78Bv/Djfg35lFExQMXDufcy733uBFnUiH0qRVWVtfWN4qb+tb2zu5eaf+gI8NYENomIQ9Fz8WSchbQtmKK014kKPZdTrvu9DL1u7dUSBYGN2oWUcfH44B5jGCVSgOF42GpjAy7YdtWBSKjZiGzbiYEVSv1ahWaBspQvnjTz6OXD701LL0PRiGJfRoowrGUfRNFypljoRjhdKEPYkkjTKZ4TPsJDbBPpTPPbl3Ak0QZQS8USQUKZurPiTn2pZz5btLpYzWRf71U/M/rx8prOHMWRLGiAckXeTGHKoTp43DEBCWKzxKCiWDJrZBMsMBEJfHoeQgZYE6s2pLY5ncInYphVo2za1RuVkCOIjgCx+AUmMACTXAFWqANCJiAO/AAHjVfu9eetOe8taAtZw7BL2ivXxtKkkw=</latexit> (from DS )

<latexit sha1_base64="Ld1RorcARjekORqaEt/+XeH6lw0="></latexit>
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<latexit sha1_base64="/jp8Rs6jglqtxt0DFiOe4qh/YUg=">AAACA3icbZBNS8MwHMZTX+d8q3rTS3ATvGxr52TuNvDiSSa4F+jqSNNsC0vTkqTCGAMvfhUvHhTx6pfw5rcx64r49kDgx/N/SfJ4EaNSWdaHsbC4tLyymlnLrm9sbm2bO7stGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXuj81m9fUuEpCG/VuOIuAEacNqnGClt9cz9vH9Z8uM8dOwS5Zj6hKsCyd8U8m7PzFlFKxH8C3YKOZCq0TPfu36I40CvwAxJ6dhWpNwJEopiRqbZbixJhPAIDYijkaOASHeS/GEKj7Tjw34o9OEKJu73iQkKpBwHnu4MkBrK37WZ+V/NiVX/zJ1QHsWKcDy/qB8zqEI4CwT6VBCs2FgDwoLqt0I8RAJhpWPLJiHUEsE5VCsp1OyvEFrlon1SPL0q5+qVNI4MOACH4BjYoArq4AI0QBNgcAcewBN4Nu6NR+PFeJ23LhjpzB74IePtE+dSliM=</latexit>

⇡±
<latexit sha1_base64="bq7CjuFktpzJdXqPL3W9dmYKiRM=">AAAB8HicbVDLSgMxFM34rOOr6tJNsAiuSqa2tl2IBTcuK9iHdGrJpGkbmsyEJCOUoV/hxoUi4s4f8D/ciH/jdKaIigcuHM65l3vv8SRn2iD0aS0sLi2vrGbW7PWNza3t7M5uUwehIrRBAh6otoc15cynDcMMp22pKBYepy1vfD7zW7dUaRb4V2YiaVfgoc8GjGATS9euZDeRK8W0l82hfLVSKhaqEOVRghkplBE6gc5cyZ292afy5cOu97Lvbj8goaC+IRxr3XGQNN0IK8MIp1PbDTWVmIzxkHZi6mNBdTdKDp7Cw1jpw0Gg4vINTNSfExEWWk+EF3cKbEb6rzcT//M6oRlUuhHzZWioT9JFg5BDE8DZ97DPFCWGT2KCiWLxrZCMsMLExBnZaQgJYErKxTmpOt8hNAt55zhfukS5WgGkyIB9cACOgAPKoAYuQB00AAEC3IEH8Ggp6956sp7T1gVrPrMHfsF6/QLs/ZSA</latexit>

K
<latexit sha1_base64="ePQBSEG9XgANhaKrUPzUxAPCtwI=">AAAB6HicbZDLSgMxFIYz9VbrrerSTbAIroaMvUy7suBGcNOCvUA7lEyaaWMzF5KMUEqfwI0LRerSt/A13Pk2ZjpdVPGHwMd/zuGc/G7EmVQIfRuZjc2t7Z3sbm5v/+DwKH980pZhLAhtkZCHoutiSTkLaEsxxWk3EhT7Lqcdd3KT1DuPVEgWBvdqGlHHx6OAeYxgpa3m3SBfQCYqVyu2DZFZKtYqdlUDQuVizYKWhkSF689FovfGIP/VH4Yk9mmgCMdS9iwUKWeGhWKE03muH0saYTLBI9rTGGCfSme2PHQOL7QzhF4o9AsUXLrrEzPsSzn1Xd3pYzWWf2uJ+V+tFyuv6sxYEMWKBiRd5MUcqhAmv4ZDJihRfKoBE8H0rZCMscBE6WxyyxBqS8EU7NIK1kJoX5lW0Sw3UaFeAqmy4Aycg0tgARvUwS1ogBYggIIn8AJejQfj2XgzFmlrxljNnIJfMj5+AH5lkjs=</latexit>

D
<latexit sha1_base64="+dAH0wAKlpuhiSe9wa4cQRqqL1A=">AAAB6HicbVDLSsNAFJ3UV42vqks3g0VwVZKqtFmIBV24bME+oA1lMp20YyeTMDMRSugXuHGhiFv9CP/Djfg3TpMiVTxw4XDOvdx7jxcxKpVlfRm5peWV1bX8urmxubW9U9jda8kwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG1/O/PYdEZKG/EZNIuIGaMipTzFSWmpc9QtFq2SlgAvEcap21YH2XClevJvn0dunWe8XPnqDEMcB4QozJGXXtiLlJkgoihmZmr1YkgjhMRqSrqYcBUS6SXroFB5pZQD9UOjiCqbq4kSCAikngac7A6RG8q83E//zurHyq25CeRQrwnG2yI8ZVCGcfQ0HVBCs2EQThAXVt0I8QgJhpbMx0xCcFDAjldM5ceyfEFrlkn1SOmtYxVoZZMiDA3AIjoENKqAGrkEdNAEGBNyDR/Bk3BoPxrPxkrXmjPnMPvgF4/UbWuCQqA==</latexit>

Ds
<latexit sha1_base64="g1+25JjIHzEtRDKu1ViQQS/6u6U=">AAAB6nicbVDLSsNAFJ1UrbW+qi7dDBbBVUhin7uCLly2aB/QhjKZTtqhkwczE6GEfoILXVTEreC/uHQn/ozTpIiKBy4czrmXe+9xQkaFNIwPLbO2vpHdzG3lt3d29/YLB4cdEUQckzYOWMB7DhKEUZ+0JZWM9EJOkOcw0nWmF0u/e0u4oIF/I2chsT009qlLMZJKur4cimGhaOiVWtm0LGjoRgJFKvWSWa5Bc6UUG9nW59vi/rU5LLwPRgGOPOJLzJAQfdMIpR0jLilmZJ4fRIKECE/RmPQV9ZFHhB0np87hqVJG0A24Kl/CRP05ESNPiJnnqE4PyYn46y3F/7x+JN2aHVM/jCTxcbrIjRiUAVz+DUeUEyzZTBGEOVW3QjxBHGGp0sknIdQTwJRUSytSN79D6Fi6ea6XWyoNC6TIgWNwAs6ACaqgAa5AE7QBBmNwBxbgUWPag/akPaetGW01cwR+QXv5AhmbknQ=</latexit>

B
<latexit sha1_base64="6BVS2aX3wRve6ax5sEfT9Hv1Jmw=">AAAB6HicbVDLSgMxFM3UVx1fVZdugkVwNSSt49iFWHTjsgXbCu1QMmmmjc08SDJCKf0CNy4Ucasf4X+4Ef/G6bSIigcuHM65l3vv8WLBlUbo08gtLC4tr+RXzbX1jc2twvZOU0WJpKxBIxHJa48oJnjIGpprwa5jyUjgCdbyhhdTv3XLpOJReKVHMXMD0g+5zynRqVQ/7xaKyLKdMsIYIgsjbFfsKSnZznEZYgtlKJ69mafx64dZ6xbeO72IJgELNRVEqTZGsXbHRGpOBZuYnUSxmNAh6bN2SkMSMOWOs0Mn8CBVetCPZFqhhpn6c2JMAqVGgZd2BkQP1F9vKv7ntRPtn7hjHsaJZiGdLfITAXUEp1/DHpeMajFKCaGSp7dCOiCSUJ1mY2YhVDLAGXGO5qSCv0Nolixctuw6KlZLYIY82AP74BBg4IAquAQ10AAUMHAHHsCjcWPcG0/G86w1Z8xndsEvGC9fcxyQuA==</latexit>

Bs
<latexit sha1_base64="bWjXYoiywomyxmXseKlbEJDtYI8=">AAAB6nicbVBNS8NAEN1UrbV+VT16WSyCp5C01dpb0YvHFu0HtKFstpt26WYTdjdCCf0JHvRQEa+C/8WjN/HPuE2KqPhg4PHeDDPz3JBRqSzrw8isrK5l13Mb+c2t7Z3dwt5+WwaRwKSFAxaIroskYZSTlqKKkW4oCPJdRjru5HLhd26JkDTgN2oaEsdHI049ipHS0vXFQA4KRcssl6tWrQwTYlfOUmJVK9A2rQTFerb5+Ta/f20MCu/9YYAjn3CFGZKyZ1uhcmIkFMWMzPL9SJIQ4QkakZ6mHPlEOnFy6gwea2UIvUDo4gom6s+JGPlSTn1Xd/pIjeVfbyH+5/Ui5Z07MeVhpAjH6SIvYlAFcPE3HFJBsGJTTRAWVN8K8RgJhJVOJ5+EUEsAU6J/Xyr2dwjtkmmXzdOmTqMEUuTAITgCJ8AGVVAHV6ABWgCDEbgDc/BoMOPBeDKe09aMsZw5AL9gvHwBLemSgg==</latexit>

Bc
<latexit sha1_base64="r8tzfeccyReK7HP9yoC2IwZBO6c=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GjLT5+yKbly2aB/QlpJJ0zY08yDJCKX0E1zooiJuBf/FpTvxZ0xniqh44MLhnHu59x435EwqhD6M1Nr6xuZWejuzs7u3f5A9PGrKIBKENkjAA9F2saSc+bShmOK0HQqKPZfTlju5XPqtWyokC/wbNQ1pz8Mjnw0ZwUpL1xd90s/mkIkcq5CvQGSWkV1EtiYlp2gXS9AyUYxcdbP++ba4f631s+/dQUAij/qKcCxlx0Kh6s2wUIxwOs90I0lDTCZ4RDua+tijsjeLT53DM60M4DAQunwFY/XnxAx7Uk49V3d6WI3lX28p/ud1IjWs9GbMDyNFfZIsGkYcqgAu/4YDJihRfKoJJoLpWyEZY4GJ0ulk4hCcGDAh5cKKONZ3CE3btPJmsa7TsEGCNDgBp+AcWKAMquAK1EADEDACd2ABHg1uPBhPxnPSmjJWM8fgF4yXLxbhknM=</latexit>

Ebeam = 500GeV
<latexit sha1_base64="7nvETJCgDpcgp7ULijSnPGnoiYg=">AAACBHicbVBLSwMxGMz6rPW11mMvoUXwIGVXW2oPQkFFjxXsA7rLkk3TNjT7IMkKZdmDF3+KXjwo4lF/gSdv/hvTbRFfA4HJzDd8ybgho0Iaxoc2N7+wuLScWcmurq1vbOpbuZYIIo5JEwcs4B0XCcKoT5qSSkY6ISfIcxlpu6Pjid++IlzQwL+U45DYHhr4tE8xkkpy9PypE1vcg67KJEcVw7D20vsZaSWOXjRKRgr4l5gzUqxn3l5yJ7eFhqO/W70ARx7xJWZIiK5phNKOEZcUM5JkrUiQEOERGpCuoj7yiLDj9BMJ3FFKD/YDro4vYap+T8TIE2LsuWrSQ3IofnsT8T+vG8n+oR1TP4wk8fF0UT9iUAZw0gjsUU6wZGNFEOZUvRXiIeIIS9VbNi2hlgJOSbU8IzXzq4TWfsk8KFUuVBtlMEUG5EEB7AITVEEdnIMGaAIMrsEdeACP2o12rz1pz9PROW2W2QY/oL1+AhC7mmg=</latexit>

u (= Ek/Ebeam)
<latexit sha1_base64="/qG94/l7vq07lE9QJNmrWbuaJ90=">AAAB/3icbZBLSwMxFIUz9VXra3zgxk2wCHVTZ7RSuxAKUnBZwT6gLUMmzbShycyQZIQyVvCvuHGhiFv/hjv/jelMEV8HAh/n3Esuxw0ZlcqyPozM3PzC4lJ2Obeyura+YW5uNWUQCUwaOGCBaLtIEkZ90lBUMdIOBUHcZaTlji6meeuGCEkD/1qNQ9LjaOBTj2KktOWYuxG8K5zXnNFRzYm7gkNXL08OHTNvFa1E8C/YM8hXd7xEdcd87/YDHHHiK8yQlB3bClUvRkJRzMgk140kCREeoQHpaPQRJ7IXJ/dP4IF2+tALhH6+gon7fSNGXMoxd/UkR2oof2dT87+sEynvrBdTP4wU8XH6kRcxqAI4LQP2qSBYsbEGhAXVt0I8RAJhpSvLJSVUEsEUyqUZVOyvEprHRfukeHql2yiBVFmwB/ZBAdigDKrgEtRBA2BwCx7AE3g27o1H48V4TUczxmxnG/yQ8fYJHaKYLw==</latexit>

⌧
<latexit sha1_base64="tojmF38dufcJQI9vco9q/AuKhYc=">AAAB63icbVDLSsNAFJ3UV42vqks3g0VwFSZtbZqFWHDjsoJ9QBvKZDpph04ezEyEUvoLblwo4k78Bv/Djfg35lFExQMXDufcy733uBFnUiH0qRVWVtfWN4qb+tb2zu5eaf+gI8NYENomIQ9Fz8WSchbQtmKK014kKPZdTrvu9DL1u7dUSBYGN2oWUcfH44B5jGCVSgOF42GpjAy7YdtWBSKjZiGzbiYEVSv1ahWaBspQvnjTz6OXD701LL0PRiGJfRoowrGUfRNFypljoRjhdKEPYkkjTKZ4TPsJDbBPpTPPbl3Ak0QZQS8USQUKZurPiTn2pZz5btLpYzWRf71U/M/rx8prOHMWRLGiAckXeTGHKoTp43DEBCWKzxKCiWDJrZBMsMBEJfHoeQgZYE6s2pLY5ncInYphVo2za1RuVkCOIjgCx+AUmMACTXAFWqANCJiAO/AAHjVfu9eetOe8taAtZw7BL2ivXxtKkkw=</latexit> (from DS )

<latexit sha1_base64="Ld1RorcARjekORqaEt/+XeH6lw0="></latexit>

(γ → tau tau is under estimation)

M

X

D�
s

<latexit sha1_base64="5qGOhKdeLrE6TtCyJ1DeeRG2bgw=">AAAB/HicbZDLSsNAFIYn9VbrrepGEGSwCG4siRdqN1KwC5cVTFtoY5lMJ+3YmSTMTIQS6iu4cKN7d+LWlS/i1idxmhSx6g8DH/85h3Pmd0NGpTLNDyMzMzs3v5BdzC0tr6yu5dc36jKIBCY2Dlggmi6ShFGf2IoqRpqhIIi7jDTcwfm43rglQtLAv1LDkDgc9XzqUYyUtuxqR14fdPIFs2gmgn/BmkChslPdelDvN7VO/rPdDXDEia8wQ1K2LDNUToyEopiRUa4dSRIiPEA90tLoI06kEyfHjuCedrrQC4R+voKJ+3MiRlzKIXd1J0eqL3/XxuZ/tVakvFMnpn4YKeLjdJEXMagCOP457FJBsGJDDQgLqm+FuI8EwkrnM7XF5aNcEko5EUyhdDyBsvUdSv2waB0VTy51OmcgVRZsg12wDyxQAhVwAWrABhhQcA8ewZNxZzwbL8Zr2poxJjObYErG2xfSXZhp</latexit>

⌧�
<latexit sha1_base64="YEBbhTcb80okPjKf3F+paMIK6gw=">AAAB/XicbZDLSgMxFIbPeK31VnXpJlgEN5YZq9RutODGZQV7gXYsmTTTxiYzQ5IRSim+glvduxO3PoBP4dYnMZ0pYtUfAh//OYdz8nsRZ0rb9oc1N7+wuLScWcmurq1vbOa2tusqjCWhNRLyUDY9rChnAa1ppjltRpJi4XHa8AYXk3rjjkrFwuBaDyPqCtwLmM8I1saqtzWObw47ubxdsBOhv+BMIX/+XkxU7eQ+292QxIIGmnCsVMuxI+2OsNSMcDrOtmNFI0wGuEdbBgMsqHJHybVjtG+cLvJDaV6gUeL+nBhhodRQeKZTYN1Xv2sT879aK9b+qTtiQRRrGpB0kR9zpEM0+TrqMkmJ5kMDmEhmbkWkjyUm2gQ0s8UT42wSSjkRSqF0PIWy8x1K/ajgFAsnV3a+cgapMrALe3AADpSgApdQhRoQuIUHeIQn6956tl6s17R1zprO7MCMrLcv5VOYUA==</latexit>

⌫̄⌧
<latexit sha1_base64="e/0/gLdySuzIrKoiUruVhrGCGEg=">AAACCXicbZDLSsNAFIYnXmvrJdalm8EqdFUSL9RupODGZQV7gSaUyXTaDp1MwsykUEJ8AX0Bwa3u3Ylbn8KtT+I0KWLVH4b5+M85nMPvhYxKZVkfxtLyyuraem4jX9jc2t4xd4stGUQCkyYOWCA6HpKEUU6aiipGOqEgyPcYaXvjy1m9PSFC0oDfqGlIXB8NOR1QjJS2eqbpeEjEDo+SXuwopD+zZFWsVPAv2HMo1YsP97flw0KjZ346/QBHPuEKMyRl17ZC5cZIKIoZSfJOJEmI8BgNSVcjRz6RbpxensAj7fThIBD6cQVT9+dEjHwpp76nO32kRvJ3bWb+V+tGanDuxpSHkSIcZ4sGEYMqgLMYYJ8KghWbakBYUH0rxCMkEFY6rIUtnp/k01BqqWAG1dM51OzvUFrHFfukcnat07kAmXJgHxyAMrBBFdTBFWiAJsBgAh7BE3g27owX49V4y1qXjPnMHliQ8f4FWG6dkQ==</latexit>

Br = 5.48 %

⌧+
<latexit sha1_base64="uQi+J3WhOETS5bk70uKBWBPYFq4=">AAAB/XicbZDLSgMxFIbPeK31VnXpJlgEQSgzVqndaMGNywr2Au1YMmmmjU1mhiQjlFJ8Bbe6dydufQCfwq1PYjpTxKo/BD7+cw7n5PcizpS27Q9rbn5hcWk5s5JdXVvf2MxtbddVGEtCayTkoWx6WFHOAlrTTHPajCTFwuO04Q0uJvXGHZWKhcG1HkbUFbgXMJ8RrI1Vb2sc3xx2cnm7YCdCf8GZQv78vZio2sl9trshiQUNNOFYqZZjR9odYakZ4XScbceKRpgMcI+2DAZYUOWOkmvHaN84XeSH0rxAo8T9OTHCQqmh8EynwLqvftcm5n+1Vqz9U3fEgijWNCDpIj/mSIdo8nXUZZISzYcGMJHM3IpIH0tMtAloZosnxtkklHIilELpeApl5zuU+lHBKRZOrux85QxSZWAX9uAAHChBBS6hCjUgcAsP8AhP1r31bL1Yr2nrnDWd2YEZWW9f4iuYTg==</latexit>

⌧�
<latexit sha1_base64="YEBbhTcb80okPjKf3F+paMIK6gw=">AAAB/XicbZDLSgMxFIbPeK31VnXpJlgEN5YZq9RutODGZQV7gXYsmTTTxiYzQ5IRSim+glvduxO3PoBP4dYnMZ0pYtUfAh//OYdz8nsRZ0rb9oc1N7+wuLScWcmurq1vbOa2tusqjCWhNRLyUDY9rChnAa1ppjltRpJi4XHa8AYXk3rjjkrFwuBaDyPqCtwLmM8I1saqtzWObw47ubxdsBOhv+BMIX/+XkxU7eQ+292QxIIGmnCsVMuxI+2OsNSMcDrOtmNFI0wGuEdbBgMsqHJHybVjtG+cLvJDaV6gUeL+nBhhodRQeKZTYN1Xv2sT879aK9b+qTtiQRRrGpB0kR9zpEM0+TrqMkmJ5kMDmEhmbkWkjyUm2gQ0s8UT42wSSjkRSqF0PIWy8x1K/ajgFAsnV3a+cgapMrALe3AADpSgApdQhRoQuIUHeIQn6956tl6s17R1zprO7MCMrLcv5VOYUA==</latexit>

Coherent, Quasi-elastic, InelasticNon-diffractive Hard QCD

ILC beam dumps generate lots of mesons and tau-lepton

q

q

X

MReal photon Real photon Real photon
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Heavy Neutral Leptons (HNLs)
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ILC-250

<latexit sha1_base64="KSrkn/eUSuID4EzL4i16gMsTm2o=">AAAB+3icbZBLS8NAFIUnPmt9xboUZLAIbixJa6l1Y6EbBRcV7APaUibTSTt08mDmRlpC/oobF0px6x9x5w9xb5oW8XVg4OOce5nLsXzBFRjGu7a0vLK6tp7aSG9ube/s6nuZhvICSVmdesKTLYsoJrjL6sBBsJYvGXEswZrWqDrLm/dMKu65dzDxWdchA5fbnBKIrZ6e6QAbQ9ixbHx9Uz3NF42op2eNnJEI/wVzAdnLj8LhRTSt1Xr6W6fv0cBhLlBBlGqbhg/dkEjgVLAo3QkU8wkdkQFrx+gSh6lumNwe4ePY6WPbk/FzASfu942QOEpNHCuedAgM1e9sZv6XtQOwz7shd/0AmEvnH9mBwODhWRG4zyWjICYxECp5fCumQyIJhbiudFJCORGeQ+lsAWXzq4RGPmcWcsVbI1vJoblS6AAdoRNkohKqoCtUQ3VE0Rg9oCf0rEXaozbVXuajS9piZx/9kPb6Ce7ulw0=</latexit>

ILC-1000

<latexit sha1_base64="UMJaQ/nf8VYBTviTAjSSQ/V2Cko="></latexit>

ILC Giga-Z
<latexit sha1_base64="7T+2YA3Yj4HDkP7ViJVVWI3RQG4="></latexit>

S
H
iP

<latexit sha1_base64="Ikku6bBFDVneJ3ES08B1j/0Wm0g=">AAAB8nicbVDLTgJBEJz1ifhCPXqZSDR42eyKCJwk8cIRozwS2JDZYYAJs4/M9BrJhm/w5MWDxnjlK/wEb36Id5ddYpRYSSeVqu50d9m+4AoM41NbWl5ZXVtPbaQ3t7Z3djN7+w3lBZKyOvWEJ1s2UUxwl9WBg2AtXzLi2II17dHVzG/eMam4597C2GeWQwYu73NKIJLaHWD3EN5UeW3SzWQNvVwq5MsX2NCNGNhcJNnLae7r/aFzWutmPjo9jwYOc4EKolTbNHywQiKBU8Em6U6gmE/oiAxYO6IucZiywvjkCT6OlB7uezIqF3Cs/p4IiaPU2LGjTofAUC16M/E/rx1Av2SF3PUDYC5NFvUDgcHDs/9xj0tGQYwjQqjk0a2YDokkFKKU0kkIMXBCiudzUjZ/Qmic6WZeL1wb2coJSpBCh+gI5ZCJiqiCqqiG6ogiDz2iZ/SigfakvWpvSeuSNp85QH+gTb8BFkSV0w==</latexit>

FA
SER

2

<latexit sha1_base64="CujQGLYV0X6n0/bf3RwBZSndPLQ="></latexit>

D
U
N
E

<latexit sha1_base64="LhZC0aUlw6hIFVD6xctwc5vMUcg="></latexit>

NA62
<latexit sha1_base64="VqhnrSPYKAsEuBnVc1yMlyD7Dgg=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0XRTUjS1jQrK25ciYJVIS0ymU7boZMHMzdiCf0GV25cKOLWr/AT3Pkh7k0awQceuHA4517uvceLBFdgGO9aYWp6ZnauOF9aWFxaXimvrp2rMJaUtWgoQnnpEcUED1gLOAh2GUlGfE+wC294mPkX10wqHgZnMIpYxyf9gPc4JZBKbhvYDSTHB3vW+KpcMXSnYTuWgw29ZhrVei0jlmPbJjZ1Y4LK/svOx+tte/fkqvzW7oY09lkAVBClXNOIoJMQCZwKNi61Y8UiQoekz9yUBsRnqpNMTh7jrVTp4l4o0woAT9SfEwnxlRr5XtrpExiov14m/ue5MfQanYQHUQwsoPmiXiwwhDj7H3e5ZBTEKCWESp7eiumASEIhTamUhzABzold+yLOdwjnlm5W9fqpUWluoxxFtIE20Q4ykY2a6AidoBaiKER36AE9aqDda0/ac95a0L5m1tEvaC+f0AaVqA==</latexit>

M
A
T
H
U
SLA

<latexit sha1_base64="MH+tD4nX2CjHcXLz62jlxFCrGCg="></latexit>

BBN
<latexit sha1_base64="bKzhbp7T8Pz8tY+PlQOSw2Exmns=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAodVMy9dJ2pejGlVSwWmxLyaRpG8xkhuSMWIY+gxs3LhRxq0/hI7jzQdw7nSmi4g+Bj/+cwzn5HV8KA4R8WKmJyanpmfRsZm5+YXEpu7xybrxAM15jnvR03aGGS6F4DQRIXvc1p64j+YVzdTSqX1xzbYSnzmDg85ZLe0p0BaMQWZdN4DcQHh6eDNvZHCnsElIkJZxAeS8Bu1TGdoHEyu2/5j/fbptb1Xb2vdnxWOByBUxSYxo28aEVUg2CST7MNAPDfcquaI83IlTU5aYVxhcP8UbkdHDX09FTgGP350RIXWMGrhN1uhT65m9tZP5XawTQLbdCofwAuGLJom4gMXh49H3cEZozkIMIKNMiuhWzPtWUQRRSJg6hEgsnUNoZQ8X+DuG8WLC3C7unJHewiRKl0RpaR3lkoxI6QMeoimqIIYXu0AN6tIx1bz1Zz0lryhrPrKJfsl6+ADvRlVY=</latexit>

10 1
2
Z

<latexit sha1_base64="9AZs5PtYBi24nVpsYJrJ9+G+B7s=">AAAB/HicbZBLTwIxFIU7+EJ8oSzdNILGhSEzAwKzI3HjEhNBIyDplAINnUfaO0Yywb/ixoXGuPWHuPPfWAZi1HiSJifn3JvefG4ouALT/DRSS8srq2vp9czG5tb2TnZ3r6WCSFLWpIEI5LVLFBPcZ03gINh1KBnxXMGu3PHZrL+6Y1LxwL+ESci6Hhn6fMApAR31srkOsHuILbNwG1v2tHNyU5j2snmzaJVs0y5js+hUa45TmZlKrWaXsFU0E+XRQo1e9qPTD2jkMR+oIEq1LTOEbkwkcCrYNNOJFAsJHZMha2vrE4+pbpwcP8WHOunjQSD18wEn6c+NmHhKTTxXT3oERupvNwv/69oRDGrdmPthBMyn848GkcAQ4BkJ3OeSURATbQiVXN+K6YhIQkHzyiQQnER4bqrlhXGsbwgtW4Mqnl7Y+frRAkca7aMDdIwsVEV1dI4aqIkomqBH9IxejAfjyXg13uajKWOxk0O/ZLx/AeWalJ8=</latexit>

mHNL [GeV]
<latexit sha1_base64="jl2cuhZwjbBFj+9fWN5nomHsEpw=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8FWcFWSqtTuCi7sQqSCrYU0hMl02g6dmYSZiRBC/StuXCji1h/izn9jmgbxdWDg45x7mcvxQ0aVtqwPo7C0vLK6VlwvbWxube+Yu3s9FUQSky4OWCD7PlKEUUG6mmpG+qEkiPuM3PrT83l+e0ekooG40XFIXI7Ggo4oRjq1PLNc5V4ykBy2ry5nVehckJ7rmRWrZmWCf8HOoQJydTzzfTAMcMSJ0JghpRzbCrWbIKkpZmRWGkSKhAhP0Zg4KQrEiXKT7PgZPEydIRwFMn1Cw8z9vpEgrlTM/XSSIz1Rv7O5+V/mRHp05iZUhJEmAi8+GkUM6gDOm4BDKgnWLE4BYUnTWyGeIImwTvsqZSU0M8EFNE5yaNpfJfTqNfu4dnpdr7TqeR1FsA8OwBGwQQO0QBt0QBdgEIMH8ASejXvj0XgxXhejBSPfKYMfMt4+AQLHlBE=</latexit>

|Ue|2
<latexit sha1_base64="qUyx8WHbCCejokvhFqQjMDjjNU0=">AAAB7nicbZDLSsNAFIZPvNZ6q3XpZrAIXZWkKrW7ghuXFUxbaGqZTCft0MmFmYlQ0j6DuHGhiFufw0dw54O4d5oU8fbDwMd/zuGc+d2IM6lM891YWl5ZXVvPbeQ3t7Z3dgt7xZYMY0GoTUIeio6LJeUsoLZiitNOJCj2XU7b7vh8Xm/fUCFZGFypSUR7Ph4GzGMEK221p3afTq+r/ULJrJip0F+wFlBqFJ3yx+ut0+wX3pxBSGKfBopwLGXXMiPVS7BQjHA6yzuxpBEmYzykXY0B9qnsJem5M3SknQHyQqFfoFDqfp9IsC/lxHd1p4/VSP6uzc3/at1YeWe9hAVRrGhAskVezJEK0fzvaMAEJYpPNGAimL4VkREWmCidUD4NoZ4KZVA7WUDd+gqhVa1Yx5XTS51GFTLl4AAOoQwW1KABF9AEGwiM4Q4e4NGIjHvjyXjOWpeMxcw+/JDx8gn1eJNc</latexit>
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BBN
<latexit sha1_base64="bKzhbp7T8Pz8tY+PlQOSw2Exmns=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAodVMy9dJ2pejGlVSwWmxLyaRpG8xkhuSMWIY+gxs3LhRxq0/hI7jzQdw7nSmi4g+Bj/+cwzn5HV8KA4R8WKmJyanpmfRsZm5+YXEpu7xybrxAM15jnvR03aGGS6F4DQRIXvc1p64j+YVzdTSqX1xzbYSnzmDg85ZLe0p0BaMQWZdN4DcQHh6eDNvZHCnsElIkJZxAeS8Bu1TGdoHEyu2/5j/fbptb1Xb2vdnxWOByBUxSYxo28aEVUg2CST7MNAPDfcquaI83IlTU5aYVxhcP8UbkdHDX09FTgGP350RIXWMGrhN1uhT65m9tZP5XawTQLbdCofwAuGLJom4gMXh49H3cEZozkIMIKNMiuhWzPtWUQRRSJg6hEgsnUNoZQ8X+DuG8WLC3C7unJHewiRKl0RpaR3lkoxI6QMeoimqIIYXu0AN6tIx1bz1Zz0lryhrPrKJfsl6+ADvRlVY=</latexit>

10 12
Z

<latexit sha1_base64="9AZs5PtYBi24nVpsYJrJ9+G+B7s=">AAAB/HicbZBLTwIxFIU7+EJ8oSzdNILGhSEzAwKzI3HjEhNBIyDplAINnUfaO0Yywb/ixoXGuPWHuPPfWAZi1HiSJifn3JvefG4ouALT/DRSS8srq2vp9czG5tb2TnZ3r6WCSFLWpIEI5LVLFBPcZ03gINh1KBnxXMGu3PHZrL+6Y1LxwL+ESci6Hhn6fMApAR31srkOsHuILbNwG1v2tHNyU5j2snmzaJVs0y5js+hUa45TmZlKrWaXsFU0E+XRQo1e9qPTD2jkMR+oIEq1LTOEbkwkcCrYNNOJFAsJHZMha2vrE4+pbpwcP8WHOunjQSD18wEn6c+NmHhKTTxXT3oERupvNwv/69oRDGrdmPthBMyn848GkcAQ4BkJ3OeSURATbQiVXN+K6YhIQkHzyiQQnER4bqrlhXGsbwgtW4Mqnl7Y+frRAkca7aMDdIwsVEV1dI4aqIkomqBH9IxejAfjyXg13uajKWOxk0O/ZLx/AeWalJ8=</latexit>

ILC Giga-Z
<latexit sha1_base64="7T+2YA3Yj4HDkP7ViJVVWI3RQG4="></latexit>

ILC-250

<latexit sha1_base64="KSrkn/eUSuID4EzL4i16gMsTm2o=">AAAB+3icbZBLS8NAFIUnPmt9xboUZLAIbixJa6l1Y6EbBRcV7APaUibTSTt08mDmRlpC/oobF0px6x9x5w9xb5oW8XVg4OOce5nLsXzBFRjGu7a0vLK6tp7aSG9ube/s6nuZhvICSVmdesKTLYsoJrjL6sBBsJYvGXEswZrWqDrLm/dMKu65dzDxWdchA5fbnBKIrZ6e6QAbQ9ixbHx9Uz3NF42op2eNnJEI/wVzAdnLj8LhRTSt1Xr6W6fv0cBhLlBBlGqbhg/dkEjgVLAo3QkU8wkdkQFrx+gSh6lumNwe4ePY6WPbk/FzASfu942QOEpNHCuedAgM1e9sZv6XtQOwz7shd/0AmEvnH9mBwODhWRG4zyWjICYxECp5fCumQyIJhbiudFJCORGeQ+lsAWXzq4RGPmcWcsVbI1vJoblS6AAdoRNkohKqoCtUQ3VE0Rg9oCf0rEXaozbVXuajS9piZx/9kPb6Ce7ulw0=</latexit>

ILC-1000

<latexit sha1_base64="UMJaQ/nf8VYBTviTAjSSQ/V2Cko="></latexit>

S
H
iP

<latexit sha1_base64="Ikku6bBFDVneJ3ES08B1j/0Wm0g=">AAAB8nicbVDLTgJBEJz1ifhCPXqZSDR42eyKCJwk8cIRozwS2JDZYYAJs4/M9BrJhm/w5MWDxnjlK/wEb36Id5ddYpRYSSeVqu50d9m+4AoM41NbWl5ZXVtPbaQ3t7Z3djN7+w3lBZKyOvWEJ1s2UUxwl9WBg2AtXzLi2II17dHVzG/eMam4597C2GeWQwYu73NKIJLaHWD3EN5UeW3SzWQNvVwq5MsX2NCNGNhcJNnLae7r/aFzWutmPjo9jwYOc4EKolTbNHywQiKBU8Em6U6gmE/oiAxYO6IucZiywvjkCT6OlB7uezIqF3Cs/p4IiaPU2LGjTofAUC16M/E/rx1Av2SF3PUDYC5NFvUDgcHDs/9xj0tGQYwjQqjk0a2YDokkFKKU0kkIMXBCiudzUjZ/Qmic6WZeL1wb2coJSpBCh+gI5ZCJiqiCqqiG6ogiDz2iZ/SigfakvWpvSeuSNp85QH+gTb8BFkSV0w==</latexit>

FASER2

<latexit sha1_base64="CujQGLYV0X6n0/bf3RwBZSndPLQ="></latexit>

N
A
62

<latexit sha1_base64="VqhnrSPYKAsEuBnVc1yMlyD7Dgg=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0XRTUjS1jQrK25ciYJVIS0ymU7boZMHMzdiCf0GV25cKOLWr/AT3Pkh7k0awQceuHA4517uvceLBFdgGO9aYWp6ZnauOF9aWFxaXimvrp2rMJaUtWgoQnnpEcUED1gLOAh2GUlGfE+wC294mPkX10wqHgZnMIpYxyf9gPc4JZBKbhvYDSTHB3vW+KpcMXSnYTuWgw29ZhrVei0jlmPbJjZ1Y4LK/svOx+tte/fkqvzW7oY09lkAVBClXNOIoJMQCZwKNi61Y8UiQoekz9yUBsRnqpNMTh7jrVTp4l4o0woAT9SfEwnxlRr5XtrpExiov14m/ue5MfQanYQHUQwsoPmiXiwwhDj7H3e5ZBTEKCWESp7eiumASEIhTamUhzABzold+yLOdwjnlm5W9fqpUWluoxxFtIE20Q4ykY2a6AidoBaiKER36AE9aqDda0/ac95a0L5m1tEvaC+f0AaVqA==</latexit>

M
A
T
H
U
SL
A

<latexit sha1_base64="MH+tD4nX2CjHcXLz62jlxFCrGCg="></latexit>

|U⌧ |2
<latexit sha1_base64="etNEa8Kpa8ww1GMz0kmi1QglpEE=">AAAB83icbZDLSsNAGIUnXmu91bp0M1iErkpSldpdwY3LCqYtNLVMppN26GQS5iKUtM/gzo0LRdz6Ej6COx/EvdOkiLcDAx/n/D/zc/yYUals+91aWl5ZXVvPbeQ3t7Z3dgt7xZaMtMDExRGLRMdHkjDKiauoYqQTC4JCn5G2Pz6f5+0bIiSN+JWaxKQXoiGnAcVIGcubuv3EU0jPptfVfqFkV+xU8C84Cyg1il754/XWa/YLb94gwjokXGGGpOw6dqx6CRKKYkZmeU9LEiM8RkPSNchRSGQvSW+ewSPjDGAQCfO4gqn7fSNBoZST0DeTIVIj+Tubm/9lXa2Cs15CeawV4Tj7KNAMqgjOC4ADKghWbGIAYUHNrRCPkEBYmZryaQn1VDCD2skC6s5XCa1qxTmunF6aNqogUw4cgENQBg6ogQa4AE3gAgxicAcewKOlrXvryXrORpesxc4++CHr5RMf8JXH</latexit>

mHNL [GeV]
<latexit sha1_base64="jl2cuhZwjbBFj+9fWN5nomHsEpw=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8FWcFWSqtTuCi7sQqSCrYU0hMl02g6dmYSZiRBC/StuXCji1h/izn9jmgbxdWDg45x7mcvxQ0aVtqwPo7C0vLK6VlwvbWxube+Yu3s9FUQSky4OWCD7PlKEUUG6mmpG+qEkiPuM3PrT83l+e0ekooG40XFIXI7Ggo4oRjq1PLNc5V4ykBy2ry5nVehckJ7rmRWrZmWCf8HOoQJydTzzfTAMcMSJ0JghpRzbCrWbIKkpZmRWGkSKhAhP0Zg4KQrEiXKT7PgZPEydIRwFMn1Cw8z9vpEgrlTM/XSSIz1Rv7O5+V/mRHp05iZUhJEmAi8+GkUM6gDOm4BDKgnWLE4BYUnTWyGeIImwTvsqZSU0M8EFNE5yaNpfJfTqNfu4dnpdr7TqeR1FsA8OwBGwQQO0QBt0QBdgEIMH8ASejXvj0XgxXhejBSPfKYMfMt4+AQLHlBE=</latexit>

XGF

e, μ

e

Nucleon

γ Meson, τ HNL visible
particles

HNL

i

visible
particles

X X
Ui

Ue, μ
For simplicity, consider single HNL and omit index of HNL I.

Ue dominance Uτ dominance

• Beam dump EXP and ILC Collider EXP is complementary

• HNL direct production from e± expand sensitivity at high mass region

(direct production)
M.M.Nojiri, YS, K.Tobioka, D.Ueda. 2206.XXXXX



15 beam dumps at ILC
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Fig. from Kaoru Yokoya

Main beam dumpsTune-up dump
for e+

Tune-up dump
for e-

Photon beam dump
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Tune-up dumps

• Best place to perform dedicated experiments

✓ Maximum beam energy available

✓ Bunch charge can be adjusted

✓ Beams in good condition before the collision is available

• The facility design in this area will be modified for various 
experimental possibilities.
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Search on shorter lifetime region with shorter shielding setup

�
<latexit sha1_base64="oM0higTYG1SlTpLnaJPOXgsus8E=">AAAB7XicbZDLSgMxFIYz9Vbrbao73QSL4KrMeKvdFdy4rGAv0A4lk2ba2GQyJBmhDH0EwY0LRdy69TXcuvNB3JvOFPH2Q+DjP+dwTn4/YlRpx3m3cnPzC4tL+eXCyura+oZd3GwqEUtMGlgwIds+UoTRkDQ01Yy0I0kQ9xlp+aOzab11TaSiIrzU44h4HA1CGlCMtLGa3QHiHPXsklN2UsG/4M6gVCve2B/bry/1nv3W7QsccxJqzJBSHdeJtJcgqSlmZFLoxopECI/QgHQMhogT5SXptRO4Z5w+DIQ0L9Qwdb9PJIgrNea+6eRID9Xv2tT8r9aJdXDqJTSMYk1CnC0KYga1gNOvwz6VBGs2NoCwpOZWiIdIIqxNQIU0hGoqmEHlaAZV9yuE5kHZPSwfX5g0TkCmPNgBu2AfuKACauAc1EEDYHAFbsE9eLCEdWc9Wk9Za86azWyBH7KePwFnxZMS</latexit>

�
<latexit sha1_base64="oM0higTYG1SlTpLnaJPOXgsus8E=">AAAB7XicbZDLSgMxFIYz9Vbrbao73QSL4KrMeKvdFdy4rGAv0A4lk2ba2GQyJBmhDH0EwY0LRdy69TXcuvNB3JvOFPH2Q+DjP+dwTn4/YlRpx3m3cnPzC4tL+eXCyura+oZd3GwqEUtMGlgwIds+UoTRkDQ01Yy0I0kQ9xlp+aOzab11TaSiIrzU44h4HA1CGlCMtLGa3QHiHPXsklN2UsG/4M6gVCve2B/bry/1nv3W7QsccxJqzJBSHdeJtJcgqSlmZFLoxopECI/QgHQMhogT5SXptRO4Z5w+DIQ0L9Qwdb9PJIgrNea+6eRID9Xv2tT8r9aJdXDqJTSMYk1CnC0KYga1gNOvwz6VBGs2NoCwpOZWiIdIIqxNQIU0hGoqmEHlaAZV9yuE5kHZPSwfX5g0TkCmPNgBu2AfuKACauAc1EEDYHAFbsE9eLCEdWc9Wk9Za86azWyBH7KePwFnxZMS</latexit>

���
<latexit sha1_base64="CDEWk87pz/tw+HONLJeYGd/2tBA=">AAAB/HicbZDLSsNAFIYnXmu9RbsSN4NFEISSeKvdFdy4rGDaQhPKZDpph84kYWYihFAfRTcuFHHrg7jzKXwFp0kRbz/M8PGfcziH348Zlcqy3o25+YXFpeXSSnl1bX1j09zabssoEZg4OGKR6PpIEkZD4iiqGOnGgiDuM9LxxxfTeueGCEmj8FqlMfE4GoY0oBgpbfXNihuPaD9zh4hzVPyTvlm1alYu+BfsGVSbO3eVQ+cDtvrmmzuIcMJJqDBDUvZsK1ZehoSimJFJ2U0kiREeoyHpaQwRJ9LL8uMncF87AxhEQr9Qwdz9PpEhLmXKfd3JkRrJ37Wp+V+tl6jg3MtoGCeKhLhYFCQMqghOk4ADKghWLNWAsKD6VohHSCCsdF7lPIRGLlhA/WQGDfsrhPZRzT6unV7pNM5AoRLYBXvgANigDprgErSAAzBIwT14BE/GrfFgPBsvReucMZupgB8yXj8B6jOYOw==</latexit>

a Hollow shield
<latexit sha1_base64="Mqwj81ECVZLGDlM++3SOe+PRvsk=">AAAB/3icjVDLSsNAFJ3UV62vqODGzWAR6iYkvmpXFtx0WcE+oA1lMpm0QyeZMDNRSmzBL/Af3LhQxK3gyk9w54e4N027UHHhgQuHc+7lHo4TMiqVaX5omZnZufmF7GJuaXlldU1f36hLHglMapgzLpoOkoTRgNQUVYw0Q0GQ7zDScPpnY79xSYSkPLhQg5DYPuoG1KMYqUTq6Ftx2/EgGo0qnDF+NZI9Spg77Oh50yilgBNSPJySkgUtw0yRP30tfL7dtveqHf297XIc+SRQmCEpW5YZKjtGQlHMyDDXjiQJEe6jLmklNEA+kXac5h/C3URxocdFMoGCqfr9Ika+lAPfSTZ9pHrytzcW//JakfJO7JgGYaRIgCePvIhBxeG4DOhSQbBig4QgLGiSFeIeEgirpLLc/0qo7xvWgXF0bubLx2CCLNgGO6AALFAEZVABVVADGFyDO/AAHrUb7V570p4nqxlterMJfkB7+QIVCJuU</latexit>

" Front shield
<latexit sha1_base64="C3MoBmjMQ0h2r0kq34z3VJR5XDI="></latexit>

(Tungsten)
<latexit sha1_base64="px/AbIb2tVhUHb/En78nz/PvP8k=">AAAB8XicjVBNS8NAEJ3Ur1q/qh69LBahXkJSldpbwYvHCv3CNpTNdtMu3WzC7kYoof/CiwdFvPpvvPlv3KY5qHjwwcDjvRlm5vkxZ0o7zqdVWFvf2Nwqbpd2dvf2D8qHR10VJZLQDol4JPs+VpQzQTuaaU77saQ49Dnt+bObpd97oFKxSLT1PKZeiCeCBYxgbaT7ajsRE6WpOB+VK47dyIBWpH6Zk4aLXNvJUIEcrVH5YziOSBJSoQnHSg1cJ9ZeiqVmhNNFaZgoGmMywxM6MFTgkCovzS5eoDOjjFEQSVNCo0z9PpHiUKl56JvOEOup+u0txb+8QaKDay9lIk7MU2S1KEg40hFavo/GTFKi+dwQTCQztyIyxRITbUIq/S+Ebs12L+yru1ql6eRxFOEETqEKLtShCbfQgg4QEPAIz/BiKevJerXeVq0FK585hh+w3r8AKM6RnQ==</latexit>

(Tungsten)
<latexit sha1_base64="px/AbIb2tVhUHb/En78nz/PvP8k=">AAAB8XicjVBNS8NAEJ3Ur1q/qh69LBahXkJSldpbwYvHCv3CNpTNdtMu3WzC7kYoof/CiwdFvPpvvPlv3KY5qHjwwcDjvRlm5vkxZ0o7zqdVWFvf2Nwqbpd2dvf2D8qHR10VJZLQDol4JPs+VpQzQTuaaU77saQ49Dnt+bObpd97oFKxSLT1PKZeiCeCBYxgbaT7ajsRE6WpOB+VK47dyIBWpH6Zk4aLXNvJUIEcrVH5YziOSBJSoQnHSg1cJ9ZeiqVmhNNFaZgoGmMywxM6MFTgkCovzS5eoDOjjFEQSVNCo0z9PpHiUKl56JvOEOup+u0txb+8QaKDay9lIk7MU2S1KEg40hFavo/GTFKi+dwQTCQztyIyxRITbUIq/S+Ebs12L+yru1ql6eRxFOEETqEKLtShCbfQgg4QEPAIz/BiKevJerXeVq0FK585hh+w3r8AKM6RnQ==</latexit>

⇠ 1 m
<latexit sha1_base64="fD509CXri1h0hMsQLIsGu2PPvfk=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMVmpXFty4rGAf0Kklk2ba0CQzJBmlDPV3qOBCEbeu/Rvu/DdmZor4OhD4OOdecjleyKjStv1h5ebmFxaX8suFldW19Y3i5lZLBZHEpIkDFsiOhxRhVJCmppqRTigJ4h4jbW98muTtKyIVDcSFnoSkx9FQUJ9ipI116SrKoXMTu5JDPu0XS3bZTgX/gjOD0snbXaL7Rr/47g4CHHEiNGZIqa5jh7oXI6kpZmRacCNFQoTHaEi6BgXiRPXi9Oop3DPOAPqBNE9omLrfN2LElZpwz0xypEfqd5aY/2XdSPvHvZiKMNJE4OwjP2JQBzCpAA6oJFiziQGEJTW3QjxCEmFtiiqkJdRSwQyqlRnUnK8SWgdl57B8dG6X6hWQKQ92wC7YBw6ogjo4Aw3QBBhIcAsewZN1bT1Yz9ZLNpqzZjvb4Ies109x55dO</latexit>

e±, �
<latexit sha1_base64="f3aNDQqHWuPsPraqndyo4atnYxA=">AAAB+HicbZDLSsNAGIUnXmu9NOrChZvBIriQknihFkQKblxWsBdoYplMJ+3QmSTMTIQa+iRuXCjiVt/EnQ/gts/gNCni7cDAxzn/z/wcL2JUKst6N2Zm5+YXFnNL+eWV1bWCub7RkGEsMKnjkIWi5SFJGA1IXVHFSCsSBHGPkaY3OJ/kzRsiJA2DKzWMiMtRL6A+xUhpq2MWyHXiRHy0D50e4hx1zKJVslLBv2BPoVjdGo8Lp68ftY755nRDHHMSKMyQlG3bipSbIKEoZmSUd2JJIoQHqEfaGgPEiXST9PAR3NVOF/qh0C9QMHW/bySISznknp7kSPXl72xi/pe1Y+WfuAkNoliRAGcf+TGDKoSTFmCXCoIVG2pAWFB9K8R9JBBWuqt8WkIlFcygfDSFiv1VQuOgZB+Wji91G2cgUw5sgx2wB2xQBlVwAWqgDjCIwR14AI/GrXFvPBnP2eiMMd3ZBD9kvHwCFjKXhQ==</latexit>

⇠ 0.5 m
<latexit sha1_base64="gnqhJFriQpSwUYIBMrBWOffl49U=">AAAB+XicbZDLSgMxGIUz9VbrbdSlm2ARXA0z1lK70YIblxWsLXSGkknTNjTJDEmmUIb6JG5cKOLWR/AN3Pk2pjNFvB0IfJzz/+TnhDGjSrvuh1VYWl5ZXSuulzY2t7Z37N29WxUlEpMWjlgkOyFShFFBWppqRjqxJIiHjLTD8eU8b0+IVDQSN3oak4CjoaADipE2Vs+2fUU5dJ3qXepLDvmsZ5ddx80E/4K3gPLFWyVTs2e/+/0IJ5wIjRlSquu5sQ5SJDXFjMxKfqJIjPAYDUnXoECcqCDNLp/BI+P04SCS5gkNM/f7Roq4UlMemkmO9Ej9zubmf1k30YOzIKUiTjQROP9okDCoIzivAfapJFizqQGEJTW3QjxCEmFtyiplJdQzwRxqpwuoe18l3J44XsWpXrvlxjnIVQQH4BAcAw/UQANcgSZoAQwm4B48gicrtR6sZ+slHy1Yi5198EPW6yepWJWk</latexit>

ALP

Sweeping magnet

Short target / shield

⌧ALP =
64⇡

g2a��m
3
a

<latexit sha1_base64="48s0wd4M7/Cb3EtgIMUEpojc9sY="></latexit>
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0.1 0.40.04

KEK(Setup-1)
<latexit sha1_base64="zTTnsMWZFURGIOWvKZhHGK3IHI8="></latexit>

NA64
<latexit sha1_base64="AjOg7Ldtq8UHehSRyJhiRrW+B3Q=">AAAB63icbZDLSgMxFIbPeK31VnXpJliEroaZWlu7q7hxJRXsBdqhZNJMG5rJDElGKKWv4MaFIm59IXe+jXNTVPwh5OM/55CT3w05U9qyPoyV1bX1jc3CVnF7Z3dvv3Rw2FVBJAntkIAHsu9iRTkTtKOZ5rQfSop9l9OeO7tK6r17KhULxJ2eh9Tx8UQwjxGsE+vmsl4blcqWWbcSIcusfUE1A9tMb6sMudqj0vtwHJDIp0ITjpUa2FaonQWWmhFOl8VhpGiIyQxP6CBGgX2qnEW66xKdxs4YeYGMj9AodX9OLLCv1Nx3404f66n6W0vM/2qDSHsXzoKJMNJUkOwhL+JIByj5OBozSYnm8xgwkSzeFZEplpjoOJ5iGkIzFcqgUcuhaX+H0K2a9pl5flsttyp5HAU4hhOogA0NaME1tKEDBKbwAE/wbPjGo/FivGatK0Y+cwS/ZLx9AmOXjiI=</latexit>

NA62

<latexit sha1_base64="6C+syTKL6/EDzo7v8s9p4XLxrVc=">AAAB63icbZDLSgMxFIYzXmu9VV26CRahq2FmrK3dVdy4kgr2Au1QMmmmDU0yQ5IRytBXcONCEbe+kDvfxrkpKv4Q8vGfc8jJ74WMKm1ZH8bK6tr6xmZpq7y9s7u3Xzk47Kkgkph0ccACOfCQIowK0tVUMzIIJUHcY6Tvza/Sev+eSEUDcacXIXE5mgrqU4x0at1cNpxxpWqZDSsVtMz6Fzg52GZ2W1VQqDOuvI8mAY44ERozpNTQtkLtxkhqihlZlkeRIiHCczQlwwQF4kS5cbbrEp4mzgT6gUyO0DBzf07EiCu14F7SyZGeqb+11PyvNoy0f+HGVISRJgLnD/kRgzqA6cfhhEqCNVskgLCkya4Qz5BEWCfxlLMQWplgDs16AS37O4SeY9pn5vmtU23XijhK4BicgBqwQRO0wTXogC7AYAYewBN4NrjxaLwYr3nrilHMHIFfMt4+AWCPjiA=</latexit>

SeaQuest<latexit sha1_base64="oZa+m+OXpvz5X4v4NWuvGfqauAc=">AAAB73icbVDJSgNBEO1xjXGLevTSGISchpnEkPQt4MVjgmaBZAg9nUrSpGexu0cIQ37CiwdFvPo73vwbO8mACz4oeLxXRVU9PxZcacf5tDY2t7Z3dnN7+f2Dw6PjwslpR0WJZNBmkYhkz6cKBA+hrbkW0Isl0MAX0PVn10u/+wBS8Si80/MYvIBOQj7mjGoj9W6BthJQelgoOjapV6uVOnZsxyFlUjOEEOLWXOwaZYkiytAcFj4Go4glAYSaCapU33Vi7aVUas4ELPKDREFM2YxOoG9oSANQXrq6d4EvjTLC40iaCjVeqT8nUhooNQ980xlQPVV/vaX4n9dP9LjupTyMEw0hWy8aJwLrCC+fxyMugWkxN4Qyyc2tmE2ppEybiPLrEFZY/05qVxkh3yF0yrZbsautcrFRyuLIoXN0gUrIRTXUQDeoidqIIYEe0TN6se6tJ+vVelu3bljZzBn6Bev9C9S9kNU=</latexit>

FASER2
<latexit sha1_base64="yyM+MHyKEZQuHW0YcEetk0aPZVY=">AAAB7XicbVDLSgMxFM34rPVVdekmWISuhsy0nba7iigu66MPaIeSSdM2NvMgyQil9B/cuFDErf/jzr8x0w6i4oELh3Pu5d57vIgzqRD6NFZW19Y3NjNb2e2d3b393MFhS4axILRJQh6Kjocl5SygTcUUp51IUOx7nLa9yXnitx+okCwM7tQ0oq6PRwEbMoKVllqXZ7cXN3Y/l0dmrYZKlgORWUbIdmqaoKJddRxomWiBPEjR6Oc+eoOQxD4NFOFYyq6FIuXOsFCMcDrP9mJJI0wmeES7mgbYp9KdLa6dw1OtDOAwFLoCBRfqz4kZ9qWc+p7u9LEay79eIv7ndWM1rLozFkSxogFZLhrGHKoQJq/DAROUKD7VBBPB9K2QjLHAROmAsmkICeCSVEopqVnfIbRs0yqa5Ws7Xy+kcWTAMTgBBWCBCqiDK9AATUDAPXgEz+DFCI0n49V4W7auGOnMEfgF4/0LDjGPIA==</latexit>

ILC
<latexit sha1_base64="+F5H9q5MA1ThyfzB66j5TdGylHE=">AAAB6nicbZDLSsNAFIZPvNZ6q7p0M1iErkJSLbW7QjcKLiraC7ShTKaTdujkwsxEKKGP4MaFIm59Ine+jZM0ioo/DPx85xzOmd+NOJPKsj6MldW19Y3NwlZxe2d3b790cNiVYSwI7ZCQh6LvYkk5C2hHMcVpPxIU+y6nPXfWSuu9eyokC4M7NY+o4+NJwDxGsNLo9uq6NSqVLbNmpUKWaX2ZnNg5KUOu9qj0PhyHJPZpoAjHUg5sK1JOgoVihNNFcRhLGmEywxM60DbAPpVOkp26QKeajJEXCv0ChTL6cyLBvpRz39WdPlZT+beWwv9qg1h5F07CgihWNCDLRV7MkQpR+m80ZoISxefaYCKYvhWRKRaYKJ1OMQuhkQktTf08Nw37O4Ru1bTPzNpNtdys5HEU4BhOoAI21KEJl9CGDhCYwAM8wbPBjUfjxXhdtq4Y+cwR/JLx9gkI2Y31</latexit>

Belle II (3�)
<latexit sha1_base64="VgLAXSe6FWPGRpjb24W0O5rlB/4="></latexit>

SHiP
<latexit sha1_base64="Ozez3lp0n8CLP1K63qPgfw9FFqE=">AAAB63icbVDLSgMxFM3UV62vqks3waK4GjJj60x3BTddVrQPaAfJpJk2NPMgyQil9BfcuFDErT/kzr8xMx1ExQOBwznncm+On3AmFUKfRmltfWNzq7xd2dnd2z+oHh71ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXWd+/4EKyeLoTs0T6oV4ErGAEawy6bbNOvfVGjKRa7tuHSLzyraQ09AEWXXUdKBlohw1UEDnP0bjmKQhjRThWMqhhRLlLbBQjHC6rIxSSRNMZnhCh5pGOKTSW+S3LuGZVsYwiIV+kYK5+nNigUMp56GvkyFWU/nXy8T/vGGqAtdbsChJFY3IalGQcqhimH0cjpmgRPG5JpgIpm+FZIoFJkrXU8lLaOaAK+LUC9K0vkvo2aZ1aTZu7FrrvKijDE7AKbgAFnBAC7RBB3QBAVPwCJ7BixEaT8ar8baKloxi5hj8gvH+BUQAjrc=</latexit>

S
H
iP

<latexit sha1_base64="Ozez3lp0n8CLP1K63qPgfw9FFqE=">AAAB63icbVDLSgMxFM3UV62vqks3waK4GjJj60x3BTddVrQPaAfJpJk2NPMgyQil9BfcuFDErT/kzr8xMx1ExQOBwznncm+On3AmFUKfRmltfWNzq7xd2dnd2z+oHh71ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXWd+/4EKyeLoTs0T6oV4ErGAEawy6bbNOvfVGjKRa7tuHSLzyraQ09AEWXXUdKBlohw1UEDnP0bjmKQhjRThWMqhhRLlLbBQjHC6rIxSSRNMZnhCh5pGOKTSW+S3LuGZVsYwiIV+kYK5+nNigUMp56GvkyFWU/nXy8T/vGGqAtdbsChJFY3IalGQcqhimH0cjpmgRPG5JpgIpm+FZIoFJkrXU8lLaOaAK+LUC9K0vkvo2aZ1aTZu7FrrvKijDE7AKbgAFnBAC7RBB3QBAVPwCJ7BixEaT8ar8baKloxi5hj8gvH+BUQAjrc=</latexit>

K
EK

(Setup-2)

<latexit sha1_base64="Zev/WtojsHNLkqNNSlXf8YZJ/Ns=">AAAB/XicbZBLSwMxFIUz9VXra3zs3ASLUEXLTFVqdwURhG4qWlvolJJJM21oJjMkGaEOxb/ixoUibv0f7vw3ptNBfB0IfJxzL7kcN2RUKsv6MDIzs3PzC9nF3NLyyuqaub5xI4NIYNLAAQtEy0WSMMpJQ1HFSCsUBPkuI013eDbJm7dESBrwazUKScdHfU49ipHSVtfcih3Xg7XzmnNQuCIqCg9Le+OumbeKViL4F+wU8iBVvWu+O70ARz7hCjMkZdu2QtWJkVAUMzLOOZEkIcJD1CdtjRz5RHbi5Pox3NVOD3qB0I8rmLjfN2LkSznyXT3pIzWQv7OJ+V/WjpR32okpDyNFOJ5+5EUMqgBOqoA9KghWbKQBYUH1rRAPkEBY6cJySQmVRHAK5eMUKvZXCTelon1UPLks5av7aR1ZsA12QAHYoAyq4ALUQQNgcAcewBN4Nu6NR+PFeJ2OZox0ZxP8kPH2CYdOlFA=</latexit>
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0.1 0.40.04

KEK(Setup-1)
<latexit sha1_base64="zTTnsMWZFURGIOWvKZhHGK3IHI8="></latexit>

NA64
<latexit sha1_base64="AjOg7Ldtq8UHehSRyJhiRrW+B3Q=">AAAB63icbZDLSgMxFIbPeK31VnXpJliEroaZWlu7q7hxJRXsBdqhZNJMG5rJDElGKKWv4MaFIm59IXe+jXNTVPwh5OM/55CT3w05U9qyPoyV1bX1jc3CVnF7Z3dvv3Rw2FVBJAntkIAHsu9iRTkTtKOZ5rQfSop9l9OeO7tK6r17KhULxJ2eh9Tx8UQwjxGsE+vmsl4blcqWWbcSIcusfUE1A9tMb6sMudqj0vtwHJDIp0ITjpUa2FaonQWWmhFOl8VhpGiIyQxP6CBGgX2qnEW66xKdxs4YeYGMj9AodX9OLLCv1Nx3404f66n6W0vM/2qDSHsXzoKJMNJUkOwhL+JIByj5OBozSYnm8xgwkSzeFZEplpjoOJ5iGkIzFcqgUcuhaX+H0K2a9pl5flsttyp5HAU4hhOogA0NaME1tKEDBKbwAE/wbPjGo/FivGatK0Y+cwS/ZLx9AmOXjiI=</latexit>

NA62

<latexit sha1_base64="6C+syTKL6/EDzo7v8s9p4XLxrVc=">AAAB63icbZDLSgMxFIYzXmu9VV26CRahq2FmrK3dVdy4kgr2Au1QMmmmDU0yQ5IRytBXcONCEbe+kDvfxrkpKv4Q8vGfc8jJ74WMKm1ZH8bK6tr6xmZpq7y9s7u3Xzk47Kkgkph0ccACOfCQIowK0tVUMzIIJUHcY6Tvza/Sev+eSEUDcacXIXE5mgrqU4x0at1cNpxxpWqZDSsVtMz6Fzg52GZ2W1VQqDOuvI8mAY44ERozpNTQtkLtxkhqihlZlkeRIiHCczQlwwQF4kS5cbbrEp4mzgT6gUyO0DBzf07EiCu14F7SyZGeqb+11PyvNoy0f+HGVISRJgLnD/kRgzqA6cfhhEqCNVskgLCkya4Qz5BEWCfxlLMQWplgDs16AS37O4SeY9pn5vmtU23XijhK4BicgBqwQRO0wTXogC7AYAYewBN4NrjxaLwYr3nrilHMHIFfMt4+AWCPjiA=</latexit>

SeaQuest<latexit sha1_base64="oZa+m+OXpvz5X4v4NWuvGfqauAc=">AAAB73icbVDJSgNBEO1xjXGLevTSGISchpnEkPQt4MVjgmaBZAg9nUrSpGexu0cIQ37CiwdFvPo73vwbO8mACz4oeLxXRVU9PxZcacf5tDY2t7Z3dnN7+f2Dw6PjwslpR0WJZNBmkYhkz6cKBA+hrbkW0Isl0MAX0PVn10u/+wBS8Si80/MYvIBOQj7mjGoj9W6BthJQelgoOjapV6uVOnZsxyFlUjOEEOLWXOwaZYkiytAcFj4Go4glAYSaCapU33Vi7aVUas4ELPKDREFM2YxOoG9oSANQXrq6d4EvjTLC40iaCjVeqT8nUhooNQ980xlQPVV/vaX4n9dP9LjupTyMEw0hWy8aJwLrCC+fxyMugWkxN4Qyyc2tmE2ppEybiPLrEFZY/05qVxkh3yF0yrZbsautcrFRyuLIoXN0gUrIRTXUQDeoidqIIYEe0TN6se6tJ+vVelu3bljZzBn6Bev9C9S9kNU=</latexit>

FASER2
<latexit sha1_base64="yyM+MHyKEZQuHW0YcEetk0aPZVY=">AAAB7XicbVDLSgMxFM34rPVVdekmWISuhsy0nba7iigu66MPaIeSSdM2NvMgyQil9B/cuFDErf/jzr8x0w6i4oELh3Pu5d57vIgzqRD6NFZW19Y3NjNb2e2d3b393MFhS4axILRJQh6Kjocl5SygTcUUp51IUOx7nLa9yXnitx+okCwM7tQ0oq6PRwEbMoKVllqXZ7cXN3Y/l0dmrYZKlgORWUbIdmqaoKJddRxomWiBPEjR6Oc+eoOQxD4NFOFYyq6FIuXOsFCMcDrP9mJJI0wmeES7mgbYp9KdLa6dw1OtDOAwFLoCBRfqz4kZ9qWc+p7u9LEay79eIv7ndWM1rLozFkSxogFZLhrGHKoQJq/DAROUKD7VBBPB9K2QjLHAROmAsmkICeCSVEopqVnfIbRs0yqa5Ws7Xy+kcWTAMTgBBWCBCqiDK9AATUDAPXgEz+DFCI0n49V4W7auGOnMEfgF4/0LDjGPIA==</latexit>

ILC
<latexit sha1_base64="+F5H9q5MA1ThyfzB66j5TdGylHE=">AAAB6nicbZDLSsNAFIZPvNZ6q7p0M1iErkJSLbW7QjcKLiraC7ShTKaTdujkwsxEKKGP4MaFIm59Ine+jZM0ioo/DPx85xzOmd+NOJPKsj6MldW19Y3NwlZxe2d3b790cNiVYSwI7ZCQh6LvYkk5C2hHMcVpPxIU+y6nPXfWSuu9eyokC4M7NY+o4+NJwDxGsNLo9uq6NSqVLbNmpUKWaX2ZnNg5KUOu9qj0PhyHJPZpoAjHUg5sK1JOgoVihNNFcRhLGmEywxM60DbAPpVOkp26QKeajJEXCv0ChTL6cyLBvpRz39WdPlZT+beWwv9qg1h5F07CgihWNCDLRV7MkQpR+m80ZoISxefaYCKYvhWRKRaYKJ1OMQuhkQktTf08Nw37O4Ru1bTPzNpNtdys5HEU4BhOoAI21KEJl9CGDhCYwAM8wbPBjUfjxXhdtq4Y+cwR/JLx9gkI2Y31</latexit>

Belle II (3�)
<latexit sha1_base64="VgLAXSe6FWPGRpjb24W0O5rlB/4="></latexit>

SHiP
<latexit sha1_base64="Ozez3lp0n8CLP1K63qPgfw9FFqE=">AAAB63icbVDLSgMxFM3UV62vqks3waK4GjJj60x3BTddVrQPaAfJpJk2NPMgyQil9BfcuFDErT/kzr8xMx1ExQOBwznncm+On3AmFUKfRmltfWNzq7xd2dnd2z+oHh71ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXWd+/4EKyeLoTs0T6oV4ErGAEawy6bbNOvfVGjKRa7tuHSLzyraQ09AEWXXUdKBlohw1UEDnP0bjmKQhjRThWMqhhRLlLbBQjHC6rIxSSRNMZnhCh5pGOKTSW+S3LuGZVsYwiIV+kYK5+nNigUMp56GvkyFWU/nXy8T/vGGqAtdbsChJFY3IalGQcqhimH0cjpmgRPG5JpgIpm+FZIoFJkrXU8lLaOaAK+LUC9K0vkvo2aZ1aTZu7FrrvKijDE7AKbgAFnBAC7RBB3QBAVPwCJ7BixEaT8ar8baKloxi5hj8gvH+BUQAjrc=</latexit>

S
H
iP

<latexit sha1_base64="Ozez3lp0n8CLP1K63qPgfw9FFqE=">AAAB63icbVDLSgMxFM3UV62vqks3waK4GjJj60x3BTddVrQPaAfJpJk2NPMgyQil9BfcuFDErT/kzr8xMx1ExQOBwznncm+On3AmFUKfRmltfWNzq7xd2dnd2z+oHh71ZJwKQrsk5rEY+FhSziLaVUxxOkgExaHPad+fXWd+/4EKyeLoTs0T6oV4ErGAEawy6bbNOvfVGjKRa7tuHSLzyraQ09AEWXXUdKBlohw1UEDnP0bjmKQhjRThWMqhhRLlLbBQjHC6rIxSSRNMZnhCh5pGOKTSW+S3LuGZVsYwiIV+kYK5+nNigUMp56GvkyFWU/nXy8T/vGGqAtdbsChJFY3IalGQcqhimH0cjpmgRPG5JpgIpm+FZIoFJkrXU8lLaOaAK+LUC9K0vkvo2aZ1aTZu7FrrvKijDE7AKbgAFnBAC7RBB3QBAVPwCJ7BixEaT8ar8baKloxi5hj8gvH+BUQAjrc=</latexit>

K
EK

(Setup-2)

<latexit sha1_base64="Zev/WtojsHNLkqNNSlXf8YZJ/Ns=">AAAB/XicbZBLSwMxFIUz9VXra3zs3ASLUEXLTFVqdwURhG4qWlvolJJJM21oJjMkGaEOxb/ixoUibv0f7vw3ptNBfB0IfJxzL7kcN2RUKsv6MDIzs3PzC9nF3NLyyuqaub5xI4NIYNLAAQtEy0WSMMpJQ1HFSCsUBPkuI013eDbJm7dESBrwazUKScdHfU49ipHSVtfcih3Xg7XzmnNQuCIqCg9Le+OumbeKViL4F+wU8iBVvWu+O70ARz7hCjMkZdu2QtWJkVAUMzLOOZEkIcJD1CdtjRz5RHbi5Pox3NVOD3qB0I8rmLjfN2LkSznyXT3pIzWQv7OJ+V/WjpR32okpDyNFOJ5+5EUMqgBOqoA9KghWbKQBYUH1rRAPkEBY6cJySQmVRHAK5eMUKvZXCTelon1UPLks5av7aR1ZsA12QAHYoAyq4ALUQQNgcAcewBN4Nu6NR+PFeJ2OZox0ZxP8kPH2CYdOlFA=</latexit>
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Rough estimation

The use of short shielding increases sensitivity to short lifetime region
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Non-linear QED From M. E. Peskin’s talk @ ILCX2021

Study of non-linear QED phenomena
by electron - laser bunch collisions

laser

• A large quantum parameter χ can 
be reached with ILC beams and 
high intensity lasers.

• This large number makes 
possible to study interesting non-
linear QED processes

• This understanding can also affect other research such 
as astrophysics and future accelerator development.
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Photoproduction of Exiotic hadrons and Heavy hadrons
From Norihito Muramatsu’s talk @ ILCX2021
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Photon beam from Helical undulator

F. Dietrich et.al, 1902.07744

From Kaoru Yokoya

~1024 photon/year.  E~10 MeV 

Photon beam dump
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QCD Axion search using undulator photons

H.Fukuda, H.Otono, S.Shirai. 2203.06137

A well-motivated parameter region 
is testable with long magnetic field



Summary

• Linear collider EXP and Beam dump EXP coexist naturally. 

• ILC beam dumps produce a large number of light shower particles 
(γ,e,μ) as well as heavy mesons and tau-lepton.

• These can be used to search for Scalar particles and various other 
new particle candidates.

• The ILC beam dump facility is capable of performing a variety of 
experimental programs.


